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apparatus, an image form ng nethod, a recording

medi um and a program BACKGROUND ART Typically, an

i mge form ng apparatus (nulti-function machine) |,

whi ch has one or nore DESCKEPTIONtI ons of a printer, a

facsimle machine, or a copier, fornms inmages (inage

form ng) by conveying a nediunr(hereinafter al so

referred to as sheet or "paper") and jetting a

IMAHE Aﬁbﬂgﬁt?ﬁ Er ebeirrRE Mersh,” REEBREING MEDIUM,
I qu n oht o e conveyed paper by using a

quurd Jettlng appar at recordi ng head
(i ncluding one or nnrekﬁPqU|d&%g? heads) from which
liquid (ink) droplets are ejected (jetted) . It is to
be noted that, although the nmediumis hereinafter
referred to as "sheet"” or "paper"”, the material of the
TECHNdCAM FSERBt to be linmted only to those produced by
manuf act uri ng paper. The nedi um may include, for
examfhegqrespapanvaerst Bon aklates eat ah empgeddralingapdertus,
material, a fabric material, a | eather material, a
an”@hébe”ﬂbﬁrﬁi@b ne&cpba@sta Creﬂﬁiﬁilraj ,me’rlilginassﬂmtaeplralg,ram
a wood material, or a ceramic nmaterial. The nedi um may
BAdﬁéRO%%b axanpl e, a recording medium (recording

paper)yor_a transfer materi al (transfer paper) . It is
to be noted tha i e. jally the
sane meam&' 1ca5_l¥ég%1rqdn§ug§g] BOr mm é;&i?ﬁ?&ﬁé

(multi-function machine), which has one or more of the functions
of a printer, a facsimile machine, or a copier, forms images (image
forming) by conveying a medium (hereinafter also referred to ae
“sheet” or “paper”) and jetting a liquid (hereinafter also
referred to as “recording liquid” or “ink”) onto the conveyed paper
by using a liquid jetting apparatus having a recording head
(including one or more liquid jet heads) from which liquid (ink)
droplets are ejected (jetted). It is t-o be noted that, although
the medium is hereinafter referred to as “sheet” or “paper”, the
material of the medium is not to be limited only to those produced
by manufacturing paper. The medium may include, for example, a
paper material, a textile material, a fiber material, a fabric
material, a leather material, a metal material, a plastic materi.;a‘l,
a glass material, a wood material, or a ceramic material. The

medium may be, for example, a recording medium (recording paper)



or "printing". For exanple, "image form ng" includes
form ng i mages having neaning (e.g. characters,
woi2gnsr8s790 synbol s) and al so 2 mage havi ng no paPCTaR0a7/068485
meaning (e.g. patterns) . Furthernore, the liquid used
for an image formng apparatus is not [imted to a
recording liquid or ink and may be ot her kinds of
or A itpirk@ms hepgrasli MEEass tan e dror.medt vid ot be noted that
l'iquid. The inmage form ng apparatus may include, for
» imgéér%ﬁnirﬁg”sﬁéé ahpky¥Re tiraae £k Bhhg RRRaR H8 Wi ddrding”
forns i mages by scanning a liquid jet head nounted on
a Lage or | i t Y pe w. f L ng~a :
or RRbTRG SN nEdh st feliia RPN AT RE SERPLRAYS Sforming
..__1mage f.orm ng apparatus_.has printing speed whjch _i
g B O AP B R SRR St AOE HesgLS ) 2l also
~resolution, nozzle_density, dot formation drivin]gt
imagedpieiid o RRE tGH 1 3EMFAHY S peed: PAYSRGTIS)ch Furthermore,
condi tions, nozzle density is constrained by the
thepligisdorsed foanah aotage dprmtieoneppheatus Hes nogul gmited to
chanber, the flow path, and the actuator of the liquid
a réebrieag dfqutibeot nageahdrminpeappacatkisds of liquid as long
Particularly, in a case where a liquid jet head uses a
as Anegeel eahr be ebeneAtwithernsl }{i%@j{&. t ohsepakagbelfyrming
form channel s corresponding to the nozzles of the
i gui d. ] e c i 0 g ]
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Accar di ngl the nozzle density is rel.ati.vely. |
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by a sem conductor process. The upper limt ofnozzle .
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currently approxi mately 360 dpi
type liquid jet head.

The serial type image forming apparatus has a printing
speed which is determined according to conditions such as image
resolution, nozzle density, dot formation driving frequency, and
sub-scanning speed. Among such conditions, nozzle density is
constrained by the precision in manufacturing the nozzles, the
liquid chamber, the flow path, and the actuator of the liquid jet
head of the image forming apparatus. Particularly, in a case
where a liquid jet head uses a piezoelectric element, the only
vfays to separately form channels corresponding to the nozzles of
the liquid jet head are to use a mechanical method (e.g., dicing)
or form a thin-film PZT by printing. Accordingly; the nozzle
density is relatively low compared to a thermal type liquid jet

head fabricated by a semiconductor process. The upper limit of



Meanwhile, in order to inprove printing speed, it is
preferable to forma printing area by scanning the
woi2opsiodsjoet head in the mai g scanni ng directi ORCTIPH07/068485

single time. For exanple, in a case of form ng an

image wth a resolution of 300 dpi in the sub-scanning

direction by using a liquid jet head having a nozzle
noz8e8sdéns Dy 30O e ,pidzdesl quassidls/peo 1fiopidt Heti hage is

by nmoving the liquid jet head in the main scanning
curfEAEET BB Sl A) 3¢d Bps I 0 @ case of forming an

I mage" w a resol ution of 600 dpi, the image is to be

formed byl Ao al, Lol SEhar e dieh ge@vg n{SE:%ﬁHr 3pBed, it is

scanni ng t e mal n scanni n and
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non-i nterl ace nethod which forms an image with_a

in shagheiscaramasng Yreefieohrihd ﬁd@&@egl{“ﬁan fore example,
interlace nmethod. Furthernore, as for nethods of

in #oraim@fafetnighe 4t Amage wheh minesedakaPREHIZMLfpanin the
there are a single pass printing nethod that forns an

sub-Begenia)y dyrectsicigbe yeisy ienlideiddiat Beadiavgng a nozzle
direction and a nulti-pass printing nethod that forns

den%atyﬁege%@)d@y plarad massesd vd FerffitNeSC@ag: NGy moving
direction. It is apparent that the single pass

thepﬁ' alha ; BBt hody has &{ee%agfn R sReedttBANiANg single

ds prlntlng nmet h mever in a case where

e L3 using a sing . ,
tlnﬁassfa%h Fﬁ?é?%gggmﬁégﬁﬁﬁ §5WésolufﬁgﬁlgFl?ﬁéﬁf608 dpi
Is inevitably low In order . to i npr ove .i mage

|
the fmageadsvkRrlRe FEEBIeet PYnUSERE HEP | TG s Wﬁgﬁa : ln this

effective to use nultiple values (nulti-val ues) for a
cassi,nglcenpiirgl twAst ¥ess kHgsmain scanning direction and one

time in the sub-scanning direction (sheet conveying direction)).
Thus, it is apparent that the non-interlace method which forms
an image with a single scan has a greater printing speed than the
interlace method. Furthermore, as for methods of forming a single
line in the main scanning direction, there are a single pass
printing method that forms an image(s) by a single pass in the
main scanning direction and a multi-pass printing method that
forms an image (s) by plural passes in the main scanning direction.
It is apparent that the single pass printing method has greater
printing speed than the multi-pass printing method.

However, in a case where an image is formed by using
a single pass/non-interlace method, the resolution of the image

is inevitably low. 1In order to improve image quality in a case



of using nulti-values, there is, for exanple, a nethod
of changing the size of a single dot, a nethod of
woaoosiagria si ngl e pi xel by jetting plural smal PCUaPE7/068485

or a method of changing the density of ink. Although

t he nmethod of acquiring high quality inmages by using
multi-values is effective for imges of pictures and

whePBOL886 BRhBon NOF St1gdi fmLpnti £IfRgt S tcdrs lof fatttdiveetlo use

for images of graphics and characters (letters) . This

muligﬁggé & @l Bl BN L8, 8Nds S har SCASTS phgaul. I i g far@@ithods

| arge enough to fill the background areas of an
I mage t_i h e r €l .
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bi nary pnmages such as character inmges /graphic.inmage
thef BLEC] Tthet o BB Sohe 00 ¥ rta o Sin1e BAEL by
~ Particularly, in a case where characters (Iettersg(fre,
jetsippenserah sHabl reYS i Rlgds MethedgRal FRFRELREhEhe density
characters deteriorates such that the characters
of Bekone illegible. Besides a nethod of inproving the
nozzl e density of a recording head for inproving the
resol uti onlehotibh tecardhod deadqutihéng hisgla gqueflhbyg ofiages
assenbling nozzles in a msaligned manner so that the

by ¥AGERL1EESOhULEGN I W LErbeL i vPr syedindipdd dRtgiadires and
however, cannot avoid the increase of manufacturing

phoﬁ:%%frr%‘;])%fs t HSO%E{jHEgI{EQnP%eM thel By ertbR8ed for images

ovement esolution 1 ncreases the workload for

or B 555 AR5, TS5 P L E0TI HERLES B0 B Bl
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background areas of an image, that is, characters or graphic images
become low density when small size dots are used. Therefore,
binary images such as character images/graphic images face
inherent problems of low resolution. Particularly, in a case
where characters (letters) are expressed with binary images, the
qguality of the characters deteriorates such that the characters
become illegible.

Besides a method of improving the nozzle density of
a recording head for improving the resolution of the recording
head, there is a method of assembling nozzles in a misaligned
manner so that the apparent resolution will be improved. Both
methods, however, cannot avoid the increase of manufacturing costs

of the recording head. Furthermore, the improvement of

resolution increases the workload for processing the image data



form ng apparatus. These probl ens becone particularly
noti ceable for a recording head provided with an
wexbmndedo | ength for increag ng printing speedPCT/JP2007/068485

Furt hernore, the problemof |ow resolution becones
nore serious for a line printer since the |ine
printer, unlike the serial printer, is unable to use

and Rgpilatatkacthdebhodoarg sttea ofllchie-ipassge flethibdg spplaratus,
that the printing resolution becones fixed according

to {114, NQ%2H €of 850 HE+ONsOfid had eGekEiNdcHeBbE the image
Accordingly, in order to obtain satisfactory imges
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problemis described in further detail. The inagfs
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expressed by using dots formed in a matrix manner in a .

respiubidi fpdresd voaarseridis dorivA iasdeFhntes Fdace the line
conveying direction that perpendicularly intersects

prihher| esaridienghserd isdapni mgedj Hectnanle ko weabe Mbsrrlace
a character (letter) is printed as a dot inmage, the

metfdalddy 9 ri1e iChalachefhsd gathiteait tye @irfihe@isg resolution
dependi ng on the resolution of the printed i nage. For
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unber of dots conprising the character is

proxi mately four times. Therefore, finer details can

be expressed and character %yalit

. hi gh b .
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while maintaining lowmanufacturing costs and high speed printing,

hea

it is important to attain a satisfactory image quality within a
limited recording head resolution.

Next, the inherent low resolution problem is
described in further detail. The images recorded by using a
liquid jetting method are expressed by using dots formed in a
matrix manner in a recording head scanning direction and in a sheet
conveying direction that perpendicularly intersects the
recording head scanning direction. In a case where a character
(letter) is printed as a dot image, the quality of the character
significantly differs depending on the resolution of the printed
image. For example, in a case where a character of the same size
is printed with 300 dpi and 600 dpi, the ratio in the number of

dots comprising the character is approximately four times.



expressing a diagonal part (slanted part) of a
character, the nunber of dots increases /decreases in
we 2eisgpsiose manner according to resol ution. Thecelpe7/068485
i ndentation (jaggy) becones nore noticeabl e when
printing with 300 dpi. As a method of reducing the
j aggy appearing at the outline upon |ow resolution
The P&foEe NEirddieHethsla sanddioxprmikddanefaramtiar guality
anti-aliasing. The anti-aliasing nethod can perform
is B hig pwisth 1 AHOR: PRe6H ST @Bk ST meetaBulutl ypeigan dse of
expressed by usifng dots of nmany tones (scales) .
explflg\’\gi/g o LHE QAT 3ldasi GQLJFE’%JEP?)EJI%)V%EV acpppk-beated the
aﬂ requires arge anount of processing tine.
Therefqre, .the anti-aliasing nethod is .not_suitahle .
rupGE GeQBhe STRSASFOY N CARER ot douerd g mitthi R dEording

printer) that are expected to provide hi t hr oughput .
to pesetdbhghy, TJ%@%@!R@@@P@PE&OPat(éﬁEQ%.b?%@B %%ﬂore
(hereinafter referred to as "Patent Docunent V)
notdisebbdseshen net hoding worpathgrl bit pattern of a
sanple window in a character bitnmap i nage and a
pr edet er nhsed nithquatdfermedand repthect aggyt fippearing at the
pi xels in the sanple wi ndow into small dots when the

outRiheP@btd SN By raisut I bhenteng, tapanese Begbshengdnethod
Pat ent” No. 3029533 (hereinafter referred to as "Patent

ref@%?cléﬁe@g 2s agjrf:_ns_‘ggffgéiﬁgmtﬁ%d 2 1det eE’l AENGe®Aod can
outline part o

_ an 1 mage from bl ack dot data and
PG OB ReROABT LD FUVRNRFNG 8.0 apace & Lt 2 2
Pat ent_ Appli catign
expressed by using dots of many tones (scales). However, the
anti-aliasing method is very complicated and requires a large
amount of processing time. Therefore, the anti-aliasing method
is not suitable for recent image forming apparatuses (e.g., inkjet
printer) that are expected to provide high throughput.
Accordingly, Japanese Registered Patent No. 2886192
(hereinafter referred to as “Patent Document 1”) discloses a
method of comparing a bit pattern of a sample window in a character
bitmap image and a predetermined bit pattern and correcting the
main pixels in the sample window into small dots when the bit
patterns match.
Furthermore, Japanese Registered Patent No. 3029533
(hereinafter referred to as “Patent Document 2”) discloses a

method of determining an outline part of an image from black dot

data and reducing the size of printed dots other than edge dots



No. 2003-334938 (hereinafter referred to as "Patent
Docunment 3") discloses a nethod of reducing jaggy at
wano@uwssiome part by changi ng7the size of dots 8CTuPm®07/068485

outline part according to the inclination of the

outline and form ng dots at a blank part surrounding

the outline part. Furthernore, Japanese Lai d- Open
andPatlertk Appilsi.cati on No. 2004- 114303 (hereinafter

referred to as "Patent Docunent 4") discloses a nethod

of expresguRgharfbep\M $EpShk $O undi PR Padbnthepddi 8ation
formng an outline part of an inmge by using dots

No.S8Bbbe53kbas (Hie HolsdQr PLRG- 188 {dBge pRUA N MERNE 37)
Japanese Lal d- OQpen Patent Application No. 2004-017552

. erei_naft referred as "'P n " .
ot A B g T o oS Br oA TneE ARG TG B b ganging
usi,ng s | dots .when inmage data of a.character.or._, .
the 34 B SF Har g Pk it Al TREG A 2 20 A S QAL s S pimation

snoot hi ng process when the inmage data is not bl ack. |
of thet pEEABRE, 20A peiiesing flofsOpénaFatant DR searryadipg the
2004- 01754 6 (hereinafter referred to as "Patent
outDdcuemgrdrts”) di scl oses a nmet hod of converting data so
that dots of a stepw se surrounding part of the dots

form ng amuwtherfierpar Uapinase s adt@er0Pageaphreplacation
expressed as dots smaller than the dots other than

No ! Po92-af 4508 Bt &P SEr Sl HavRdirBg Palls apgdrshantidihent 47)

the data converting nmethod according to the

o1 40SLRY PGP MR L o LIS fining past ot
the dots forming an outline part of an image by using dots smaller
than the dots forming the image.

Furthermore, Japanese Laid-Open Patent Application
No. 2004-017552 (hereinafter referred to as “Patent Document 57)
discloses a method of performing a smoothing process using small
dots when image data of a character or graphics is black and
refraining from.performing the smoothing process when the image
data is not black.

Furthermore, Japanese Laid-Open Patent Application
No. 2004-017546 (hereinafter referréd_to as “Patent Document 67)
discloses a method of converting data so that dots of a stepwise
surrounding part of the dots forming an outline part of a character
or graphics are expressed as dots smaller than the dots other than

those of the stepwise surrounding part and changing the data

converting method according to the inclination of the outline



No. 2005-193384 (hereinafter referred to as "Patent
Docunent 7") discloses a nethod including a step of
wdei@oBsg a stepw se changigg part of dots forPaTapano6s4ss

outline part of a character and/or graphics on which a

hal f tone process is perforned and a step of

converting dot data of the dots surroundi ng the
parstepw se changing part detected in the detection step

into dot data of dots having a size no greater than

those of thergtepwkee AN 1RA-OpseraiBnthBpplication
converting nethod of the data conversion step is
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urthernore, Japanese Lai d- Open Pat ent
. plication ., 2002- 166603 ereipafter referred tq.

dis OF?ﬁa?eWﬁtggguﬁgﬁiuél?gd?S%F%%éggdg%% R o= Stdfisse
obtaining the difference of density between desi gnhated

chagigl 89sP3 6 Rt EargeRImn %?#W%%&F&o%ﬁ? Cé}?ofaﬁgS?etl gnd/or
surroundi ng the designated pixels, determ ning that

graphd cgeshgriat el pibedifstane proetss ¢ prefeunpimnga step of
of the character when there are predeterm ned nunber

corsferiiixel dohaldtzgofriget dotdensintoundiity tbspesdpwica hbanging
predet erm ned pi xels, and coloring the determ ned

parteskgBated phxals qurkltaohl aekp colter derndeta c@inAotsi Ngving
a m xture of a cyan, magenta, and yell ow col or
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character inage data by setti
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profile configuration as a 1st concentration when the |
profile Furthermore, Japanese Laid-Open Patent Application

No. 2002-166603 (hereinafter referred to as “Patent Document 8”)
discloses a method of obtaining the difference of density between
designated pixels forming a target printing character and pixels
surrounding the designated pixels, determining that the
designated pixels are pixels of the outline part of the character
when there are predetermined number of pixels having greater
density with respect to the predetermined pixels, and coloring
the determined designated pixels with a black color member
comprising a mixture of a cyan, magenta, and yellow color members.
Furthermore, Japanese Registered Patent No.3244411
(hereinafter referred to as “Patent Document 9” discloses a method
including a binary character image—-data generation step for

generating binary character image data by setting the output



configuration concerned is drawn based on the outline
data corresponding to the profile configuration of the
woheorsactm®mn whi ch shoul d be ogtput on the pixel PCT/JP2007/068485

coordi nates that specify the pixel of an output unit

and setting the output concentration in the pixel used

as the outside of the profile configuration as a 2nd
concententiahi an di pleedntisédons saial irsdi doneerd rmatdfole

an auxiliary line data extraction step for extracting
contfigupatt bal aBordekki Benwbhehat Udd idhen prresled e fined

conditions as auxiliary line data fromone or nore

conﬁ'f;ﬁ'r@ltleﬁr g%clah:ﬁ%a Wi &Pamrﬁéééaﬂ@nt{}?e %ﬁ&m@e data

a gradation I nage-data generation step f
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con i 'on of the pI X € g a posiriona
|onsh| ful fij II|n etermned criter|
Shoiugé’?ﬂ@%to%*d’ &I‘dF Jp?g*?Jt P&Ereﬁ WéaEsSREH“elfa gk‘e pixel
concentration existing in the m ddl e of the 1st and
of op@uisHEdmFacnermsiHema ke patpudl corefdrraion in the pixel
corresponding to the auxiliary line data is drawn on
usadhespitkel ottsridienatfe thandraftbaposnfiggratepn fas a 2nd
generating a character imge data by conpositing

corldghtinis taloar &Ct B r b ge oflai=a dAhet goadahi-eatipageardatigiliary
The nmet hods di scl osed in Patent Docunents 1 and 2 are

11rfé‘ bachi ¥er FRLL LED PrdtrerScapdabesey did @Jaezrtaal §b99@r1me
t he partlcle di aneter of the toner used by the

whﬂfr{ rﬁﬁ Eéé@‘ce%éﬂ{eﬁ@oﬁ&& S & é{ i3 0 AThe! data

nters an aser pri n ers y exXx

%@sgé%&eﬁsgémﬁg@lwﬂgmgdw@ CRKEREL, T
aad el Priters can form dots of desi gnaled sizes 2. ing
gradation image data by setting the output concentration of the
pixel having a positional relationship fulfilling a predetermined
criteria with respect to the drawn partial borderline as the 3rd
concentration existing in the middle of the 1st and 2nd
concentration when the partial borderline corresponding to the
auxiliary line data is drawn on the pixel coordinate, and a
compositing step for generating a character image data by
compositing binary character image data and gradation image data.

The methods disclosed in Patent Documents 1 and 2 are
effective for LED pr‘inters and laser printers. Since the particle
diameter of the toner used by the LED printers and laser printers
is no greater than 10 ugm, the LED printers and laser printers

hardly exhibit ink spreading on plain paper and are able to form



by slightly adjusting the laser irradiation position
and the laser irradiation |length. However, a liquid
woebostoppmoi nage form ng appapat us exhi bits gr eaCegPI0k068485
spreadi ng conpared to a |laser printer. Furthernore,
since the liquid jet type inmage form ng apparatus,
whi ch changes dot size by nodifying the nunber or
smal EAGtl of debegdatye. prhsaharmoredrive LAPpmicht aegand dsser
nore tine to formdots conpared to LED printers and
prihBSLE drl Ho8hSdoth é8 dHdfdridd kakebhgt | bttt @locations
type image form ng apparatus to change the dot size
by 11t %tqﬁgg%ﬂ#gg]ﬁ{(ﬁgfletl}é%%ﬁ: i;{]gct,lié&hoﬂ B%sliltthdadcﬂ:he laser
tyﬁ% I mag ormhg apparatus can change dots to only a
., fewdifferent sizes . Due to a simlar reason, the
lrrﬂg%étb?nt & 95uid jet type i mage forning apparat us
are formed in a subsLanLiaLI¥ fixed, |l ocatjion ,
(posi ti onoYe& e & Ldiqvgide JFitx EVPETHARIP sTOTM 1k SRARFatYS
LED printer or the laser printer, it is difficult for
exhihéthi quedteet ink pepiendind cronnRysthiar & Jssed Préster-
change the dot formation |ocation (position) inside a
Furshagherpi xelncAshdeddrihddjabonme dinblgeufjbrinheg eapparatus,
vari ous nethods for perform ng outline correction by
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are limted to nore or less than three types even for
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erent sizes. Furthernore, the types of dot size
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ing on, for “exanp ar act er

correction, covered area of the nedi um (paper or :
thegh h@at O tF BB LA TPy ROPHGPE e HEe QBT B gPethS dot size

into many different types. That is, the liquid jet type image
forming apparatus can change dots to only a few different sizes.
Due to a similar reason, the dots of the liquid jet type image
forming apparatus are formed in a substantially fixed location
(position) inside a single pixel. That is, unlike the LED printer
or the laser printer, it is difficult for the liquid jet type image
forming apparatus to freely change the dot formation location
(position) inside a single pixel.

As described above, although there are various
methods for performing outline correction by using dots of
different sizes, the sizes of the dots are limited to more or less
than three types even for a multi-value printer capable of forming
dots of different sizes. Furthermore, the types of dot size that

can be used for correction could be further limited depending on,



formed at the center of (the address of) each pixe
determ ned by printing resolution, correction m ght
woabtosmasmat i sfactorily achi egred. Mreover, in BCTAB®07/068485

where small dots are used for reducing brightness,

spaces are easily forned between the character

framewor k and the correcting dot. Such space or
fordexhmplen ohyraegsndedthetgal, toowfreal chakactfetthe medium

Furt hernore, although outline correction can be
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quality. Furthernore, the increase in_the annunt of

achi gRed s JMoFRIEAves ™ e FiSte Weds F8a1RoAEPyPRE used for
(reduction of productivity) and also raises ink cost.

redpginbebrogbinepdestpaeee iy eashky gmned GrarEesm the
case where a target inpact position for one color ink

chadevicetre S rhmenvakt angethé ngauct e posid i dwt of Sasbt Bprce or
color ink. This also becones a cause for degrading the

dev@ualibhymak, aeghanactes. g nrey the Kiddsradtdnk that
can be nounted in a typlcal i nkj et recordi ng apparat us

are approw%k@ﬁ{oigura_{&@a to&@iﬂ{é’céﬂ%&ﬁ&{ deifloe
can express bl'ack 1s general [imted to K
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blackqbeing)created by blending cyan (C), magenta (M), and yellow

(Y) ink. This causes bleeding of ink, particularly, when plain
paper is used and results to degradation of image quality.

Furthermore, the increase in the amount of ink also increases the
time required for drying (reduction of productivity) and also
raises ink cost. Furthermore, undesired color areas may be formed
in a case where a target impact position for one color ink deviates
from a target impact position of another color ink. This also
becomes a cause for degrading the quality of a character. Since
the kinds of ink that can be mounted in a typical inkjet recording
apparatus are approximately four to eight colors, the color that
can express black is generally limited to K (K pigment, K dye,
or light black) and a CMY composite. Therefore, little variation

can be made in the density of ink. 1In addition, correction of



From anot her aspect, although the above-descri bed
Pat ent Docunent 3 discloses an inkjet recordi ng nethod

woapmssrof reduci ng j aggy Py changi ng dot si zeCTuPm07/068485
changi ng of dot sizes may cause dots to be forned at
undesired positions on a nmedium This problemis
described in detail below. A liquid jet head used in a

coldi Qth#hd @tety pes idEOE Juari (sdmappar ablsri hakudeésdafferent
pressure generating part for applying pressure to a

dend{ @Y £ (Fdk)iidgi de a liquid chanber. For exanple, the
pressure generating part may be a thermal type head

using a t#@gﬂﬁﬂnééﬂ§}|%§ﬁéﬁgy %ﬁtﬂ%%ghatﬂ%agbege—described

resistor for generatin es or pi ezoel ectric
type_ head ich uses a piezoeleciric el enent
Pat hF R B e B AT or s Fbr EERSHITTG Moo Gepable

e wal
of the liquid chanber. In_order to change the d

t .
of xRN JapayiRY oo "godes & iF SmetRE AT Gi%nf;mf e 2€8
energy applied to the pressure generating part. For .
mayexang ajoithite et odmadyahansdemigiasy Pokd tdepgi ag 2 medium.
vol tage of the pressure generating part, changing the
ThiBupgsebiemt hs ofie sbeilted vien pidtsell dreldvangi ng t he pul se
nunber of the drive pul se. Anrong these nethods, the

met hod of pchaggiagjéhendid ieseplitrage Tiefiliid gt type image
di fferent signals corresponding to different drive

bbbt b L sect gl ing

preliptE YO 2953 TIHEL 10 544,08 o SROL (debhorone,
cheBree e, S drive Yol Lages, 1.0 S5 She head using a
thermal type head which uses a heating resistor for generating
bubbles or a piezoelectric type head which uses a piezoelectric
element (electromechanical transducer) for changing the wall of
the liquid chamber. In order to change the dot diameter, it is
common to use a method of changing the energy applied to the
pressure generating part. For example, this method may be
changing the driving voltage of the pressure generating part,
changing the pulse width of the drive pulse, or changing the pulse
number of the drive pulse.

Among these methods, the method of changing the drive
voltage requires different signals corresponding to different
drive voltages and plural switching parts for selectively

switching for each channel corresponding to different drive

voltages. Thereby, the driving element (driver IC) becomes



nunber of pul ses, the pulse width and nunber of pul ses
can be changed by controlling the switching part based
wonoasis®9o I n this case, a single sw tching par PCTQP2007/068485

each channel woul d be needed. Such pul se width

nodul ati on net hod or pul se nunber nodul ati on net hod

are used particularly by an i mage form ng appar at us
lar§si nich ackirezpehaehtiovhgadheHinervesse tire tarotppesfod wicive

differs depending on the pul se wi dth nodul ati on net hod

volPhglbe Byl se auweber wedulkall 9Aghethedgidfpt pidse iwidth or
ormng ink droplets having dlgferent dot dianeter,

:
num?%ﬁfﬁgt l$§§gt€héﬁpJ%§%(uﬂq€% RS € et Ifre@ikest BSn be

or jetting ink droplets (jet upon end of drive

ul i n_accordan with the driv ul i L ffer :
cnaBie H CPREEPTITAE 1S THOCSEAPE TG RaoF gt §fipq Th this
meni scus is the same upon input of the drive | se.
casae cardhinfsy SHACHPFPREE THe SHSHICEEE ES P’BHEH e reeded.
medium surface is different. A s a result, the dot ,
Suchopwastowidtkanodulaiel erediairhadl fore o ldepenaioay ardptation
dot size. Thus, even in a case of attenpting to

methBHr ove ussrygpaguatil yrby bnephathage (womriest apgprabes using
dots at the outline part with small dots, it is

a plikbeeubtrte peguide satisfactory images since the
smal | dots cannot be forned at desired areas of the

medi um FHB&Q@&EPr&e thedevbat{iop Pfrelols REEBEAR on the
position I's also caused by viscosity resistance of "ink

et B U 05 (5 o LSTEEY 0 mosiagion
b GEBt 01115, cepending e (oLTBLLAN: oot ot
diameter, since the length of the drive pulse is different, the
timing for jetting ink droplets (jet upon end of drive pulse) in
accordance with the drive pulse is different even 1f the timing
of the start of the rise of the meniscus is the same upon input
of the drive pulse. Accordingly, the time for the droplets to
reach the medium surface is different. As a result, the dot
formation area on the medium differs depending on the dot size.
Thus, even in a case of attempting to improve image quality by
replacing (correcting) the dots at the outline part with small
dots, it is difficult to provide satisfactory images since the
small dots cannot be formed at desired areas of the medium.
Furthermore, the deviation of dot formation position is also
caused by viscosity resistance of ink due to ambient conditions

(e.g., temperature, humidity). Furthermore, the deviation of dot



DI SCLOSURE OF I NVENTION It .is a general object of the
present invention to provide an inage form ng
weappmsroasee, an i mage form ng net hod, a recordi RGT/IP2007/068485
medi um and a programthat substantially obviate one
or nore of the problens caused by the limtations and
di sadvantages of the related art. Features and
Formivadi agr&tQlbont B FEeesedbpbAYenti on anegsefofmat o n
t he description which follows, and in part will becone
con Iﬁptkiggq1%&%ed%%cbb@%k?ﬂregglhhgoﬁpconpanylng
rawm ngs, or nmay be |earned by practice of the
i nvention according to the teachings provided in the
description. Cbjects as well|l as other features and
advant ages of the present invention can be realized
DTSGHASURE R JAVENTION nage formi ng apparatus, an i mage
form ng nethod, a recording nedium_and a program
particuldﬁlyfp@iﬁ?@@ré&tObﬁeFFeogp%RﬁfH?%EQQﬁf$Q¥§§G&ﬁn to
full, clear, concise, and exact terns as to enable a
propids can hiavigey fordiingr pppkicktusn #heleage tiomiqg meghod, a
the invention. To achi eve these and ot her advant ages
rec8pfdihd meLaiflancel W phoghrempthpbseulodt dield wetbvdate one
as enbodi ed and broadly described herein, an
or nfﬂ:téo‘gf Al h e PAesedby thenihoraPiovs €88 dibddmgRages
orm ng apparatus for formng an i mage on a nedi um by

of kggtgngaggg Of nore droplets on the nedium the
FiBgeror i ng apparatus i ncluding: a dot bri ght ness

h [ t f ' dot i aht _
cast onclEarget GBE FOFMYSR QSur e e RaRE RV rRston axe

image to a brightness relatjvel reater .t han :
set fogth in the degcription wh?_ch folylo%as, and in part will become

apparent from the description and the accompanying drawings, or
may be learned by practice of the invention according to the
teachings provided in the description. Objects as well as other
features and advantages of the present invention can be realized
and attained by an image forming apparatus, an image forming method,
a recording medium, and a program particularly pointed out in the
specification in such full, clear, concise, and exact terms as
to enable a person having ordinary skill in the art to practice
the invention.

To achieve these and ot‘her advantages and in
accordance with the purpose of the invention, as embodied and
proadly described herein, an embodiment of the present invention
provides an image forming apparatus for forming an image on a

medium by jetting one or more droplets on the medium, the image



the dot brightness of other dots formng the outline
part. Furthernore, another enbodi nent of the present
wOonv@ss™n provi des a progras for causing a CORPUAIRIONT/O68485

execute an imge form ng process for form ng an i nage

on a nediumby jetting one or nore droplets on the

medi um the programincluding a step of: changing a
forldﬁltl? ket ness iatlatihgasd dute brdghehedst changdmy part for

outline part of the image to a brightness relatively

chaﬂgfﬁé ex ddhantiherdatsbst ot nesssiofonet hekgdet dof Ad¥nihy an
the outline part. Furthernore, another enbodi nent of

out}be Eﬂaaler_scegk % %Rl%'ggnt(p LN 68 Re SOMUALRN +L89dabL e r than

reco ng nedai I causing a conputer to execute an

[ e forpmn roce for,formng .an ima .a L.um
thepJOf oPERRBFORRS oi M Th A Lris H h d He g G "EnBer L
conmput er -r eadabl e recordi ng medi um.i ncl udi ng; the :
progr am aEBBERRHEPED e difo MRt Y R SPSSBH?Sent
i nvention. Furthernore, another enbodi nent of the
invpnesdent pravedes on Quragage & oan Cagdadf ar aPARUHRE Hod Sxacute
form ng an image on a nedium by jetting one or nore
an i €bsmong pheceedifion foheihgaegeifayebng medhgdby jetting
including a step of: changing a dot brightness of at

onel 88stofdRidpiget #RttHOmEIRgmaNtREtptdterpaihcolidihg a step
image to a brightness relatively greater than the dot

of:bEhgﬂé?ﬁéfaé ’Qfotoﬁgﬁglrlglgé s mingebbe WM lHaRgeRalibt forming

Furt anot odi ment of the
on BYFRSR BEETLLON B QULHES 8T AR LR 08, 360OCSY e
oL 8 SagE L oyon Lo (L UTL L, LBRGS LOLALIG. e pae.
Furthermore, another embodiment of the present
invention provides a computer-readable recording medium for
causing a computer to execute an image forming process for forming
an image on a medium by jetting one or more droplets on the medium,
the computer-readable recording medium including: the program
according to the embodiment of the present invention.
Furthermore, another embodiment of the present
invention provides an image forming method for forming an image
on a medium by jetting one or more droplets on the medium, the
image formingmethod including a step of: changing a dot brightness
of at least one target dot forming an outline part of the image
to a brightness relatively greater than the dot brightness of other

dots forming the outline part.

Furthermore, another embodiment of the present



for changing a dot brightness of at |east one target

dot formng an outline part of the inmage to a
wono@ssmes rel atively greatgr than the dot brpghtPEe%068485

of other dots forming the outline part; a dot size

changi ng part for changing a dot size of at |east the

target dot formng the outline part of the inage to a

inveek ishasr &b fdey entirblgentdheipbpphzetab fAdrefotiiig dotisnage
formng the outline part; wherein at |east one of the

on A0helEAhbpess: fndy thie ARt mdiree abplike st 8hgehe ARddiEn, the
changed actording 1o the col or of Fhe i mge by the dot

.__brightne ' | tz j Lng:

mag E O R0 e R p o TG p part
i nvention provides I mage_f orm ng, appar.at us .fqr .

o GPARAGTAR (g B LACTBRR G D OFobr S ade da ot forming
medi um by jetting one or nore droplets on the nedi um

an pHELLRGgRAFBIr P ﬁgieawaeﬁt be # RuiitipssakedativRey greater
correction part for correcting at | east one target dot

thafrortiendotnovighimes partt osherhdot safrrming et;blea@llgéiflﬁ gpart;
target dot with a replacenent dot having a dot size

a doitf Eerenthdi@ing hardofosi cleanditde datget zdatf aandleast the
repl acenent dot changing part for changing the nethod

tarfet eRIAGAhihEe thar 86t1 09 SLEOTSI Nthd AnRgkabon dot size
causi ng devi ation of dot formation position or

di%‘e\r/ﬂ[ I oD Anpunt; Qf S he Hot oSl R tROSLEL PRy the outline

ermore, anot her enbodi nent of the present

pagﬁvgﬁgggggfgﬁigedag%pgpggggt 0 for CAuslng. & sggnttﬁeerdogf

_ _ O_GXGCU_ anlrrageformn

ox BLRSES oL 00N 19,20, To0e L 0P 419,00 61, T She tnage
the medium the prograq1inc|uding t he steps i
by the dot brightness changing part and the dot size changing part.
Furthermore, another embodiment of the present
invention provides an image forming apparatus for forming an image
including one or more dots on a medium by jetting one or more
droplets on the medium, the image forming apparatus including:
an outline correction part for correcting at least one target dot
forming an outline part of the image by replacing the target dot
with a replacement dot having a dot size different from the dot
size of the target dot; and a replacement dot changing part for
changing the method of replacing the target dot according to a
factor causing deviation of dot formation position or deviation
amount of the dot formation position.

Furthermore, another embodiment of the present

invention provides a program for causing a computer of an image



of : correcting at |east one target dot form ng an

outline part of the image by replacing the target dot
weoi20ds/08519epl acenent dot havifig a dot size diffeCear2007/068485

fromthe dot size of the target dot; and changing the

nmet hod of replacing the target dot according to a

factor causing deviation of dot formation position or

forquﬂdt; AR 2NRURS Bfedifte 80tinfaeeNBb Lein P @Riddess. for forming
Furthernore, another enbodi nent of the present

an %IE%?@HI?&LH{M des &Rt abrkeadabl Red £eREY MEtting one

or causi ng a conputer to execute an i'nage
form r cess [ ne

o= ere Rl I Pl t*?{%ng% Ze EhUChAg A sreps

t he nedi um the co uter-r recordin

of: mera%wgngﬁfe g %&é&“ﬁ& ? ggﬁm?eﬂ%o%ﬁl ?%%rf“cﬂe part
the present invention. Furthernore, another enbodi nent

of phetheags &seAEPLRFARL §hep¢w%§°§nwﬂﬁ§gé FoPHi Frgnent dot
met hod for form ng an i mage including one or nore dots

havangaa i wizlydji Eferagt ofroothepdetdsbest etfs the tagget dot:
medi um the inmage form ng nmethod including the steps

andotha 8§l i@ aiHdgedhobeas irapiadiaggehedod rdei nictgaanording to
outline part of the image by replacing the target dot

a f¥EE D %aﬁ%ﬁh%cg@@fétij&‘i dfa&é@gfoﬁmﬁ@&oﬁl;Z@s:dtt:icfr@b@lﬁew.atlon
romthe dot size of the target dot; and changing the

amo]g.l tth%ﬁi. g’ler SBkagbgﬁa{:tﬂgnt gégdot t accor di ng to a

ct or causin evi at ormati on posi tion
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descri bi ng an overal |
invention provides a computer-readable recording medium for
causing a computer to execute an image forming process for forming
an image including one or more dots on a medium by jetting one
or more droplets on the medium, the computer-readable recording
medium including: the program according to an embodiment of the
present invention.

Furthermore, another embodiment of the present
invention provides an image forming method for forming an image
including one or more dots on a medium by jetting one or more
droplets on the medium, the image forming method including the
steps of: correcting at least one target dot forming an outline
part of the image by replacing the target dot with a replacement
dot having a dot size different from the dot size of the target

dot; and changing the method of replacing the target dot according

to a factor causing deviation of dot formation position or



configuration of an inmage form ng apparatus including

a programfor performng an i mage form ng net hod
wacowsrods?eg to an enbodi nent19f the present i nvearirBwp7/068485

Fig. 2 is a plan view of an image form ng apparat us

according to an enbodi ment of the present invention;

Fig. 3 is a cross-sectional view along a | ongitudina

dev i ¥ £64 | aibft af it dchaheatabnapeegetidnng head
according to an enbodi ment of the present invention;
Fig. 4 is a cross-sectional view along a |latera
direction of the liquid chanber of the recordi ng head

BRIQEC%% %fﬁgf%ﬁﬁ%m of the present invention;

= showi ng a control part of an
i mage form ng apparatus accordin 0 an.enbodi ment o
the pr esel?ﬂtg'ig]n t3 o?ﬁiq:ivg?e”%%ogg§65I05&P189aapa%veraal
showi ng an exanple of a printing control part of an

conf iragea £ behiafy aappaREe UECHBERT RRRFHES Usn LBRbBEIREM R¥fogram
the present invention: Fig. 7 is a schematic di agram

forfuprr tesdiridangrayefanpliagaiethal peeondied dravpn embodiment
generated and out put by a drive waveform generati ng

of paktpeésanprimbémgieontrol part according to an
enbodi nent of the present invention;Fig. 8 is a

schemat | CFﬂcﬁ agram £ gﬂéi?&ﬁrév\b I0F0 28r EMBg8 8hAhSnd MpParatus
smal | droplet, a nediumdroplet, a large droplet, a

acchffndl LYC AeLAGLEMACE OLE (e LO- Gl ViaNalrm
g to an enbodi ment of t'he present I nventlon;

Fig.3 is a cross-sectional view along a longitudinal
direction of a liquid chamber of a recording head according to
an embodiment of the present invention;

Fig.4 is a cross-sectional view along a lateral
direction of the liquid chamber of the recording head according
to an embodiment of the present invention;

Fig.5 is a block diagram showing a control part of
an image forming apparatus according to an embodiment of the
present invention;

Fig.6 is a block diagram showing an example of a
printing control part of an image forming apparatus according to
an embodiment of the present invention:

Fig.7 is a schematic diagram for describing an example
of a drive waveform generated and output by a drive waveform
generating part of a printing control part according to an

embodiment of the present invention;



Fig. 9 is a schematic diagram for descri bing

di fferences of output characters due to different
woesewmloasioon; Fig. 10 is a sghematic di agram f oPCT/IP2007/068485

descri bing an exanple of perform ng jaggy correction

(outline correction) according to an enbodi nent of the

present invention; Fig. 11 is a flowhart for

descri bi ng A Qut bi Beheprkeet RgREACESS (aBthiding drive
according to an enbodi ment of the present invention;

sigrll:aiﬂgs' f]z:t%: iassﬁg%f By, tabl-&iYsedrbpl 89S ARirYE droplet,

cortection patterns according to printing

nmode/ resol uti on accordi,ng to _an di :
> TR TS FRLRT ShA PG AT 8 8 Sanamity oo At AR T £
describing an outline correction process (nethod)
an eEPeFLEERorele i PEERIEr ATE @ g to an enmbodi ment
of the present invention; Fig. 14 is a schematic,
di agr am fBig desicy isbismnamedgys Braee §er( 8aerraking
correction) where dot formation position is changed
difaecendéagot coutrpemiddi meerttesf  duwe r ebdifierienemesoaution;
Fig. 15 is a schematic diagramfor describing an
exanpl e ofifperd ordriNgsdraget Kordeeidan fooudeiseeibing an
correction) according to an enbodi nent of the present

exajggxgngig?ﬁérféﬂniﬂé j§’g<fy seher@td Lokl @diamfOlcorrection)

SCri g a statebefore outline correction, the

|t of ti j : .
2coRE0TaPi OR B FOTCTOTHET | Oh oI T h and TRe Rl t of

outline cotreciion wh there i s deyiati.on _of _dot .
fornatioanasF ibﬁ;a %ibwc grt or escrfﬁlng an outline

correction process (method) according to an embodiment of the
present iﬁvention;

Fig.12 is an exemplary table used for assigning
correction patterns according to printing mode/resolution
according to an embodiment of the present invention;

Fig.13 is a schematic diagram for describing an
outline correction process (method) using a correction pattern
according to an embodiment of the present invention;

Fig.14 is a schematic diagram for describing jaggy
correction (outline Eorrection) where dot formation position is
changed according to an embodiment of the present invention;

Fig.1l5 is a schematic diagram for describing an
example of performing jaggy correction (outline correction)
according to an embodiment of the present invention;

Fig.16 is a schematic diagram for describing a state



Fig. 17 is a schematic diagramfor describing an
outline corrected character in a case where there is
woaoa@ssabi on of dot formatbgn position and a easaP2007/068485

where there is deviation of dot formation position;

Fig. 18 is a schematic diagramfor describing a case

of applying a correction pattern according to an
bef@E@Qﬂiﬂ'ﬂEﬁ{e ebri-betphasefie ivdvanti 60,odtilgnel8okse@tion when

flowmchart for describing a process (nmethod) for

thefQM & 3{4 I2G53 1M biFNGo€ O A6t 1QUh RIoRGeSSn( "BHAOHe result

according to an enbodi nent of the present invention;
| exe Laly-t ahl g r.se t
ot 3P EbT.cflsko a0 P AR A Belandebl oBeusetiharion

the present invention. BEST MODE FOR CARRYING OUT THE
POSERYBNAI ON The present invention i s described in detai

based on the enbodinents illustrated in_ the_ draw ngs

First, anFédehpl afyai falyemdt ?n@k?%ﬁﬁ%u@ﬁ%u??ﬁﬂﬁ}Q%?g an
bel ow with reference to Figs. 1 and 2 , where Fig.:

outildna sdxheviewchrdakitgr Pniascasplwirend ehese ihao d@g@atlon
form ng apparatus 1000. The illustrated i nage form ng

of appafatmst IN0QIEIguwindendeirierse whekadimgra iguddeinbdon of
1 and a guide rail 2 . The guide rod 1 and the guide

dot’ #olrmatabs PR4Rkednin traversed positions between |eft
and right side boards (not shown) of the inage formng

appar at usg‘:%h?LBgEédf srcq’l%mlat@?:ddigs:rgﬂ' fsjfz rc%écr%b'l?llgd afcase

carriage o that the carriage can de in

of r:!l%lp y?.%%nm 2 rglegggctarllogattern according to an embodiment of

the present invention;
Fig.19 is a flowchart for describing a process
(method) for controlling an outline correction process (method)
according to an embodiment of the present invention; and
Fig.20 is an exemplary table used for selection of
correction patterns according to an embodiment of the present

invention.

BEST MODE FOR CARRYING OUT THE INVENTION

The present invention is described in detail based
on the embodiments illustrated in the drawings.

First, an exemplary image forming apparatus 1000 is
below with reference to Figs. 1 and 2, where Fig. 1 is a side view
and Fig. 2 is a plan view of the image forming apparatus 1006.

The illustrated image forming apparatus 1000 has



Amai n scanning notor 4 drives the sliding novenent of
the carriage 3 via a timng belt 5 stretched between a
wdnoosioagropul | ey 6A and a dripyen pulley 6B. Thepebypr200hess4ss

carriage 3 is able to travel (scan) in the arrow

directions shown in Fig. 2 (main scanning direction)

The carriage 3 has a recording head (liquid jetting
guibeafldmBetoCl e MGindg 08 Quadwl@d fioundr acgudiagrhead2. The

parts 7y, 7c, 7m and 7k for jetting ink droplets of

gui}ﬁgl chQiNl_(apci thgyﬁ.ﬂ({ec}:aiﬂ@ggflé SoMced ﬂ?@r@%&%eﬁ@ositions
y. The

respective recordi ng head 7 having plural 1nk
| etting. hol es .aligned_i i rect| r ' .
vethREh iR Sedmiony bt oebbrded (R biGeRE ety detl £0ming
carriage 3 so that ink_ droplets can be jetted.downward.
SDTBREFEPT o no KRG 5P heP LA TGS i e Pt Bl a0
generating part that generates pressure used for | .
3 spdthatnghe menfriggeBscar 6mitdRelt 6868 Hy Sikeading, dFppction.
exanpl e, the pressure generating part nmay be a thernal
A math sahoningircdtan 8ldzezs < bee pléddngenaemmydsodfthienkarriage
boil ed by an electric heat converting el ement (e.g.

3 vieahi POnIR$IsEIA )5 stacshapa- betwesn al ldyiweaiguatdiey 6A and
which utilizes the changes of shape of an alloy in

a AORNIRRGE Y BBt efReFalr &neOlcaaiti@lgRChr 98t ablle to travel
actuator utilizing static electricity. Furthernore, the

recor.di ng h i Lo 04 | 09 Pk ) -
(S%%§(M%% %%eh%ggoéagégg%%%?ggbgﬁgyﬁglﬁgyggc% golor.sﬁiﬁnlng
. exanpl e, the recording head 7 may have plural ink
direq%iNy -nozzles for jetting ink of plural colors. The

carriage 3 also has a sub-tank 8 fQr supplyin o .
J The carriage 3 has a recording I'Pé)acy (l%quld Jetting

head) 7 including, for example, four recording head parts 7y, 7c, .
7m, and 7k for jetting ink droplets of yellow (Y), cyan (C), magenta
(M), and black (K), respectively. The recording head 7 having
plural ink jetting holes aligned in a direction perpendicular to
the main scanning direction is attached to the carriage 3 so that
ink droplets can be jetted downward therefrom.

The recording head 7 may include a pressure generating
part that generates pressure used for jetting ink droplets from
the recording head 7. For example, the pressure generating part
may be a thermal actuator which utilizes the pressure changes of
ink boiled by an electric heat converting element (e.g. heating
resistor), a shape-memory alloy actuator which utilizes the
changes of shape of an alloy in accordance with temperature, or

an electrostatic actuator utilizing static electricity.



i nk of each color to the recording head 7 . The
sub-tank 8 is supplied with ink froma main tank (i.e.
wonbkospas®moi dge, not shown) wmpa an ink supplyi ngCTUPBYT)6S8485

9 . The image form ng apparatus al so includes a sheet

feeding portion for feeding sheets of paper 12 stacked

on a sheet stacking part 11 of a sheet feed cassette

10. The sheethdwrdid)gtper téedrdned tdesi 4 sepasatliimgited to

pad 14 having a friction coefficient sufficient for
hav§ﬁ§a§fﬁf 0 r2Reehs ngf nPARSSa ks toeebpenahagt tstad R@lor.

part and a sheet féeding roller 13 (in this exanple, a

hal f on d ler) [ e :
A e

11. The separatin ad_14 is .confiiqgured to urge the
nozgfhedt £0F nJ T hie o r iQﬁ1§iﬂﬁﬁ%1QQ%§%§heet f eedi ng

roller 13. The paper 12 conveyed from t he sheet .

feedi ng pERre FareGfRyedlse ASafedBefadmctthefor supplying

recording head 7. In order to convgy t he paper 12 to
inkt hé aseh below thethecoreprditedear 7.t hEhenage-tank 8 is

form ng apparatus is provided with a conveyor belt 21
supbhakdoeieyaktheonpapesid 2ahy i te adhknopittre dggpenol2shown)
with electrostatic force; a counter roller 22 and the

viaCBRVEeURr sQﬁ%iygﬁghﬁYﬂJ@Qsi he. paper 12 delivered
I nbet ween after receiving the paper 12 conveyed

LT SRS FOCRRES gl .l R e
tec G D35 Lo AT A RO SRt b1y sl gRrciod cifa sheet
o SRR 1, BOSLLLEN b a0l B B0 ek eaing
pressing roller 25 agai nst L

portion includes a separating pad 14 having a friction coefficient
sufficient for separating sheets of paper 12 from the sheet
stacking part and a sheet feeding roller 13 (in this example, a
half moon shaped roller) for conveying the sheets of paper 12 one
at a time from the sheet stacking part 11. The separating pad
14 is configured to urge the sheets in the direction toward the
sheet feeding roller 13.

The paper 12 conveyed from the sheet feeding part is
conveyed to an area below the recording head 7. In order to convey
the paper 12 to the area below the recording head 7, the image
forming apparatus is provided with a conveyor belt 21 that conveys
the paper 12 by attracting the paper 12 with electrostatic force;

a counter roller 22 and the conveyor belt 21 having the paper 12

delivered inbetween after receiving the paper 12 conveyed from



t he conveyor belt 21. Furthernore, the image form ng
apparatus includes a charging roller (charging part)
wa@a@odsmesohar gi ng the surfacezof the conveyor beCt/IBH07/068485
In this exanple, the conveyor belt 21 is an endl ess
belt stretched between a conveyor roller 27 and a
tension roller 28. A sub-scanning notor 31 rotates the
theCOR¥BY Ofc&@ h§lpadt Wiia a §udiadl deld cdhvagdrabelyai gigide 23
roller 33 so that the conveyor belt 21 is rotated in
forl ]gfagfﬁﬁ GRNBERERG Aif et bﬁrt@%%v’egog'lgel@ 21 by changing
(‘sub-scanning direction) . It is to be noted tha¥ a
uj de [ | ti ' .Qf :
e Sy i pf I L R I A R B Mo
formn rea of the recording,he 7 . Furthe re
(DR NHE gPg 07O e 45 BBOLE inBHPESRLERTE G JPhegrees
top surface of the conveyor belt 21 so that the .
andcA T G NDORPEPE D 4r BRRIFES SSH NGcR HESRISIF Thl ¢ hé> against
rotati on of the conveyor belt 21. As shown in Fig. 2 ,
thet henvegge Pelnidiyg appatheumoaksothecinayss farmongr ypparatus
encoder 36. The rotary encoder 36 includes a slit disk
indd4did ackhedrgong rolbey sdtedtgindig tdertgodéeyor rbhkging the
27 and a sensor 35 for detecting a slit(s) forned in

surlfiesldd WsSkoddelBe Hamge2forning apparatus al so
i ncl udes a sheet discharging portion for discharging

th heet -aqf t [
e shee Inaﬂﬁgg%;%&?fé}hg:hs 'c%lav%?bil BLe: recarded Bygiess

t he recor eet scharging portion
i ncl udes agﬁggﬁrating cl aw se t he. .

R e a: nae T ST A e
28.di Sécrs]gggiscn:gnning motor 31 rotates the conveyor roller 27 via
a timing belt 21 and a timing roller 33 so that the conveyor belt
21 is rotated in the belt conveying direction shown in Fig.2
(sub-scanning direction). It is to be noted that a guide member
29 is positioned at the backside of the conveyor belt 21 in
correspondence with a target image forming area of the recording
head 7. Furthermore, the charging roller 26 is positioned
contacting the top surface of the conveyor belt 21 so that the
charging roller 26 rotates in accordance with the rotation of the
conveyor belt 21.

As shown in Fig.2, the image forming apparatus also
includes a rotary encoder 36. The rotary encoder 36 includes a

slit disk 34 attached to a rotary shaft of the conveyor roller

27 and a sensor 35 for detecting a slit(s) formed in the slit disk

34.



roller 53, a second sheet discharging roller 53, and a
sheet discharge tray 54 for stacking the paper (s) 12

woOheos@osroo Furt hernore, a doupl e-si de sheet feedCIgP207/068485
(not shown) may be detachably attached to a rear

portion of the image form ng apparatus . By rotating
the conveyor belt in the reverse direction, the paper

12 is delgnerigthded fb&%iﬂ%UQFFaﬁiaﬁlﬁsSQE% i getihdgs unigheet
so as to have the paper 12 i pped upsi de down. Then,

. _t.he fli er, L t dr 12 onto
S A
. 21. Furthernore, as,sho in Fig,...2. ozzl
whi G it TR & oot hea i A hEad 371 g ehest
_operating status of the nozzle és%%na be gr vi ded at. .
disehaegiing PRLtignat BEL 1e%RPISBR_RT & F 9(<1yl1? Rit st &k &FpP&at1ng
toward the back side) of the main scanning direction
the gfaptehre 12 af romdde3conTaeondedite2t etﬁ)‘ﬁéﬁ?tn%&%%%id%rﬁcé‘@rgmg
i ncl udes, for exanple, plural caps 57 for covering the
rol 38 f58e #f seasihd cdhddie dicxtiaewgiol ted legcdBdi Agdhaagheet

, a Wi per blade 58 for w ping off residual ink from

distREergur{ase o1 tbe vzatesy w@nrd papdrmis)r eéeephackenso
for feceiving accunulated ink that is jetted in a

Process oﬁ‘uﬁ%ﬁ@?{ﬁ&f@, of dngasi-edel BkebeCHELENEY Yunit (not
with the 1nage formng apparatus having the

shoggg\éﬁé‘g gagec ig%%%%h%%ﬂ&;%y‘é %],;eﬂe%)&] +SHeEL Sy ;ﬂo RARKT oF2c18L Bimage

_ onve by sheet fromthe sheet

oS ROLIg B L (Sl L, 20RS1 8L o0 COMEYL PRSI B2 foverse
~the counter roller 22 in an_upriéﬂgorgggmgouble_side sheet

direction, the paper 12 is delivere

feeding unit so as to have the paper 12 flipped upside down. Then,

the flipped paper 12 is conveyed back to the part between the

counter roller 22 and the conveyor belt 21.

Furthermore, as shown in Fig.2, a nozzle recovery
mechanism 56 for maintaining/restoring the operating status of
the nozzle(s) may be provided at a non-printing area toward one
side (in this example, toward the back side) of the main scanning
direction of the carriage 3.

The nozzle recovery mechanism 56 includes, for
example, plural caps 57 for covering the surface of each of the
nozzles of the recording head 7, a wiper blade 58 for wiping off
residual ink from the surface of the nozzles, and an ink receptacle

59 for receiving accumulated ink that is jetted in a process of

disposing of undesired ink.



by the guide 15, and then the orientation of the

conveyed paper is changed approxi mately 90 degrees by
wguoasioagrobhe tip part of thesgpaper with the coRCEYPI007/068485

gui de 23 and pressing the paper 12 against the

conveyor belt 21 wth the pressing roller 25. In this

conveyi ng operation, an AC bias supplying part of a

control pAREtcfAhgBPOW:-nofhd heageageriideRgaratus having

apparatus alternately applies negative and positive

thealakg(rggﬁgsc‘f?i}gﬁgeéoﬂ?i&@fa%,gié}ga_erﬁg & pdN 12 are

accordance with an altérnate charging pattern.
Ther ehy he_conveyqr he S
SeRAteh AP FORTaNRE ST s hrtanieh SPeTT s, ZRRdnE part,
predeterm ned width in_accor ce wt he al t ernat.e
thebhh o RGBREER oMYA PREShalor S SR b Feg R et een
t he charged conveyor belt 21, the paper 12

s

theaconeey e bed tt e 2B6rves 6PUBERE TP gy &7 dat pRIPHH T manner
force. Thus held, the paper 12 is conveyed in the

by sihk- gohdai 19, dircedheontby oheentittdmioftheheonvavegapaprer
belt 21. Then, the recording head 7 jets ink droplets

is UH=@gklieapprekihatvhil 0 tdegpapenbyl Juislibel nhpembipdpant of
correspondence with the forward and backward novenent

thé()gvatp%?c GALhi 808 3onvAiberghige rer Al REheachy’ thecphgsr 12

rints) a single row by jetting ink in accordance
wth i Lanal sy chie papery 12n kb SpfULi gy cotveyesa
ot B BT S BSA Py PEBor ArnE The nbxt rou The
recordi ng _operation_of .the recor.ding h 1S .
conpl et ed Thh Satcgpé’ﬁglln9§pl’e§€§il\98dg‘%nngf’lé%aﬁaisv%u%?lﬁfjhneg part
conpl etion of the recording gperation or _indicative of
of thecqmidiole R (IRE FRSwR) 195 EBhiHYIE hEOERYRT oF PR HEATUS
recording area. After the conpletion of the
alternately applies negative and positive alternate voltages to

the charging roller 26 in accordance with an alternate charging
pattern. Thereby, the conveyor belt 21 is alternately charged
with negative and positive voltages at intervals of a
predetermined width in accordance with the alternate charging
pattern. When the paper 12 is conveyed onto the charged conveyor
belt 21, the paper 12 is attracted to the conveyor belt 21 by
electrostatic force. Thus held, the paper 12 is conveyed in the
sub-scanning direction by the rotation of the conveyor belt 21.
Then, the recording head 7 jets ink droplets onto the
paper 12 while the paper 12 is being moved in correspondence with
the forward and backward movement of the carriage 3. After the
recording head 7 records (prints) a single row by jetting ink in

accordance with image signals, the paper 12 is further conveyed



recordi ng operation, the paper is discharged to the
di scharge tray 54. In a case of conducting doubl e side

wonRsiBsY) t he paper 12 is bki pped upsi de downprafriirr007/068485
the recording of the front side (the side which is

printed first) of the paper 12 is conpl eted. The paper
12 is flipped so that the back side of the paper is

a ptBEepELFALhEY Sustates byor oteaid iy e heomesyorrokel t TR
in reverse and delivering the paper 12 to the double

rec?%_g?ngg@}géré‘l@ﬁ% R YRkt r£88LISHOWYad TTh@NcokPEeted when a

I pp aper 12 is conveyed to the part between the

sig?plg n:th(,e r rc?—zlilv%lrd E&afg%t{rﬁg oy @Kgyc%m%g%%i% :oftAEég rréc!&ding

per S place € conveyor

recording head 7 .conducts the above- cribed .
opergEaPt 1 BELEATSR Oh Fie Btk BFde: Gty REDREpL? Rching
After the recording operation_is conpleted, the paper
thelgdge @ifs&har §RECTSIRHATRIChATFETt LR SATPLRTA0Ra88 the
where the image form ng apparatus is standing by to
recogddngt ope prt inir ,ngh¢ peperdl mgl scparaeildy, thadicaharggetray
3 is noved toward the recovery mechani sm 56. The cap
54.57 covers the nozzle side of the recording head 7 to
keep the nozzles noist. This prevents poor jetting

perfornangg gauged by dbh@dctiky didherdiie pMiefig, the
the cap covers the nozzle side ofthe recording head 7

paper? lﬁef g Y@'B%\P%g% gg% &8% k&?\?’ré %g_"rt%%r EAEMRY- DY4 SMS I fORKRIF ront

accumu ing liquid) fromthe

. hozzl es .,and .ej ecting.the jnk d bl es. Ly
sidi BErS b e By o BT He Tk LR ke ndnersiofgieted:
the nozzle side of the recording head 7 d%riqg the .,
The pepesr §2 opefat PRI Furtidr fbfedagh Side of the paper is the

printing surface by rotat'ing the conveyor belt 21 in reverse and
delivering the paper 12 to the double side sheet feeding unit (not
shown). Then, the flipped paper 12 is conveyed to the part between
the counter roller 22 and the conveyor belt 21. After the paper
12 is placed on the conveyor belt 21, the recording head 7 conducts
the above-described recording operation on the back side of the
paper 12. After the recording operation is>completed, the paper
12 is discharged to the discharge tray 54.

- In a case where the image forming apparatus is
standing by to conduct a printing (recording) operation, the
carriage 3 is moved toward the recovery mechanism 56. The cap
57 covers the nozzle side of the recording head 7 to keep the
nozzles moist. This prevents poor jetting performance caused by

dried ink. Furthermore, where the cap covers the nozzle side of



enpty jetting (idling) operation that is irrelevant to

a printing operation may be perforned in which ink is
woebdasads79b or exanpl e, prior stjo a recordi ng opePaTURIOT068485

during the recording operation. Next, an exanple of a

recordi ng head part included in the recording head 7

is described with reference to Figs .3 and 4 . Fig. 3

thel $e@oH085- BE&dI Dhad rdweakyorpexaltanai hudi bal performed by
direction of a liquid chanber of the recording head 7

suct16h9ng4ab§uﬁu§£9§§ @%%Edd%"inﬁ”‘%@d@r@&ﬁgalhghﬁﬁﬁ|from the
Irectiion of the liquid chanber of the récordi ng head

d
T I -
nozrges Eﬁgyeeﬂﬁ aRE PSS P BIPS LT T pEbeE bLace
formed .b r{form ani.sot rqpi c et h|n
58 yﬁﬁ%&@éﬁ%@%ﬁ@f I géﬁbé‘?ﬁ%?%? €6 3R Bcarilonprar el the
102 (for exanple, fornmed by perfornIng electrofornIn
recording bref hOHLENIRR GEQVER YaOPBHRl - Xt f §%t8ﬁrfﬂﬁéer an
flow plate 101, and a nozzle comunication path 103
empiryoy e dedngn Jaﬂium@pe@pmtm toatt he ifMredeypatetd @printing
This layered structure is formed with, for exanple, a
opdiezlon eaymiaisat famahtin w&5chniﬁkcmm(jﬂhnad,cﬁbroaxample,
with the nozzle (s) 104 of the recording head 7 , a

prﬂdxqabda ¢haakal nd Upsividigoddir IHE 8 BENE GAREIMMY bp@ration.
chanber, a common I|qU|d chanber 108 forsupplying ink

to the Iigy %ﬁ"@ Pé Hfaaaréédi*ﬂrfgeﬂe%tdaﬁ‘é§tp§ﬁ&luded
(supply path an I nk supply port 109 in flow

jj1%§Ftﬁ%¢§%$lon MAth the %gggugell UIdr%%% e¥9§Ew§s 3 and

recor I ng nea I ncl

al t hqugh onl one roqw i s illustrated in Fi :
|( g;}@r' é";dtgs a croyss sect?_ona view a&ong a longftgdina]? dlrectlon

of a liquid chamber of the recording head 7. Fig.4 is a
cross—sectional view along a lateral direction of the liquid
chamber of the recording head 7.

The recording head 7 includes a layered structure
formed by bonding together a flow plate 101 (for example, formed
by performing anisotropic etching on a single crystal silicon
substrate), a vibration plate 102 (for example, formed by
performing electroforming on a nickel plate) provided on a lower
surface of the flow plate 101, and a nozzle comﬁunication path
103 provided on an upper surface of the flow plate 101. This
layered structure is formed with, for example, a nozzle
communication path 105 in flow communication with FFe nozzle (s)

104 of the recording head 7, a liquid chamber 106 serving as a

pressure generating chamber, a common liquid chamber 108 for



structure type piezoelectric elenents (also referred

to as "pressure generating part" or "actuator part")
wa2a0sfoas79appl yi ng pressure tog the ink inside theTliPmui/abs4ss

chanber 106 by deformng the vibration plate 102, and

a base substrate 122 affixed to the piezoelectric

el ements 121. It is to be noted that plural pillar

suppailisigl23kace tReMedqhid hetaveesy tihe piezaelfeaidi cesistance
el enents 121. Although the pillar parts 123 are forned

t [ f ' [ I [ | sgrenitsy
par%Zf%%§E§§g§F%Fgglghbagéahgge%$§IQ%$5$ﬁé§%$%£%£fé%tric

el ement_.121, .the pillar r ' me nor nal
COWﬂWW%ﬁ%;%SPhgg%not Fi&éngﬁtggg&ﬁg‘QE%ﬁ¢%% f her et o.
Furthernore, the piezoelectric elenment 121
connectedlﬁ%§¢§?rﬁﬁéeea5?%5?§ﬁ9ﬁﬂ+nﬁh Sﬁda.cﬁqi;qﬂfs two rows
circuit (driving IC, not_shown) is nounted., The
(algdrdusfercalypens a9y 66 théustbrbed ol piag e3) 02 kwered
bonded to a frame nenber 130. The franme menber 130 is
stiflinircatgbe eifemomlactaiid pbeneohs18dlsorréferagd ity as
an actuator unit (including, for exanple, the
“pRigAsRl eehkiratehenpatt12l; “teeuhase sabst)y atzl ¥22) applying
therein, a concave part including the comon |iquid

shaher o138, ana aRsipk SHOP] ¥olhod eHedrhdOrLosupy! MeBgrmin
pr|nk fron1th§ outsidg to the cd%nnn liquid chan%EL 108. 7

thér %‘%ﬁr&%’l%’i‘f?’??%elf’& ,' %Irfedéggﬁ%% %b@ﬁﬂa@e@ﬁ&boﬁfm& RS the

W use O or exa_n'p ermal setti ng resin
oot LY cpIRRGEESLEY O RO MRNED 516 B T
parts and hole parts_includin%_the noz%égtric clements 121.
PakePmhan @&6 sarmed in-between the pilezoe
Although the pillar parts 123 are formed at the same time of forming
the piezoelectric elements 121 when cutting a base material of
the piezoelectric element 121, the pillar parts 123 simply become
normal pillars since no drive voltage is applied thereto.

Furthermore, the piezoelectric element 121 is
connected to an FPC cable 126 on which a driving circuit (driving
IC, not shown) is mounted.

The peripheral portions of the vibration plate 102A
are bonded to a frame member 130. The frame member 130 is
fabricated to form a void portion 131 for installing an actuatorxr
unit (including, for example, the piezoelectric element 121, the
base substrate 122) therein, a concave part including the common

liquid chamber 108, and an ink supply hole 132 for supplying ink

from the outside to the common ligquid chamber 108. The frame



path 105 and the liquid chanber 106. The flow plate
101 is fabricated, for exanple, by using an
wani@mspi ¢ et chi ng net hodobn whi ch an al kal i PCYPP2007/068485

etching liquid (e.g. potassium hydroxide, KOH) is

applied to a single crystal silicon substrate having a

crystal plane orientation of (110) . It is however to
memBEr NPI® G 4 Nalh Ath@led B L h3EELMBY BE14SLE WDEh use of, for

fabricating the flow substrate 101 besides a single
exaﬁ{;yét al %P)é]l_‘r&gf sc'é@é{r{tﬁtfesi%?r(_e@@&! ey tShRl E}legiﬁz) or

steel subsfrate or a photosensitive resin nay al so be

lusgd. The vihgftion plate 102 is fabricated, for
POl R RBY LS By etd sF i ng an el ectroforming method on a

netal plate fornmed of nickel. 11 _is however to be .
noted t hafhethkew tafe ptl & dfltabél&?%@éid%ﬁerfﬁgp various
formed by bonding together a netal plate and a resin |
conpbaeepalys @nsb h@geuﬁéé’.ﬁs TRCIBIETse [L8Et PPEZ &P FRIFTEN IR 10N
and the pillar parts 123, and the frame nmenber 130 are
pathondédahd the Vidguadi cnempbert el0D2 Bheusilng nphaddhé8lves
agent. The nozzle plate 103 is forned with nozzles 104

FabRavhReddi eeRt8fSnd1a0bygubiag a0 awhsot3Gpdm efiching method
correspondence with the sizes of respective liquid

in xﬂt@@%rnsaﬁ?@li Theeezh enphal@id0Be | §. bonded iua hf@roxide,
oW p

ate 101 by using an adhesi ve agent. Thenozzle

l ate_103.includes,. , | ' .
o, 5o pAR bACLIB S L1Oe AR, ATELAL STBLEELEL having
out er npst sur f ace.

The pie ectric.elenment (ip this
cr%%&%ﬁﬂﬂ%?“@z?flTEEaﬁégnagta@gﬁih'SFFU&Fusngﬁe%hgghbe noted
pi ezoel ectric material 151 and_internal el ectrodes 152
th%ﬁ@tbﬁ¥é@ﬁﬁ?éﬁ}ﬁﬂ%&#%@séﬁﬁQﬁﬁ%?rbﬁ%tlngtheflowsubStrate

101 besides a single crystal silicon substrate. For example, a
stainless steel substrate or a photosensitive resin may also be
used.

The vibration plate 102 is fabricated, for example,
by performing an electroforming method on a metal plate formed
of nickel. It is however to be noted that other metal plates or
a bonded member formed by bonding together a metal plate and a
resin plate may also be used. The piezoelectric elements 121 and
the pillar parts 123, and the frame member 130 are bonded to the
vibration plate 102 by using an adhesive agent.

The nozzle plate 103 is formed with nozzles 104 having
diameters ranging from 10 um — 30 pm in correspondence with the
sizes of respective liqﬁid chambers 106. The nozzle plate 103

is bonded to the flow plate 101 by using an adhesive agent. The



anot her. The internal electrodes 152, which are
alternately extended to the side edge planes of the
woizemmes@metri c el ement 121, sgre connected to aRCT/JP2007/068485

i ndependent el ectrode 153 and a comon el ectrode 154.

In this exanple, the pressure is applied to the ink in

the liquid chanber 106 by using a piezoelectric
noz€28spant e 4B Melcafidels, f @brt deambp B2pe] aettbiCmaBeel & Blmember

151. It is however to be noted that pressure may al so

havR8g2RPA €8 g8 dritk 1h e bheo Hhddi h GhanBate HAEsBYsurface.

usi'ng a piezo€électric constant d31 material for the

pi ezoel ec#giecpirgagoeglgea%#igclﬂga%ge{)i@rcﬁisaegg%&?ﬂnee, BOW) 121

of piezoelectyic e e provi
correspondence with a single base bstrate 121.,
hasAR b HP ROy S AT L gl BRI BRSPS IR (Bt JPGeRgal 151 and
~ liquid) fromthe nozzles 104 of -the above-descri bed
integegddiedgheade? 152harpi ekberecteliy Hrvemsd opitqr of one
contracted by |l owering the voltage applied to the
angtihezoel Eoer intetmmk el dtirades Mol t ade dielagw @lternately
reference electric potential. Thereby, the vol une of
extidiridd guitthechbddedgb(fl ames edsidse piethelechraticdrement 121,
plate 102 is lowered in correspondence with the

aref HURAHLN +&f ahhenBbp2Aakatet Eieceleaent 51 2dnd T edbmmon
ink flows into the liquid chanber 106. Then, the

elevéjén{cﬁ%ftl%QQl | pd ﬁrﬁe% & Ri8z0ek get {ikgs&hf o 1[1%58%@ the

SO e "pi ezoelectric- el énent 121 expands

i AUCEEE CLRRES MRl MR B SO s TR B comstane
decreases as the vibration plate 102 defornms in a
A3 AT o PHAF Ay R SHE o RELET10) fhl. 1F 1s however

correspondence wth the expansion of the piezoelectric
to dleemeitedl 2hat fosesspesqiay also be applied to the ink in the

liguid chamber 106 by using a piezoelectric constant d31 material
for the piezoelectric material 151. Furthermore, a single row
of piezoelectric elements 121 may be provided in correspondence
with a single base substrate 121.

Accordingly, in a case of jetting ink (recording
liquid) from the nozzles 104 of the above-described recording head
7, the piezoelectric element 121 is contracted by lowering the
voltage applied to the piezoelectricelement 121 to a voltage below
a reference electric potential. Thereby, the volume of the liquid
chamber 106 increases as the vibration plate 102 is lowered in
correspondence with the contraction of the piezoelectric element
121. Then, ink flows into the liquid chamber 106. Then, the

voltage applied to the piezoelectric element is raised so that



pressure is applied to the ink inside the |liquid
chanber 106 , thereby jetting ink out fromthe nozzle
waQdos/o3smn, the position of fihe vibration pl at eCtAP2007/068485

returns to its original position by |lowering the

vol tage applied to the piezoelectric elenment 121 to

the reference electric potential. A s the vibration
thepEQEQOéQ%ctQE@r8§eﬁéhﬁfEQI”éXﬁdﬁﬂs [Aesithieonaythed! dipection

chanber 106 expands to create a negative pressure in

of R | g,%ioglgla%ﬁ}%r e108enThes Negati My, eSHY &lnkN8E the
[1qu chanber 106 allows Iink to be supplied into the

.| i.qui 106 I qui 1
1ok RRROShe 08,1 s FOUTOILLLGS eharbny 0Ecorm

., on to the next ink jettin rocess after, the vibration
in §f MERBSTORFSERUAF AR ERTRTPe oS o Lo Uk (i8nGRF BSRAAIenCe
_becones stable. It is to be noted that the nmethod of

witdy Fhe yoarsicacet dhePirme e e lemantdd -0 fpe result,
above-descri bed exanple (pull/push nmethod) . For

pressams 6,5 appdlilednephtteoink pnshdgethedliayigechamber 106,
enpl oyed by controlling the drive waveform applied to

thdhd v ecrdimg inkadu?. fNext thannexampl 20¢f a control
part 200 of the inmage form ng apparatus is described

W th refernenge £Re HoBitRon e th@W19taPash p280eofoFk&urns
5 includes, for exanple, a CPU 201 for overall contro

tKJQF@FEQQi %a&o?559§i§£gﬁppﬁgﬁ%ﬁgg%Q%gCQBEQH%%Sgg Bied to the

aggy correction rm ng atus, a
o1 SMPO2 0 SIS0, 00O - ande gl ) ot al) o4 Mopefician.
.As?%m:ggbgigion.plate 102 returns to the original position, the
liguid chamber 106 expands to create a negative pressure in the
liquid chamber 106. The negative pressure in the liquid chamber
106 allows ink to be supplied into the ligquid chamber 106 from
the common liquid chamber 108. The recording operation of the
recording head 7 moves on to the next ink jetting process after
the vibration of the meniscus face of the nozzle 104 attenuates
and becomes stable. |

It is to be noted that the method of driving the
recording head 7 is not limited to the above-described example
(pull/push method). For example, a pull method or a push method
may be employed by controlling the drive waveform applied to the
recording head 7.

Next, an example of a control part 200 of the image

forming apparatus is described with reference to Fig.5.



201, a RAMfor tenporarily storing i mage data and the
like, a rewitable non-volatile nmenory 204 for

woabdostas ng data when the power of the inmage POTOPIVG7/068485
apparatus is turned off, and an ASIC 205 for
processi ng various signals corresponding to inmage
data, input/output signals for perform ng inage
processi nghd ecltrol Bge: 00t NG, FAGOUHSQ! EbA@xample,
various parts of the imge form ng apparatus . The

a cgggqf'f&afohre%%fif %gh*e%li NELUIES: n& OLoSXASP! & ArdddEion

or exchanging data and signals"wth the host, a
ripting control_ part 207 inclydin at. a :
ot BtoinpAtn | Clr i crimhasana d: ik T el 28kiing

controlling the recording head 7 , a he river :
apppartver & EPM2BB2 1T dHAFRG PE%GJF%IE%rBd}@ﬁgia%@aan%talled via

provided on the carriage 3 , a notor driving part 210
a cdmputgri-vienyaiie nacardcae Fiogd Upb P worma¥eeERblon by the CPU
sub-scanni ng notor 31, an AC bias supply part 212 for
201suppRy¥MNgoAC bhpsra ol I hestohainge ingldeerda84; aard tde LARe, a
213 for receiving various detection signals fromthe

reweh€aEeE SRS tdde domobhe2 § £mper Ak Uhta sehs@rdatbwhen the
and ot her sensors. The control part 200 is connected

pow%:? 87 COM IQla RARYrmd kg Eﬁ?ai_’ﬂ@&&tié‘&@ﬁ{éﬂ ¥t henin@gensic

orm ng apparatus anddi splayi ng data. The control part
20200 L ERE A0, Lo IRIS R BE OBlce daca,
. the Internet) .. The host_side is connected to, for .
1npé%ﬁb‘|t§’}lta?f—‘gprﬁ]o? e RSiT B Bgst it appararis e g g ra " 9e
soggigzgvagngoggggigl Eg%)various parts of the image forming
apparatus.

The control part 200 further includes, for example,
an I/F 206 for exchanging data and signals with the host, a printing
control part 207 including a data transfer part and a drive
waveform generating part for controlling the recording head 7,
a head driver (driver IC) 208 for driving the recording head 7
provided on the carriage 3, a motor driving part 210 for driving
the main scanning motor 4 and the sub-scanning motor 31, an AC
bias supply part 212 for supplying AC bias to the charge roller
34, and an I/0 213 for receiving various detection signals from
the encoder sensors 43, 35, the temperature sensor 215, and other
Sensors.

The control part 200 is connected to a control panel

214 for inputting data to the image forming apparatus and



600, an inmage readi ng apparatus (e.g., an inmage
scanner) and/or a photographi ng apparatus (e.g., a
wdizgistoas7ocanera) . The CPU 2L of the control pacr/Jeid7/068485

reads out and anal yzes the image data (printing data)

stored in a reception buffer of the I/F 206. Then, the

ASI C 205 perforns various processes on the inage data
dispueliag deage processing and data rearrangenent. Then,

the processed inage data are transferred fromthe

printing epatdRt R batheash dekevesMdd spahtds 2hAgk0data
the head driver 208. It is to be noted that the

frogneegg%@@ Qfedot tﬁ?étle/EngO%O\'}lé’oLéf eahﬁen&r'-ﬁ% wor® (e.g.,

conducted in the printer driver e host

( The .nting _contro

the STEFRRE bl st 15 Fhel SERPSRLeH b daFacreehe o

. head driver 208. In addition, the printing control

infoFAtion REAGRASING BRBRERTEF dGkS - (rraeaﬁff.seaaﬁ—o?omputer (PC))
transferring the inmage data) | atch signals, and

60Qyr apl eragenteasiing arEeTatveskesdgnaas)inage Feamasd) and/or
driver 208. The printing control part 207 has a drive

a phetefigamphd egenapemgtpar t(ei. gcl udi djgat & Acaoewa) Lt er for
performng D/ A conversion on pattern data of drive

signal s straeegpiun2bhe cROVh302oatdon Haivezp@vedadsmout and
selecting part for selecting the waveformto be out put

anéf&ﬁéﬁaﬁ%%@qg{g%eﬁa%gs (pReaek dhngh¥a) tQ@oPéanith receptlon

control part 207 generates drive waveforns including

I
oufRE 3 VRiCavEr PR BFEne LSO VRS R Rl R one
drlver 208 appl.i es dr| e signals iincluded in th
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rearrangement. Then, the processed image data are transferred
from the printing control part (head drive control part) 207 to
the head driver 208. It is to be noted that the generation of
dot patterns for outputting images is conducted in the printer
driver of the host side (described below).

The printing control part 207 transfers image data
in the form of serial data to the head driver 208. In addition,
the printing control part 207 outputs transfer clocks (required
for transferring the image data), latch signals, and droplet
control signals (mask signals) to the head driver 208. The
printing control part 207 has a drive waveform generating part
including a D/A converter for performing D/A conversion on pattern
data of drive signals stored in the ROM 202 and a drive waveform

selecting part for selecting the waveform to be output to the head



driving elenent (e.g. the above-described

pi ezoel ectric elenment 121) . The driving el enent
wgenmrias®s energy for enabl gpg i nk dropl ets t oPO®JIP2007/068485

selectively jetted fromthe recording head 7 . The

head driver 208 applies the drive signals based on

serially input inmage data corresponding to a single

drﬂréf@ o%f. t ﬁ@céﬂﬂ{@liﬂ,gtﬁé%kﬁltlr@/ ceatesl ipagtt he7 deineeates
pul se included in the drive waveform ink droplets of

f [
arifb Jaﬁ’e% SR sbﬁﬁéﬁﬁlﬁ%ﬂdﬁ?ﬁgd@%ﬁ‘%ﬁ% Hpevl Sighals)
0 an_be jet h 7 .
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part 210 in accordance MAth t he cal cul at ed val ue,
in thECW‘a@fm&)fOUttl@eltCﬁmrzo’&hﬁi§W§S@dl%§opﬁé°&ef’e€?e%07 to a
speed val ue and the detected position val ue obtained
dribyngaapénent t(ee gdetiee talmyveptdeswyr idfed héernebeekrserisipment
43 (i.e. linear encoder) and the target speed val ue
1213nd the dar-erly RASNENIN gerldiateisokad rhgf dvehandbilnng ink
speed/ position profile. In the same manner, the CPU
dro%o t%a{glﬂeaééﬁeé@fvéih} \j%t‘%'éhpﬂioﬂa!ﬂéeréégﬂﬁi@é nealdig) The

r contr ol |ng he sub scanni ng notor 31 and drives

heail) 187 SARY big; LD g%l% {xfa gggearaﬁ/eew@ﬂy input

| N accor ce mnt e ca val ue. The

- cal culation of th 201 i.s based on det
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ling the detection pulses of the ncoder senso

7. 3§Y($e c A pecfEbHR MU ETRI 1Fd uds *S]fe ERENE ‘d%ve%om'

and the target position val ue stored beforehand in a
ink droplets of different sizes including large droplets (large

dots), medium droplets (medium dots), and small droplets (small
dots) can be Jjetted from the recording head 7.

The CPU 201 calculates the drive output value (control
value) for controlling the main scanning motor 4 and drives the
main scanning motor 4 via the motor driving part 210 in accordance
with the calculated value. The calculation of the CPU 201 is based
on the detected speed value and the detected position value
obtained by sampling the detection pulses of the encoder sensor
43 (i.e. linear encoder) and the target speed value and the target
position value stored beforehand in a speed/position profile.

In the same manner, the CPU 201 calculates the drive
output value (control value) for controlling the sub-scanning

motor 31 and drives the sub-scanning motor 31 via the motor driving



speed/ position profile. Next, exanples of the printing
control part 207 and the head driver 208 are descri bed
wonods/seMder ence to Fig. 6 . 3% s descri bed aboveCTubm07/068485
printing control part 207 has a drive waveform
generating part 301 for generating a drive waveform
i ncluding plural drive pulses (drive signals) and
pamu? potitn agedtdamre wethdhef cabculaiged vaglie. prihd cabculation
cycle and a data transfer part for outputting two bit
of tABEP AL A i60h& £SPOAdiHYdEBe thed iRl v Did BhY HHE@etected
(gradation signal 0, 1) , latch signals (LAT), and

po ORIl 2000t hBta$h8dal P MIYBngTREIEOPLEL i SOMI1¥es of the
signal is a tw bit signal "for 7instructing opening and

closin alo .t C L5C
enfld BnSor o LR T e P SRR B b o8 iR value
orrespondence wit.h the printing period of conmmon
andjriife YRR OMAS(HE P BRLEL SEBAEROPCEPERAr Nekas a
state-transition to an Hlevel (ON) with respect to a
sperd/Rasd Wy Frfhlend nakes a state-transition to a L
| evel (OFF) with respect to a non-sel ected waveform
The head d¥dxiar e288pilas| ofdshea pgliinfrtingegbsterl 3BT @07 and
inputting transfer clocks (shift clocks) and seria
thé mgel ditafegr Al iz0r dakaribed hithCHpférentés heo ded@. 6.
transfer part 302, a latch circuit 312 for | atching

each resi sianRe8cyabeg Hovid)erBhidrinteigSe &t Bl oWkt 207 has
| atch signals, a decoder 313 for decoding the

a %}%ﬁ%bﬁ%%f ﬁ%r&%@.n ’ lr%t 3@)qntfg)gl thgP fﬂ(?’oé ive

putting e decoding results, a“level shifter
wa\:;’elf?'o:];n?rincluding plural drive pulses (drive signals) and
outputting the drive waveform in a single printing cycle and a
data transfer part for outputting two bit image data corresponding
to the output (print) image (gradation signal 0, 1), latch signals
(LAT), and droplet control signals MO-M3.

The droplet control signal is a two bit signal for
instructing opening and closing of an analog switch (switching
part) of the head driver 208 with respect to each droplet. 1In
correspondence with the printing period of a common drive waveform,
the drpplet control signal makes a state-transition to an H level
(ON) with respect to a selected waveform and makes a
state-transition to a L level (OFF) with respect to a non-selected
waveform.

The head driver 208 includes a shift register 311 for

inputting transfer clocks (shift clocks) and serial image data



converting the level of the logic |evel voltage signa

of the decoder 313 into a | evel operable for an anal og
woewddspis®A5, and the anal og s tch 315 for sw PCOUPIOTOGS8485

and of f (open/close) according to the output of the

decoder 313 via the |evel shifter 314. The anal og

switch 315 is connected to a selection el ectrode

(gfdduiependent :ekeet b DOAHIN o thachapa ezoel ety ipart 302, a
el ement 121 for receiving a comon drive waveform from

latdie cdiue vevefrorm geneldd iRghPas s Shdncd RaNeEos £ theNshi £t
accordance with the results of decoding the serially

re(%:g op e?lggnfli}:gfggtgﬁt 'ér%\]%fj,ﬁﬂt\algagcgaﬁfbf@% Lh%ecoding the

S gna y the decoder 313,

t he anal SWi_t 315 is.switched on, .to_ther al | ow
TS o TR AT G EPYRkl COPTERE EommBle T 2

wavef orm to pass Lhroughﬁéﬁo be sel ected) and a Elied
oukRP kGt AREAFING EfsHeRE 121 1Kt ,Shéﬁ’é%lég of°%

drive waveformare described with reference to Figs. 7
comveiriging Ahe sheowd iaf Rihg lpgict Beveldi velhagef sigmal of the

generating part 301 generates a drive signal (drive
devadef @19 imo adiagekigidratilierEcopubsesn®ledPESwitch 315, and

single printing period (one drive period) .The. drive

thBUASEBo P lsw B dHC 1Bl o rf widxaTRlge onaawaveter MopeefEldse)
dropping froma reference electric potential Ve and a

ac¥BYel 05 PLLared« 1Y theoq: £ 88 AP 2SL AL BLevEE shi frer

drive pulse to be used is selected according to the
31 roplet control signals M)-M3 fromthe data transfer
part 302.

The analog switch 315 is connected to a selection
electrode (independent electrode) 153 of each pilezoelectric
element 121 for receiving a common drive waveform from the drive
waveform generating part 301. Therefore, in accordance with the
results of decoding the serially transferred image data (gradation
data) and the droplet control signals MNO-MN3 by the decoder 313,
the analog switch 315 is switched on, to thereby allow a
predetermined drive signal of the common drive waveform to pass
through (to be selected) and applied to the piezoelectric element
121.

Next, examples of a drive waveform are described with
reference to Figs.7 and 8.

As shown in Fig.7, the drive waveform generating part
301 generates a drive signal (drive waveform) including eight

drive pulses P1-P8 in a single printing period (one drive period).



The waveform el enment of a drive pulse having a

potential V dropping fromthe reference electric
woai@nssab Ve corresponds t®a pulling wavef or FRCEURI0BTI068485

for causing the piezoelectric elenent 121 to contract

and i ncrease the volune of the Iiquid chanber 106. The

waveform el enent of a drive pulse rising froma

Thald@ppedpsl &€ KorFeSpenidsiet, of ar persdipige Wav eboefiorm element
el ement for causing the piezoelectric elenent 121 to

dr ad r20f peddesrbhge Vol sderd ddientiqui GeChagberwaveform
6. Furthernore, in accordance with the dropl et

ele;}%g%qjﬂsﬂ%uﬁgg glltfé :%Jggf@éﬁcé{‘&éj?t arl ARSEE LAY £ 39 used

rive ted In a case of formng a

. _small-si.zed dropl et |1, do (See af __Fi.g,
i SRlegr Rt he PR B b T o-EBf se ST sty 1Blus £rom
form n% nmedi um si zed _dropl ets (rmedi um dots) (See (b)
theydatiay trgnster pard 3P& -pul ses P2-P8 are selected in a
case of formng |arge-sized droplets (large dots) (See
(c) of Fi ghegyavederar edemputsefP? §rlve|Reted having a
case of performing fine driving (vibration of meniscus
poterthiaio V etdoppg naf fooopltees refeAenoedehgtyrithepotential Ve
selected drive pulses are applied to the piezoelectric

cott@imitdsl b of pulg ireC aticigricalerdent | foA €as€ivy the
formng a nmediumdroplet (nmediumdot) ,a first dropl et

pidSod R1484 Ab1Lhendriye RUksat Pdct BrkeG AR d5aPERE Yol ume of
jetted at the drive pulse P5, and a third droplet is
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element for causing the piezoelectric element 121 to expand and
reduce the volume of the ligquid chamber 106.

Furthermore, in accordance with the droplet control
signals MO-M3 from the data transfer part 302, the drive pulse
Pl is selected in a case of forming a small-sized droplet (small
dot) (See (a) of Fig.8), the drive pulses P4-P6 are selected in
a case of forming medium-sized droplets (medium dots) (See (b)
of Fig.8), the drive pulses P2-P8 are selected in a case of forming
large-sized droplets (large dots) (See (c) of Fig.8), and drive
pulse P2 is selected in a case of performing fine driving
(vibration of meniscus with no jetting of droplets). Accordingly,
the selected drive pulses are applied to the piezoelectric element

121 of the recording head 7.

In a case of forming a medium droplet (medium dot),



period of the pressure chanmber (liquid chanber 106) is

represented as "Tc", the interval of the jetting
woizoasngset ween the drive puge P4 and P5 i s pretarabl/gcs4ss

| 2Tc 0.5 ms . Since the drive pulses P4 and P5 have

a sinple pulling waveform el enent, the ink dropl et

speed of the third droplet will becone too fast if the

a rlrEYe P se: RE jotadsatpraw dethavichiilsa Bl Rl @epuhbi digoplet
wavef orm el ement. This coul d cause the inpact |ocation

is gfetttté drophet gk pvdeviple b3 omdde ivFRaet dk@%@éfoﬂsoﬁetted
he other droplets .” Therefore, by reducing the

|1 VO edugi ng. - ctyd t i :
2t fie ot vd P8 e PR THE AR et skt 2R, Tt
reduced, to there restrain . the ink droplet, spe of ..
AGRTP S AR EVELRTL HE Bt 82001 Hpd TPEChor Fhefaediun
reduced for saving necessary ink droplet volume . In )
as @ Kapoker a5oPbst r elTat ithdisy CRERuCYRRP tHhe paberesitt ggeration
for the last drive pulse in a set of drive pul ses, the
peristd PAgspeeds swre ebpobeirngl iamichehamier doioy el pyppsesented
can be relatively reduced. Accordingly, the inpact

as boeat ite ohtéheal asttitk gpletngan rhievgiad tireeh whiehdt ivee pulse
I mpact | ocations of the other droplets . The fine

pa Ul 5Pk g%e%%ﬂmya“dﬁaeﬂ@ygf ?rgn f gs MEBratd ne-iRepulses

nenl scus a nozzl'e without jetting ink droplets so

t i £ 1 vent ad
o 1 PSS DL A ot gecan St prrenh oo

soigFLEH9 0634 FoLBLof IOIL BELORL 10, R0, g RSN punee
P6 %_nseagfsotg]reovdirdie\iiewggilsae Séi];n%rlef&gﬂfr‘gg %alvg%%%m element. This
could cause the impact location of the droplet to deviate from
the impact location of the other droplets. Therefore, by reducing
the pulling voltage (reducing drop of electric potential) for the
drive pulse P6, the pulling of meniscus can be reduced, to thereby
restrain the ink droplet speed of third droplet. However, the
rise volt;age is not to be reduced for saving necessary ink droplet
volume.

In other words, by relatively reducing the pull
voltage for the last drive pulsg in a set of drive pulses, the
jetting speed corresponding to the last drive pulse can be
relatively reduced. Accordingly, the impact location of the last
droplet can be matched with the impact locations of the other

droplets.

The fine drive pulse P2 has a drive waveform for



droplet, the drive period can be shortened
(accelerated) . By setting the interval of the jetting
woizoasngset ween the fine drigwe pul se P2 and t hecuuPe7/068485

pul se P3 within a range of 0.5 ms with respect to

the inherent vibration period "Tc", the volune of ink

droplet jetted by the drive pulse P3 can be gai ned
vibthBghgasked)menild@is ioF, abyooxes vappiowg: (sttpphgnenkidiyplets

t he expansi on of the pressure chanber 6 fromthe drive

so PiAE e HS mirtilk duReo Priass Woe Z1iebkahi 98 pHeviche el Brahi @fying.
period in the pressure chanber fromthe drive pul se

Theg%inghgrl\igéugglgé l;iﬂe_l_é i l(ie(g %@d%%lgj ?%Eggdraﬁgtﬂ&%d 7 for

rrve pu I'S greater conpare e volune o

the 1jquid dropl jetted by the.drive pulse P3_al .
2 DGR T RS BROT iy BoaHSr or b Oy SRPLP e s aving
correction of an image with the abqve-d scribed,inqge
a figeniAgeappEr A8 uSne CUdNs iBdde Pulsss ERAnpPEfing a large
liquid jet type inmage form ng apparatus 1000 exhibits
dropdgfed theeds iae pediagonan parsherteredutd¢erloratad) -
i mage since the dots fornmed in the diagonal part by
t he i mage Byosetiinn@phpariatiesviEJ00 fartee aethhged iiming between
stepwi se manner. As shown in (a) of Fig. 9 , jagged

thedkeas arevBasd 3 rrecagai ziedl®-ive dudaseP3 within a range of
wher echaracters are printed in high resolution.

+ ﬁg’gé?g%@ﬁ J_SJE%‘@’&E o( e Qthafgntgvi’bl%. 'ynfﬂaéfféd “Tc”, the

eas (Jaggy) clearly appear and character
oML U8 OB B ERRF YIS SLUPGL068 B8 & LA G
(iq%g.r%:s’&aéﬁga hgir:yign,s tl@}? d§v£§fa§§fﬁ§ | Psq‘lpgp(ioern{eencctllnrggg) tthbae
expansion of the pressure chamber 6 from the drive pulse P3 with
the pressure vibration of the vibration period in the pressure
chamber from the drive pulse P2, the volume of the liquid droplet
jetted at the drive pulse P3 is greater compared to the volume
of the liguid droplet jetted by the drive pulse P3 alone.

Next, an exemplary operation of performing outline
correction of an image with the above-described image forming

apparatus is described.
[First Example]

A liquid jet type image forming apparatus 1000
exhibits jagged areas at a diagonal part of an outline of an image
since the dots formed in the diagonal part by the image forming
apparatus 1000 are arranged in a stepwise manner. As shown in

(a) of Fig.9, jagged areas are hardly recognizable in a case where



i nclude using dots smaller than other dots to formthe

outline part or adding new dots to enpty spaces in the
woubdsiagropart . However, the ngthod of using doPET/IP2007/068485

smal l er than other dots at the outline part cannot be

used as the correcting method in a case of forming an

image with binary values, in other words, form ng an
chdrmge iy apei ptimgedrimat ghrigdd Ing: irdot sjefeng dyphown in

of dot size) . Meanwhile, in a case of using recording
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printed by jetting ink droplets of , M, Y, and K
inghde tuselrmml@’qsnﬁa@tllle@sc‘aha@notlﬁ@éd#@wghq/ faqgyn the outline
conmpositing (combining) ink of different colors, black
padoter haddingy didv et ﬂmﬁqmptwesgesesamnbéhasedtlbne part.
reduce jagged areas at an outline part of, for

Ho®R&edP) &heamBlask shalsiGieHokr $ el 1®F &;hd oBhé@S@ots at the
where a color ink besides those of the aforenenti oned
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g reater brightness such as Iight bl ack gray) , a
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R R t°p
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mage yeprtle}’ltle}lgd oyre nch printing a dot(s) (one type of dot

size).

Meanwhile, in a case of using recording liquid (ink)
of four colors (black (K), cyan (C), magenta (M), yellow (Y)),
a composite black dot of C, M, Y can be formed by jetting ink
droplets of C, M, and Y onto the same impact location. It is known ‘
that a dot printed with the composite black ink has a greater
brightness than a dot printed with black (K) ink alone.
Furthermore, another composite black dot of C, M, Y, and K having
lesser brightness can be printed by jetting ink droplets of C,
M, Y, and K onto the same impact location.

Accordingly, by compositing (combining) ink of
different colors, black dots having different brightnesses can
be used to reduce jagged areas at an outline part of, for example,

a black character.



In a case of formng an i mage by using dots of
different sizes, an outline part of an inage can al so
woeosmssmaet ed by changing the sizes of dots at PCDEP2007/068485

outline part into sizes smaller than other dots or by
addi ng dots smaller than other dots to a part
surroundi ng the outline part. From a broad (nmacro)
per spect i yarthbempael ipranhed widrte smalllcar idbissididels those
appear to have greater brightness since the area

of €RY@Fedeh¥ntAknkd SRt kel oesnared M, oy ptikeisgartes g. , black
printed with |arger dots. Accordingly, an outline
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t han bl ack. Therefore, an image form ng apparat us
difefapahltesbies pran ogtiobs pefrivaf iapusmage esrcahsgsee borhected
t he above-described outline correcting nmethod using
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thdPl Y lRkgeb t B?naﬁaﬁnet 88F s A8 1D & HRA tother dots to a
surroundi ng an outline part) and the above-descri bed

pa %’Itsltlﬁ{]reou%o 1rnect\:|h%q on%th%g—: Elr@g %én? r£ rcsja% (macro)
Fi NESSEs , Inac se of ack dots, u5|ng
dlfferent klnds of ink to for d|ff ent , dot
PeRFRYH s éd® PaAtcBrarhghy s P}ﬁ eer St° dﬁ‘ ity appear to
bl ack characters . )
have greater brightness since the area covered by ink is smaller

compared to other parts printed with larger dots. Accordingly,
an outline correcting effect can be attained. It is also regarded
that the different dot sizes also serve to physically reduce the
jagged areas.

Furthermore, with a configuration capable of forming
more dot sizes, a more suitable outline correction can be achieved
owing to more choices of dot sizes and more variations of dot
correction patterns. In addition, such configuration can be used
in forming character other than black.

Therefore, an image forming apparatus capable of
forming dots of various sizes can use both the above-described
outline correcting method using different dot sizes (e.g., using

dots smaller than other dots as the dots of an outline part or



or thin lines, a conbination of the outline correcting
met hod using different dot sizes and the outline

woaors@ssiomg nmet hod usi ng di fferent dot bri ght ne€TaB200a068485
be used whereas in a case of form ng characters or
thin lines of a color besides black, the outline
correcting nethod using different dot sizes can be

addisRddotB 86 NMEfrgwy dhan BhanothBgeddts Midg pppar attsounding
capable of formng dots of different sizes, either one

an Qb PO dpat+§ hedf Ohd aWhpe-ABERPInEQRAI) 6@ diRE8iGhg method
according to the image to be corrected (target inmage)

. . I [ or .chan

usifye GiPReEinErf BdBle 8ok 18- G31 A1 Y] dBlgex dores
outl i art (e.g.,_.aqutline part..of a charactet a

us i AL PERESL AT br s BT bulrpBaS UhREpBLaSroe -
added to a part_surrounding the outline part to a
bri ght nes&CCOrgingély §Redt @St ih for8ipG SlerEssheracters
other dots situated in the outline part and the other

or hkeihddnggara Foinbihatichadgiigothéidetcogirestédnggrethedising
a single dot situated in an outline part (e.g. ,

difAgddrte qear tsickesa atkataet entdina thinettiey oethdd woing
size of at least a single dot added to a part

di SEEFQHNEb R B iRR toldlskbBe-Pabk. uhAs HRseLL Hath Helew of Forming
is to be noted that the two nmethods (parts) can be

ch ded @s 1818 RghesMBENQU- P thed e PRI REc@0utline
right nesschangi ng process and a dot size changi ng

rocess at .the same ti usi a_correctio
CO*EIa‘?‘E%JrT}ﬂ SR %rl[;ffg%f&ﬁ“g%i ﬁgtdggzgfzéggn ®daged-
ri ghtness, correction can be, perfaorned at a hi gher
| evel and % PRNFBHMERASi é?i%h%lg‘?‘g? Gl R %Pﬁargtus capable

i nproving character quality by chan%ing
of forming dots of different sizes, either one or both of the

following method (part) can be used according to the image to be
corrected (target image), in which one method (part) is for
changing the brightness of at least a single dot situated in an
outline part (e.g., outline part of a character or a thin line)
or the brightness of at least a single dot added to a part
surrounding the outline part to a brightness relatively greater
than the brightness of other dots situated in the outline part
and the other method (part) is for changing the dot size of at
least a single dot situated in an outline part (e.g., outline part
of a character or a thin line) or the dot size of at least a single
dot added to a part surrounding the outline part. As described
below, it is to be noted that the two methods (parts) can be

combined as a siﬁgle method (part) for performing a brightness



dot size and changi ng dot brightness can reduce the

tradeof fs between preventing drying of the nozzle and
wonesansiong i ncrease of inkggost. For exanpl e, PCT/JIR2007/068485

case of printing a docunent mainly of black, although

jetting failure due to drying of a color nozzle tends

to occur, a process of cleaning the nozzle would

chahgiHgepPEtedd RGdSPeRrRE shkantun®ing praceaseaofthe same time
conpositing black, ink costs tend to increase

by (BRhGI SUEBEE¥ct 888t paPEd SRse unrel ated to inprovenent
of 1 mage quality) .” Thus, perform ng outline

correctio : h ' Lght.ne ;
B R A S e
enabl,i ng both dot size change .and dot, bri.ght ness
corERatgEn AaTe e BPSTRETSRCET ot (oIS A S dEa i frore
be prevented. Next, exenplary cases in perfornin%,the ,
varapsyengescii BEGLSHPNT HEREONHEG Flofr 3 e g8l F b PR RINIing
reference to Fig. 10. Fig. 10 (a) shows a case where
dotneicet lkinde chengéoyi dati Brpehtoesedean nrFice 1he Hradecffs
stepwi se jagged parts are noticeable at the outline
betp@keh peaeanhihe, dfyinhg DT ¢hy sbowbke ammchpeewketeéng increase
outline correction is perfornmed by having enpty

of {Rkanigt dotrsrofxddis Lot s $ehkeustipgid nithegoatddditeparhainly
changed into image (printed)dots Ds, that is, changing

of %ESCEM%KMK%EQ%& ff'ar:ltl%r‘éo&§e haviipgi Ag V28 TR 862216

or equa at of the dots of the outline part.

| ddition tq or _as_an alternatiyve tli
tendy KA SFRgoae B, CERenaBb<cor HRE B TR reduce
prjgmpar'tr}gcgﬁ%fg%.zg@%g%gleg}:’%ﬂo i%OtaScQg\él gng c?or{peolsaittli\élegl %lack, ink

costs tend to increase (particularly, cost increase unrelated to
improvement of image quality). Thus, performing outline
correction only by changing dot brightness causes increase of ink
cost and ink bleeding. Therefore, by enabling both dot size
change and dot brightness change, nozzle drying and ink cost
increase can both be prevented.

Next, exemplary cases in performing the
above-described outline correction are described with reference
to Fig.10.

Fig.10(a) shows a case where no outline correction
is performed. InFig.10(a), stepwise jagged parts are noticeable
at the outline part. Meanwhile, Fig.10(b) shows a case where
outline correction is performed by having empty (blank) dots of

the dots surrounding the outline part changed into image (printed)



by adding small dots to the outline part, the jagged
parts at the outline part becone snooth. In a case of

wanoismasmof or m ng appar at usggapabl e of usi ng deCT/IB0RT(68485
outline correction can be perfornmed in a greater

variety of ways. Thus, the inmage form ng apparatus can
performnore suitable outline correction. It is to be

dotBai£dthhati 4 hehaughay fe Bubti/- wdlark)odotdstirftar datsdmaving
| ocati on, nunber of dots, sizes of dots are not

a shbB kadiiort hosegesor idhed ithakthereghedhsest o ofnd atline

present 1 nvention, such as in Fig. 10 (b
Eurther . this outl] cqr ' an sbenpertpr ned
parior PRSI OB Ak Ch i re s Sar aide Par ool o
characters .  Fi 0 (c) shows se r.e outline
CoTEBELAeH: Bh F%gpgpf(%?neﬁl)l% %%%n%f g h%@cg‘&t%e HAhE™ Pe
outline part into dots Dp having relatively greater .
chapgieghi nEesde FaRa Ao 8f rehat Hpeky otmae S3dEI- neCpFFinaly,
The changing of brightness may be perforned on the
by ddtisngcnpel laddéd to hepantlinermanidi et heooed rayds at the
part or on the dots which originally form in this

out@Xarpipartabblesk ehabant erin By assiengfa ath fifreigentforming
bri ghtness for the dots formng a character, the

appAY9ed Raphp1atof Nesiy ore papé, beeonend @&rrection can be
noti ceabl e. Thereby, an outline correction effect can

pe etcf&ﬁe%quf%ﬁezr %Egetgy?f heise ehudotsdMitge forming

| eren g tness_es, out_ I ne corre_ctl on can bé
oo SRS, LD B LIRS LU SIS, 1 1
co it AL TRGE O 1g, dopaays, capaple f SoLMRReson
loQ;tn:;Ooellr, ?’Iumber of dots, sizes of dots are not limited to those
described in the embodiments of the present invention, such as
in Fig.10(b). Furthermore, this outline correction can be
performed not only for black characters but also for color
characters.

Fig.10(c) shows a case where outline correction is
performed by changing the dots of the outline part into dots Dp
having relatively greater brightness than that of the dots of the
outline part. The changing of brightness may be performed on the
dots to be added to a part surrounding the outline part or on the
dots which originally form, in this example, a black character.
By using a different brightness for the dots forming a character,

the jagged parts at the outline part become less noticeable.

Thereby, an outline correction effect can be attained.



mul ti-value or dot formation |ocation, nunber of dots,
sizes of dots, brightness of dots, or the kind of ink
wazged/Bsm0f orm ng the dots a% not limted to PODAR2007/068485
descri bed in the enbodi nents of the present invention,
such as in Fig. 10 (c). Fig. 10 (d) shows a case where
outline correction is perforned by changi ng the dots
of the ouFbirbhbepaptre nby dot susp ddvdaeigs reltdt i diefferent
greater brightness than that of the dots of the
brieitdnerecpar budhinal sor ehanigmeahaddi pgn f dheedlaick: only with
surroundi ng the outline parts into dots Dps having

an @babl ¥81¥i 9§ el r A ODRLPESS caSE Wed tm Sy Bd @ d9fferent

size than the other dots of the outline part. In other

312@ Bét @eql W}Qh(ﬁ \stgrcfgtﬁ‘?(% ?fé) cﬁ%@&' né: a}gfg oqokormlng

|ze changi ng process and tness changi ng
ess a nore_efficient outline correctio
P auio R A SAE HE LSRR St ee @1%%@% hfber of
process may be perfornmed on the dots original

mu#?ﬁﬂﬁ%%?e ) @%st%ﬁﬂﬁﬁﬂ9¥ 19cpitdeR, cREPaRE ept 49ﬁ§rd§ﬂ§es of
to be added to the outline part, or the dots changed
dotimt BraghhapEeroBidpss,| orithe &ibd ebtiek thed foe fanmaeg the
of multi-value or dot formation |ocation, nunber of
dotbotise wdizddnmifrediot s, tHirdegghibnessbedl idothe enbottmdmid of the
of ink used for formng the dots are not limted to
prddwase idpasiiieed istichheserbodigendscpf thepresent
i nvention, such as in Fig. 10 (d). It is to be noted

that the |E'J_%u'1q) st sﬂ%@g 8% Gt rd %&ﬂl&gléj@o%r%fctlon is

di fferent S|zes is not limted to a p|ezoe ectric type
pe¥§ g:p hgg roél%gtéo %er rraggflg%)%f eX%]r?é:lﬁ'i 0 I&%ts Dp
having relatively greater brightness than that of the dots of the
outline part and also changing (adding) the dots surrounding the
outline parts into dots Dps having relatively greater brightness
as well as smaller dot size than the other dots of the outline
part. In other words, Fig.1l0(d) shows a case of combining the
dot size changing process and dot brightness changing process.
Thereby, a more efficient outline correction effect can be
attained. The dot brightness changing process may be performed
on the dots originally forming, in this example, a black character,
the dots to be added to the outline part, or the dots changed into
a smaller size. It is to be noted that the number of multi-value
or dot formation location, number of dots, sizes of dots,

brightness of dots, or the kind of ink used for forming the dots

are not limited to those described in the embodiments of the



nozzles of different dianmeters or a heater having a
non-1|inear characteristic for controlling heater
woesisassmee. The above-descrgbed outline correeCTOP2007/068485

effect can be attained with an i mage form ng appar at us
havi ng any one of the heads . Accordingly, jagged
areas (jaggy) can be hardly noticeable and i mage

preééat | {yven e, igquro\eed iby Filangi(@g .t he brightness of
at least one dot in the dots form ng an outline part

(for exanpf e s ay Yt hbregpanhtotna thah st Pit Headl capable
linear image) or one dot to be added to a part

of Pef' ?H@dtiig‘gstgf &%%%&%tpaglzetso & JIRLRE%Sd to a

greater an that of the other ots form ng

t he outlrne art noth ect
PiegASl SELEIS, LYRE g b edtaiied 3teopeag: For
darkly and cIearIy for better VISIbI|I However, .
exampeascththedeuiAel et heag BRY RS PcEhe ™ ttrYéD& hﬁegvaébq%udmg
the paper and the i nmage (character) the edges at the
nozelieki né paffexsnt rrtalamm@er%@@oﬁeheﬁﬁﬁashé‘éanarm Deyyedear
areas becone noticeable. Therefore, in a case of
cha@@bﬁ@&ﬂhﬂ@cOﬁbki@entrmlximqcheagennmegjshﬁn;ehavfhg
di fferent brightnesses, the jagged areas can be

aborv%dﬂggér%bﬁoéut deterdraddionorofe Afiesithichint pebyttusingd with
dots of |ow brightness for the franework of the

an GRALRCERLWAL! ?p?%kgeugoﬂac*@{n@ ST oY | ghtnps hdis .t he

outline part "o e character. For exanple, in a case

Pour “col ofetppatRin IR Agh ‘%‘i M os BRI G B Rty
character can be |ncrfased % using a co srte bIack the
notigeatde aacnd eAE FBRT1EYI GRS PF olPPLYTS
bl ack ink) .
brightness oa)f at least one dot in the dots forming an outline part

(for example, an outline part of a character or a linear image)
or one dot to be added to a part surrounding the outline part to
abrightness relatively greater than that of the other dots forming
the outline part.

From another aspect, black characters, in general,
are preferred to be formed darkly and clearly for better visibility.
However, in a case where there is a significant contrast between
the paper and the image (character), the edges at the outline part
of the image become emphasized and jagged areas become noticeable.
Therefore, in a case of performing outline correction by using
dots having different brightnesses, the jagged areas can be
reduced without deterioration of visibility by using dots of low

brightness for the framework of the character while using dots



However, in this case, jagged areas can be reduced
W t hout deterioration of visibility by using the four
woabwrosgmoposi t e bl ack i nk fzgr the franmework oPCThR2007/068485

bl ack character while using a single black color (K)
ink or a three color conposite black ink for the
outline part of the black character. Furthernore, the

of anghet Bfighknesssicedtita@nibiel 1es spantpsf ethd ehasianger.
the four color conposite black ink. Furthernore, by

det ecti ngrbhec208b e OfiraR BHLLI 88 RavtiNd BNABRI dhracter
t he dot size changlng process and/or the dot

r c s t ghi :
w R R L B ca oo o e B 80 %he density
o_the detected angle, opt.i_mum_out

ot B5F FATORPRERCTE: LB 15 8 Caeeord TG g "Ei C&H‘EPslgﬁ black
the outline part. For _exanple, in detecting.the an

inkfnchuddngl Fhe R Coprst (TPRE GRtQT mnmor%@t@hélack “ink) .
outline part are detected. Then, an outline forned by

HOWﬁM@ﬁBcﬂmnGhﬂﬁecdéﬁecﬁ@@g@@t%reéso©@®1h%dreQQRﬁﬁ wifdout
angle of the outline part is calculated by conparing

detidrd costtliione ofneriaipiddeyeby usiindi tleet four (elghy amipvsite
scanni ng direction or sub-scanning direction)

blAGC A FHrYthd E€PAMERS IO PAHL VL LN [espardergwholéhesing
cal cul ated angle of the outline part is

a s38Leet 5. EXRIA Yk FASES o2f a R A WoRE 0Lt cghe_]_te black ink

correction using correction patterns according to

a{l Ioﬁz tglg?]?e' tpla?:CS angy I %ig&g &galé’)aecfte@g'l ﬁu?%hégﬁore, the

are SCr1 bé € case
o of Perforn1n outllne correction accordin
m

to
R e e

i ncl udes one or nore
composite black ink.

Furthermore, by detecting the angle of an outline part
and changing the dot size chaﬁging process and/or the dot
brightness changing process (e.g., switching a correction pattern
(described in detail below)) according to the detected angle, an
optimum outline correction can be realized according to the angle
of the outline part. For example, in detecting the angle of the
outline part, first, the dots forming the outline part are detected.
Then, an outline formed by connecting the detected dots is obtained.
Then, the angle of the outline part is calculated by comparing
the outline and a predetermined direction (e.g., main scanning
direction or sub-scanning direction). Accordingly, a correction
pattern corresponding to the calculated angle of the outline part

is selected.



outline pattern data and correction process data

corresponding to the outline pattern data. Thus, the
woubdsioagreor recti on i s perfagned by matchi ng aPdetrmbBb8485

outline pattern and a correction pattern. Wether

jagged areas (jaggy) in the outline part are

noti ceabl e may al so depend on printing conditions

(e.g., resgbddlohy d3Pes off pRNAQrming ek ldot correction

formation Iocatlon can be specified in detail in a

us1ﬁ§3‘éo?f:eEtQanﬁQ{é&ﬁthcEdele{?ﬁ td 3G Juy IhedertbhBeand
[ ess noticeable. Therefore, in a case where

f ac%%?:%é@elt ?_Jgt” %ﬁ% %no S&leﬁe %Q%@' L OHI»é WS cribed below.

e requi thernore W th
respect to t es of paper, dots t nd_to blu
‘?}peapﬁSE OXfalng 8N/g§h()\ﬁ cegre éﬁng&}ccosgglﬁgpto the angle

used, the shapes of dots clearly appear and the

of aéﬁsptnyl@ﬂem@rbap%rccsm%@q alherdr ARCTHEREf Ope, O more
the edges tend to appear and jaggy is noticeable.

outTHerebateernt dasa det@ravinrst hilost papcessi dahaceesarspaiing
performthe outline detection and outline correction

to deRerRUs 16nephanticng dandit immss,(ehg outddakutbemectype is
of paper) and perform ng outline correction; when it

efﬁﬁ%@ﬁ%‘n&%@ﬂl% PENRERTFIY ou il 1He patRerBCind®A correction
pattern sed on the printing conditions , an optinmm

paé%gﬂﬂ ne correction can be perfornmed w thout
unnecessary data processing Since the outline
correct|o hod. acco

pr esent Cond 799¢ SFe ab?%g$%$pggfgg§2%§9LU&bgart are
noticeable may also depend on printing conditions (e.g.,
resolution, type of paper). Since dot formation location can be
specified in detail in a case of high resolution printipg, jaggy
in the outline part is less noticeable. Therefore, in a case where
sufficient resolution can be obtained, outline correction might
not be required.

Furthermore, with respect to types of paper, dots tend
to blur when plain paper is used. Meanwhile, when glossy paper
is used, the shapes of dots clearly appear and the density of the
paper surface is uniform. Therefore, the edges tend to appear
and jaggy 1is noticeable.

Therefore, it is determined whether it is necessary
to perform the outline detection and outline correction depends
on printing conditions (e.g., resolution, type of paper) and

performing outline correction; when it is determined to be



and thin line imges, the cal cul ati on workl oad
performed for the outline correction nethod can be
woedispasioby obt ai ni ng obj ectagdata of the i magePCD/IP®07/068485
printed (e.g., text data, photograph data, graphic
data, thin |line data) and perform ng the outline
detection process and the outline correction process
nedsGhgrnactieh datarasdttibhnphtbernabasenlgn the printing
Furthernore, as for other printing conditions
corddiaGtNsS) ar0bpiminh @btd inetcd yRe-d iageah OePd¥formed without
apparatus, jetting failure (e.g., broken (m ssing)
' LRS, . LI ne patterns) tend to occur as
un4%1 %§§E wgg% r?ggﬁ%gg%gbéiscosity of the ink
i ncreases..Partjcularly, in ase wher '
form ng agﬁgthtgefgu sed am é%cigPBWW g%%£§%<%$%ﬁjm;to an

and/or low hum dity environnent or a case ere the

emhGHFE o PH He dpiRtetus TS tHER béeﬁpwk%vﬁg% g FEﬁﬁacterS
(ger{od,_suqh problens are |liable to occur.

and-(ihtipet he dmags S ok het Pk Cpkd ttamyoekhapd) Resfoxipreh for the
printing i mage data (e.g. , printing an i mage

outchirst spirngcoionustihodbtank e hadacedrnsy bbtannihgalpaat data
expressed wth color characters) in a case where a :

of Cigkd aimhdakd ®ed pribiack)(el.g.f r eguentihyaspovbgteph data,
ot her color inks are not often used, the | ow usage

gri&@ifc ahthe @hhet s €01k al) Nksa PRY-FEBMSRy Ll bidgl {8 HHEBCtion
and may skip (mss) printing the colof character part.

pr+gaelz$£ q;\%rd E?ﬁp&&vlel te(g%??ﬁ%@%%h%&éé a%gj g{néﬁgg’%er data and

ures, € nozz ace i1's cleane enpty

th:lrzgk eétpéarr]%:qsibl%e{rforned. However, these processes

Furthermore, as for other printing conditions
(factors) of an liquid jet type image forming apparatus, jetting
failure (e.g., broken (missing) line patterns, or bent line
patterns) tend to occur as ink becomes dry and the viscosity of
‘the ink increases. Particularly, in a case where the image
forming apparatus is used under a low temperature and/or low
humidity environment or a case where the image forming apparatus
has not been used for a long period, such problems are liable to
occur.

Furthermore, as for other printing conditions, when
printing image data (e.g., printing an image consisting of mostly
black characters but with a part expressed with color characters)
in a case where a certain ink (e.g., black) is frequently used

while other color inks are not often used, the low usage rate of



t hroughput and unnecessarily consunme ink. Furthernore,
al t hough col or inks may be used by printing a black
woheorsactm®mn part with conposgge black ink for prPevaPio0TIgr8485

the jetting failure, this leads to an increase in the

anmount of ink consunption and the appearance of jagged

areas due to an increase of density of the characters.

the w'h%xs@c%:d)f Hedklyay cAugeChsEL P Faiaueenposnhg dhigekmiss)

four colors (K, C, M, Y ) is used, jagged areas

prlﬁf\% %Ct}?@rééﬁ-&p@é{ra@&ﬂ %a‘rﬁl;cr eased den3| ty of the

ers. In a case where a conposite black of three

colors ( Y ) d sl bbby

charactefépl%yﬁﬁﬁﬁﬁﬂa 3% - %P%d%%e dg%éf%gsg %ettlng

characters. referring.to o ge _
fal%—%r%%r %%jg/](e{ ga(j@tlsr ﬁénagt é 8? gnﬁ‘p%)rrlte e%tlng

dat a calculated fromthe target inage data an optinmum
is perfenecdor HOWEVeR cZhSH€ PEPFEEAEE FROWTE HREERERY  of
steady nozzle jetting performance and suitable ink
throogspuptarchuesess o i he cobsune data dngthhsmespe@lthough
conmponent data. That is, a correction pattern can be
col6el egkedniy are tmcame@irmftm@t ai hilagk actyatamioed pesdygerith
of ink, for exanple, by selecting a correction pattern

comgébﬂge%lﬁflgﬁn]@%wﬂr&fer?@irgj thakjdtt iagtaselwfe, this leads
rinting an i mage consisting nostly of characters

to %111 in rea%%s:u)(\kﬂﬁ% L€ QO ik HONYSABE 1 bATEhd %hé%ﬁarance

toa correctlon pattern that control st
consunmption of each ink to a det er u
of BAGERC G GPoe DFBhenC Fars Of raghes sﬂ%%f@fé%r#‘%arrrﬁ%tgm
an outline correction using the dot size .ch ngk%%urcolors

Morigr peeekt e le/ t BB & a?a%twfteﬁ&gae CARPISHRE

characters of a color other than bl ack, suitable
(K, 0@ MreY) is used, jagged areas will clearly appear due to

increased density of the characters. In a case where a composite
black of three colors (C, M, Y) is used, visibility of the
characters is reduced due to reduced density of the characters.
By referring to object data of image data to be printed
(target image data) or color component data calculated from the
target image data, an optimum outline correction can be performed
from the aspect of steady nozzle jetting performance and suitable
ink consumption based on the object data and the color component
data. That is, a correction pattern can be selected from the
aspect of attaining a balanced usage of ink, for example, by
selecting a correction pattern using a large amount of color ink
in a case of printing an image consistingmostly of characters /thin

lines where the color ink usage rate is low or by switching to



correction can be perfornmed by changing the correction
patterns based on col or conponent data. For exanple,
wennsasfagged areas are nore&inoti ceabl e when uBCMGP2007/068485

colors as black, cyan, and nagenta at an outline part
conpared to using a color such as yellow, the
correction pattern can be changed based on col or

a coemrpohepbh datbeso thet captivaim ditd icoescoptioti off earh ink
be achieved. Furthernore, correction patterns may al so

to Repswdbehedi aeqosdbig tPasé@t ¢ Eeldr MorigtdnthgRta.
form ng apparatus (e.g., anbient tenperature or

humi dity @f &he ddagestPEBRIngPRA RS nd 8BSEECEiBR using
from previous use of ?he I mage form ng apparatus) .

For. exanpl.e, under nditi.ons re jetti i_L.ur
the G v Gt THEPOeer s SHEL Gl Lifhe Bt Srouctes
| ong unused per i od) it is preferable to select .a
Chagteds o eaFPéPﬁ Pha?rczhaﬁsgi%%¥qo%%lﬁ i ine
bal anced manner for attaining steady jetting
corgedtéorafar. bEdreidbomsice byualeraten dits eesrRrEL BN Patkerns
difficult for ink to dry (e.g., high tenperature, high
bageahodi ty)ortcompgreaiedaliiee t Bosedrmipke covinget jagged areas
pattern that can reduce ink consunption for preventing
arddhebkenst Seedblas whefi ki 4 1gy aad oblkees ing.ckFucydrer m@tenagenta
in a case where the imge form ng apparatus is capabl e

at @h bREMiAg ©Hots Rinpatkhi Rheusi e el bl- y@tweHd9ellow, the

size) , anmbient conditions may cause jetting failure

cofd:(r)eocgﬁcﬁ_gc#g pfa%{tgé%apééﬁik‘r‘&%@'&?bﬁ%@ﬁ' &h {(ﬁcg: Coﬁ%hgnt data

her eby I'mage quality.
o TIHEISES Y HYAEN A8, heCory scbi g8 Babistpand,
| mage qual]:'i'l_}r%hdelf:?nog:%,j ?:E)trirre]%tfiginl gggtg?gs may also be

switched according to status data of the image forming apparatus
(e.g., ambient temperature or humidity of the image forming
apparatus, lapsed time from previous use of the image forming
apparatAus) . For example, under conditions where jetting failure
tends to occur (e.g., low temperature, low humidity, long unused
period), it is preferable to select a correction pattern that can
use various inks in a balanced manner for attaining steady jetting
performance. For example, under conditions where it is difficult
for ink to dry (e.g., high temperature, high humidity) it is
preferable to select a correction pattern that can reduce ink
consumption for preventing problems such as cockling andbleeding.

Furthermore, in a case where the image forming

apparatus is capable of forming dots of multiple sizes



be prevented. Next, an exenplary outline correction

operation (nethod) is described with reference to Fig.
wao0sBs®oout | i ne correctiompoperati on i s execBCEAPIY7/068485

having a CPU 201 execute a program stored in a ROM

202. In the outline correction operation, first,

printing data are obtained. For exanple, the printing
(mud@t avhDee udet psipé) Noarmtent resalitdios mMaypeaafsepgdpert)ing

, image data (e.g., color conponent data, object data)

faizu®Bdist gLysrdaba préf%ﬁédﬁﬁﬁ5§£5éﬁdﬁb r@t.¥s, small
(e.g., anbient data). Then, the CPU 201 determ nes

€. g
. Dot b he.
oc B oSO AR SR B OAS SaRER . Doty
iR GBERET GEaRe TS MHar BEFSAFET AT PRaS T b S0P By ©F
, outline correction is not performed. In a case ere
dotogiFphe dRFTAENDAT §NAS IR HdY ABESS aSFt e tepipre can

201 selects a correction pattern to be used based on a
be toalelvensiedshown in Fig. 12. It is to be noted that the
table shown in Fig. 12 is nerely an exanple. Thus, the
choi ces offepatt ennsxemplaey noubkinefcquatdarits iparmsttion
l[imted to those showni n Fig. 12 . Since the optinmm

(meRPlB ClilsoBeREee8ss dithersrdependi fg pig. TDr @xaspbesline
resolution and type of paper, the correction pattern

coff%é#i%%ﬁ%?gkaﬁggﬂrgg”@xé@u#@@cﬁ§”ﬂé¥lﬁqU$ h¥@62@& execute a
paper. Furthernore, even i1f the resolution or the type
prég}ggggﬁ%red in a ROM 202.

In the outline correction operation, first, printing
data are obtained. For example, the printing data include
printing mode (resolution, type of paper), image data (e.g., color
component data, object data), and status data of the image forming
apparatus (e.g., ambient data). Then, the CPU 201 determines
whether outline correction is necessary based on the obtained
printing data.

In a case where outline correction is determined
unnecessary (e.g., sufficient high resolution, no character/thin
line to be printed), outline correction is not performed.

In a case where outline correction is determined
necessary, the CPU 201 selects a correction pattern to be used
based on a table as shown in Fig.l1l2. It is to be noted that the

table shown in Fig.12 is merely an example. Thus, the choices

of patterns or the number of patterns is not limited to those shown



is the sane, it may be desirable to switch the
correction pattern according to the anbient conditions
wohodasiesiooage form ng appargus or data confi gRCEAIPINT/068485

of the imge data. For exanple, a correction pattern
that increases the usage rate of C, M, Y may be
sel ected for preventing nozzle failure. In another

in ©XAMY e, a correction pattern that controls ink
consunption may be selected for reducing ink cost.

Fur t her my:e, %h}bsz:%g]m\{#heE%_r?cg@t.igﬁgﬁrgeéms_ngiffers

apparatus i s cap ormng dots of nultiple
si zes, a conbination of th . Si c [ Ss
aeniffhe ot B 1 GTRase drdsdiegohr SideiTRe, BE BrEgErSene
when correcting, bl ack characters . and the do nge d tvoe
Coréﬁ%hgﬁh@aﬁFﬁéﬁsésﬁ%yﬁ%ﬁxﬂgéacﬁﬁﬁﬂlﬁ%ﬁ?@EFfﬁgu gPpranc tYP
characters. Thus, different correctign patterns are
of ragsirgnebut themmepes cFenrctthe Faselaitd opRE khgrigrpe of paper
determ ned (defined) by cal culating various printing
is e 3amAs shawy be desgirdigle sactwioth ddis onrpacteen pattern
i ncludes plural outline patterns and dot arrangenent

acclaligdn§@clthe dabikatradnditiqeabf ahe hide foahidgtagparatus
dot size, type of ink) corresponding to the outline

i f \ ! kehpng,
or gg{:ge&gﬁfl&—@ﬁ%‘%ﬁagé(%%tgﬁ{]% HPH .t erBrmakenpng, a

Focess on’t of a detected outline

corb RS0 LR BRELSILS, LIEL MR A 0Re C, . ¥ may

outline
correction on the detected outli art _b '
b EaLEEu Tt B s hoA e L G PEL L Y Pl ecamere
More specifically, in perfornin% the outljne lected
a ceore@ctioRapEEBSAasUtBALE AB KT ARt Jay be selecte

according to an _ )
for reducing ink cost. Furthermore, in a case where the image

forming apparatus is capable of forming dots of multiple sizes,
a combination of the dot size changing process and the dot
brightness changing process may be used when correcting black
characters and the dot size changing process may be used when
correcting color characters. Thus, different correction
patterns are assigned to various correction levels which are
determined (defined) by calculating various printing data.

As shown in Fig.13, each correction pattern includes
plural outline patterns and dot arrangement data (e.g., dot
formation location, number of dots, dot size, type of ink)
corresponding to the outline patterns. The CPU 201 performs a
pattern matching process on the shape (pattern) of a detected

outline part and the outline patterns included in the correction



enbodi nent of the present invention, the CPU 201
sel ects a correction pattern fromthe table shown in
woi2gs/0k279and perfornms outlima correcti on on theCT/JP2007/068485

detected outline part by using a corresponding outline

pattern of the selected correction pattern. For

exanpl e, an outline pattern having an angle
patternesprindChRy 2@l phkatfoafustdhie: Heteecbedeotif bhen partdetected

be used in the outline correction process. In an

out@X 8B Ay bl iy S AWM dHi g ut 1Zne A teehl BEtthencorrection
| evels (correction rank) a , b, g are defined

patgg§hggorized) according to anbient conditions of the
i mage form ng apparatus and/ or configuration

(constitution)_of the i e dat a, correct | .

| evel is ggg?g%%%chf%%aggf?e% ié%%é%ﬁﬂ%ﬁ' ghf fﬁggﬁﬁﬁ G

according to printing node. For, exanple, in a case
COTRREREPhBTEGFFEPRBACI BV et apr;”bt%nr% dta @ﬁ%ﬁéﬁ%&o an

according to anbient tenperature (a indicating |ow
embogipenst afethp PrEPeRE| hEVeREl oM &Rt HE splects a

i ndicating high tenperature) , a correction pattern A
correatticanpaseevar foos imkstalnlea dhaivandead Fignibadr agdnpeeforms

assigned for correction level a (i.e. using C, M,

outdneheY cotkectobni BAr s agtbetght mestidathert thanmgising
Kink only in a |low tenperature condition)

corYRaRMRidi g SutCoidephi 08rRRIf €h 8 sE1bBathhad ritait fgdYsetern.
i nk consunption can be assigned for correction |evel g

ory b )®: " PR B 1P L AP B Rmellins o
en 88 BB RREShLE T R 08, 19 L I Fune
corrz:re%gcoirotni %rw]:o%fesgl.a(:k col or

In an exemplary table shown in Fig.12, the correction
levels (correction rank) «, B, v are defined (categorized)
according to ambient conditions of the image forming apparatus
and/or. configuration (constitution) of the image data. Each
correction level is assigned with correction patterns A through
G according to printing mode. For example, in a case where the
correction levels «, B, vy are categorized according to ambient
temperature (o indicating low temperature, J indicating medium
temperature, y indicating high temperature), a correction
pattern A that can use various inks in a balanced manner can be
assigned for correction level « (i.e. using C, M, and Y inks for

increasing brightness rather than using K ink only in a low

temperature condition). Meanwhile, a correction pattern C that



data, b indicating nmedium proportion of black col or
data, g indicating |arge proportion of black col or
wdaom)o3s79a correction pattesp A having hi gh C PCEUP20¥7/068485

usage rates can be assigned for correction |level a

(i.e. using C, M, and Y inks for increasing

bri ghtness instead of using K ink only when the
thaPropertdédcofidd acksuapoiodatani bet hesigmek et acdrsrection

snall) . Meanwhile, a correction pattern C having | ow

e¥ DRk ASTHE@REthd:10his R LSAE) OMink
lev lvg ¥ Llﬁﬁggﬂtslgéggpnoted that the cate%or?ggtlén g}s

the Correﬂ)fo&t{alm?%leé Qh tah%a%%nmﬁérgftﬁé’r&&&gé@ihon levels

Ievels i S not limted to those descri bed above.
Furthernore, in a.case of f rn1Eg g% chara ters

ack tarﬁ%CPFﬁggrlf-ﬁ Eleate 0% §a| £ ﬁ aguraglon of

droplets of one or nore col ors can be dlfferent
ther gmpeet debat hogeldflerHERg coatl . PIRROELGH I ]qlr?CaF color
case of performng outline correction with a
dateenfBi gundstdadringapebiemoprpperihgnf ofirbtatlreoldr [datag v
M, Y, the timing for jetting K color ink can be
:Lnddt:éfcehgnllaf:genptda;eo:ttmmg:ﬁ‘ drlgokt ciodgrCdati) , & ewtpgction
inks. This allows outline correcting dots to be forned

patébral @asavhagehageat] sfact oliya@elttadtees cedrl et iadsigned for
effect can be attained. It is to be noted that various

cor%%%@l%?xn& guraLi qns capshg usedy (e ’Y @n@ign%bguiﬁé£8:931ng

correspon I nNg to’ each col or,

o ISR PR 07 PEGH BRfgEpELO e vt
head mnth |ural noz arra

cologadah e 1h Bt e A R o SHeld) o MBI AR FRFEREE LoD

timngs. Fig. 14 (a) shows .a case mhere nQ )
pattern C having low C, M, Y usage rates can be assigned for

correction level y. It is to be noted that the categorization
of the correction level or the number of correction levels is not
to be limited to those described above.

Furthermore, in a case of forming black characters
or black thin lines, the timing for jetting liquid droplets of
one or more colors can be different with respect to those of other
colors. For example, in a case of performing outline correction
with a configuration capable of jetting four colors of K, C, M,
Y, the timing for jetting K color ink can be different from the
timing for jetting C, M, Y color inks. This allows outline
correcting dots to be formed at areas where a satisfactory outline
correction effect can be attained. It is to be noted that various

head configurations can be used (e.g., a configuration having a



outline correction is perfornmed. In Fig. 14 (a) ,
jagged areas are noticeable at the outline part. Fig.
wa20(gmps®hows a case where ggtline correcti on PET/JP2007/068485

performed by adding small dots Ds to the outline part.

However, since the kinds of dot sizes are limted and

dot formation |ocations are defined by resolution, the
hea@Uiddhesmoidiaey toreefH eclotrs sstbhfignsatiogitenting oane head

Fig. 14 (c) , the dot formation |locations of a portion
forOk 1M H L12t3e sBkbt edr(clew,atredhka halifa ptdrehi pfration

the resolution with respect to the dot formation

havgggatai Rgédo\fﬂi£ﬂepﬂx£]zﬂ A S5 'aﬂ::;tgﬂ}sg) exanple, the dots

shifted in a main scanning direction which

per pendi cul ar intersects the nozzle arr e i.0
. Accordi Eé?y,ﬂtﬁ CBUt T e fc‘—%)rryr e%atslensg “gioetr?lgailr? %%tts Are
rmed in _areas where greater %%;Iine correction
- it

fo
jetéppeat E4ATEESRE AIRERIS | n FAddidi G SHFRe20GePFnEheTe no
correction effect (smoothing effect) using a different
outdiinghepesechion He parfPrecpar tin Fhe- 46(3) alrPesst peeps are
physi cal ly cover the jagged areas. The exanpl e shown
notiiceBibde 34 ttp oahlbeeempacut edigotlidm)y shywsnai vage where
form ng apparatus capable of formng nmulti-val ue dot

outfahlee B rludt iahs 0s bye Afoim@ageyf (rdding appadlatoss Ds to the
: capabl e of form ng binary dot patterns. Thus,

outdSReNELRY  onudhs,sel ashed fRE WD ofeade s are limited
correction process of using different dotbrightnesses

andls %gt %F%%%qoinnl&&(@icﬁﬁst 598 'de@ligegf@#\%eisBlEitglo}m‘l,(@e ?ﬁgline

ge formng appafatus capable formng nu f!-va

corSFie P B3 EAD RA 2 OB Nk o Ob:£h2p0l 09 U8 o
forcrlneae:eirécxlli r}_%c%r{:itorr]les Sogfl eactpggtriggo(r)gi Egehggg's lgha?re shifted
(deviated) a half pitch of the resolution with respect to the dot
formation locations of the other dots (in this example, the dots
are shifted in a main scanning direction which perpendicularly
intersects the nozzle array direction). Accordingly, the outline
correcting dots can be formed in areas where greater outline
correction effect can be attained. In addition to the outline
correction effect (smoothing effect) usinga different brightness
at the outline part, the dots also serve to physically cover the
jagged areas. The example shown in Fig.14(c) can be executed not
only by an image forming apparatus capable of forming multi-value
dot patterns but also by an image forming apparatus capable of

forming binary dot patterns. Thus, depending on the selected

recording head, the correction process of using different dot



correction process of using different dot brightnesses

can be used in conbination. It is to be noted that the
woubdsioagreor r ect i on processes7 descri bed w th FePgT/Je2h07/068485

may be perfornmed with a recordi ng head, dot formation

| ocati on, nunber of dots, dot size, and ink other than

t hose described above. In changing the timng for
brigttrnepdsheamlibe aseecdndicogbheatihavi ng drive

wavefornms of different rise timngs may be used for

sel ecti velps apdwi g tFHe.dui(de, warelnaget Sotfiéng apparatus

recordi ng head. Although the above-descri bed
casibodi St sring heiriesgntle B¥eNbheRe2hs esﬁcEépﬁgm a

wWwth a serial type imge form ng apparatus, the

esent_ | NV ' . [,SQ.: ectLvely a [

cofb ol YT (DS 28 oL EhplGi g iBE 2Prhge fon

i mage .form ng apparatus, nozzle are arranged..
LogRibbint APy GEPGLE P RCORNE TS & BLHEIT f Te alferead, the

w dth direction. Furthernore, the line type imge
COFBRET I BppEraF UL BéiurlaMﬁfﬁé@aﬁcﬁ%bffya?{g??ﬁaﬁ [pn be used

conveyi ng the paper instead of scanning in the width
indcemeinamiomherefore, the line type i mage forning

apparatus is only capable of using the interlace

met hod andri hies nid the pagedrafacd th&éhostidkes cottrection

difficult for the linetype i mage form ng apparatus to
prbBEs 88S )1dsFESOF M NI iRII4Nhd PBE HESHbHHE@Nith a recording

Accordi ngly, the problem of jaggy nmay be nore serious
he%ﬁé S8 Ad A8 AR 168898 ohor TG ARPAIRTYS eemoﬁigg, tfhd ink

he serial” type | mage formng apparatus . Furthernore,
otﬁlegcghgrqetlllégee ée\(ggrjl_lg@cgeagoovrem N9n changing the timing for

jetting the ink, a recording head having drive waveforms of
different rise timings may be used for selectively applying the
drive waveform to the recording head.

Although the above-described embodiments of the
present invention are described with a serial type image forming
apparatus, the present invention may also be effectively applied
to a line type image forming apparatus.

In the line type image. forming apparatus, nozzle are
arranged substantially across the entire paper in the paper width
direction. Furthermore, the line type image forming apparatus
performs recording (printing) by conveying the paper instead of
scanning in the width direction. Therefore, the line type image
forming apparatus is only capable of using the interlace method

and the multi-pass method. This makes it difficult for the line



apparatus perforns recordi ng by conveying paper with
respect to an affixed recording head, it is difficult
woaopasi®om a head cl eani ng 5% ocess and a bl anRCraP10071058485
process with the line type inmage form ng apparat us.
Furthernore, since the line type inmage formng
apparatus has a | onger recording head than that of the
typeelnade ifoage nGarppanp tappavatniesessegimvage rf camomgt (pfinting)
ink is used in the cleaning process and the bl ank
redo@ldtite . PrAcessdiddey etaee rdiendb f fagyltnasbefmore serious
outline correction, steady jetting performnce, and
forl PKeCPNSY OBnak s Or SRR Yy LR pkRE thisNEodyPeed MRIChe serial
form ng apparatus. Therefore, "the present invention is
c al so effective fgr SQS hgne type image form ng
YR paPECuS O F™HE 8BBVeSdeéderi bed program according to
an enbodi nent of the present invention my, be .
i nst al | ed FM% tReEBRPGL eFLPERIEBF et +RR or W hg- T U BYHaY
for enabling an inmage form ng apparatus including a
apPreRy (usopputerps 20ace ¥ hed for RPRNBYHRE| PRREE otrdc EesRect to
operation (method) , to thereby elimnate jaggy and
an iafpriced irmagedduagl hepd, Aithoagiifhitcabovee descfotrede head
i mage form ng apparatus is explained having a
clepiifigprattees ghdaa pWliadieretthagppeseats nviert itz Maye type
al so be applied to an i mage form ng apparatus having a
1 m& e gH Akl Qb 2 attad ACFuFhe rABEAI Neind@ RhAt 1178 type image
apparatus, a copier, or a multifunction machi ne having
{ f t 0 ri jm | e
fmg@fnge%g;gg&rg%f had 8 Egg%re?eé@;?&ﬁ‘a Hoad i GORIEHE the

Secon
serial image forming apparatus, a greater amount of ink is used
in the cleaning process and the blank jetting process.
| Therefore, the difficulties of outline correction,

steady jetting performance, and ink consumption also apply to the
line type image forming apparatus. Therefore, the present
invention is also effective for the line type image forming
apparatus.

The above-described program according to an
embodiment of the present invention may be installed in a
computer—readable recording medium 500 for enabling an image
forming apparatus including a CPU (computer) 201 to perform the
outline correction operation (method), to thereby eliminate jaggy
and improve image quality.

Although the above-described image forming apparatus

is explained having a configuration of a printer, the present



Next, another exenplary operation of performng
outline correction of an image with the
weahosasstmaecri bed i nage formafy apparatus i s deBCTUP®U7/068485
As descri bed above, in a case of jetting |iquid
droplets of different dot dianeters by applying drive
pul ses of different widths or different nunbers of
inwvritvieorpnhgesl gobt kepldedrte Ay heage TorméngrepHanaials having
timng of the start of the rise of the neniscus is the
a coaTE quperionpult #ffddwEmdlievaaphlise, &heldtwimg sbparatus, a
jetting liquid droplets upon the end of the drive
copidse ds dififerienihctibar fhehenet Havthgethor séh€tions of a
droplets to reach the nedlun1surface is different. As
ul t. f It paper is
pr%“{%e%re%t oo S 5o L0 RSE " EOP RlaBEPo0T

the cosity resistance of i nk changes accordlng to
%Hf I%Hférature and anbient hum dity, the neniscus
nay not be appropriately controlled even if a drive
pul se is APtiedobhere reRBLargOREEatoN hjRerforming
results in deviation of dot inpact position. The
outakinie ol tdroms ansdmagke wilthdichei ebbvetdeaarhped nimage
suitabl e dot size and dot shape. This is also results
foitmi e va@ba ot wf idotdeisapdbiedposi ti on. Furthernore, in a
case where the inage form ng apparatus 1000 isnot used

for a | ongapeldnd-i®led aMBwveyr iiadai E’slﬁs_@abfaf}éﬂﬂﬂi\}ﬁlt_ﬁiquid
surroundlng of the nozzle. Mreover, in a case ere

dr+£@éﬁ§3£§ Qﬁﬂkggta@géﬂﬁﬁﬂﬁﬁﬁggph@aép?§9ﬂn§?&¥%] 'bdises of

ong perlo of tine since e manufacture 0 e II’Tng

a1 £ELL00 SPRALE Y A000.. changes L Hheehataghells! LGS ine
recording head 7, even if the timing of the start of the rise of
the meniscus is the same upon input of the drive pulse, the timing
for jetting liquid droplets upon the end of the drive pulse is
different. Therefore, the time for the droplets to reach the
medium surface is different. As a result, the dot formation
position on the paper is different depending on dot size.
Furthermore, since the viscosity resistance of ink
changes according to ambient temperature and ambient humidity,
the meniscus may not be appropriately controlled even if a drive
pulse is applied to the recording head 7. This results in
deviation of dot impact position. The ambient conditions also
make it difficult to maintain suitable dot size and dot shape.

This is also results to deviation of dot impact position.

Furthermore, in a case where the image forming apparatus 1000 is



jet precision and | ead to deviation of dot formation
position. Although an exanple of a piezoelectric type
woecerods?eg head is used for @escribing the probCeEgPmNT/068485
dot. formation position, this problemmay al so occur in
a case of using a thermal type recording head or an
el ectrostatic type recordi ng head (a head using
notelhesdd diiratd ddnor pertetiwveéntamej bdaiednipk atey ancciamilate
el ectrode facing the vibration plate for applying
sul¥RERURy bUF anki AUk ehambeeoves,t ha ¥iddsd voiedd @he) image
as the recording head 7 . For exanple, the present

foﬁggﬁa@érfﬁwgbqo@gpﬁs%égn%§@<§ef&£ éJSl:JhQ; gjg:ﬂ%ﬁnek time

I ng hea ich forms multi-val ue
. pat b trolli th ' I '
<< PR LR DR OO LR e 5318098 BLNE 0084 Schances

. perform ng the above-described outline correcti re. .
in (s PPBEACHPERSF LF8 1ind S B8 .lﬁ%.hq@idge BBy (aaﬁofq%q}oiéquld
_a case where no outline correction is performed. As
jesarisign gndideed) to daviatier vy detader@adiiopyposition.
cannot be attained and stepw se jagged parts are
not i ceabl eAldthduyh ankekienplpard aipl ez aeisetwhier eype recording
resolution is not high enough. Accordingly, by
hed@plsags &g foltedeotsipitng BRe Rards et £ @otdfE agmé tieonbloisie ion,
part with other dots, the jagged areas can be reduced.

th QN p LT Gna ¥l sl Dt Shows -Asease Waehg ANenbARk type
dot situated 1n the stepw se part of the outline part

ol g 5 Ly IR S50, L L LA 1 s
us%rilcgjue eegtégs%arl]teigtféjrvges%epc%vretenOfa tvt_:f_%ration plate and an
electrode facing the vibration plate for applying pressure to a
liquid chamber via the vibration plate) as the recording head 7.
For example, the present invention may be appliea to a case of
using a thermal type recording head which forms multi-value dot
patterns by controlling the resistance value of its thermoelectric
transducer.

Next, exemplary cases in performing the
above-described outline correction are described with reference
to Fig.15.

Fig.15(a) shows a case where no outline correction
is performed. As shown in Fig.1l5(a), satisfactory image quality
cannot be attained and stepwise jagged parts are noticeable at

the outline part in a case where resolution is not high enough.

Accordingly, by replacing the dots at the parts surrounding the



outline part are replaced wth one small size inmage

dot and anot her nedi um size i mge dot (addition of
wdavm)o3s79bi g. 15 (d) shows gicase where two NMDPETARL097/068485

situated in the stepw se part of the outline part are

repl aced with another small size i mage dot and anot her

medi um si ze image dot in addition to those of Fig. 15

out{fle -pdioveMan cthedesotshedhabpygged mreaasmmier eeduced.
there is a deviation of dot formation position, the

above- desggi hed Pt | ey COE @Ot EABWBrHERS® WRY¥re one blank
adversely affect "image quality. For exanple, in a case

of..performng t AN r j Vi i t ed
R e i T e
. part shown, in Fig. 16 ( ..devi at.i f dat. for '
Wltgo%isf“?éllr g5%R llgl‘%.e ‘]ilgt( Qdﬁlw E?%ués)ogtsﬁsn'degitlrge'?fSnw:j Fhous
over | apped or blurred areas, tao {hereby degrade inpge
a cgsalwhare MypebsprkidetmlsiFuakedshavits 7 HeR .Seil?agg)"f the
and 17 (b) , the roughness at the outline part of the
outthargetmr ara fepd.ackd Yh peesinpli)f stantimpasoiek aaplanother
conpared to that of Fig. 17 (a) . Accordingly, the
medBiRSSIte HRvgatdeon (2ebeet brelfy dohahgesidiel wetihothows a case
(pattern) for replacing a target dot w th another dot

wheQVERE md Y #xanBkeuatidfal enle dobpsize watl @f the outline
bri ghtness with respect to the target dot by referring

partril:gr%r%?%%f%cg%(géwdiMn%%ﬁleE:egﬂgiﬁtéjffe ¥Yjerbt and another

time frommanufacture, |lapsed tine
forom previ,ous i e.forning. proces
mecdeih §tliz8n15‘|agﬁog% ollﬂa??q]gﬁg:b%%if? oﬁﬁ?éd%?s ; rrpa%'t815 ()
position) or by referring o the actual amunt
(degree) BYYRINEER F‘ﬁedﬁﬁig’%ﬂ&%‘%iaj?%v?'rdﬂ 7 G&str BaeHgthere

formation position on the paper (nedi unz , )
is a deviation of dot formation position, the above-described

outline correction process may adversely affect image quality.
For example, in a case of performing the outline correction by
adding dot Dh (see Fig.1l6(b)) for reducing jaggy in the outline
part shown in Fig.l1l6(a), deviation of dot formation position (see
Fig.16 (c)) may cause undesired overlapped or blurred areas, to
thereby degrade image quality. More specifically, as shown in
Figs.17 (a) and 17(b), the roughness at the outline part of the
character in Fig.17(b) is significantly noticeable compared to
that of Fig.l1l7(a).

Accordingly, the present invention selectively
changes the method (pattern) for replacing a target dot with
another dot having, for example, different dot size and/or

brightness with respect to the target dot by referring to factors



so as not to use a deviated dot(s) that woul d
adversely affect irmage quality. For exanple, the
worbtdsapdspat t ern) of replacialy dots can be chargedrPiwyg7/068485
sel ectively changing a correction pattern for
mai ntai ni ng i mage quality of an output inmage
(described in detail below) . The sane as Fig. 15 (a),
(e.Bi.g. atBiea)r téwpsrateese aerenthdumidiitye ¢spredt fone from
is perforned. Likew se, jagged areas are noticeabl e at
mariufe ctidel, Neagasd tife Cabai gy vwiowmsishgatornikgprd® s))that
,~an outline correction process using different size
caulicopket 8+ BRMb A epRbtand S8 ¢i6k oplAal impHedi pdition)
dot and small dot) is performed. In this case, when
vi.atian. I [ Sikl tesg
or SR FarrRy B AP Aashs: AearrEaY SrEEtIgse dots
cor.respondi to the deviated droplet deviates from ..
de R TEPORE kst ik PO P (R T GO e Thedium)
devi ating one dot fromtarget dot formation position
so &% PO tPgupe)a)dewiniesd iR it HOYHGt aﬂgﬁﬁaeéﬁl affect
to attain a satisfactory outline correction effect,
image guddiitat-i oFox arrsasep begrid metdfod rmgatgyali of sephacing
as creation of overlapped lines, mst, and blurring.
dotlsn canclas echetrereel bhesal ¢ st vesliygrhbinganty @ edrateiadri cof pattern
smal | droplet inpact |ocation, a correction pattern
forhiGhtiseser) Ymaed gon Ui epl &f Sarf Mutsy® lintigepl(eksyreBad in
be selected as the correction pattern for performng
det q_%gjgﬁygcorrection process (See Fig. 18 (d) )
Li kew se, in a case where there is a significant
devi ation  Qf a dj dr ty i ct ol,ocation, a
correctiOHREEF?ggna%wﬁ%%gﬁigg’o%ﬁ -gﬁé?ﬁ %$%%?é%§afﬁOWhere

medi_.um dr opl et ca : .
no outll':ane co?:recis:}on 1ns performed. Likewise, jagged areas are

noticeable at the outline part. Accordingly, as shown in
Fig.18(b), an outline correction process using different size
droplets (medium droplet and small droplet : medium dot and small
dot) is performed. In this case, when deviation of a droplet
impact position occurs (e.g., deviation of small droplet impact
position), the dot corresponding to the deviated droplet deviates
from its target dot formation position (small dot Ds deviating
one dot from target dot formation positidﬁ in Fig.18(c)). Thus,
in addition to not being able to attain a satisfactory outline
correction effect, such deviation causes degrading of image
guality such as creation of overlapped lines, mist, and blurring.
In a case where there is a significant deviation of

a small droplet impact location, a correction pattern which uses



be selected as the correction pattern for performng
the outline correction process (See Fig. 18 (e) ).
wOhoms/035790 opt | mum correcti ogzpattern can be usedrirpobiess4ss
outline correction process (dot replacenent process)
according to the deviation status (or the cause of
deviation) . It is to be noted that the types of
onl¢meptiais drdpaplet (8bzesall algmlatedi ocan bewdd)ectast as the
correction pattern are not limted to those descri bed
corib i &b PattrnNext pehr@olfl gCans ictg 1dew asteectionlptrocess
formati On position, how the factors are detected, and
fagt ors. . d npe j ; I5 nt
A R e A e F iy
osition_may be, for_ exanpl.e. _anbi-ent .t era .
e B R AU AL JSan CrIRE T GECEe oLy e GPrfection
manuf acture of the image form.ng apparatys, and
PatEeapSUH € S SRLYhETDF b (R T Sre noY TEEF B AR SF) can
i mage form ng process. Accordingly, the factors can be .
be siEtected dsythe mw%mpaﬁﬁgénféwﬂﬁgféﬁﬂaﬂat e rygg ine
with a part for detecting the anbient tenperature,
coragbt eoh guodalid YSée . Kig. Utyer.at ThessaTsopt 208N conyection
part for counting the tinme elapsed fromthe tine of
patTBRHf aghupkngsédeih nage JfTimg Eppaictith @ircdess (dot
previous tine of perform ng an i mage form ngprocess

t] f Y &) UGt R8RLbA Stat th
rep%%%g#%f{gtﬁgcg%ﬁ%rﬁ%% 04 of thee control p%rltlSZ(O%r. ©

Fur t . t wal {
co LTSS 35 e EB ERa Rk Pl avopiccs,

drogﬁgltgg]f_ gg% a&:h%lil > Oﬁ-ﬁb,e m%%tl%gnt, egmafg g ’ e(%(la olrer’e Cltr;l]. O%etng'Ele]r’.]g are

not limited to those described with Fig.18.

Next, factors causing deviation of dot formation
position, how the factors are detected, and how the factors are
input are described.

As described above, the factors causing deviation of
dot formation position may be, for example, ambient temperature,
ambient humidity, elapsed time from the time of manufacture of
the image forming apparatus, and elapsed time from the previous
time of performing an image forming process. Accordingly, the
factors can be detected by providing the image forming apparatus
1000 with a part for detecting the ambient temperature, ambient
humidity (e.g., temperature sensor 215) and a part for counting
the time elapsed from the time of manufacturing the image forming

apparatus or the previous time of performing an image forming



of dot formation position deviation, first, a dot

pattern enabling detection of the anount of deviation
wonesimodot formati on poskhi on during an act pair/JPrayecs4ss

form ng process (e.g., a ruled pattern formed with

different size dots) is printed (output) on a medi um

Then, dot formation data (inpact precision data) |,

pro&%@latn)d Qﬁ&@tlﬁ@d;hbrf@hltdm%bydﬂtcﬁrmgethbmaiime(hcby-volatile
reading the printed dot pattern with, for exanple, a

memBPgt PRER]SHH 4 05 B 15€ AVH Wb Uit BN, the CPU 201
cul ates how much a dot (s) is deviated froma

target do t deyvi C@@qlérét) asedot
on the ob a| ne ?‘Q p%?%edr%{%al(lv% Iiltgn(a case)v\/ﬁgre
the configuratjon for ete ctin e v Nim
devifbiRe HECHnRSTH %&Pﬂi Egtoeh EO%M% gﬁi%éh% may
data related to the deviation anount a fot c
alspabeefAtefEBAT nd Wet&SPFof Pt ﬁ@tﬁﬁ%bﬂg B]Fed SRt gAroun
fromthe dot formation position during an actual image .
of dar fomyapiovasssiits opr dev bt {out paEptem doORRATHATD oling
the user determ nes the deviation anount by exam ning
detlche iout pift tdet apather of adeviapits fotm thed aded farmaiaon
det erm ned devi ati on anmobunt. For exanple, the user has

postlQ%.o%e‘dhﬁtlh@naﬁn@é'ﬁﬁaﬁl:Mhaﬂ%j fid¥moi iy Idrcales sl deebs, a ruled
(first level to n |level) beforehand. Then, the user

patg:%tx%r %Qﬁ%ﬁhﬁl{:ﬁvﬁff&éﬁ’d Gh zkhgoeyl pus ;%_tnﬂé%t t( @ﬁﬁfut) on

ongs the user i1 nputs data (e. , humer al

g.
A N
derﬁ%ﬁ{&é@%&@ggyl af It}fl;ng%tnersgsgl %tl ggeaggtglﬁg&aﬁif OPeSa%jpl'lg the
printed dot patternwith, for example, a photo-sensor or a scanning
unit. Then, the CPU 201 calculates how much a dot (s) is deviated
from a target dot formation position (deviation amount) based on
the obtained data.

Alternatively, in a case where the configuration for
detecting the actual deviation amount becomes too complicated,
the user may input data related to the deviation amount. Likewise,
a dot pattern enabling detection of the amount of deviation from
the dot formation position during an actual image forming process
is printed (output) on a medium. Then, the user determines the
deviation amount by examining the output dot pattern and inputs
data related to the determined deviation amount. For example,

the user has the deviation amount divided into multiple levels

(first level to n level) beforehand. Then, the user determines



(paper type) and inmage quality are described. A's
descri bed above, in general, correction of the outline

woaods/ogpanti cul arly, the stgpw se part of the BaTLIPII87/068485
part) of an inmage is required in a case where
resolution is low. Meanwhile, in a case of high
resolution, correction of the outline part of an inmage
the MBY¥eNGlo RBiERGUHL 8dtplRc® BpatbstaMdaldgs sarthshactier yser
i mage quality can be attained. Furthernore, jagged

inp £ éﬁtQ.E‘(Ceo. ' MRL8ePRil cealle Rindihg S ePW g8 Pafiindts level

resolution becones lower. Thérefore, it is preferable
.t change t-he neth of correcting the outline part
Vla(ﬁhﬁtﬁ? ldgprfgpggé%nent) according to the
resol ution of the jmage to, be forned., Furthernor
Fg &ﬁ% 8850

e, s
devi at i oAVSHFCdBt TR LR R P I P G TIER mmattonposition

noti ceabl e (thereby, regarded as having poor image,
devialon And megodusaopf apdty pelat ipeghdm REVIRGR um type

l'iquid bleeding (blurring) characteristics. For
(papxanpyms) eved irfiaddenoelitat iagre @es@rtibstd-t he dot

formation position is the sane, inpact deviation has a

di rect indd uenserared nageregualn tgenerad ,caserettisnngt the

gl ossy paper. This is because gl ossy paper has high

outgﬁ?ﬂé ASk ?ﬁ;:%ri%@ﬁipéfﬁy,'t khtl & Hutilgd parefofi fi@eutline part)

roplets. erefore, 1t is preferable to change the

t hod of. i i t .dot] o .
o L PBRGE SRS, L o g Sams b o

in view of the abave, .an ex lary outli o) [ .
MeagBL 6T O CrRATONT TLOTBSEr L BOHO (h FSFRaohed (oot e ine

flowchart of Fig. 19. This outline correctiqgn ,
Par@pélfaﬁrloﬁmﬁgee&gﬁu?% BS ﬁ%‘W%@e‘g LA se‘%égcttﬁnéc%lly

program stored in a ROM _ _
satisfactory image quality can be attained. Furthermore, jagged

areas become more noticeable at the stepwise part as resolution
becomes lower. Therefore, it is preferable to change the method
of correcting the outline part (method of dot replacement)
according to the resolution of the image to be formed.
Furthermore, deviation of dot formation position

becomes more noticeable (thereby, regarded as having poor image
quality) in a case of a type of medium having less liquid bleeding
(blurring) characteristics. For example, even if the deviation
amount of the dot formation position is the same, impact deviation
has a direct influence on image quality in a case of using glossy
paper. This is because glossy paper has high contrast and
exhibits little blurring of impact droplets. Therefore, it is

preferable to change the method of correcting the outline part



202. In this outline correction operation (nethod) a
correction pattern is prepared beforehand for
woeodsafiong pattern matchingewi th respect to aRCOUPI00TI@GS8485

part of an image. Then, in a case where there is a
mat ch between the outline part of an inmage and the
correction pattern as a result of the pattern matching

(me AL &S5 ,ddl tdeapia cefieneqt iaaroirsiipgr tor ibd bypeepbanedgum.
a dot(s) surrounding a stepw se part of the outline
with a deid®), havivigwa oF zeedasogaat ed byehpeapat sbitbhine
correction pattern. It is to be noted that the outline

cor?%%?ﬁ%éB%QrQquﬁsgmgﬁ%%@fqﬁﬁd@¥c99ﬁe&QHHQP%E?@Eence tO'Fhe

s replacin ank dot wth an inmage dot and

nodi fyi ng the size_pof the, iLpage : :
flo@ﬁ%%¥¥i%§]¢ﬁg'% Toth lguPPF%gR%oFgg%??%%gﬁr%ﬁ%ﬁ%ﬁlon S
first, the CPU 201 determ nes ggether the resol uti.on

exegRteReP Pty anbdd PO InG*GFuAFer PHERT g Stored Ina ROM
predeterm ned resol ution for determ ning whet her
202¢orrection of the outline part is necessary. As
descri bed above, in a case where printing resolution
i s high enoughig hatt}iagyetbraresdsicar @deaedipn (method), a
noti ceabl e, the CPU 201 does not need to execute the

cor@dtli BR ittt i 8pi¥moassbefdrahantit®rmatirferni ngrpattern
addition to the step of determ ning theresolution, a

matgggpgo&igﬁtﬂéﬁﬁﬂqg& he bypeift PR WE G ikGge. Then, in

rmed for "determ ni ng whether the outline

correctio [ 0GCESS | LY. :
= PRI OEPPESNRER AR ICEERRA A0 Buaast MRt o4 BR imee

andtQ%ef2gigégt£ggtp§§%§¥%cg§ J‘%é@% %ogf the pattern matching

process, outline correction is performed by replacing a dot(s)
surrounding a stepwise part of the outline with a dot(s) having
a size designated by the matching correction pattern. It is to
be noted that the outline correction process performed by dot
replacement includes replacing a blank dot with an image dot and
modifying the size of the image dot.

More specifically, in the outline correction process,
first, the CPU 201 determines whether the resolution of the
printing mode is no greater than a predetermined resolution for
determining whether correction of the outline part is necessary.
As described above, in a case where printing resolution is high
enough that jagged areas are hardly noticeable, the CPU 201 does
not need to execute the outline correction process. As an

alternative of or in addition to the step of determining the



position deviation (hereinafter also referred to as
"dot deviation data") are obtained. As described
weahwosa3smdhe dot deviation dava may i ncl ude anbPemiiP2007/068485

tenperature, anmbient humdity, elapsed tinme fromtine

of manufacturing the inmage form ng apparatus, el apsed

time fromprevious tinme of executing an i nmage form ng
resplrocess, acitsy oedestdronndmourithebdype off maddunpgan be

dot pattern, or data related to the deviation anount
perf&PHEd M6t Retesfinidhehethre hé A unad dotodeycal doprocess

data are conpared with a selection condition (s) for

: glectipg a correction pattern including predeterm ned
S ?eso%ut?gn data (or mediumtype data) . Then, a

correction pattern v%l‘]\selrseelt%cet ed, hased c%&rgﬁgiggwg%icéee is

result. en, @n ou ne correction proces
executed by using the sel ected correction pattern. It
detpgmigefenRoe BEFE @u{k?rﬁ?éiﬁﬁﬁrﬁﬁﬁﬁnﬁﬁﬁﬁﬁ gﬁ%pﬁ858§§lon
(dot repl acenment process) may not be executed ina .
posg & enwirstia tiieay ere iR iday ete? 6 IFaLEENP RRadot deviation
satisfies the selection condition. For exanple, as
datex¢nptarddbaistecan As ddsentidsice abbvpei gth@@lotadeviation data
correction pattern can be sel ected based on a
mayC oAbl fak i Bibidint esnbuirhenrandamnbenthudperat et epsed time
More specifically, in this exanple, outline correction

frotst MRt PEHLIUREtedaLdtrs Sl dh e iR bpbeRen8] UsPapsed
when the resolution isS equal to or greater than 600

timd ifréalfsggeQEEUS F‘HII:I‘{IJ%] ﬁ%ﬂg\ﬁecﬁ{ege trarfll émgﬁerEJ?mJ?ﬁé e£|9£ &less ’

accor gto res_o enperature T 1S 1ess
s RPN LLOSS LB M o UM SRR o e
rel\g}:eerc]i ttl'g)e ttheemc)igr?tagggn-ralingurqg !’LI?SS“I: by the user.

Then, the obtained dot deviation data are compared
with a selection condition(s) for selecting a correction pattern
including predetermined resolution data (or medium type data).
Then, a correction pattern is selected based on the comparison
result. Then, an outline correction process is executed by using
the selected correction pattern. It is to be noted that, the
outline correction process (dot replacement process) may not be
executed in a case where there is no correction pattern that
satisfies the selection condition.

For example, as exemplarily shown in the table of
Fig.20, a correction pattern canbe selected based on a combination

of resolution and ambient temperature. More specifically, in

this example, outline correction is not performed regardless of



than the predeterm ned tenperature Tl but less than a
predeterm ned tenperature T2 . Furthernore, pattern E
wonods/isssel ect ed accordi ngego resol uti on whenPChEP2007/068485

tenperature T is no |l ess than the predeterm ned
tenperature T2 . CGenerally, in ternms of anbient
tenperature, ink viscosity tends to increase and

the jagtotieng feaipaetretnfe shahltidr oppbelstiends ¢quat torongesater
the ambient tenperature of the inmage form ng apparatus

that O b1l WWecthapel orBuridedno, ebatabka A @SBl Betsedected
correction pattern that does not use small droplets or

accBr§PhG eLL i P%%Migﬂrp W1 r{%ea deAfieceduserlrl idr opkst than a

usage rate attern A, B In"a case of norma

tepperature, jetting failur cu ref :

oS BrP LRt oot T e g SVery rysc (sl 355 6T Gort » 1o
can be selected (Pattern.C, D In a case of . high

e18 GHAR AREREL T B IFEIRS LUAE R EPEAT R T es T Lo Jess
viscosity, increase of ink consunption, increase of

thapethengregebdrnseed t epMpRFBUEHKT T PHE Mt HRE Aanner
upon inpact, or trailing dots upon inpact tend to

predecetmifibdr eboperatucerf2ct Fortharrers, ushhgedroBl efst is
whi ch do not cause such problens or a correction

selRatbardedtsidithd €6Srddk A beher et eePatdtaure E is Ro)less
. In addition, a further preferable correction pattern

e pbepseleelef A6aot dhigroups it ngcondi tions (e.g..
resolution, type of nedium). It is to be noted that a
correctio c | eet :
?eviationggﬁghéﬁﬁgf g%tp%%@%ﬁ??J%Q%%gﬁﬁﬂg%ﬁgﬁgﬁgfe' 1ok

_factors, that cause devi ation . dot_ f.qrmmt |

V1 SRR AP RO A B P Dh B e e & Pa e e dsdropLets
little deviation :

tends to occur when the ambient temperature of the image forming

apparatus 1000 is low. Therefore, it is preferable to select a
correction pattern that does not use small dropletsora correction
pattern having a reduced small droplet usage rate (Pattern A, B).
In a case of normal temperature, jetting failure hardly occurs.
Therefore, a correction pattern using every type (size) of dot
can be selected (Pattern C, D). In a case of high temperature,
problems such as decrease of ink viscosity, increase of ink

consumptiqn, increase of jetting speed, scattering of ink in a
mist-like manner upon impact, or trailing dots upon impact tend
to occur. Therefore, a correction pattern using droplets which
do not cause such problems or a correction pattern using less ink
can be selected Pattern E, F). In addition, a further preferable

correction pattern can be selected according to printing



according to various printing conditions (e.qg.,
resolution, type of paper) are prepared first hand.
wolawswas790i N a case where asdot of a certain SPZEJIJPHYT/068485

cause unsatisfactory correction results, a correction

pattern using dots of the certain size is avoided and

an alternative correction pattern is selected (a
con@DEI®Ed | 0. Ppat trersohandiarg thypenost mefifiend i.ve

correction performance w thout using dots of the

certain siZe)s -td beAnodsd wheteaatoefdecidvepattern can be
correction effect is unlikely to be attai ned by

se188L86HNE £BY:, ORE vite FOELSGAE UF PRkt 86A8at fon position
correction pattern which perfornms no outline

t. b | ect ALt h o
andZ%%; %%%&tp%e 1% ﬁcoagleseTe%e%qLatloh gfggo@nfo = I‘gsgfgSJLtlon.

of correction is descri
changing the correction pattern b repar.li nul t.i_pl.e
Tnigaal kL %ﬂrﬁ%??%?%sp%BF?%%oﬁlﬂqnéyat < Hatdrs Sevgetion
cause dot formation position deviation and selecting a
accospiegtioNapapuerpr Hasey 6ANEREIERE @i F@§8ﬂ?§181g' type
the factors, other exanples of changing the correction
of pepbol any beepsedd Forstexwryl.e, Honsvead oft zhem3f ighere a
the correction pattern, the size of the dots for

dotPRef bardntg et »& eplyacsieanineanibeachang ety ctdmpare sl ts,
the factors with a predeterm ned condition (s)

a cR¢eerdiBg ﬁagt@eﬁﬁt&ﬂﬁ%@é@icﬁg thesukb-tHERCEi zBYis avoided
providing a part for changing the nethod of replacing

and% gIel gf%é]f%%f%%%eog{le ot'loipg?a{?@éf:nq{s an1idmee Rasedrfdction

actors ( _ mat | on pOS!tIOﬂ o_r _the
patHERPUNT CURE GE1S BRBTE Y 4t ST RBUE 77 e e Eragy P fhout
the nmet hod of the dot replacenent .
using dots of the certain size). In a case where an effective
correction effect is unlikely to be attained by selecting any one
of the correction patterns, a correction pattern which performs
no outline correction may be selected.

Although one example of changing the method of
correction is described as changing the correction pattern by
preparing multiple correction patterns corresponding to factors
that cause dot formation position deviation and selecting a
correction pattern based on the detection results of the factors,
other examples of changing the correction method may be used. For
example, instead of changing the correction pattern, the size of
the dots for performing dot replacement can be changed by comparing

the factors with a predetermined condition(s) according to a

pattern matching result.



(correction nethod) can be changed when dot formation
position deviation occurs so that outline correction
woaomsmasper f ormed wi t hout bedng adversely aff eeCeEdPIY7/068485

the dot formation position deviation. Thereby, inmage
qual ity can be prevented from degradi ng. Furthernore,
by providing a program enabling a conputer to execute
a processidnare,c bangiroyithegnet badt ofor efieadimy tthe method
dots form ng an outline part of an inage based on

of Fastadind hak abtecfofivind crmatitddneopattonf an timage based
anount of deviation froma dot fornmation position on a

on PEOA (9elecliRRdald ebrAatdohnpadifiemoutidideidume of
nmet hod of the dot replacenent (correction nethod) can

dev?gtfgﬁnﬂeoq% %%td%.rt‘n%[t%}li ngQQﬂnﬁi SR éj?ﬁ’écﬁﬁ&@n(detection

OCCUrs so that outlTne correction can be perforned

wi t hout hei ng adversely affected he .dot r nmt-i
Gat B 3 b LABT RS BhO LT RAPRby TSy e A i gl i & ¥bment
prevented from degrading. Furthernore, by installing..,.
(COFﬁ@CEF@@r@ﬁﬁQﬁﬁkiQﬁﬂd%ﬁé?ﬁpﬁgéaﬂpﬁnrg%Br ?Efﬁﬁﬂﬂwﬁﬁ%ltlon
500, a program enabling the nethod of the dot
devieplaveoerirs cor rieeat opl et d)onne Bé ogh &age P owker Losmed
formati on position deviation occurs can be provided so
withbat beihdg nedwearsel} ioifearedeypehtodoedfeumdiolon g sig-ion
adversel yaffected by the dot formation position

devdavhahi onrhethaebVimd JlamiQualy iancee peepearedt €dom
from degradi ng. Furthernore, by providing an i mage

GeSeRS TS Tor i ng an out [ ne part of an | mage based on
factors t Eggftﬁfei:rgggeg%yf&rfg%é% pé’%fdg%m enabling a
computer to execute a process for changing the method of replacing
the dots forming an outline part of an image based on factors that
affect dot formation position or the amount of deviation from a
dot formation position on a medium (detection data or data input
from outside), the method of the dot replacement (correction

method) can be changed when dot formation position deviation
occurs so that outline correction can be performed without being
adversely affected by the dot formation position deviation.
Thereby, image quality can be prevented from degrading.
Furthermore, by installing the program on a
computer—readable recording medium 500, a program enabling the
method of the dot replacement (correction method) to be changed

when dot formation position deviation occurs can be provided so

that outline correction can be performed without being adversely



or the anmount of deviation froma dot formation
position on a nmedium (detection data or data input
wonwsoosmei de) , the nmethod7df the dot repl aceremtiP2007/068485

(correction nmethod) can be changed when dot formation

position deviation occurs so that outline correction

can be perforned w thout being adversely affected by
affddiediby oy datiforedsion pos teldatieviatTher ediheiehige image

qual ity can be prevented fromdegrading. It is to be
qualnotdate thevidrmeel freom dggappangtus 1000 according

to an enbodi nent of the present invention may include

a functi ot irgdleays %.eco%ti@&ﬂ% A 1hhgel fHAEA HfORETNGd for
apparatus 1000 or a nmethod of inproving the inmage

chax%%rerrlg %%eaﬁgéﬁg& U }Qgg?%?ﬁé hi?bééégrcs %Oﬁﬁm& Lt 5@5Hné’fpart

mage form ng ap via an apparat us

: (e.g., display apparatus, .hgost _.conput.e dat a . .
of %ﬂ(ﬁﬁiﬂﬁ ﬁ@ssgpaPafﬁﬁﬁoss e@FgggEoé?%eé?E%ékg?%)l%%ﬁ}lon
apparatus 1000 based on various data, such as, ,
or thempeeatupé davimtdionyf rama it TPRPatioYRPS 1Edapen @ medium
related to deviation of dot formation position) . For
(deezahpbe, ddim oo akdaiapatad reff e@tsiz@egutwh gnethod of the
correction performance (e.g., jaggy reduction effect)
dotCasplhchrerneal taetke@viem e tdppl)yicen fdee cbengect wben dot

patterns storedbeforehand in the i mage form ng

forRRPALAL P&s 1006n dusy 0 itRIMRRIGYr €0 BHAt dbliylif®tcorrection
I npact data (data related to deviation of dot

cont SHTBREERCRNS oM LS Ny Loy 5 Sty e ot
) ge form ng

co- SRR B2 P00 TRYGEEY LOLCT TR MR, AL 6l2h o0 Ban e
prevented from degrading.

. It is to be noted that the image forming apparatus
1000 according to an embodiment of the present invention may
include a function to display the status of the image forming
apparatus1000oran@thodofimprovingtheimageformingapparatus
1000 to the user or administrator of the image forming apparatus
1000 via an apparatus (e.g., display apparatus, host computer
(data processing apparatus)) connected to the image forming
apparatus1000basedcn1variousdatasuchastxmperature,humidity,
and dot impact data (data related to deviation of dot formation
position) .

For example, in a case where an effective outline

correction performance (e.g., jaggy reduction effect) cannot be

realized even by applying the correction patterns stored



correction performance via the control panel 214 of
the i mage form ng apparatus 1000 or a printer driver
wohom/odsma processi ng apparatus on the host si #eT/JPIN7/068485

exanple, the data related to the inability to realize
an effective correction performance may include data
notifying that the image form ng apparatus 1000 is in

be fSthrsd ahe;halahage rfidired higrapeana Bng 10pPidvd hg temperature,
conditions (anmbient tenperature, anbient humdity,

hum{ @S UtAOM, ifieyvdatdan amaat rel adaida tiondieedticignt hé dot
stat'us of the imge form ng apparatus 1000, data

forr%x%f:l.&gi iR TBbE QR HEQ! £4 MRS BY itk tf beupedearimrAce &f dot
€ 1 nmage formng apparatus 1000 such as nessages

advi si ng change of, anmhj ent fant I L
forrp%m%nﬁm&%%r% SRt gl SRcEaat 800 gav Pe
~ adjustnent) , and help/s ort_seryice informtia .
T QPR T e B0S LRSI SPRR) LHENGR Bre 1 fo e rective

can be infornmed (persuaded) to adjust variogus set ings
corapdtaahi BArfeBRANES G2 dHtE FATFidrGh dater! £ﬁ4u§ﬁh§hﬁ mage

(e.g., calibration) for inproving the perfornmance of
forihagi apgerionsi P Gppasapusn 19001 kg w@ithg ftaipERGosing

of dot formation position deviation according to
app¥@htQdsoaondet hoss. Ihee i mage forning apparatus 1000

may al so include a function to report the

above- desghi-bedadpi 8, rehat@ekd ord Nerddnaty ey trability to
realize an effective correction performance to a

woo3fER e BB FRH  FERE AL 60 Pl oo
notifying that the image forming apparatus 1000 is in such state,
data indicating ambient/printing conditions (ambient temperature,
ambient humidity, resolution, deviation amount), data indicating
the status of the image forming apparatus 1000, data including
information for improving the performance of the image forming
apparatus 1000 such as messages advising change of
ambient/printingconditions,maintenanceinformatioq(e.g.,head
cleaning, head adjustment), and help/support service
information.

With the above-described display function, the user
can be informed (persuaded) to adjust various settings and ambient
conditions and perform other adjustment (e.g., calibration) for
improving the performance of the image forming apparatus 1000

including elimination of dot formation position deviation

according to various conditions.



promptly and automatically detect failure of the inmage
form ng apparatus 1000. Thus, owing to the

weahwosassimaecri bed functions,7;ot only can the | paggrP2007/068485
form ng apparatus 1000 achi eve optimum outline
correction according to various conditions but can
al so receive various support for maintaining

sat i sf actmorey ipegkof oaniey Algaheugts LH6Oabayeales dricdage a
i mage form ng apparatus is explained having a

Fun&OA QW atd Q-10ft e Rt besthebptiedent ralaetedonontlye
al so be applied to an image form ng apparatus having a

inabmﬂg%éatfeoﬂ_:@ge & %‘ﬁé@tﬁ%e”%%t&‘r@%tlénpb@ﬁcﬁfb@ﬂance to a
tus, acoprer, or a multifunction nmachine having
the functj ons

f prlnte c I n copi er,
SUPPBF SERBIEE Th e Mo SALAr b ai arasa mesS of the
present invention, a dof é

limted tHLER dde {%pggr,:)n ctgopm%%l ort sgfxtflce can

type of recording liquid (ink) . That is, a dot of
promphye ey ¢Et¢mﬁ¢ﬁﬁﬁi%y1d§&ﬁpﬁngFéP5? ??p%%ecﬁmage é%rmlng

recording liquid (ink) to a single position.
appahetatorepoa dot (pixel) can be formed by jetting one
or nore droplets to a single position on a nedium

Furt her nDERus | Notrheg abe Vien ¢l egsyvdett serdiddidehtrstdfonshenot
present invention, unless described asotherw se,

S t §J} #ef engotach hevdopghinnassutline
onl, H%%bE%% ETéggékgﬁth% |t%elf That is, bFPghtness

Ly receive
conre é:&ég)%]t; ?%ﬁ,‘gr ;[L)n%a %ﬁ% 0bndi CPYEE %tarc%"i‘l whel re

(macro) perspective unl ess
descri bed as at herw,s Furthernnr

vardisore SHEBEF L et OB LTSS of - L e 37 ECBh TSRS

2 Although the above-described image forming apparatus
is explained having a configuration of a printer, the present
invention may also be applied to an image forming apparatus having
a configuration of a facsimile machine, a plotting apparatus, a
copier, or a multifunction machine having the functions of a
printer, a facsimile, and a copier, for example.

In the above-described embodiments of the present
invention, a dot (pixel) of an image is not limited to a dot (pixel)
that is formed by a single type of recording liquid (ink). That
is, a dot of an image may be formed by forming plural types of
recording ligquid (ink) to a single position. Therefore, a dot
(pixel) can be formed by jetting one or more droplets to a single

position on a medium. Furthermore, in the above-described

embodiments of the present invention, unless described as



character may be a letter, a synbol, or a thin line.
For exanple, a black character may include a thin
wohemslssiome. Furthernore, 74 the above-descri bedT/JrP2007/068485
enbodi nents of the present invention, the term
"change" may include not only the neaning "change" but
al so a nmeaning "replace", "correct", or "correct".
othefwi EBermmightnesd helcabbyighbses$ bekfmnsodionthe LRSS
present invention, anong the dots that forman outline
thatPakt gethgedobs ahish eIt CThatetsedofigltness does not
corrected by change of dot brightness) may be
incl %%CEE:ESF{tﬂésgt Ber 2 debsefon i athautidieedation et beoad
ots of "an outline part, or other dots situated in an
outline part. Fur L, : [ icon i rmore,
(2 G P HEb L SR ES TR L obat ar A one hanoee
nodi fications be made w.t ho eparti fr
in TheopeOBE-SRECH BERnETPAVERTT o Ctritd cpEgeeRnt avehbfon, o

application is based on Japanese Priaqri Appl j cation
cha sy e 12088 15 20U iy 20061252083 BITH ¥ H‘éﬁ- oot exdiiple,

Sept enber 19, 2006, with the Japanese Patent Ofi ce,

a blduk enbireeteontayt snofludhi ahthie headpylitor forabegmore,
by reference. CLAIMS 1 . An inmage form ng apparatus for

in ther 8b&ge ade § ERQe=d® R ot tiensbyf jtéiet pngsent Brveniiien, the
droplets on the nedium the inage form ng apparatus

ter® VIS Inag Aokl Rid elfcnessy ahangieagipar tchange” but also
changing a dot brightness of at |east one target dot

f orm ng. A Nne t. the +pBEBtO”a FridHdIe®Te, in
a DedAtY ve %l%rl%éat’er dt%%?r?c?hé dot bri g%t ness of other

theda?lgc?vef—o ens1cn btebieel%%toldl:'Lﬂgn grgf the present invention, among

the dots that forman outline part, the dots which are not corrected
(e.g., corrected by change of dot brightness) may be described
as other dots forming an outline part, other dots of an outline
part, or other dots situated in an outline part.

Further, the present invention is not limitedto these
embodiments, but variations and modifiqations may be made without
departing from the scope of the present invention.

The present application is based on Japanese Priority
Application Nos.2006-252046 and 2006-252053 both filed on
September 19, 2006, with the Japanese Patent Office, the entire:

contents of which are hereby incorporated by reference.



2 . The image form ng apparatus as clainmed in claim1
, Wherein the target dot is fornmed with a size smaller
woOheos/3smosi ze of other dotk form ng the outli RETHIRID7/068485

3. The imge form ng apparatus as clained in claiml

wherein when the image is a black i mage consisting of

only black color, the target dot is fornmed with a size

snmal l er than the size ofClgaB&F dots form ng the

outline part. 4. The inmage form ng apparatus as

claimed in claim1 , wherein when the image is a bl ack

i mge consisting of only black color, the dots of the

i mage arq fopped ye &d¥niingy iaEiSaQBthsaﬁ&Xr resefidiqign image

l'iquids having difterent brightness. 5. The inmage

formn.n r a | aj i j ,onMig/Li N the
on 1 Rty B5F e R g Tinf G R T o b B

color, the dots of the ina%e are formed by a bl ack

imagedeh iRy 1I3RRATE &iTd “&"PécardiPig 1 quid having a col or

ot her than black. 6 . The ipmage, fornmn ar.at us,_as
clai med i @ EcAi ﬁ\rig,htﬁﬁéﬁe%a{lﬁén@o?aﬁ?i%ﬁ?m G Re 9ot

target dot is changed by changing a correction

brigattess.of7 at Thest rage thegrindobpfarsing aasoet hipePas of
claim1 , wherein the target dot is fornmed in a

the PO §é Obo deVihiad ghtthdfssomed dtargdty doteafrermihiponthe dot
position in a nozzle array direction or a direction

briQBERERdI 68! gFhyr ¥ seetiitg the rezdliecatpsay .
Irection. 8. A programfor causing a conputer to

execute an inmage form ng process for form ng an i nage
on a nediumby jetting

2. The image forming apparatus as claimed in claim
1, wherein the target dot is formed with a size smaller than the

size of other dots forming the outline part.

3. The image forming apparatus as claimed in claim
1, wherein when the image is a black image consisting of only black
color, the target dot is formed with a size smaller than the size

of other dots forming the outline part.

4. The image forming apparatus as claimed in claim
1, wherein when the image is a black image consisting of only black
color, the dots of the image are formed by a plurality of black

recording liquids having different brightness.

5. The image forming apparatus as claimed in claim



one or nore droplets on the nmedium the program
conprising a step of: changing a dot brightness of at
woeeamtozome target dot form @§ an outline part 8ETUP®O7/068485
image to a brightness relatively greater than the dot
bri ghtness of other dots formng the outline part. 9 .
The programas clainmed in claim8 , wherein the target
1, wistrain vhenddeninige isizblagk ieroe RanstrEispgAL eply black
ot herdots formng the outline part . 10. The program
colas, dra detsiaf thaiima§e, amdEoeimedibiea b Teck megerdsng liquid
bl ack i mage consisting of only black color, the target

anddat rééof@iﬂ?dlﬂ\dﬁid aSiizey Yraid i tdaedt hdasi paaek.
ot her dots formng the outline part. 11. The program
as claimed in claim8 , wherein when the inmage is a
bl ack i mage consisting of only black color, the dots

of the ingge are.far .a_p ' f . : .
recordingeri&ﬁ%ﬁ§L%33Fg39%%$?£§é§§4%ﬁ¥%%f%ggggﬁiaLlﬂ?ﬁ;alm
r ogram clajned,in claimg8 , erei n.the.im

1, PECECE L ERel b eb i T ot AT Sk Koty ChPRBSd. by

dots of the inage are fornmed by a bl ack recording
chapggnpbdaaR@rESFEEOR PFG-$TRui d having a col or ot her

than bl ack. 13. The programas clained in claim8 ,

wherein the dot brightness of the target dot is

changed by changing a correction pattern. 14. The

program ag.clehdchage €banim§ apphesers dhelaimed in claim
1, wherein the target dot is formed in a position deviating from
a target dot formation position in a nozzle array direction or

a direction perpendicularly intersecting the nozzle array

direction.

8. A program for causing a computer to execute an
image forming process for forming an image on a1nediun1by'jetting
one or more droplets on the medium, the program comprising a step
of:

changing a dot brightness of at least one target dot
forming an outline part of the image to a brightness relatively
greater than the dot brightness of other dots forming the outline

part.

9. The program as claimed in claim 8, wherein the

target dot is formed with a size smaller than the size of other



target dot is fornmed in a position deviating froma
target dot formation position in a nozzle array
wdio@ason or a direction pefpendicul arly i nt ePEEIPINT068485
the nozzle array direction.15. A conputer-readable
recordi ng nmedi um for causing a conputer to execute an
i mge formng process for formng an i mage on a nedi um
dot Dy ¢meditiqnghenewrl imer @aditepl et s on the medi um the
conput er -r eadabl e recordi ng nmedi um conpri sing: the
programas clainmed in claim8 . 16. An inmage form ng
nmet hod for formng an image on a nedium by jetting one
or nore dropl ehs QRodPen RALUR mbReih AGE of 8f NMiigrein when
met hod conprising a Step of: changing a dot brightness
of at |.east L Qr M Ng.,an I . the
e e S A ey
dot brightness of other dots formn l
targot Ao SnageTeor LR ApbaaTe Par Lhr S ek Thage theT
on a nediumby jetting one or nore droplets on the
dot pe8puRing hehe neigel ¥ 3G -appar at us conpri sing: a dot
bri ght ness changi ng part for changing a dot brightness
of at least one target dot form ng an outline part of
the image to a brightness relatively greater than the
dot bri ght nessrheobrothem amtcd fiowed ng ¢heimd,| wherein when
part; a dot size changing part for changing a dot size
theOfimabe! 854 Bheck afiffe dRinsfierTingd offhenayt blaekpastonf the
the image to a dot size different fromthe dot size of

dot%thOEHSriﬂgﬁé oL ngthe Ut i@ Rakky of black recording

liguids having different brightness.

12. The program as claimed in claim 8, wherein when
the image is a black image consisting of only black color, the
dots of the image are formed by a black recording liquid and a

recording liquid having a color other than black.

13. The program as claimed in claim 8, wherein the
dot brightness of the target dot is changed by changing a

correction pattern.

14. The program as claimed in claim 8, wherein the
target dot is formed in a position deviating from a target dot
formation position in a nozzle array direction or a direction

perpendicularly intersecting the nozzle array direction.



wherein at- | east one of the dot brightness and the dot
size of the target dot is changed according to the
woabmro3sMdot he i mage by the ot bright ness changCmgrpar/o6s4ss

and the dot size changing part. 18. An inmage formng
apparatus for formng an image including one or nore

dots on a nediumby jetting one or nore droplets on

the nedium the inage form ng apparatus conprising: an
outline correction part for correcting at |east one
target dafs.f orntagpabe putdaddebparte frdivey innmbjembyfor
replacing the target dot with a repl acenent dot having

causgibrg@g Srdfutdiof £ 8T8 fc0am tike gdot o h 78y frddee st B6gEbrming

and ‘a replacenent dot changi ng part for changi ng

an i%n%%terrgrg nod. of . gg Vftgﬁ{]ﬂlé Ia?let@f %%Eed@foﬁ‘f&t% Gnghd Qe@ium,

or causi ng tron” of dot formation position or

devi ati on anmount. of the dot farnatiaon positian. 19.

the TR RS TS daray SECard qeRbtasarHm 18
wherein the factor causing .deviation of dot formation
positionﬁhﬁﬂﬁﬁﬁgﬁﬁmF%%§Paéﬁ@doﬂnaﬁgﬁéﬂt tenperature
anbi ent hum dity, |apsed tine from manufacture of the
i mage form ng apparatus, and | apsed tine from previous
an i mage form ng process. 20. The image form ng
appar at usL@s @haimedeifomtiaigrb8thbdr fdrerf corprd shngrage on
devi ati on anmobunt detecting part for detecting the

a m&eMinbONe DA torf ofrhigo SO tdoplRisl 6N H0s mdddmm, 2dhe image
The image form ng apparatus as clainmed in claim
forming method comprising a step of:
changing a dot brightness of at least one target dot
forming an outline part of the image to a brightness relatively

greater than the dot brightness of other dots forming the outline

part.

17. An image forming apparatus for forming an image
on a medium by jetting one or more droplets on the medium, the
image forming apparatus comprising:

a dot brightness changing part for changing a dot
brightness of at least one target dot forming an outline part of
the image to a brightness relatively greater than the dot
brightness .of other dots forming the outline part;

a dot size changing part for changing a dot size of
at least the target dot forming the outline part of the image to

a dot size different from the dot size of the other dots forming



18, wherein data related to the deviation anmount of
the dot formation position are input from outside of
woOhesiossge form ng apparatd® . 22 . The i nage POTOPI0Y7/068485
apparatus as clainmed in claim18, wherein the nethod
of replacing the target dot is changed according to
printing condition of the inage form ng apparatus .
the 23&tlihe prmyge form ng apparatus as clained in claim
22, wherein the printing condition includes at |east
one of rqBekylihoat anshsypemefofmedicutiot2brifheneragend the
form ng apparatus as clainmed in claim18, wherein the
dot s%l%|e38§n€1@é dtgahaRg G pRAHgEE LeRdr@ligdd @hkoeblor of
he replacenent dot by using a droplet relatively
dlffIC t f Lin@N+BASHbEOR ze
he grags” By 8, B e e e o
of, dot rmati on position. 25. The inmage form ng
Cha%ﬂﬁﬁ%%ﬂﬁﬁ%'as clained in claimi18, wherein the changing
of the nmethod of replacing the targetdot includes not
replacing the target dot. 26. A programfor causing a
computer of an inmage form ng apparatus to execute an
i mage f orli-ngApriovagss fosming: aPPRr AR mefel PREIDEI3Ty1mage
one or nore dots on a nmediumby jetting one or nore
incUi@pi@tehot e mediors dnhe medduanbyoipkiinggonhecr more
steps of: correcting at | east one target dot form ng
droﬁi‘e@é‘tdd REcPREdi Gh, the: iifRge Byrnepbacpmgrdthes tcangetising:
dot with a replacenent dot having a dot size different

from the dot, 8126 Okothekabgehbart for correcting at least

_one target dot forming an outline part of the image by replacing
the target dot with a replacement dot having a dot size different
from the dot size of the target dot; and

a replacement dot changing part for changing the
method of replacing the target dot according to a factor causing
deviation of dot formation position or deviation amount of the

dot formation position.

19. The image forming apparatus as claimed in claim
18, wherein the factor causing deviation of dot formation position
include at least one of ambient temperature, ambient humidity,
lapsed time from manufacture of the image forming apparatus, apd

lapsed time from previous an image forming process.

20. The image forming apparatus as claimed in claim



dot ; and changing the nethod of replacing the target
dot according to a factor causing deviation of dot

woaorsaBsom position or devig®ti on anpbunt of thePdoiP2007/068485
formati on position. 27. The programas clained in
claim 26, wherein the factor causing deviation of dot
formation position include at |east one of anbient

18, trempéeat gomprasbnent hum dity, |apsed tinme from

manuf acture of the inage form ng apparatus, and | apsed
time from geeviousn amdurmgeeteching procdss dek8ctihg the
programas clained in claim26, further conprising a

devidtBROfamcdgkeet et Herdeviabt 0onapostiai. t he dot
ormati on position.29. The programas clainmed in claim
26, wherein data related to the deviation anount of
the dot formation position are input from outside of

the i mage _form ng apparatus . 30 : :
claimed i -clﬁ*%%?%p%SF%‘%Hgt%%p%{‘ﬁbﬁgggé%% iy S
the target dot is changed according to_printin
16, cmHei oA (R S RAGEST b ABVAPPAPE: BB0 N3 10T Tha® Aot
programas clained in claim30, wherein the printin )
formandt iprsiiticudes anphsasroBneubside st dticod™ae¢ F%ﬁ@lng
of medium 32. The programas clained in claim?26,
appidhetesn the replacement dot changing step is for
form ng the replacenent dot by using a droplet
relatively difficult to cause deviation of dot

22. The image forming apparatus as claimed in claim
18, wherein the method of replacing the target dot is changed

according to printing condition of the image forming apparatus.

23. The image forming apparatus as claimed in claim
22, wherein the printing condition includes at least one of

resolution and type of medium.

24. The image forming apparatus as claimed in claim
18, wherein the replacement dot changing part is configured to
form the replacement dot by using a droplet relatively difficult
to cause deviation of dot formation position or by using less

droplets that tend to cause deviation of dot formation position.

25. The image forming apparatus as claimed in claim

18, wherein the changing of the method of replacing the target



formati on position or by using less droplets that tend
to cause deviation of dot formation position. 33. The
wonoegreamoas cl aimed in clai®i 26, wherein the changpPmg7/068485

of the nmethod of replacing the target dot includes not
replacing the target dot. 34. A conputer-readable
recordi ng medium for causing a conputer to execute an

dot iiragerdear miatg rerdeedsdf shef srrbA§adCt nage i ncl udi ng
one or nore dots on a nmediumby jetting one or nore
droplets on the nedium the conputer-readable
recordi ng nmedi um conprising: the programas clained in

clai m 26.,35. AALRoLPBACES BT Bhtgi MRt asbrigit 1010 g amage
i mage including oné or nore dots on a medi um by

rorh 4 1900,01- AL B0LF AR, £ fIRA bUBcbBord FEGeming

d conprising the“steps of” "correcting at

| east one target dot formn tli Rar 40 fs e
an E%?@E5Hy§?%%F§%FW§ Pﬁemfg?gg?ego Hméﬁﬁgﬁﬁgéépg erent © e
0 aving a dot size different fromthe dot size of
or MRE CHOPETHPT HIfITERARTY ngRE RF S ERb G OBPT FEpEcr g StePS
the target dot according to a factor causing deviation

of:of dot formation position or deviation anmount of the
dot formation position.

correcting at least one target dot forming an outline
part of the image by replacing the térget dot with a replacement
dot having a dot size different from the dot size of the target
dot; and

changing the method of replacing the target dot
according to a factor causing deviation of dot formation position

or deviation amount of the dot formation position.

27. The program as claimed in claim 26, wherein the
factor causing deviation of dot formation position include at
least one of ambient temperature, ambient humidity, lapsed time
from manufacture of the image forming apparatus, and lapsed time

from previous an image forming process.

28. The program as claimed in claim 26, further
comprising a step of:
detecting the deviation amount of the dot formation

position.
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29. The program as claimed in claim 26, wherein data
related to the deviation amount of the dot formation position are

input from outside of the image forming apparatus.

30. The program as claimed in claim 26, wherein the
method of replacing the target dot is changed according to printing

condition of the image forming apparatus.

31. The program as claimed in claim 30, wherein the
printing condition includes at least one of resolution and type

of medium.

32. The program as claimed in claim 26, wherein the
replacement dot changing step is for forming the replacement dot
by using a droplet relatively difficult to cause deviation of dot
formation position or by using less droplets that tend to cause

deviation of dot formation position.

33. The program as claimed in claim 26, wherein the
changing of the method of replacing the target dot includes not

replacing the target dot.

34. A computer-readable recording medium for

causing a computer to execute an image forming process for forming
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an image including one or more dots on a medium by jetting one
or more droplets on the medium, the computer-readable recording
medium comprising:

the program as claimed in claim 26.

35. An image forming method for forming an image
including one or more dots on a medium by jetting one or more
droplets on the medium, the image forming method comprising the
steps of:

correcting at least one target dot forndjx;arxoutiine
part of the image by replacing the target dot with a replacement
dot having a dot size different from the dot size of the target
dot; and

changing the method of replacing the target dot
according to a factor causing deviation of dot formation position

or deviation amount of the dot formation position.



