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invention relates to an i mage form ng apparatus, an

i mage form ng nethod, a recording nmedium and a

program BACKGROUND ART Typically, an inmge formng

apparatus (nulti-funbESCRIPELONNe), which has one or

nore of the functions of a printer, a facsimle

machi ne, or a copier, forns inmages (inmage formng) by

conveying a nedium (hereinafter also referred to as

IMAGESMING‘PQPPRRQQEIS) PG %bkM&SJG%ﬁT}‘i’Mb d REeeRerRaNmS UM,

also referred to as "recording liquid’ or "ink"™) onto
t he conveyed paper bXNHSbQQGﬁAﬁ'qu'd jetting
apparatus having a recordrng head (including one or
nore liquid jet heads) fromwhich liquid (ink)
droplets are ejected (jetted). It is to be noted that,
althou%h the mediumis hereinafter referred to as
TECHNJRALt *1BED" paper”, the material of the nmediumis not
to be limted only to those produced by nmanufacturing
pafee.prEsenteihvenvhgn rethtide, td an iswgepferming gpperatus,
material, a textile material, a fiber material, a
an fimabgecfofmiggimeéthed] eat etormins inrddiln,"eird a program.
material, a plastic naterial, a glass material, a
BACK@y@@Ngahgﬁlal or a ceramic material. The nedium may
a recordi ng nmedi um (recordi ng paper)
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(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 aé
“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 leathermaterial, a metal material, a plastic mater‘i;-l,
a glass material, a wood material, or a ceramic material. The

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



"image form ng" has substantially the sanme neani ng as

Wd%’?’%’)#gg"ng" or "printing®, For example, I miﬂQﬁ/Jonowossms

i ncludes form ng “i mages havi ng nmeaning (e.d.
characters, figures, synbols) and al so image having
no particular neaning (e.g.patterns) . Furthernore,
the liquid ysed for_ an_i e f i Ng-appar ' t
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The serial type inmage form ng apparatus has a printing
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as imge resolution, nozzle density, dot formation
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liquid jet head are to use a nechani cal nethod

C . (e.g.,
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Accordingly, the nozzle density is relatively |ow
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by a sem conductor process. The upper limt of WO
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pi ezoel ectric type liquid jet head is

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
ways 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



currently approximately 360 dpi. Meanwhile, in order
to inprove printing speed, it is preferable to forma
WORosMBsT™g area by scanning 3he |iquid jet hea@dCTiymmivess4ss

mai n scanning direction in a single tine. For exanple,

in a case of formng an imge wth a resolution of 300

dpi in the sub-scanning direction by using a |liquid
nozzjlet deratit hayf ngha prozzdeEl edtenisd tyypef 130Midpijeti hekd is

possible to formthe inmage by noving the liquid jet
currggggylQpﬁpgxﬂ@é@eggamgorabfhrectlon in a single tine.

In a case of formng an image with a resolution of 600

dpi , thﬁegﬁﬁggﬁés ltnoo?aei-oamp@év%%fgn@ihg %%%bac;it is

nethod (rnt ctase, scanning two times in the main

ti d h
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apparent that the_non-inter|ace nethod which forns aﬁ_
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than the interlace nmethod. Furthernore, as for
in areaseds Sormbngian imagenyith a nesaluties ahi3Q e@iningthe
direction, there are a single pass printing nethod
sub—tsh:ahnﬁngrmimﬁimgb@sn)snyg a $igylie pesbkernd hdweingmimozzle
scanning direction and a nulti-pass printing nethod
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scannlng direction. It is apparent that the single
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|-pass prlntlng met hod. However, in a case

tlmep'as lieln:%%al S8 &L | aiel%r rr% dlk%ﬁ/atq%shggh r%s%g.lu%f'm{l of 600 dpl,

e resolution o
e b R B 5, b (AT i
resol ution of the imge is |ow, is effective to use

case, scanning two times in the main scannlng 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. In order to improve image quality in a case



mul tiple values (multi-values) for a single pixel. As

f ods of using nulti-values, there is, éﬂﬁb <
woe’&%g%ﬁ%téb a met hod of changflng the size of aPS| ngF%OFHO6843D
dot, a method of formng a single pixel by jetting

plural small dots, or a method of changing the density
of ink. Althou he.nmet hod of acquir] ] [y
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(letters), This is due to the graphics and characters,
of uskygimuilig waloessi Eeeraige 0aHATPHSF |3 efhed of changing
background areas of an image, that is, characters or
the @fiaphbE anaiersle oo mewhddnett Fomhibmg shelingdiezpixel by
dots are used. Therefore, binary imges such as

Jeth atiiall Baeas/ aoephi 6ri sageshddee dhanerient the density
probl enms of |ow resolution. Particularly, in a case

of Mhere characters (letters) are expressed with binary
Images, the quality of the characters deteriorates
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the increase of manufacturing costs of the recording |,
of greptticEamichehapretersd lefproserentTivfs +289pUtq Bhe graphics

i ncreases the workload for processing the image data
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the control system of the inmage form ng apparatus,
backgroundareasofanjﬂage,thatis,charactersorgraphicimages
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
quality 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,cannotavoidtheincreaseofnmnufacturingcosts

of the recording head. Furthermore, the improvement of

resolution increases the workload for processing the image data



to thereby lead to an increase in the overall cost of

the image form ng apparatus. These probl ens becone
waopnng/oxsudoar |y noticeable fog a recordi ng head gi@ieh6bedes4ss

with an extended | ength for increasing printing

speed. Furthernore, the problemof |low resolution

becomes nore serious for a line printer since the line

and ddnplliiatddth& echteclesytePbE MR imd§e WoakliagtLppisatus,
the interlace nethod and the nulti-pass nethod such
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recorded by using a liquid jetting nethod are
resodxiiesdescdyesisiorg setsofiohredailire prantex swgreithenline
a recordi ng head scanning direction and in a sheet

printery ey NikdéltheddOinl bat nper pendinsbas by w8éahethterlace
the recording head scanning direction. In a case
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ere a character o e sanme Ssize
h CLS prlnted with 300 dpi and 600 dpi, the ratio in the
3% unber of dots conprising the character is
approximately four tinmes. WO 20081035790 6
PCT' / JP2607Pod8ags Y, The ridsire Lof fed 1y stadilsf ackp e images
expressed and character quality
whilemaintaining lowmanufacturing costs and high speed printing,

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.



I's higher by printing wwth 600 dpi. Particularly, in a

case of expressing a diagagnal part (slant ed},qﬁx
WO M er, the nunber of dots increases / ecgfggosogfsosmss
in a stepwi se manner according to resol ution.

Therefore, indentation (jaggy) becones nore

noti ceabl e when printing with 300 dpi_. :
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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



Furt hernore, Japanese Lai d-Qpen Patent Application
No. 2003-334938 (hereinafter referred to as "Patent
woDosswyenh 3") discloses a npethod of reduci ngpicaggyoodves4ss

an outline part by changing the size of dots of the
outline part according to the inclination of the
outline and formng dots at a blank part surroundi ng

and Heackouldtisne part. Furthernore, Japanese Lai d- Open
Pat ent Application No. 2004-114303 (hereinafter

referred fQtd% mBabeNTaPRRYSB N a fdJopdH $Et@$@SABplication
nmet hod of expressing a Sstepw se surroundi ng part of
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ots sma dots formng the
. _Furthernore, Japanese.Lai d- Open, Paten | i cation .
415 e IS0 FRTERSE EREPGLRAr1940Y BF bt S R b b Rpanging
Docunent  5") discloses a nethod of performng. a _. )
the sig6t Af Pt 8EcRe QtddnenBR Tt arstrdiment e ride taglanstion
a character or graphics is black and refraining from
of ther buiding and grnmimg Pt efessbhveh Raet isvayeunddng the
is not black. Furthernore, Japanese Lai d-Qpen Pat ent
outlAp ip=ati.on  No. 2004-017546 (hereinafter referred to
as "Patent Docunent 6") discloses a nethod of

converti ngheeani e, Nahpdakse0f.a 8dSbSPViR ent Application
surroundi ng part of the dots form ng an outline part

No. 9bo2-qhanraat ?ﬁer&%rx&f@@f‘ ir%%eéfr%dewra%ssﬁg};éﬁﬁ%&ment 4")
smal | t he
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[ P P2007 4 .
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than the dots forming the image.

Furthermore, Japanese Laid-Open Patent Application
No. 2004-017552 (hereinafter referred to as “Patent Documerit 5”)
discloses a method of performing a smoothing process using small
dots when image data of a character or graphics is black and
refraining from berforming 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 6”)
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



, Furt hernore, Japanese Lai d- Open Patent Application

No. 2005-193384 (hereinafter referred to as " z
WO PrAto 7") discloses a et hod i ncl udi ng a‘i‘ﬁié%%“f”"““s’

detecting a stepwi se changing part of dots form ng an

outline part of a character and/or graphics on which

a half tone process is perfornmed and a step of

Parfconverting dot data of the dots surrounding the
stepwi se changing part detected,in the detection.step.
into dot RHEERMQIKS s JTRRAPRGS L2 EF7@PH Pg?r"eeé}qfe PPFréﬁa%wn
those of the stepw se changing part, wherein the "
No. Q9MGerlid33§ dnéhhodinaftar nefierrednteras oRaserp Hacument 77)
different depending on the inclination of the outline
disPbdies Rurhdetodrtnclahanese staipdofpeletPatény a stepwise
plication No. 2002-166603 (hereinafter referred to

Ap
chaﬂv%:'ilt?g"tp%&tt S RNt o8ning 8h$ttases pafeblicdcharacter and/or
obtaining the difference of density between

gragﬁgé::g_r@ﬁ &R 8! falfreddy ﬁ"i*oE@E_geis RFdtd e L Ratagtlep of
nd pi xel s surroundi ng the designated pixel s,
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the determ ned designated pixels with a black color .
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yel l ow col or nmenbers. Furthernore, Japanese Registered
thePabemertibng2udddidd ¢heths niatreconspesied $bemsis mhifhprent

Docunent 9" discloses a nethod including a binary
depehanast eh thHegendat aageoeraf i e shepl oy pagener at i ng

bi nary character inmage data by setting the output WO

2008/ 035720 r@hBEhbHFE2 097 68489.2 iGo0pent Patend Appklication

pi xel used as the inside of a profile
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 as a 1st concentration when the profile

configuration concerned is drawn based on the outline
wodadésn3sor r espondi ng to thegprofile configur apc@mgfo7/06s4sa

t he character which should be output on the pixel

coordi nates that specify the pixel of an output unit

and setting the output concentration in the pixel
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shoylg E@, FHI Fulthpel PRyl £osredeadesi heat edidhy &hg phxel
respect to the drawn partial borderline as the 3rd
of agondentreniboanddstiing thetdw pritdebrecerit tdlel drs indiee pixel
2nd concentration when the partial borderline
used @rsr edeoonditad dieo otftheheapxbEi Aeycbhfegdpsids & aavRod
the pi xel coordinate, and a conpositing step for

concd@tattioRdd Bf £48ER€ rebml SEGE] 8813 nR%nteaFReS, td gux:.llary
bi nary character inmage data and gradati on i mage data
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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 1lst 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 pgm, the LED printers and laser printers

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



Frinters cag form dots of designated sizes at optinum
ocations y slightly adjusting the laser ir i at |
WOHEPEN and the Taser irkfdiation |ength. mg‘i"%g’ms
liquid jet type image form ng apparatus exhibits
greater ink spreading conpared to a | aser printer

Furthernore, since the |jquid jet [ '
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LED printers and |laser printers, it is difficult for
by slbehtlyaiddusetnyyyie 1aage ireding leprasitiien aneraggeaser
the dot size into nany different types. That is, the

irrddi@Hicén alngype i mage form ng apparatus can change
dots to only a few different sizes. Due to a simlar

reason, thgedals af 1188141 patt tysd itvpe ifBREEngf appangtus

apparatus are fornmed in a substantially fixed |ocation

exhjl(_ 9 t(# dghge s%r%'aﬁghﬁ BbxShredhdd & Siasknt igeeirdther.
e F{ Bigr.e?r th }ﬁger p¥gn gré it If difficult for
e rhs«l?se HYB A FERT s P PREE R P apb e s,
_single pixel. As described agbove, although ther
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using dots of different sizes, the sizes of the dots
driwe ulsss éa aodnbre Rerieds redNdFeshieESt HHMR t& & rfioflots
a mul ti-value printer capable of formn dots of
comphfé&renLES petntdivs Hnet Amser RHNtemsos 16f igeiiffigult for
that can be used for correction could be further '
the l1igdied de | i§a @O £OMAIAQ0BHHB5FA0s td change the dot size

P JP2%O7/ 68485 for exanple, character correction,
intgo?ﬂgﬁ?ddfffé"réﬁt tiﬂﬁ)ége.di WAt 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,



(paper), or gradation property. Furthernore, since
dots are forned at the center of (the address of)
woeacdnsprosel determ ned byqgrinting resol uti oRCT/IP2007/068485

correction m ght not be satisfactorily achieved.

Moreover, in a case where snmall dots are used for

reduci ng brightness, spaces are easily forned between
for BRBmpEBAr anhescte ANBYPF&caIsh | NEoPdrFd B Clidiy di0ttheSHeMium

space or deviation may degrade the quality of a

ract.e r [t h i.ne Clyl
(pap%g'z,b%E gg?@i{i&g yéﬁer%é. QR HRULRE GOLER B?QE are

or ne changi ng density with use o

fom%%ng%Sjtflg gc:ax%gé(r (gf] e%th%n%lé{] re%fs io'%g gggﬁrg 25%2 ee1|:%%mined

SIngl'e "prxer ificreases due to conposi

created by bl endi ng cyan (CG), magenta , and, yel |l ow |,
oy DECARE. PARD b CAa T RAIT IR G ok AopaPEi SOFheT3eCori Ly

when plain paper is used and results to degradation -
achigwvednpgo¥Rayety.in Ruredrs norese alilndodgsarenuspd for

amount of ink also increases the tinme required for
redudriyigndprigbinessonspécesoduet ¢asily Lochned Setwadrsdthe

ink cost. Furthernore, undesired color areas may be
charfa@u@rd friameoe&Sanvhehe 8otaegeingneic! Pusih ispackobr

one color ink deviates froma target inpact position

devi@t iOMAET de8rAlel Pke dh$i8LSOF BecwaBScEefause for
degrading thé quality of a character. Since the kinds

of k. ¢ Ral Ba0MBOURLRBLA ButYPACALOLAKon can be

recordi ng apparatu§ are approxi nate our
pors P BERSEAE SO RS P IR B! Yo

CW conposite. Therefore, little variation_can be )
amoypiqeti ik rehgeadianyastinglie PLRCAJNIISHEeTOrRQ FORPRFite

WO 2008/ 035790 12 PCT/ JP2007/ 068485 col or characters
blagksbgihfi erratgd byiblendiordcyienk (6F , diaidfeartan{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 k_)lack 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. In addition, correction of



density is required). From another aspect, although
t he above-descri bed Patent Document 3 disclose i
WO 338570 cor di ng net hod cd@abl e  of reduci ng HG 353&6@68483

changi ng dot size, the changing of dot sizes may

cause dots to be fornmed at undesired positions on a

medium This problemis descrjbed in det.ai.l | Qw.. A
colori ghpgareerRead 94881FRIE (FHUW RS ecforht%elql?mo e different

form ng apparatus includes a pressure generating part
densfiby appkgangregiessure to a liquid (ink) inside a

l'iquid chanber. For exanple, the pressure generating

part nayFemaahbehenl asppet healbthmsigly the taharvrridesggabed

head whi ch uses a heating resistor for generating

Pat b Bbesmehta3piezeebess rar inkietheadontiiak metsod capable
pi ezoel ectric elenent (el ectronechanical transducer)

of r g{lgggﬁg;gé.%b cl‘i‘@llld;iﬁ’% ddthgité quind ehafgeng dMdetdeizes

ot dianeter, it is commpbn to use a

nod ! { i
may g:eg]thlg%afigi:scggrk?é '@3&?&% glﬂepg%iet@ﬁl b §0hd O M oY 8SRed Bum

I'ng par exanp s nethod may be
changi_ng the drivi, vol t 0 h ressure

Thig 9 d'spﬁels,crlg’%ﬁlnépngggﬁéip% g%‘gw dth of the
drive pul se, or changing the pulse unber of the .
drive pu|Psequbah§hgetth§§édnﬁt5ﬁ5dé? EhelWetfodCbrtype 1mage
changing the drive voltage requires different signals,

formiong eppending ineldideser PRESS WS GENeERLARE LAY 6PRIYING
switching parts for selectively swtching for each

preshargelo sariesipbidhky isidid aerientidichambeyol tEgresxample,
Thereby, the driving elenment (driver 1C) becones WO

he 308 0387 Yanb3 RERGI P20 DP&AB thargel type head using a

correspondence with the increase in the types of drive
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



voltages. In a case of controlling (changing) pul se

wi dth or nunber of pulses, the pulse width and nunber
woQbogaisp@s can be changediRy controlling the pg\ipsiahochass

part based on tine. In this case, a single swtching

part for each channel woul d be needed. Such pul se

wi dt h nodul ati on net hod or pul se nunber nodul ati on

1argBRtI0¢ AR sPe8deBRE! i £th &HeY 1BY¥raB seMBg e HORFOBE of drive
apparatus uSing a piezoelectric head. However, the

nt | | ffer [Wale) u i
voLt R o rfbd oo Eg. (e tngh pared, i den or
nmethod. That is, in formng.ink droplets Vi
numbgrs P BHLSEEt CHF et S ,W]s‘?rrﬁeaqcﬂél ngt v ofpl{j%eesdrcfa\rllebe
pul se is different, the timng for jettjng.ink .
changegdgpe contired Lipantm §Wéft cOLNIL PHF SFShoB 43Ms-dahR 1S
with the drive pulse is different even if the timng
casegf at hitnglargwidfchtimg pagts 66T t¢rchedianmes. woulHebg apgeded.
upon input of the drive pulse. Accordingly, the tine
Suchf pulskewddehl sbdulatioracstihdd oedpuhssumiresr idulation
different. As a result, the dot formation area on the
meth¥Rdh e didd %’é&t%ﬁﬁagwgo}@ An hRaget f&ieng appusatesensing
in a case of attenpting to inprove imge quality by
srepl aci (.C cting) the dots at the outline part
a plﬁte%%ﬁg?ﬁg g%tgg it is difficult to provide

P | 1B TR, SISy B, B2 SR hon one

d—ar eas nedi um
t he deviation of dot formati iti [ I .
o1 SR8 o L8P e B B kS et St son

conditions (e.g., tenperature, humdity). i
metirgtt hEhabr &3, t e Hevmkng ciofdxritlaNg 20dmensidgergnpcdot
| JP2007/ 068485 formation | ocation differs depending
diametdnypgdnfoer thei bength 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 if 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



conditions (e.g., type of paper, resolution).
DI SCLOSURE OF INVENTION It is a general object <
WO0RUBHYY hvention to provéde an i mage forni %&T%tpﬁoqﬁm“%
apparatus, an image form ng nethod, a recording
medi um and a programthat substantially obviate one
or nore of the problenms caused by the |imtations and
formgité gy AAFAEERN SFLEPES (AFRATY (O PERSS Egrﬁ‘ﬁgmn
advant ages of the present invention are set forth in
condtiid ones dei gt i ohyphi ¢h PapdemstesHFEiPPart will becone
apparent fromthe description and the acconpanyi ng
drawi ngs, or nay be | earned by practice of the
i nvention according to the teachings provided in the
pIscASsSREbronrNvERTeokis as wel |l as other features and
advantages of the present invention can be realized
and att aiﬂiegsbé( Shéd PROGH U RE appapabysnt ainvérmgeon to
form ng nethod, “a recordi'ng nmedium and a program
articul.arl i j e Lkl i | HeShEd, a
profijiq o plapt EHEHEE Abafdbict At RiEuL Fophots o
person having ordinary skill .in th rt.t a
T A S
and in accordance with the purpaose qof the jnvention
or maseafhble BHORAEMS KRFEEAPY Elé‘@rlilﬁ‘é'&ai’féroé’isrﬁndaﬁlsaavantageS
enbodi ment of the present invention provides an image
of flos neptagpardt.us for form ng an i mage on a nmedi um by
jetting one or nore droplets on the nedium the inmge
WO 2008/ 3Rtk SnPAREPRRRES06840% prosamhgnvention are
apparatus including: a dot brightness changing part

set fYrtChaRgh e st rd ek 1bh Wit dtle$610bwal dredh pame widilgbecome
dot form ng an

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 otlher advantages and in
accordance with the purpose of the invention, as embodied and
broadly 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



outline part of the image to a brightness relatively

greater than the dot brightness of other dots formng
wotoes/mstobi ne part. Furtherggre, another enbodipe®P200%/068485

the present invention provides a programfor causing

a conputer to execute an image form ng process for

formng an image on a nediumby jetting one or nore

formﬂﬁ@pélﬁééré_)ihé hecTediug: 4 heotHagigendys dHangisg Yt for
of © changing a dot brightness of at |east one target

changr@%lafgrﬁgfl%rj]%tﬁgslsi Be ParieHdt (e ARGRLI Q0@ forming an

htness relTatively greater than the dot bri ghtness

of other dots f.ormi ng th ' t_. <L

out13hethalit ahoui iERDeore char pohehREs At WY GLERE S chan
a conput er -readabl e recordi ng_ nmedi um f or using_a

the QgfpREaPhtBesRcRut et idRige TORMING (Piocdd PG bart -
formng an image on a nmediumby jetting one or nore .
dr opl et sFaAthaEneRRl BROthee nanty ©fdabeepresent

recordi ng nmedi umincluding: the program according to
invehhéocanbodividas afprduergm €ventcaupiag ropompPutehetogxecute
anot her enbodi nent of the present invention provides

an imfdyé FagR1hepHote seetdwdofaing e iggann argeiuabyajetting
medi um by jetting one or nore droplets on the nedi um

one bRenoldRASI1¥LY B 1R hRedirc] Hﬁbnﬁr@?ﬁé.t@ﬁ.n@flhding a step
changi ng a dot brightness f at l'east one tar get dot

of: EB%g]glgggaap d%l'i:t bé:ggh?ﬁégs ocafetagzglie g_e%né ocaQ:gkérﬁi %?ngoc‘ﬁning

re VEly grea an t t brightness “of
I O T Ay KLl
PCT/ JP2007/ 068485 invention provides, an imge formn
thargfhgr detisbFEphingss @f ahhekaget s ofeaingiths gytjléfl?—i la%rt-
one or nore droplets on the nedium the
Furthermore, another embodiment of the present
invention provides a coﬁputer—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 forming method including a step of: changing a dot brightness
of at least one target dot forming an outline part of the image
to abrightness relatively greater than the dot brightness of other

dots forming the outline part.

Furthermore, another embodiment of the present



I mage form ng apparatus including: a dot brightness

changi ng part for changing a dot brightness _
WQ YR30 target dot formi ﬁ@ an outline par t"%&(ﬁ%?{’g/%s“b

image to a brightness relatively greater than the dot
bri ghtness of other dots formng the outline part; a
dot size changing, part for changing a dot size.of at.
inverien PREVIESE FEt 1HREe £OFALRY 3HbE TR ARt ?&HMBP Fhanage
image to a dot size different fromthe dot size of
on a heeditrerbyiges tagrong PRemebe | dFRP1§RT o0 ks BpAlyp, the
| east one of the dot brightness and the dot size of
imagbe drariget apiod rasus hanjedinge er dohPprightmeseothangmg part
the image by the dot brightness changing part and the
For Afarsd #8y ehapgi el fafies ot erimis;, careotheget dot forming
enbodi nent of the present invention provides an inmage

an $QETLAY pgﬁﬁ'?ro%{ Vel PhadOY ROpANGhERESs Tedtididly gRreater
or nore dots on a nmediumby jetting one or nore

tha?x:]glﬁlﬁ 3:#% ?)Qit & edi ym dihe. i Rge FLrThROt BPRAIELIS part ;

outline correction part. "for correcting
at | east ~one .target,K dot orn.n n tl.dne
2 Ghest iR BB P O A G0 2adet Y41 oh at ast the
repl acement dot having a dot size different fron1%p .
target detzE0BPiRGEthArgEtLlidGt PaxkdOL FBFI ZRBABNYC dhiCt Size

changi ng part for changing the nmethod of replacing )
di fifeerengr freem ddte dotoridiengftithe othgst @pte ipdHgg the cutline
devi ation of dot formation position or deviation .
par&founérein tdte l1dattf arerwifi the wesi brdghtrassranrdishe, dot size
anot her enbodi nent of the present invention provides

of ®hBrOgFa&t fit eaushagged cuiqutiddngtoathé mage\Of the image
2008/ 035790 17 PCT/JP2007/1) 65455 form ng apparatus

by e g o h g P e b 0 Par

jetting or]}'%rthemore, 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



or nore droplets on the nmedium the programincl udi ng
the steps of: correcting at | east one target dot

wof0dsfise®oan outline part of the inmage by replpagispgot/bidss
target dot with a replacement dot having a dot size
different fromthe dot size of the target dot; and
changi ng the nethod of replacing the target dot

|19 HQ +8 -2 SAUSIYS HoMhBhl YrfesdOtor forming

form?%?q{ Ion position or deviati'on anount of the dot
formati 0sition. Further e, a '

an pgge pjr%é)j;‘ﬁ 0y nQ/neent(?rorilMOﬁL{r‘lJ of#g(%sog %%ﬂ%ﬁ%ﬁ%?ﬁ télgofone
recordi ng medi um for causi a_conputer to.execute an

o T RS U IR BECRET O OB I A LREQANE I Heh R ops
one or nore dots on a nmediumby jetting one or nore

of: dpopketinemt heearldiang EFEStoRPGt EPTMeRdapR cutline part
recording nediumincluding: the program according to

of the Endpsimemepifcihg theesarget Masnmish aFuephagemsnrt dot
anot her enbodi nent of the present invention provides

havia@ &rege dieeringreeethedffan ther dbagsbre ioldghe target dot;
i ncluding one or nore dots on a nmediumby jetting one

and BhafRify HPRLEhD09f g RAidgt heheal §BORIJtORBEBEding to

met hod i ncluding the steps of: correcting at |east
targst d ! A& 1 oRAbbs £E 1 &G ARGt
= 228 B B e S T G o R AP o et daration
havi dqt . si.ze different.fromthe dot size of the
amoqﬂir6&?tg&ogPtaEBIFﬁéﬁBPnﬁofﬁ Rt hod of replacing the
target dot according to a factor causj Sg devi ati on %f
dot f or mEPFERSEBSEEr 0ARBERSD SHRRATRE90°4 ‘g“e presen
PCT/ JP2007/ 068485 devi ation anmount of the dot
inverdrirat ipaovideist foromBRIEEF- DESGRP P | CREoFdDRASRISm 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



Fig.1 is a side view for describing an overall

confiquration of an inmage form ng apparatus i ' _
W%zoﬁ?/ﬁ%?% for performng %h i mage forning nel{kﬁlé‘ﬂj%oqgﬁ"&
according to an enbodi nent of the present invention;
Fig.2 is a plan view of an inmage form ng apparatus
according to an enbodi ment of the present invention,
devigitg.on agoyngr §stheclPEndPrRREWRI S9%ngi t udi nal
direction of a liquid chanber of a recordi ng head
according to an enbodi ment of the present invention;
Fig.4 is a cross-sectional view along a | ateral
BRIFHF MEISORIPTADNt b& DRAWINGShanmber of the recordi ng head
according to an enbodi nent of the present invention;
Fig.5 i smaghhogk di agranysbawisg @esontiing pat towdraldn
i mge formng apparatus according to an enbodi nent of
confﬁ«lra&rieo%eegf LAva d O B0/l i%igPabpa Babh® Gl i@ program
showi ng an exanple ©of a printing control part of an
i mage _form . ng. r . ' '
for PRELGFBBN Al AOBTE: Sy HEFADEA Qe B RRg) SRDbdRhent

for descri bi,an an .exanple of a drive waveform
of HRARBFP AT EH PN oy a drive waveform generating

part of a printing control part according to.an

embodi nerfidf2 tife 3ppPédBnVipHveht3dNMARS %G%FWS?EBE‘EJCUS

PCT/ JP2007/ 068485 Fig.8 is a schematic diagram for
accoeding bim@rdremedsimprd! ©F dhea pyrantdiBPEBELOR/ medi um

droplet, a large droplet, a fine drive selected

accor di ngrig. Ridra \wrosavekativaatoridnglbog a longitudinal

direction of a liquid chamber of a recording head according to
an embo&iment 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;



an enbodi nent of the present invention; Fig.9 is a

schemati c diagram for describing differences of
woobdsadsieocharacters due to gi fferent resol uti @oT/IP2007/068485

Fig.10 is a schematic diabranwfor descri bi ng an

exanpl e of perform ng jaggy correction (outline

correction) according to an enbodi nent of the present

inventiq%ggé 91l E%B@mEEQEF %%pﬁodfféﬁsaééékﬂﬂiﬁ@ drive

outline rréction process ) according to an
., epbodi nent of .t he resent_invention:; Fid, 12 i
signal iy “Fabl LR o SEE Y RECERsF e Hoplets

patterns according to printin de/ resol_ution .
2 Fing ERPNELERERr SRISSATHB tBr S (e Yt BSERTCFATRT MY to

Fig.13 is a schematic diagram for describing an
an ecmobdimentorf edtd argaesdesNVeRal®sY) using a correction
pattern according to an enbodi nent of the present
i nventi orig P gid 4 ischenscthieatiiagmhimadicamdesicribing
describing jaggy correction (outline correction)
dirr¥beheedobs f SuFRit Whesdttidon dise thatigeidrantonrdisodutdon;
an enbodi nent of the present invention; Fig.15 is a

schemat i g; di pgram § A ulesor i Hi dith hm SRl @fibing an

perform ng~ | aggy correction (outline correction)

: bodi ( on

examBi £ 08B Erflng PAh IO foct N PARANnd RUEHIMon)
WD 20081035790 2. 0 PCT/ JP2007/ 068485 befogg Qutline

accoggipgctPoRn ERHROJHRGHT of bRE I PRES T retiFon FHen

there is no deviation of dot formation position, aqg
the resufig-dl bataihkovehaset foR IPRTriMdiE g% outline
devi ati on of dot formation

correction process (method) according to an embodiment of the

present iﬁvention;

Fig.1l2 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 éorrection) where dot formation position is
changed according to an embodiment of the present invention;

Fig.15 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



position; Fig.1l7 is a schematic diagram for describing
an outline corrected character in a case where there
WQ W3 Mi ati on of dot fo?@ration position andCHIHTY6848S
where there is deviation of dot formation position;
Fig. 18 is a schematic diagramfor describing a case
of applying a correction pattern accordlng to an,
befanthOUHBRE BPLIeHel o eddft FeFNEh QoAU FLS RPELeGtion when
flowchart for describing a process (nethod) for
themorits abl deyiahiont o motc formatiion peateben( msithédp result
according to an enbodi nent of the present invention;
of il i .crdes-tarextenl ahgreabs edesiat far ofeldett fommation
correction patterns according to an enbodi nent of the
posPE£SENt  invention. BEST MODE FOR CARRYI NG OUT THE
I NVENTI ON The present invention is described in detai
based ong{he £rhodi RMAdilugtibatas FBrt B8s8E i igsan

First, an exenplary image form ng apparatus 1000 is
el ow with . referenc .Fi gs i Fi -y
outli ?&@Rﬁe&)&e({aﬁéaﬁ%ég J'|nsgac apﬁ]eaﬁﬂgfév}/: o% tﬁg Iillcr%ggeir eation
form ng apparatus, 1000. The illustrat i_mage for.m.n
B L L T T e e L AT
gui de nmenbers including a guide rod 1 and a guide rai
dot 2fomphetiguiBes+®P’ and the guide rail 2 are nounted

in traversed positions between |eft and right side
boar ds (nBigsh®wry aobchemathaghidaran Agr dppariping a case
The guide rod 1 and the guide rail 2 hold a carriage
of applying a correction pattern 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

jinvention.

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



3 so that the carriage 3 can slide in the main
scanning direction. A main scanning notor 4 drives
wdﬂﬁ@s/@,k?dd' ng nmovement of thg carriage 3 via Ei'ctrrJE‘kd(bQ/06s4ss
belt 5 stretched between a“driving pulley 6A and
driven pulley 6B. Thereby, the carriage 3 is able to
travel (scan) in the arrow directions shown in Fig.2

gulc{enﬁll @BEEénﬂhegugﬁhéeﬁt LQDde ];Iglf ae{rféi @%ﬁd@%a@l 2. The

reco ur d Jettlng i ncluding, for

guldlee)é n$ é‘t‘-ih?% %&_J)]r n%u %%:ag.?. g?:g art d( %51 7xcaver7srg(j(§8glgfons
and bl ack ( respecti The

S ST ﬁé@?r@aﬁ%ﬁ%?t SELQWPX &1 Fprigiage forming

aligned in a direction perpendicular to_ the main

appastedasi-ngThe ractdordds lagrddihal gud densatar ¢ ihgjel 3 sarriage
that ink droplets can be jetted downward therefrom

3 soTtieatt eherchingi dpa® Fanmel iidecindheampinsstamarigendiaechgon.
part that generates pressure used for jetting ink

A ma9hHHLInS iy BBt o & Red ¥ Bess dhaglieHthg/motaneeX afpiies chreiage
pressure generating part nay be a thermal actuator

3 viiisC Elfd.tl.h!;' 5ﬁ§tt§es1ﬂr@c%§iércﬁ HeRAREESa Oérltbﬂlfg kailieq BR and

an electric heat converting elenent (e heat i ng
resistor) apes, y 0 i
o LTVl SRR ﬁ%ﬁ%ﬁﬁaﬁfé"% gridhe o wraver

accorda ce with't erature, c statl
(scaRk (it GPATTHN (L R0 e PECEF Tt lgm% s e
22 PCTI1JP2007/068485 Furthernore, the recording head
dirgcikomot |imted to having plural recording head parts
corresponding to each color. For. exanple, the

recor di ngfieahrrizme Balves gl megoridAkd b@@ﬁn@llm@ﬁl]@itlng
for jetting ink of plural colors.

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.



The carriage 3 also has a sub-tank 8 for supplying
ink of each color to the recording head 7. The _
WO08803%%0 8 is  supplied wizzh ink from a mai n REAE2Z(G7/068485
e. ink cartridge, not shown) via an ink supplying
tube(s) 9. The image form ng apparatus al so includes a
sheet feeding portion for feeding sheets of paEer,lz
stacked Barshsmmere, sthe iarpredrg peagi/ 4 ssheét Limthed to
cassette 10. The sheet feeding portion includes a
havisepalarahgreecrding deaty partsi cororsreedingitengach color.
sufficient for separating sheets of paper 12 fromthe
For Eiefiplest 2tk R cpadlingnteadsherty fleede nglumd 1 emk 3 titing
this exanple, a half noon shaped roller) for

NG g nghaeks of pRaral d316p€. at a time from
noz£t:lageys ee?] st ag%?ng pgrtpll. The separating pad 14 is

confi gur t h tis,d Nyt ' [ t fdvin
t he sheg"?1 g@%&ngg%oslépgﬁéﬁaéﬁ%E%%B&%B%gbcgESeyeg yind
., . fromthe sheet .feeding part..i veyed.,t 0 _ar :
ink b%‘?(ﬁ/?ct équjé)crort(ﬂ %&%%&&O‘Fqlpﬁ %%%grgt o%éloenvsgls) %t Z{ S
paper 12 to the area hel ow the recording head 7, the
Sup g v £ by G EaBa RRLEs A8k Jobr etk rEhe SagSTop o)
belt 21 that conveys the paper 12 by attracting the
via papeind supnlyisiedubssisdt i% force; a counter roller
22 and the conveyor belt 21 having the paper 12
del i ver edrhien histange rfcaftieny eppeiratng ahesopapetudgs a sheet
conveyed from WO 2008/ 035790 2 3 PCT/ JP20071068485
feelDgg el dreedi N gy ¥haeds Pl pepids; 1A stankeyoon Fekheet
gui de 23 for placing the paper 12 flat on the

staggﬂxgyﬁripq_llt ofla i SHaREEAGCad et ient athensifet eeding
paper 12 conveyed in a substantially upright

porg gég.gl:éeégigélsaé )seBg?aEE.BB p@ﬁ PP HaRghe L 2PPESY IR ¥ient

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



and a pressing nenber 24 for pressing a pressing
roll er 25 against the conveyor belt 21 Fur t her nor e,

wd figsgzmge forning apparat a_char gicige s
roller (charging part) 26ui3or charg| ng t he urfac 07/8 s

t he conveyor belt 21. In this exanple, the conveyor
belt 21 is an endless belt stretched between a

the %%%\“—E%%ﬁ?%@’ﬁ%? B £ 08! 2378 eyl HR1E ggide 23
ror fudciBavide bindh 522911?@ Srorhe detfrdin BEAE 2 D owt E6tnging

dlrectlon shown in Fig (sub-scanni ng directi.on)
the pripatablee Oﬁd%ké%lp?ﬁﬁf 15? ARy e ABEr ST @t‘?%tlally upright
posi tioned at the backside of the conveyor belt 21 in
(pexmaTrdEispoiRdE npes ik i on 1t an gog lienwf epbsoxiingtal g bfleghees;
recording head 7. Furthernore, the charging roller 26

and asppassingnedbecd ot pueddind apasdaoerollehes against
conveyor belt 21 so that the <charging roller 26

the Irite8®d Bed€CRI dans-tMddholdes tREaimfie Hornti®g apparatus
conveyor belt 21. As shown in.Fig.2, the inage formng

incARRAL & U5, g&?l H_»B&EL%? Scﬁaf_giﬁtﬁ £Pcpdes 6. cﬂ%ﬁgantgothe

rotary enco er 36 1 nc disk 34 attac

[ ot aft of th nweyor roller 27 and a sensor
Sur%@c é‘f ciolnveyaclmsI%l i \séﬁ‘ ‘formed in the slit disk

34. MD 2008/ 35 790 24 PCT/3P2007/0684 5

farmng agp uSXErRHSy nE*P%d—“é”é“’fyﬁJFeg’Flﬁ £§h1a§ @g’nﬁndless

portion for discharging the sheet of_faper 12 onto
belytareties RPEVEER 0F GORVIRYOrhECt £ebr4ll RGchadeesiorhgoller

sheet discharging portion includes a separating claw
28. 5A sub-sepanatigngotor 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 encodexr 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.



t he paper 12 fromthe conveyor belt 21, a first sheet
discharging roller 53, a second sheet disch '
WQ@”?’Q“%S, and a sheet di2dcharge tray 54 fo?pr(g#@g%w%mss
t he paper(s) 12 thereon. Furthernore, a double-side
sheet feeding unit (not shown) nay be detachably
attached to a rear portion of the |nage formn ng heet
apparatu@heBymaGFafPﬁgl@%eaRRﬁﬂﬁﬁﬂﬁ e inglpdgs a she
reverse direction, the paper 12 is delivered to the
dlscﬁawhhﬁgspdet$baeforfdmﬁbh&ﬁqmnq the gbees ﬁgvﬁaﬁ?ﬁelz onto
paper 12 flipped upside down. Then, the flipped paper
Wth:i‘lz da$ aCapeeyedobdeld bo the p@mdsrdnatgvémact We €bhanskeet
ol ler 22 and the conveyor belt 21. Furthernore, as

dlsc%g(?c#tl ' 55:9131’1 QA Ll REAMEIY ngTetaRrE s fobbsdmrrating
arn ng/restorlng the operating status of the

the Eggélrg.‘%%ﬁfr%?tytgg ::?:I[ Rednali e 521”"3 P1+4¥ iSRG el @Bscharging

n thls exanp ‘e, toward the back
rollséalrde o:?otzshﬁecg " SC%ngllgg {;{ﬁ? %8 5?9 S 'd agRet

udes, for
exanpl e, plural caps 57 for overln e of
dis@mtgeftadie dhdrPl efagripfet ECB?B?ﬁé Ee]a% 511‘&? ovrv}'per

bl ade 58 for wiping off residual ink fromthe surf ac ? &
of the noattdermane.af PARPIeceacteehdeaeing unit (no

receiving accunul ated ink that is jetted in a process
show) ndiys pestiatachanihylesiteetheidnko aNDeRE0UBROBERPHthe 1mage
PCT/ JP2007/ 068485 Accordingly, wth the imge form ng

ForRPRGAIPE: M .NYBY heoadioitey daes ardrbesy eobkilguiattihenreverse
sheets of paper 12 are separated and conveyed sheet

d1rg¥t§gﬁ dljx @J_e sheed deadidredpact thet Beubleeside sheet

par at conveyed paper 12 is guided to the part
feeglng unlt 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 Z21.

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.



the conveyor belt 21 and the counter roller 22 in an

upright manner by the guide 15, and then the
woQoésaasshi on of the conveyed paper is change@ct/yp2007/068485

approxi mately 90 degrees by guiding the tip part of

the paper with the conveyor guide 23 and pressing the

paper 12 against the conveyor belt 21 with the

pressi NoaLobl@ingby, bt fe CRAYEVESN ARG ERHR0RLBMANg

bi as supplying p of a control part (not shown) o

the i e form.n I al ' '

the pBorerOesartopoetor beoartbions SR P 22 ore
charging roller 26 in accordance w an_al nat.e

sepagRALY) #Hy caaff%?ﬁ.sfﬁﬁe# §%ﬁh%eﬁe§£%fﬁf?2%$h%%f Feriifg part,
alternately charged wth negative and positive

then/bhe sgesratedreenrvayed GRPE Iptedet BLHAFR ¢ OWF e pay between
accordance with the alternate charging pattern. \Wen

the tbeveppebel? 25 andnvley eduohen ndid egha? gedapomaipit manner
belt 21, the paper 12 is attracted to the conveyor

by thel u2debys, elrettdhest ahiecotbeseat Tdnhelts cohsegafepaper
12 is conveyed in the sub-scanning direction by the

is dHIREORRBEokRRatRTYEYON dbgtde2 Db i@ Heetapdpagt of
= dIrwea 7 ] g?soi nkadr ogl ets %%Jt:oet hey Bpﬂngp;rﬂdb whi | g tphe

R I s [ . GOr gﬁﬁp?ﬁgg%- t
s fpgag)\%é:r é’%ghdt aglcE%ngyrgrgvgﬁlé%? io? t he carril\gg?fsl%ge gngS]r: 12
the recording head.7 recor rints).a sin by
agai i (1§ COETRY et d Ao d i RO a8 Bl e Tt
paper 12 is further conveyed W 2008/ 035790 26 PC
| JP2007/ Go8dBES cCaNye¥d80&nALRd Ofir ARAt LIt STRRbYHR$FrT
the next row. The recording operation of the
of aexwriiqlg feedd (hdts sdwwl)etodd tgmeii»magesﬁgﬁallngsapparatus
recei ved indicative of the conpletion of the recording
altepediadliwrpplicsdheghtveeoind pesicdveecatitefnahe pagages to

12 reaching
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



the edge of the recording area. After the conpletion

of the recording operation, the paper is dis e
WOt scharge tray 54.268n a case of condﬁgﬂ?‘lﬁgooq/%s“ss

doubl e side printing, the paper 12 is flipped upside
down after the recording of the front side (the side

which is printed first) of the Eq&er 12 is coqg}eﬁﬁd.
a prafetsaFEne? distaprppEars5eERREIR RS BRAKERS I &
paper is the printing surface bK rotating the
recamtivey opeeltioniof theveassddng headi Ve rgrpdetsdpuhen a
12 to the double side sheet feeding unit (not shown)
signallhenretaevéd iippadapdyer of Xles compleyadntaf the pagerding
between the counter roller 22 and the conveyor belt
operdtid¥ 8 ih@ecRePeE oflZheSrphncart of the mapuseyldr rbeching
21, the recording head 7 conducts the above-described

] ' e n8N kB . Pagke st dendicddif etiapeiofl Zhe
theA t rdcmgc%gcg%g ngngpgr ation is conpl ect gg),qet he paper

12 is disch d I SCh Q4thel i KIEASR t
rec%%nrrégpﬁgr?ﬁ%grg, ftégré%%egﬁéa%g%%%ﬂgt andi ng by t0 ray
conduct a printing (recording) operation, the
4.carriage 3 is noved toward the recovery nechani sm 56.

The cap 57 covers the nozzle side of the recordjn
head 7 tolkeepfFasfe °fn&Pﬂdé’é:tﬁ‘ﬁligsfi?ul?ﬁfasSbii%v}éﬁ%{b%%'r chs
jetting performance caused by dried ink. Furthernore,

pap@helZ itshélipped owrtisia Hewnoafter sile rerondingosf ¢4y dgont
27 PCT/ JP2007/ 068485 the recording head 7, a recovery

sidepehat tie WhYchd sper frorekdibyt ) sufctheoprpgrdéciumdcapdgted.
vi scous ink (recording liquid) fromthe nozzles and
The $§5+ N L Beri fPpandobuhbt eshe Dher, sidie od pae papee is the

w pes off the ink that has adhered to the nozzle
priﬁ{:gﬁgoéufﬂfce 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



recording head 7 during the recovery operation.

Furthernore, an enpty jetting (idling) operation that
woi280d/dssBhevant to a printing operation may becrt/ p2007/068485

performed in which ink isjetted, for exanple, prior

to a recording operation or during the recording

operation. Next, an exanple of a recording head part

the pELUAEMy HBak?, " 2o PR 5 bbetkbied by
ot SE35E ST LoV FLORS Ak Tl ngl 0GR 0 e
rordled BRATESLOR ol S oG Bylaler ab e Sol o001 1o

recordi ng head 7 includes a |ayered structure forned
58 wipesorditnghe oifel Hératahfisoadprace 101the grozadenmgide of the
formed by perform ng anisotropic etching on a single
recandjstahesil 7 doringublse natiaevery vpbration. plEtedhe@mhore, an
(for exanple, formed by performng electroformng on
emptdy Reekehgplalleng)r oyt detion thadtoneri rsilidfvaee 06 4 peinting
flow plate 101, and a nozzle comruni cation path 103

ope ROV 18t 0BcaPe HPPRfed U 388 B ihRei| pwdlat €ot0dxample,
This layered structure is formed with, for exanple, a

1 1027 TR AL CAL AN 4 TR Ll QY GO BEL O s
oridPER £ ire RTTIPL Ry A B ety ek SO BbL AR o,
liquid cQggggr 106_serying_.as a ressure neratin
chanber , NEtomBn FRBHLE ChaRber 08 e Pare iicluded
2008/ 035790 28 PCI/ JP2007/068485, supplying ink to the
in thegupgcErinBdicarod 15 deacribeg YEER siehfdencsare Figs.3 and
(supply path) 107, and an ink supply port 109 in flow |
ddrgmani ¢ at ¢ o s stefe illemad ovvhern allioggi al lehahbedin@Bdirection
Furthernore, the recording head 7 includes two rows
of a ligquid 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 communication path
103 provided on an upper surface of the flow plate 101l. This
layered structure is formed with, for example, a nozzle
communication path 105 in flow communication with the nozzle (s)

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

pressure generating chamber, a common liquid chamber 108 for



(al though only one rawis illustrated in Fig.3) of

| ayered structure type piezoelectric elenents I
WQ@%QPF@%? to as "pressure gBnerating part"” orl)c’l(/ﬁza)g/068485

"actuator part") 121 for applying pressure to the ink

inside the liquid chanber 106 by deform ng the

vibration plate 102, and a base substrateéﬁlz ffixe
suppbying ipk &ddihetdiaid sharber124° 112i% rRet-ggance
that plural pillar parts 123 are fornmed in-between
part héspppkvepach) i 08l eanshtan ink sumpliopgktt A8pin| &tow
parts 123 are farnmed at the sane tinme of formng the
comBi:BZ6&t £6h rirttiel enentemddt Milver dc whisimbgra 168se
material of the piezoelectric elenment 121, the pillar

parts 123psiPRbymbesomhe REESBHINYG IHedE Tsinekudes divio/&ows
voltage is applied thereto. Furthernore, the

(algggﬁgﬁagféigLSﬁﬁ! £ nf s 120 st r AU 961 €d ¢t.8)aB tFPEyered

adriving circuit (driving 1C, not
shown) is nount T r nggg P td O et
StrgFng%i %XP& gfgggﬁjzig@%fcg %lon erg! % o(%aiL éfor g%ef%%é:%‘ger = =
130. The frane, nenber 130 s , fabricated,t oL M :
“PrE§SHIBoP e 1519 RATE n8Fal FF R AN & at)o?ZEu#ﬁ pplying
(including, for exanple, the piezoelectric_elenmen .
pregguret he thasénkrirda &he IiAuideFbpRbey %@ﬁc‘éﬁ(/é’{%ﬁ#ﬂlﬂg
i ncluding the coomon |iquid chanber 108, and an ink
thesuppkyt hoh 82 flO2,sapply brgei akbstrahe te adifixgd §o the
the comon |iquid chanber 108. The franme WO
pie2R9/:0351 20e PefleH 12R2007E A6545 e netrbdrtiiB0pilyral pillar
fabricated by injection nolding with use of, for

par®@APhearad fdiaidmlinSektisBEnr €% Hil2odl RNty bYpgents 121.
resin) or polyphenylene sulfate. The flow plate 101

Al’éhsoufg%b&il& %&gg.atr%afﬁﬂﬁ@ﬁir@%med 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 actuator
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



concave parts and hole parts including the nozzle

communi cation path 105 and the |iquid chanber 106.
wobhaes/issoy pl ate 101 is fabicated, for exanplper/i®¥07/068485

usi ng an ani sotropic etching nethod in which an

al kali type etching liquid (e.g. potassium hydroxide,

KOH) is applied to a single crystal silicon substrate

memb%g‘wégg f? of&glyﬂ@ét% NE 19RL Bh ﬂBlH&n?l‘}rQih hdeiSE, for

ver e note that "ot her material's may be used
for fabrjcating the.fl ow subsirate | d
examglfg| & EPEEral e PFLon AT i & S Rh A Bty o
stai nl ess steel substrate or a photosensitive resin
polyphgnylepepeulfak8: The vibration plate 102 is
fabricated, for exanple, by performng an )
el ect r of 8hai Agowephate oh0h hetfabpicated drardprmpfrarious
nickel. It is however to be noted that other netal
condalvat parbs ard haridegpamerbinciwdting the bordilegctogetrhertion
a nmetal plate and a resin plate may al so be used. The
pathil@z0ehecthieC1ebaiantiadBdr andis. t IMhepidllcar plartes 10231s
and the frame nenber 130 are bonded to the vibration

fabRl &R 4l 020 PYe HishHile ?%ﬁﬁggﬁ?vﬁn ageNot i hezehenpl Méenod

103 is formed wi'th noZzl es 104 having i ameters
. angin 3 A res ;
s GG AP cHB UAD £961 ESRONEIER A e e,

pl.ate 133 is bonded to the flow.pl.ate 10 Si an
<M o SO Lae kP STRL TS Z00G1GS 7o 13 Sipstratd ivifly o
PCTI JP20071068485 nozzle Eiate 103 i ncludes, for
cryshalmpllanes orseritaricsr Pal (hbbber Tthad MPYeRdt & be noted
repellent layer formed on its outernost surface. The
thatpptheemeteriieleimamrehe Ysad foi Sabyxapptengfip) gy suhgsrate
a layered structure in which piezoelectric nateria
101 ¥ekiad 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 pm — 30 pm in correspondence with the

sizes of respective liquid chambers 106. The nozzle plate 103

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



internal el ectrodes 152 are alternately layered on top
one another. The internal electrodes 152, which
W%?@’”&?V%‘} nately extended B8 the side edge plEnkE2}7/068485
the piezoelectric elenment 121, are connected to an
I ndependent el ectrode 153 and a common el ectrode 154
In this exanple, the pressure is applied to the i
nozhetimkate gl ieRanees 106F IfFaR ey & Ia%%évaéawcl fenpex
constant d33 material for the piezoelectric materia
havibg.a Iatier emelkdentt bayer rnmed bat 1pe eRdtaananty sarégee-
be applied to the ink in the |iquid chanber 106 by
usi ng a pree edleeckliectednse amerd3 inatleis aikampde, tP&r) 121
pi ezoel ectric material 151. Furthernore, a single row
hasOh PipZasd ettt uekeiBniig dr birpehechiow fedetrial 151 and
correspondence wth a single base substrate 121.

:Lntfai'ﬁgﬁ.d%ﬁ]?lﬂroaﬁﬁ 5 8 &3 é’falﬁrtdartgelfﬁa@re%‘ar @hngop of one
e nozz ed

romt es 104 of thé above-describ

ano%g%?::. gl ﬂg@d rnail etle c*{%ﬁ%%i%%l ?’[%Er ' %hﬂ:ﬁrrsgét =S t?]fﬁ‘ately

Sower ing fage a
plezoelectrlc el ement 121 to vol t

extppgfdr éheI TG PRSP RGP ?ﬁe%a%"ef%%t%? Rheugpt 121,

the liquid chanber 106 increases as_the vibration
areplcgnaeched; §0| aletrdePandenl rRlGsorRdfc e A BRG; Fe COmMMOnN

contraction of the piezoelectric elenent 121. Then,
eleicticodleoS 4i ntIn tthd s| egainglehafibe P EGEUIEhés, aphéied to the
vol tage applied to the piezoelectric elenent is raised

inkSent baé WRn2003HA3HE30186 IoPEELHPA0PLE684BEct the constant
pi ezoel ectric elenment 121 expands in the |ayered

d33d&n%1%trllam £6F dhe phicezetkeeirittnetepbat 121, TheieMbwever
the volunme of the [|iquid chanber 106 decreases as the
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liquid 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 piezoelectric element 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



wi th the expansion of the piezoelectric elenment 121.
As a result, pressure is applied to the ink inside

woldd6s/d3sehgi d chanber 106, t%]gr eby jetting ink peyiyphdo9ddsass
the nozzle 104. Then, the sition of the vibration

plate 102 returns to its original position by
| owering the voltage applied to the piezoelectric

: +.0 f tad tyentialy. 44 :
the BT Lt 0o Uicht 2 EARRAEF i (RO 1R aifSction
osition, the .liquyid cha r 6_expan tq_ creat
of B I EEais SRTeRE TPy St anbor OGS o the
. hegative pressure in the liquid ¢chanber 106 al.l

Liqyitk dhempers dBBI feer$at s’ tife theqlithr@hafiBer 1 akts 102ofpEorms
t he common |iquid chanber 108. The recordi ng operation

in mpmarmer predrddigohbadazdngvesnezzie tte ifexorirgrpondence
jetting process after the vibration of the neniscus

witH abhe extpdrirel ooz ?|thelPile adé bactat s elaméntiet2hes Astabksult,
It is to be noted that the nmethod of driving the

predHe0s di HGgiglaiced’ dos thet inkMithed deo thhe 1abaya- 6rsabébetos,
exanpl e pul | / push nmethod). For exanple, a pull

the PBLNOMOF 1 8y BUSD SRt Hedn Ry be-s7rl ayad by

controlling the drive waveformapplied to the

200 of 1 R raGEe Hp it abRarar ncr st B uns
to Ja CPRUG T OBBIRS oMY TN b AT T63E5PeFRpLisd to the

includes, for exanmple, a CPU 201 for overall control |
pieroabeGerhg Smanyl 16 &or EBet FeRererce ot R pamogential.

(jaggy correction)) of the inmage form ng apparatus, a
As tReMvaBZzafrdonspbatad 42 ogtamssahd Wet eriigdnall pasiiion, the
liquid 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 liquid 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.S5.



a conput er-readabl e recordi ng nmedi um 500 for execution
by the CPU 201, a RAMfor tenporarily storing inage B
WOPHOROMAYW the |ike, a rewstable non-volatild ‘8&7/068483

204 for maintaining data when the power of the inage
form ng apparatus is turned off, and an ASIC 205 for
processing various signals corresponding to i nage
data, i mhetdoutmit peirgri0 & oforIGehf bred wdes ndge example,
processing (e.g., image sorting), and controlling )

a Cp¥abpeusocpasterafl tdentreElge iinlndigg apparefusf Fherection
control part 200 further includes, for exanple, an

of ég/ng:o;%lqﬁ_pfa%se)ﬁaaﬁgi perdateigny) ségnghs whdde ttwmtiost

rinting control part 207 including a data transfer

app %&‘Ttursglng Zof r%o‘ée Fopavel P{x{%} %gg)%‘%r’%}nisngnﬁ adtd Qhstalled via

i'Nng the recordi ng a head driver
(driver IC 8 for drivin neceL di "oy the CPU
2 copPBbFasHCOHbhE TEAPE kISP PG (it aenToy £pe
for driving the mai,n scanning potor nd_t he .
201 . KRBT GFROSP ALY SHORGIObTBESS (FBEY BAF: o i =
supplying AC bias to the charge roller 34, and an I/Oh
rew2ilthlily noacwplahgleanseniy dtcker SR 1StgAaI e fahy gD the
encoder sensors 43, 35, the tenperature sensor 215,
pow@n b Dtther imagasbosmiThapmnatols par turgedi efEomik PEIASIC
to a control panel 214 for inputting data to the

205 | {9 fRicish g gapRal et §iSs iafith MY £pr288pHA8570LS ikage data,
PCT/ JP2007/ 068485 di spl aying data. The control part

inofPARIEET, ESpiab g piph: ek pmadtprdasmbie b, soaoe
sortgg Pggﬂ@ﬁégntggfifﬁﬁnvéﬁfgﬁé $ace3nee¢t efet @mab@r 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



i nformati on processi ng apparatus (e.g., a persona
conputer (PC)) 600, an inage readi ng apparatus (e.qg.
wo2bosi03888 scanner) and/ or Jgghphot ogr aphi ng appeiabid7/06848s
(e.g., a digital canera). e CPU 201 of the contro
part 200 reads out and analyzes the inmage data

(printing data) stored in a reception buffer of the
dispgVayi#@06dathen, the ASIC 205 performs various
processes on the image data such as inage processing

and dat aTh%e@cgrngrk?fg gﬁ%ﬁ: 208'$ el DB SPINCLSTRR é%@%%lgte data

data are trans romthe printing contro

(head _drive control 07.to t head driver .208.
£ront PRERST G atcthe P PAE Fihar SePOR OF = FREvor tei.
patterns for_outputting images is conducted in the
the gnteraet)dri e st meldpsts SPRSCHEsSetPhedobepEdfPLle, an
The printing control part 207 transfers inmage data in
infarmatfionnpodcessing agapaatvst (e dhead perisearl2ogmpyter (PC))
addition, the printing control part 207 outputs
600t mandfhege ctendindg rapqairagdis fler gt | aas fiertagen g dammeraged/or
data), latch signals, and droplet control signals

a pHdtsdeaprdny s? @atthe head.dr hvai?£@§1 dagerPy i nting

control part 7 has a drive waveform generating part

i ncl udi ngR BpH 6@AV ekt ehef ea?e%i%ar'k’a!?zg)/*reads out and

conversion on pattern ata of drive signals stored in
he ROV 2Q2 and rive.wavefor el L Rg. part :
sna ke e PR st e RN EChR AT P S RE%HETH aterion
2008ﬂg%ﬁé§0/§ %@PCT/JFZOO7/068485 Io‘%ﬂi%verT_‘:ZOS. .
buf i G ditiift i/ #€%r i hiEFRg EbRtdotC BRI Yt rgedus
drive waveforns including one or nore drive pul ses
ProgeRssAe ol gt dyadendada: such eFeiBpPfePRAvVEFsing fpd data

the head driver 208. The head driver 208 applies drive
reasigmpdreeninc| fded, 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 pfinter
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



in the waveforns output fromthe printing control part
207 to_a driving elenent (e.g. the above-de ' /
WO2088 07t ric el enent 1284 The driving el emﬁg&m“"ss
generates energy for enabling ink droplets to be
selectively jetted fromthe recording head 7. The

head driver 208 applies the drive signals ba on
drivser 288+ y Aaqerdingriy é%?&l&*&ﬁl@ﬁ%ﬁ%%?%t g%g i Figfrgrates
line of the recording head 7. By selecting the drjve
driveukseeforhsdedlidintend: v @oRa@F BraPUlpaR (@rdgeet IRals)
different sizes including |arge droplets (large
and dnitPut sredicudrdrveplatrefomedi ten tbe sheadirdicisreat 1208 .
droplets (small dots) can be jetted fromthe

recor di ngheadad. dFhee £PLb R Mprhl exlliaties shgndisvincluded
out put value (control wvalue) for controlling the main

o 3eann 0 A ¥8% bhRentARENcSSaFvI RAMDRON 4o a
= ﬁh%ﬂt %§*ﬁ§?§r53??€?ﬂg part 2%0 Pn agc%rdanceQQVAth t he
. cal cul.at ed val ue. e uliat Lok : d2Q% 4 81 t
driying FLBFh e udt e%l[%eagglgéegé%g?ggggr%l%ﬁgidet ected o0
osi tion value bt ai ped by_s ling the det ' .
121)Bul d&e GrivhadeR SH%PQS‘éﬁE%FaQ% ?Iilgregy Ieflonreae‘r‘?lc‘a‘té;r]l((:'){ﬂ)1 erj)nk
and the target speed value and the target .positi
drophéte tst beaplintdvedandcthed %Hhﬁ&ﬁ%}qrgﬁ%ﬁr%??ﬁgg' The
In the same manner, the CPU 201 cal cul ates the drjve,
headuipiiterv DB eagdlarets the\dities sigradshassid PREIHe LY input
sub-scanning notor 31 and drives the sub-scannin

ima§Bt @4t 3 ot sdvmdipgot oda | Ayl aNDiDR08S 035y 96=@8-ding head
CT/ JP2007/ 068485 part 210 in accordance with the

7. C8Y Gialed nvat ie arfife paliedl ahtDidedfint bhe G RO Waiveform,
based on thé detected speed val ue and the detected

insfEELA 1 008 s samline hecdlomiyms (larse
dotesr)]sO%ggig.urﬁmcgrotpq.eettsar(ﬂg&iﬁﬁeggty)a,l Uthd small droplets (small
dots) can be jetted 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 isbased
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 motoxr driving



and the target position value stored beforehand in a
speed/ position profile. Next, exanples of the printing
woRe3eleepart 207 and the dwad driver 208 ar @ct/yp2007/068485
described with reference to Fig.6. As described above,

the printing control part 207 has a drive waveform

generating part 301 for generating a drive waveform
part DCOUG] Agcptdsite dhtMaHUESESu &t bd @agugnal ®e 88Uculation

outputting the drive waveformin a single printing

of tA¥PHK 804 & H48La NS hetBREH dedPbl P bhBG HBebbbted

I mge data corresponding to the output (print) inmage

(,ar adat. i [ ied) t. kan 1)

pos{fEl S35 BhBRhe g b aptiatd Th¥ SearitOilimitt of che
signal is bit signal for jnstructing openin

SNCOfifF EFB?PH?%}?Qaﬁ- SRFPLRT &%C{ T ﬁ&ggﬁgrﬁﬁe value
the head driver 208 with respect to each droplet. In

and dge dspirfe RS GiR VRdusr storrg pefrsghandale odmon
drive waveform the droplet control signal nakes a

spead pesitriosinionilteo an Hlevel (ON) with respect to a
sel ected waveform and nakes a state-transition to a L

l evel (ORExtY texam@ipechdrttithe pramtsSelieebatrovaeftoR®7 and
The head driver 208 includes a shift register 311 for

the | HPA tdPOvd F 0 rLlRE T i (46 Qele)rcaRd 86TF8. 6.
i mage data WO 20081035790 3 6 PCT/ JP2007/ 068485

(gradati ofy Eﬁ%}'s@ﬁh)éﬁ_a@c}x!qu?%&ggﬂr %ggﬁ%ﬁtféfg%&%r207 has

part 302, a [latch circuit ng ea
resi stance val ue of .t.he shift

@ AEfinat S i o ias P et Agh GEnoGrhhap: Brit Ve
wavggégma{]r?c]t.ggir% Op?ll.uertalc%nrtirvoel p?lil%réasl S(d'\J;/'[:)'L_v'\e/Bsgggals) 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 MO0-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 droplet 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



outputting the decoding results, a level shifter 314

for converting the level of the logic |level v
W(ggoaﬂg:fm%ﬁ the decoder 3133fnto a | evel oper g&oljé)tp?(g)ﬁmmss

an anal og switch 315, and the analog switch 315 for

switching on and off (open/close) according to the

out put of the decoder 3_via the vel shifter 1
(geoHaCARal G 2o e PAES TS EoRMECHod s d-8PbetiRR T J02- @

el ectrode %independent_electrode)_153 of each ,
latgheoedwict pile fef ddmhingioach resdatents P ismbnthe shift

drive waveformfromthe drive waveformgenerating
regpater3Bll Wiidr dfadrah Sﬁgnaééor@kﬂﬂﬁpdﬁnI$18h§°rr@§ﬁ94¥?g the

of decoding the serially transferred i nage data

gradgtadat data datiafhandripieidrogpitatolc gnitgrallssMriiBsand
IMNO- NN3 by the decoder 313, the analog switch 315 is

outPitkgRgd a8, dbectinggebysalt o & 1dvadanarftieredldr fue
signal "of the common drive waveformto pass through

L+ ode . b
coné%e%%&%@s%%giﬁ.g%iﬁeg fRE }Sglé?lé\;@l. RISER)LEiGhal of the

, exanples of a drive waveform are

d Lbed.wi th f j . . i
declg%%%r ;?gt hﬁ%(tarall lreeire r %E)%%agfeﬂf(gf' a7n %@1%&.?){9 é@bﬁgﬂ\@lﬂ,n and

Ve waveform generating

generates a dri signal (drjve wavefo i ncl udi,n
thejagirloy PW\%@CBu\éiés ng - égiFﬁhJan%i Myl ae“% Qﬁﬁ i ($PRE F?S&e)

(one drive period) . WO 2008/ 035790 37 . )
acREHIgRP b 7aE SAEPULTRE B¢ Weqdegedl PIvis thgcl guel Fhyrfter

exanpl e, a waveform el enent dropping froma reference
31&l ectric potential Ve and a waveform elenent rising

fromthe dropped state. The drive pulse to be used is

sel ect ed aeeor@ianggt swtihehdBdpl ¢ camtectedsitgna selection

MO-MB from

electrode (independent electrode) 153 of each piezoelectric
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 data transfer part 302. The waveform el enent of a

drive pulse having a potential V dropping fromthe
woRbeisnee el ectric potentigh Ve corresponds plcqsd2007/068485

pul I'i ng waveform el ement for causing the

pi ezoel ectric element 121 to contract and increase the

volunme of the liquid chanber 106. The waveform

The )I8RNbulEed B ive DU BRIe, ifoNExihOTR 2 ArRRREG ol 81 8ment
corresponds to ‘a pushing waveform el ement for causi ng

Le t u
droppind FERE o?E“fEEGFLC%HEEEC%?%%#‘%Eﬁ%?%ﬂe#&‘ﬁ%egﬁvefom
accordance e, dro contr nal s_ .M>
e ARG AL FRRIRT b e883: " Tne SFPTE minatE Cipp uses
Is selected in,a case of formn a smal |l -si zed dro%l
is sRgied aeeprises ta)tht Ol-*qogle@) cophEOH /@Rt 3 from
P4-P6 are selected in a case of formng rredl um si zed
the dap cinsfedi padot3)2.(See (b) of Fig. 8) , the
drive pul ses P2-P8 are selected in a case of formng
| ar ge- si Zéak cao@fEisn (dlampatdofsh (Bbee(phlsé Faging)a
and drive pulse P2 is selected in a case of

pot@et i i nixdopiadrintm G he WeFeabhes elecaeRiscpstdhtinl ve
no jetting of droplets) Accordingly, the selected

corﬁééy&d&ﬂ@ﬁ% ML 1R Iﬁ&éﬂbﬁmglem@ﬁeekset {:Eﬁs?h&”@t@é

of the recording head 7. In a case of formng a
2 790Q 3
Ple%%%%%z%oﬁ%&%ﬁ&?%fﬁ?%&a%% S LHLERSS B (e ume of
I P4, dd tt d_at the
theH 9@ ieEss D atbf Povarom il rthq R ienpulse
drive pul se 26. The jetted first, second, and third
risgpgpfets ardrarnan HIGHFPOGHE AAdanBRENLRGaraveForm

the nmedi um
element for causing the piezoelectric element 121 to expand and

reduce the volume of the liquid chamber 106.

Furthermore, in accordance with the droplet control
signals M0-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),



as a single droplet. In this case, when the inherent

vi bration period of the pressure chanber (Ii.gui
WOHEBE9% 06) i s representedd as "Tc", the int'erVAr igos4ss

the jetting timng between the drive pulse P4 and P5

is preferably " 2Tc 0.5 p s. Since the drive pul ses

P4 and P5 have a sinple pulljng waveformelement. .th

2 £55RC GROPLEL 18 PEEFSt AEHENT TSP BETe(E i Pl S Bedihi T opLet
too fast if the drive pulse P6 is also_provided wth

is pebtedlat pile idig e watlsembdl ettt 2 TR Ed TR P dfsdetted
the inpact l[ocation of the droplet to deviate from

at the drpectphbsatPédn dhe Hetsehefidsbpl 8esondhezed delelrd
by reducing the pulling voltage (reducing drop of

dropheekrde pekpnheal dufiig e ghdramd mplkesinifct phethe medium
pul I i ng of neniscus can be reduced, to thereby

as éﬁéiﬁ‘%i@ &IEJ%J.'é%k diqpi el s seend ehehhthd dheer&it vibration
wever, the

rise voltage is not to be reduced for

. . Lt |
per%%\élrcgfgﬁgga%%%%ﬁ%gh%%@ (ﬁg.a'lulie dHBE M @68 MY dSsented

the vol tage for the'last
driye pulse in set .of.drive , ' [
as Sl cBB e 56 8 10et e PhERS paifer B upgve putse
relatively reduced. Accordin&%g, the inpact location -
P4 phdt P isaprefarablit” G 6B ohEd Wi hde ApLee pulses

| ocations of the other  droplets. The fine drive Eulse
P4 PAdHRS havera s medvebul hingrwans ZousrdsBeeb, $hy ppk droplet
P/ JP20071068485 vibrating the nmeniscus of a nozzle
spadd beuthg ehirdgitaidedr eplétisecare thatfadteifeiisdudvefpulse
the nozzle can be prevented fromdrying. The fire
p6 951 ¥EsPpreeiBadiwiappl &etple gula ihgoeadé fgrineddméntor This
a non-printing area of a nmedium By using the drive
colPY $8%2 BAY BEpact 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 voltage is not to be reduced for saving necessary ink droplet
volume.

In other words, by relatively reducing the pull
voltage for the last drive pulse 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



a fine waveform as one of the drive pulses for formng
a large droplet, the drive period can be shortened

wd Aegeisesat ed) . By setting @e interval of thed@lpbdoRBesass
timng between the fine drive pulse P2 and the drive

pul se P3 within a range of 0. 5p s with respect to
the inherent vibration period "Tc", the volune of ink

vibr ARl £l HeChbREs g%fs tde Anioys 1RULSehES3E CAdt P& PaAnRedroplets

(1ncreased). Th is, by overlapping (suppl enenti ng)

so t:lj'llrg,ﬁzv Eﬁ% %%zi %J%Otf;@ﬁ? AL &2 eca%h %gbﬁfex??ﬁgé)&nft{rt% edrying .

he pressure vibration o

vi,bratjaon period {,n the pressure hanber fr.omthe

The (1T Gpiveh B3 5% G 43| BHRLOTC TR TGP ptepsad 7 for
jetted at the drive pulse P3 is greater conpared to )

a nophpr{BF4Re 216 Yhe meddiid  dBBpsdn g e dgipy PrHeedt4 having
pul se 23 al one. Next, an exenplary operation of

a fiper f@Evefngmasl one ofothecdrdve gbulbses nege fwirminghe large
above-descri bed image form ng apparatus is described.

droglet SttHexadmilve] pddiloquicdn e tshoetenade (hocslagated) .
apparatus 1000 exhibits jagged areas at a di agona

part of af, gutting t¥le BALEPRIE oSERE G St ndot Snff BREween
in the diagonal part by the inmage form ng “apparatus

[ r ' P\ . : i
che 100 S A BATGEC) DR SLEPSEC TN 2918000, Linge or
a_case where WO O%g“%?SZQ 4 0 . PCT/JP2007/ 0684
e

T O RafR D Lo PR ¢ AT e HP TR T b PRGWE g‘rT,c'é'sthe
shown_in_ (b) of Fig.9, significant jagged_areas .
volyme gy L0k QEPP}e‘épﬂgfg%EEdal}i’d’ thRafEtYRP PPyCc3R Bspgained

in a case where characters are printed in an
(ingyradedli ediaf Hew bP¥severiappring devepieeeniabimyle,the

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 liquid 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



exenpl ary nethods for reducing (correcting) the jagged

areas _include using dots smaller than other
WO ORI outline part or 4@ding new dots to '?eér)]rﬁ{l)ﬁ}"%/()6848°

spaces in the outline part. However, the nethod of
using dots smaller than other dots at the outline
part cannot be used.,as the correcting q;thod in_a gg ;
chagactgFA HEE AT iNRsge 1 MDY W aPRes, T B e AS ° n
words, formng an image by printing or not printing a
(b) dot F5)0 - ConeloybEieantdradsrareansanaAy) 1957y erpear and
of using recording liquid (ink) of four colors (black
chafrtecyaual By impeotain V) capel Woerg Yharackegsnposinwinted
bl ack dot of C, M Y can be formed by jetting ink
in @hoﬁ.h%tﬁfQEl@ntMy apd Yesoluatihe. saze despadbeHoabbiren.
is knowmn that a dot printed with the conposite

ePdp% argheab8licihyi gbb PSS ihdn tehdl ddtzeed
ex %&glg%ﬁhéés fg& ongl u?thernoréﬁﬁanothg%gg' 2

1nc§.ﬁ@%ﬁ%‘s&§gbhgeg gﬂgli’érctdh% obheANA syl RErm! @ﬁféeéutllne

tne can be Jettlng i nk droplets of

M_Y,. and a 0
parfe & GWGRE Y %8%’5 Pt PR ¥c%§%| Al N I?Q@{n{ &}tllne part.
di fferent colors, black dgts havi different
Howsyyaght 8§sBetRAR o asIEgdP TS r 5 5&5@8&@?%9%5 gh the
outline part of, for exanple, a black character. WO
outZ008Y GESTICaRnoRCE ) PREE 72D derB S omaqtHegBeEhodnip a case
case where a color ink besides those of the
of afcamdmentinoieagé owitlc dimesy( Kal@zs M iy)othenweddse. forming
black ink with greater brightness such as |ight
anb.l. g hintandobr hbsepiimaimdayelat (erene type of dot
i ght ness by conpositing the colors

31ze).

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.



such as bl ack, |ight black, cyan, magenta, and yell ow.
In a case of formng an i mage by using dots of

wotbéd/@5R0t Sizes, an outling part of an inmage
be corrected by Changingqﬁhe <i 765 of dots PE?ﬂEﬁh§ﬁk&ms

outline part into sizes smaller than other dots or by
addi ng dots snaller than other dots to a part

surr Ound!E'ﬂgtBEEmBEQ |12 Rl e ML SF ANk T Qs those

per spective, art prlnted mn r dots wl
r.to have e LLght ngs s ce
of tREREREE B AL Fgf%‘?r% 3PS 0hoGr a7 G hEBOE R - plack
printed wth r.ger dots ccordjp .. - an outI
ink d‘U'rtrhe@trieﬁ‘Ejeéij &’gle"f?&ﬁsﬁes‘al? athedt &Il%/ bragks oIF a(rd"edﬂot
that the different dot sizes also serve to physically
itselddgea hpge pagfeycnt casialrnesfemibcempRistifiag the colors
configuration capable of formng nore dot sizes, a
suchnnsabimdkabﬂdghmtbﬂaekcocyentimngeahabeanthebkmw-
owi ng to nore choices of dot sizes and nore variations

of dot qor mechisen offattbemiig &N addgéioN, usiky dots of
configuration can be used in form ng character other

dlff&aéh@éﬁsgs, Eh%am&ﬁe gt 8808, 10AGENhARRAbAdISorrected
capable of "form ng dots of various sizes can use both

by cggﬁg @‘E?xe ffféé %%ddo@sué{: 'R ST £ q{(% 99¢ @H%oglyﬁé Qfaller

Sl Zzes eg,usn SSITB.

ot her do as the d s_of outI rt or VO
thasy e Sits poo BRcTRsEa80%F b el T iy iR, gots to
| arger than the other dots to a part surrounding an
parip I TRIBHNY R QU 150 Perdes cFTHR R REPFHelmacro)
correcting method wusing different dot brightnesses
pergreetive n thee asatobringek wots, smakley ks efidht appsay to
of ink to formdifferent dot brlghtnesses)
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



Accordingly, in a case of form ng black characters or

thin |lines, a conbination of the outline correct] _
WORMHRE™Isi ng  different dof2sizes and the outh iTh%QO%mGs“s’

correcting nmethod using different dot brightnesses
can be used whereas in a' case of formng characters
or thin lines of a color besides black, the r%lzjltl i ne

addiwg R4S AG KBEABY HRIMGRA PRULENECHS: Qi3 dartafupEounding
used. In other words, in an inmage form ng apparat us

an ouspabkmansf) o Fhegliesdsiscdilbrer @l e eerrest Heg method
one or both of the follow ng nethod (part) can be

using eli Bxoerdi dgttloridietriawsss tle.ge , tora eessedof taggdy dots,
i mage), in which one nethod (part) is for changing

usih§iFfigRinRersn@$ o iheas farsidigferdolt dot katigitnesaes) .
outline part (e.g., outline part of a character or a

thin linejc-qihp Prisghtinesseobratohfed Mlad@hardeters
added to a part surrounding the outline part to a

or i eﬂ'@%%’: arceln%'inva?i?ér?gc%ﬁghgro 13 LHeroLi REERoQusing

situate outline part and the other
. et hod art) is fo hangi t he dat_ si. of .
diffgzept a&&: ninz =9 o‘i‘n‘i i t&l%t‘%bﬂ%ﬁlear? ocﬁftelcl%% 8 %pglre t g%’cei. gond
outline part of a character or a_thin Ijne) or FE% .
differest Aotobrightrasiencanhy BsedstheIFasd? 8 P Hart Forming

surrounding the outline part. As described below it |,
chairscterbeonotlein t Hetes lof vsoferhbasigparbiyckarfhse cutline

conbined as a single nmethod (part) for performng a
corkeicghhaemns t e 20884 Q 3670 derdt RIKL JH2G(7 /(368485 used.

changi ng process and a dot size changi ng process at

the sane thM:-hdyywdsHisg ik g0rimReld Dorphid @pparatus capable
Accordingly, by changing dot size and dot brightness,

of %%:::@?.%j QR+caBebgi perfokhpesdh ads 2 & wher drivelr agnwolththe
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. BAs described
below, it is to be noted that the two methods (parts) can be

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



variations. In addition, inproving character quality
by changing dot size and changi ng dot brightness can

wo R6BS7dohe tradeoffs betyeen preventing dr ylp@g,ﬁioog,t;gmsa
nozzl e and preventing incréase of ink cost. For

exanple, in a case of printing a docunent mainly of
bl ack, although jetting failure due to drying of a

C f o€l
e REA € ol G s o P SRR AR b e

case of _conpositin ck, ink costs tend to
by Hsﬁgr gsgofﬁgggﬁgﬂlgF?tgrgost i ncrease unrelated to

ouF! e BBEERC PR oty byt i et ot 2R eianeness,

causes increase of ink cost and ink bleeding. .
corrpedrieorcan g erabpPirmgdbat ha detgkezelevnh i by grore
bri ght ness change, nozzle drying and i nk cost
variatirease Tamdidtthiope jmenenitrgrchileacter xuaphaypoyxasasging
in performng the above-described outline correction

dot ¥iezglese idmethownbh doef Breghenesd €&g. F&Hude gtHH (t)adeoffs
shows a case where no outline correction is

betwWdd] PrERenthAgFis (0 thet 8L 36 4293 ERALSIgALR
° notlggablg 9 th%l%%tllne part. N@anm%?%% Fﬁggﬁcxc§ease

of iAINBA, CH3E WahEr < Oty & MERODE A P RIC AR 1y
of b3E5l) GREIRNIG J Rt e S A e S r85¥§n%>s°\¥)?h%‘¥l°r nozzle

changing the enpty (bl ank) dots into dots having
tendg A4S QRFYer A HOEGES Pt FARANARE bhet Rezase SW%‘Fl‘il rﬂ’eeduce

outline part. In addition to or as an alternative of
printinguddets MYeanebilen igf aFcgseQpB)comprsdotng dflacke ink
outline part can be

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.1l0(a) shows a case where no outline correction
is performed. In Fig.1l0(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)



changed into dots having a relatively small size.

Accordingly, by adding small dots to the out]i <
WOLP0SYHE | agged parts at 4he outline part b@ﬁ“ﬁéowwu&

snooth. In a case of an inmage form ng apparatus
capabl e of using dots size, outline correction can be

performed . in a greater variet s, Jhus, t :
dots REgethak ASngChaRPRALHE W%égﬁaﬁﬁy e éLﬂF?aCEq%es having
outline correction. It is to be noted that th nun‘oei.
a sigfe mnalilem| pr eauad) EbpRutidh OF JdR idatS BF gptline
dots, sizes of dots are not |imted to those .
paritlesdn kediitdonh&oenipodsnent sl o¢rnaiei e ea®rithe HALNGN,
such as in Fig. 10(b). Furthernore, this outline
corfOEE £6h 1 O EEd. Te(b)perdhey medsnotf aheyohbilibkapart can be
characters but also for color <characters. Fig.10(c)

chaﬁﬁé’&’sirﬁz& %‘%s""ﬁ%@n? uf | idNe teRi1gCEnanli sizper tecoedihygly,
changing the dots of the outline part into dots Dp

havi Lat | t i .
by 1A fend a%g% w"tﬁ% SicPriobLpesstiban p8Ft& e the

I'1ne part. The changi ng "of” "bri ght ness
be perforned on the ot e_added. .
Outggg?oﬁﬁgF ngS T HRS o%ﬁ‘??lﬂb' ngt g“‘orgg%% ?ﬁegﬁdéﬁggghlf%ﬁmg

originally form_in this exanple, a,hl.ack ch ter.
aDPBy AR HGARA 125 SHE PG Sght IR 4 B SUBPEE PaTHT D P

character, the jagged parts at the outline part )
perffocned 1mss gneatesatrelet TREr 6BYS - aF Bif/ the 1mage forming

correction effect can be attained. WO 2005/035790 4 5
appREhtEE2067/ PE5B5EN farrd eritmbde bytiiacusersfclbes- It 1s
with different brightnesses, outline correction can be
to B heieadtRat eRkynuhbéEr &f rulbige-vrd ny aprarfatrmstion

capabl e of forming dots of different sizes but even
1od¥diRraNniiBee dOWHRY 8PPas FusoeaPabé emsdd 1fianfedgdto 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.



dots of a single dot size. It is to be noted that the
nunber of nulti-value or dot formation | ocati on,

wondiaRk7oef dots, sizes of gots, brightness ofpcgobso706s485
the kind of ink used for formng the dots are not

l[imted to those described in the enbodi nents of the
present invention, such as in Fig.10(c). Fig.10(d)
shows a ¢asehwhbeeQUbki BBeCOLE 66F | @b & Swi kel d.OF faebiy
changi ng the dots of the outline part into dots Dp

pridiidiGdL! ahtYehy gbeALer i ight Bésﬁ?]ff@ﬁnéaaﬁo@fontl with

dots of the outline part and al so changli ng (addi ng

on 4500 ST GANGL A0, NS BRLL g A 99 BibBBens

. smaller dot ,sjize than the other dots of the outli .
512G Bt Gyt i LR S Ao ST g FEBASEE VS Cobhe of Forming

conbi ning the dot size changcl ng process and dot
dotgqfyRt AEBSLe iy isAiESPpr 0&EsES W%@r Bpyedatihdk eche number of
efficient outline correction effect can be attained.
nultThevalote lori ght nEssmathberi lneairiocessunkgrbef pdotfer medes of
on the dots originally formng, in this exanple, a

dot#] &k ghliaeast€f dotid)eototlse tkdnbdeo Adided uised Ferofddning the
part, or the dots changed into a smaller size. it is

dotd @rkensetigchitaaf tbhenduirirsofibaH! 1 tHal BRboBEmERES of the
formation | ocation, nunber of dots, sizes'of dots,

pm%’éxing.hfrﬂ%ﬁﬁci éids%h Q. tihe i _r}t_dngf:% i nk used for

orm ng the s are not [i 0 those descri bed

in the e(l}glodi(%@e(g%ssf t he \é\DZO 8/035079 A 6 cction i

PCT/ JP200 TH0B0MES  SBF¥Scht SRR TR, CRubi g CqrFection is

Fi g.lo&d). it i,;s to be noted that the liquid jet head
pertepael &Y 6PagirengRactetdolditheePBRL 18P B3 T sl dots Dp

limted to a piezoelectric type head and an
havingaeledigely ayprteredrighdness 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



exanple, the liquid jet head nay be a thermal type

head including nozzles of different dianeter _
WO EYP STy | ng a non-|i neart® characteristic folfc’lg‘ﬁlzg‘o"/(’68483

controlling heater resistance. The above-described

outline correction effect can be attained with an

i mage, form ng appar at us,hayi ng. any, one of the heads.
PreﬁﬁﬂﬁnﬁﬂWﬁﬂﬁkoq'a§§€3 &real %ﬁﬁgé@fgkan be hardly

noticeabl e and inmage quality can be .ingroved b

changi ng kthds bpi BRteEed gthak theydiidie d6t P%afih‘éapable

dots formng an outline part (for exanple, an outline
of fsrtiref dotrharfactidifesens bimesr iBnagk)limitemetdd to

be added to a part surrounding the outline part to a
pieiBéTdNEsS gleatiosel wndr eat elethansthbicotypdcheader For

dots formng the outline part. From another aspect,

K 1A 86t £4 Spet! Re88NRRbe a AR r=af eypethd=al bacluding
exaifb PO 1 dar%ﬁf} S e e O B ot tor vi st 1ty

nozz gn\gvgf ’di%ffe@ce?ﬁs %iﬁﬁ@ﬁ:@rtsr@f €3 i fet & HYFileAR! non-linear

contrast between the paper and the i nmage (character)

, the edges at_the qutli. I 0 e, | e bggone
chataEHEEr o AT | aua reds Becste ot salnre.

Therefore, in a _case of ertornig? Oﬁtlin correc%g Nith
abopg-des AE L bt HARH FOFLLEER: ShF Pht T &8 2R

j agged areas can be reduced without deterijoration of
an ynsgbi FPTRing apRaR R N NDRYhEPGhPhesESr BR2ERe

framewor k of the character while using dots WO

2008/ 035786cdr il ,J PROYADE8485 (dRgAvyhepn be hardly
bri ghtness for the outline part of the character. For

not@xafBhe, ahll an&gs eqefl ftoy rdary ke Himpelovelkabgc tbrngwhghthe
recording liquids of four colors (K, C M Y), the

brigﬁﬂﬁ.b%)é ofPhctNe bl apk gbaracties dear bermNed easedt bine part
sing a conposite black

(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



i nk including the four colors (four color conposite

bl ack ink). However, in this case, jagged areas can
wobkeosregweed Wit hout deterigration of visibil ipkYBYoo7/068485

using the four color conposite black ink for the

framewor k of the black character while using a single

bl ack color (K) ink or a three color conposite bl ack

of Hithed Yrilfhenaut! Epe PREtoQELLAE péﬁ@koffa{@%rfarracter
Furt hernore, the anpunt of ink consuned can be | ess

conpar ed dh u I it Cc
Furtherngﬁg g% %ete?f{%gEtﬁg g%g?e o% %n g&?k?néh%g% Eer
in the dot §ize ch process .

wieradcl e Gl B 3o BRI PP o Mol chiRgiaRs ity
correction pattern (descrlbed |n detall belomb)

of the Lrafihghesacher fercke drcarased v usdmg meprpesiitgeolack
correction can be realized according to the angle of

ink tihelygiingneheafaur FodoagakfPer taletetembosgtehblaall &nk) -
of the outline part, first, the dots formng the

Howemstd,i nen pdvits aneedetjagyed. ardghsncaanbeutdduns=d oringobuty
connecting the detected dots is obtained. Then, the

detei@r@tGfod RE QuklibRRiPYr byl Gs€alCthat ﬁ@ubkél&'@&fdn&%s:.te
the outline and a predeterm ned direction (e.g., main

blacﬁ@%ﬂé rf%r AhECeLLAG OF I SHP- 1SN @Ha%%k‘tgg) while using

Accord |ng y, a correction pattern correspondi ng t

2 s Rl soBbR 5L /503 (B A 9%250@7%%%2%8%0%? 3 B c§%§% ak
for ﬁ}ef i e GRaFngEt Ehoar 66 ComER e ors. SHAChPagPBPs the
(e.g., angle of the outline part, etc.) are described
amogd @ﬁ/ ink ﬁoflﬁ@n%@ﬁnd?e é@sﬁo@ﬂmﬁ@r%ﬂipl winpEhediqunhcolor

according to the angle
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.



of the outline part, a correction pattern includes one
or nore outline pattern data and correction .

WORHEOB5Y esponding to thef®utline pattern d%ﬁ'&ﬁ@@&wa
the outline correction is perfornmed by matching a

detected outline pattern and a correction pattern.
Whet her jagged areas (jaggy) in the outline part_are.
not | ceabl%‘%ad‘lys&aégﬁegg éﬁrg?mf?‘ﬁgo%%glcﬁ%%Onrsraecetlon
(e.g., resolution, type of paper). Sinpce dot .. . d
usideremtiast i ad e a560rdpBeEi FPe¥aFhodRSPdttHaps an
case of high resolution printing, | agg%/ in the
facoot s i(Begparangle dEsbenntildempart ThsFel e desrriRagtgelow.
where sufficient resolution can be obtained, outline
In tHef&L6d ben T ftimingadutile Heeqor rect iduatherdbng tovitehangle
respect to types of paper, dots tend to blur when
of PhA SLPARRL ;sa%ﬂJ,S%dco&!%ée%bheﬁoaﬁv@fh glessyieqmapele oirsmore
used, the shapes of dots clearly appear and the
ensit €80k Sprbkd &4 MatEheberesBondin
out?ﬁ%ee%gg%igé?lié%‘iag%glg{)ecg?%gndoj Z%gy IS noa{ i ceabl e. B J
Therefore, it _js determned, whet Lt ECESSAN :
to tBeperf ?“Pr‘?tﬂ%‘ljbﬁjfrlli‘ﬁaetad'et gEPangg%db%Ejfﬁl%e& thon 1s
correction depends on printing.conditjons . 0., .
perfesprdiibRateyprIct dph EF?gaw&%l&&?%ﬁ%@ a&*ﬁ’x? cRgrection
correction; when it is determned to be WD 2008/ 035790
pat4e@nPCTI JP2007/ 068485 necessary, with a correction
pattern based on the printing conditions, an optinmm

out | i ne cwheehéroragwgml beeper fiegud #ntHwputline part are
unnecessary data processing. Since the outline

notG¥eh8tti ARyt Beddasend dbmgotintaimg conditions (e.g.,
resolution, type of paper). Since dot formation location can be
specified in detail in a case of high resolution printing, 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 is 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



enbodi nent of the present invention is applicable to
characters and thin line inmges, the cal cul ation

woWhdsi:9ag performed for thegoutline correcti gpriRidgDebsass
can be reduced by obtaining object data of the inage

to be printed (e.g., text data, photograph data,
graphic data, thin line data) and performng the

necd¥idy é/;e wighegt bBEreE'E%ﬁsﬁa@BQrﬁ h@aQé‘é | d 6150 rﬂﬁ@{ﬂl%

process on character data and [ i ne data only.

COI‘J.({JT afﬂh gpgﬁ S;Pt u.{n Y t?l%r fégﬂl% 881@?) tﬂé’ﬂ‘?’ormed without

|qU| ype I mage
aratus, jettin fallure (e.g., broken (n1SS|ng)
unn?ég%f F@FﬁsprBFgﬁéﬁPgllne patterns) tend to occur
as |nk becones dry and the viscosity of the ink
|ncrease§lnP§rth@u¢%#l§ﬂe|QQﬁ%eéﬁé@an%F%°@+ﬁ?QQEﬁiﬁg to an
form ng apparatus is used under a | ow tenperature
embatidisart bdwthéupnes eyt dmyiemdiioent s orprl teadelatier eshahacters
i mage form ng apparatus has not been used for a |ong

and perinodineé Uetagusnbl-eascar @ulatabire wiowrkloaduperformed for the
Furthernmore, as for other printing conditions, when

out PiadtbRgcLIRER ritalod 8afl be REHAEEADLPBbEEREENG object data
conS|st|ng of nostly black characters but with a part

= cert al : rﬁi& (ﬂ?e 3)@ q{ﬁe ci()r aI%ISe][ ?égﬁéﬁ???'ug g%%%)ﬁ data,
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color inks may cause jetting failure and Ha¥ E

Progaf3 Fnd bRE M 1 ECERGIERPERTRTS paY £ha ﬁCB? éatipand

prevent the above-described jetting failures, the
thimokime datoe dmlyxd eaned and bl ank (enpty) ink jetting

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



Is perfornmed. However, these processes reduce printing

t hr oughput and unnecessarily consune ink. Fur re, ...
WOROREBIIR col or i nks may used by printing %J]'gf"g@%ﬁ’“m

character part with conposite black ink for

preventing the jetting failure, this leads to an

increase in the amount of ink co suﬁﬁ_gi on and t%? (miss)
the gphearaier 1pks Magyeauardat dag T/ s ALAYRE S6FP (™M

density of the characters. More specifically, in a
prirddsey wier ecdosorpasiacéell Rektef four colors (K, C M

Y) is used, jagged areas will clearly appear due to

i ncr easedndemsitry tof preeenhathet @pevetdescridnd Wedtdng

conposite black of three colors (C, M Y) is used,

FaiMbsddi bhehdfz1kheacs ey atésned badretidedetpey ) dnk jetting
reduced density of the characters. By referring to

is ;g%ﬁfﬁnéjﬁt apgfieiaRge Haka bPolessud NMkficd patigetingmage

a) or coflor conponent data cal culated fromthe

t ar.get, i ] in ' uagh
A e
performance_and suitable, jnk consunpti :
colep)PuEs d‘?tyab&n&SFHeEXOPSFntﬁ%o%gbﬁjta@(dé:t%a.rg%%gg ?grjcgﬁ ith
correction pattern can be selected fromthe aspect pf .
compe$ Hi APAGCE 1K BRE BFYSAF NG thSiRETELRY F&,'g%y‘“s cads
sel ecting a correction pattern using a |arge anmount of
to appliiocreake inntlae cawandf ofrink cﬁ@swtméngoﬁm spppgrance
nostly of characters/thin |ines where the color ink

of YE@@ed ateasi Sué dw an bhycsabsehgensi® @008/08b7gacEers .
PCTI M2007/ 068485 a correction pattern that controls

Morb e LT Nt oni 0k @arhwheke at Compdyiagebeack pedf @amunfors
based on col or conmponent data. In a case of performng

SRk S SR A e ey glospens e co
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 tobe 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



characters of a color other than black, suitable
outline correction can be performed by changing the
woQ0égRsidpon patterns basedjon col or conponenipc@abo7/oessss
For exanple, since jagged areas are nore noticeable
when using colors as black, cyan, and nmagenta at an
outline part conmpared to using a color such as yellow,
a cobRectGehr ettesn PAkd €I db e P haRgRduR@sedn0Br COA@H ink
conponent data so that optimumoutline correction can
to aggar%%@t%‘F‘igeﬁuéangﬁ%SseaoéﬁeEBi&’P @&?}S dht, '@f:a@l SO
sw tche t

according to status data o e | mage
form ng par at us e. g.., anbient t erature of. .
ar di Oy 1B SRS g BRSPS AbshTnS cPapsalien fsing
from previous, use of the inage form ng , apparatus) .
the gl LhampraNIiniBroessdi 1roms tRRerar Qf'eg% Hnﬁﬁe fgtaytrcludes
tends to occur (e.g., low tenperature, |ow humdity,
charaghigumeded cpéprodfheri thas plaflkr aphitable auidiing
correction pattern that can use various inks in a
corresltanre danmapa gre fimrmatd dynchgngiegdyhg etdriregtion patterns
performance. For exanple, under conditions where it is
based bl edlibr E@fipoidnt Qatay. (€og. ex@imgle | iR HE8ed areas
high humdity) it is preferable to select a
are MBLECLLE AL AL QRBAL Y N SR 13AUSS KKk, COPSMMORagenta
for preventing problens Such as cockling and bleedlng.
u . 1R ere. [
ot SFUCHUSUHRBard UBe 080 VIS ELADS, LINOE, AL y1 0, ene
WD 2008/ 035790 5 2 PCT/ JP2007/ 068485 | ti-val ue dot
COrI{Ze)on &’ﬁ%i%@ﬁp CORE 1 DR IRe PEEE eo?eé‘ﬂj‘?i‘”g CQF“EPPSPg SR
to occur, for a particular size droplet (e,g., snal
5O thadpl RHIMUY AALEEy COEFCAdd ONnEgds BBakrth{SVaReref ore,
by switching the correction pattern and changi ng the
conbi nat ilrtdfermore, correction patterns 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
apparat_us) . 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 varlous 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 and bleeding.

Furthermore, in a case where the image forming

apparatus is capable of forming dots of multiplé sizes



dot sizes, degrading of image quality due to jetting

failure can be prevented. Next, an exenplary outl i
WM REY%n operation (net¥dd) is described VEC(TZ’PZOO%GS“SS

reference to Fig.1l1l. This outline correction

operation is executed by having a CPU 201 execute a

program stored in a ROM 202. In the outline correcti.an
(mulggerverliUsn dofti sdize)pr PROARGT GaRdLEFERBLTAY naqsFotetting

exanple, the printing data include printing node
failumsdiatdanr time sobagiden)ari rhge daPalee. ge;gcm%?all

conponent data, object data) , and status data of the
dropXege, ftoy timgeknpprgtide (eage, qaabitnt ddte)efomsenby

the CPU 201 determ nes whether outline correction is

switlQeass ahe 88sedcoloh atekirgl Aed charigignghdatanbinatdon of
case where outline correction is determ ned

dot Lg}%%esaép%éﬁ&%ngl of S_'L%fafgiechﬁaﬁ.ija% iz @80 ettt ORg 3@ lure can

charact er [ Ine to be printed), outline

b correcti(gn is not perfornmed. In a case where outline
€ %B?Y%%Y? N is determ ned necessary, the CPU 201
selects a_correction

ttern .be used g d .

Cabl o as Uithn Fh PHRHAT PO iPE B REERIORNSPo RO
table shown in Fig.12 is nerely an exa Ii. T@JS t e_L
(methotlbebs Fseathed 5Lldt Tefe RSt tatter NS+ ‘ng .

limted to those shown WO 2008/ 035790 53 PC
cort3BRO6T/ OBSABELON i Fiegerzntesi hyehaHéngpd | fin201 execute a
correction process differs depending on, for exanple,
profesal stbeadand & ypeMfOdaper, the correction pattern
I's different according to resolution and type

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.

Tn a case where outline correction is determined
necessary, the CPU 201 selects a correction pattern to be used
pased on a table as shown in Fig.l2. 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



of paper. Furthernore, even if the resolution or the
type of paper is the sane, it may be desirable to
wo2dbsi@Eohhe correction patggrn accordi ng 10 ®{gyp2007/068485
anmbi ent conditions of the“Tmage form ng apparatus or
data configuration of the image data. For exanple, a
correction pattern that increases the usage rate of C

. FN% Y, may be selected for preventing nozzle failure.
in F3¢kdvot her exanple, a correction pattern that

control s ink consunpt.ion may be_ sel ect f.or,. i ng
i nk costSinS§ t ﬁgg%ﬁn 9§£5§§5lﬁﬁepgg?ﬁssi%ﬁ%gggg
form ng apparatus is capable of forning dots of
dependdng P i xanpkomHaRal Wi ogf afke & Q'rsfz gaper, the
changi ng process and the dot brightness changi ng
corrpeoies pate rinei skl femic eccecting i acisolgfaracaed $ype
and the dot size changi ng process nmay be used when
of pPir.eCiipgh&éphore £ haract the rEues utdickf er ¢hie type of paper
correction patterns are assigned to various

is tIEORREL | PP BV BESqddH £do B @0 gl ecItIRA cogetBed) guttern
cal culating various printing data. As shown in Fig. 13,

accoggg{r{g G £8E LR PR LS ¢ N ddeSndPlHEgh %giiﬂih@eapparatus

rns an ot arrangenent data (e.g-,
formation | ocation, _nunber of dot dot. _si %gpe of
or d?ﬁﬁ)COEgFgﬁgﬁgﬁa?nﬁft%h?h%m%ﬁﬁI|?§?ba tgrﬁésm? &’ chU
201 perforns a pattern natchkﬁg rocess on épg s&a ma
corregifparRFLBPrRA et le T SRR | ﬁa?ge ard~§ He- out I'r ne ™Y
patterns included in the correction WO 2008/ 035790 54
be sPUECISQ0DYY Ge84BStine nezaleTheilbwre 0L papPshpy example,
outline correction on the detected outline part by
a codBédigien patebirng:taut Eonerpas tiekncomsurhet o maythiepaelected
pattern. More specifically, in performng the outline
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



correction process based on the printing data
according to an enbodi nent of the present i ' <
WQ HBBPH01 selects a corPéction pattern fr g’r\ﬁ‘w&g&ms“s’

table shown in Fig.12 and perfornms outline correction

on the detected outline part by using a corresponding

outline. pa rn.of the selected correct.i.on ttern,
PAtEYED oy dA] (ttelg[? gﬁ LREFTAE"D gﬁ%gﬁﬁeh%%‘?%:talnonaﬁgl %her detected

corresponding to that of the detected outline part .
out hiRe parldsturAnSEmaLEPLAE CWdrMEcRR bre I 48RS CPRTgRTLIOn

exenplary table shown in Fig.l12, the correction
pattewm| s (correction rank) a, 33, y are defined

(categorized) according to anbient conditions of the

i mge f oMoy symudrfatass 1yandhoperdptingogathenoutline

(constitution) of the inmage data. Each correction
cort&¥elon Spmﬁ]eshs@d hore AHee @lriiomt ipat tatasadcbbdonghto an

G according to printing node. For exanple, in a case

embdi8hent Nor G SLI O | BMRIR 10,5tk are oategertaed a
according to anbient tenperature (a indicating |ow

t enper at indicatin i enpe r
cor EERELRHLE e MRS S0 Uk R AL ot posorns

out L 38p (REHT P For oD TS h I 4T CEPRY B NP AR®

Y inks for increasing brightness rather than using K
corrRRPORAYNY Puk iR PatdrRidt Sg Fhe seHRFtsbRPLT e%éﬂmgﬂ]téaern -
a correction pattern C that WO 20031035790 55 .
ForRETAIGPDN7 20664 BEIiNe et teum hatlte amkRNgd/sEPPESIRPRGHT to
be assigned for correction level y (i. e. using one
thatyp€ thei dkteatderowtbinaisgiaxy GayvbeY vsekis)in, ther outline
exanple, in a case where the correction levels vy are
cor¢atedeni gedcasgording to the data configuration of

In an exemplary table shown in Fig.12, the correction
levels (correction rank) o, B, y 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, y are categorized according to ambient
temperature (a indicating low temperature, B 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 o (i.e. usingC, M, and Y inks for
increasing brightness rather than using K ink only in a low

temperature condition). Meanwhile, a correction pattern C that



the image data (a indicating small proportion of black
color data, 3 indicating nediumproportion of black
woCRbsssEet @, Yy indicatingsgkarge proportion ofpchlisdsrocsass
color data), a correction pattern A having high C
Y usage rates can be assigned for correction |evel a
(i.e. using C M and Y inks for increasing
thatb{:!aﬁhl'@&éée | N5t eadh Qfnptsiond Kni BK 985YgMBENEdP&orrection
proportlon of bllack color data in the |nage data is

Meanwhi | e ecti ttern. Vi, NG .l
leve?: yM J‘Y s“ésg]enquSs’tyggn %E E s$ gneed BF usEs récbf‘i gln%
| evel is to be notedthat t he orization
the co ¢ ERFi SRATIRWe Bt & hESRATBER o %ﬁso ?’é%‘?‘?%%m 18els
levels is not to be [imted to those described above.
o, Burbthexumrateparizedscastrdigiantegthe fakacrapfégaration of
black thin lines, the timng for jetting liquid
the dmapketiataf (enéndicabiegcshald paepdetidedf feT éntack tdolor
respect to those of other colors. For exanple, in a
dataGage iofdiRerfieigrmeaiott birbpoeehibACbEOBlavkt Bokor data, vy
configuration capable of jetting four colors of K C

indiMati¥g EE@ ki ﬁi@[ﬁof@ioﬂl edft IHIGhdk ¢10r WBkaf@nabEorrection
di fferent rom timng for jetting C M Y color

S ut i e

S LA LR N R T ?%%"ds%ned for
correct ffect, can be at I.s.to_.be

CorTER S PRRY anddd ScoRPLEAr bt IBne b ittt (Feaging

. confl guration having a WO 2008/ 035790

brighERess oYy o285 s skl %?%%%&%&in BTERERTLOP G, bhack
configuration having one head__for K ink and another

coldyedathotn Ghaviimygerfatand anadad i gifeandh leraq agraection
head with plural nozzle arrays). Fig.14 shows

pattexend deywicgsdeswwler M, dFopkegs aakes 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



jetted at different timngs. Fig.1l4(a) shows a case

where no outline correction is perforned. | i g,
WO ANEPISTMhgged areas are mRiceable at the o &{%&007/068485

part. Fig. 14(b) shows a case where outline
correction is performed by adding snmall dots Ds to the
outline part. However, since the kinds aof dot_si
headcETIPRPOBE LGP GOE 1 I B TUCH T GHE Of B2GErT 0g head
by resolution, the outline <correction effect i%.stiIL.
for iKrsiuflf podeAROtRATFreRd £qQcFr YneY dbtks gt FoRTTuration
| ocations of a portion of the dots D are shifted
havimtgva dheat] wailtialdlypialcmogzleharragsluti on with respect
to the dot formation |ocations of the other dots (in
this exanpi®.14 hshalet exeapdashi Ehedsi whargadnopketmi ane
di rection which perpendicularly intersects the nozzle

Jet BEE Y dif £ELIOM - £ ARGRIAi NELY, 14 (&) OshdiHea cade adidrmeg no
dots can be fornmed in areas where greater outline

out%%%%?%%f%ﬁgneﬁgo%%%e@} airpeaghg 11 eddi §aeFel @ ddis are

. correcti fect (snoothing effect) using a

different, byightness at e i a h
notgPeaBlervh TR pRye] UM I3 Cover Lot e (b b bas s AT
exanpl e shown in Fig. 14 (c).can he executed, not ,.onl
outpyngnCPEAGEt+or m%@%‘éﬁ%&?yc%ﬁm 8?‘#% Cgltnsg p>'to) the
' mul ti-value dot patterns but_al so Qg an i nage forqynq
outapparpaxs- cilealsiverof sine mhsgkbnaary dBFZEéFgér?Eﬁ HEEEEE
Thus, depending on the selected recording head, the _.
andodstt €otrinathipndeess iohsusiengefinéd bantesetutfon, the outline
2008/ 035790 57 PCT/JP2007/ 068485 bri ghtnesses can be
corteed ion €0AdENald enilAsi il diren.g. Ia4H) - 14ric) pegee dot
form ng apparatus capable of formng nulti-val ue dot
FoRAli®nNS ocak iBaLS Bfnha?oﬁ@i'@i e i1k afotchangimg statfted

si ze and changi ng dot fornation

(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) using a 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



| ocati on. Thus, depending on the sel ected recording
head, the correction process of using different dot

woRbgisesses can be used kR conbination. #gﬁ'/.ltpi’ool%s 485
noted that the outline correction processes cribe

with Fig.14 may be performed with a recording head,
dot formation | ocation, nunber of dots, dot size, and

brl@HKneé&éE”ci$aﬂehh§§f:ﬁ?%ﬁh&ﬁ%@t@@ﬂve I'n changing the
timng for Jettlng the |nk a recordi ng head haV|ng

drive wawef ) rihge;. nge rﬁr&)ﬁ Rggfgtus

for seIectlve app "drive orn1t
ord the bov cr

cap g Fhorrs 1&%9 trﬁ%ftlp-vga's‘-‘eun% 4o REREERE! Saeperfoes

with a serjal ype I mage formn aratus, the
comBBREHIR | H T3S IByAS <1 A% Xt GEPRGERY Al feamation

a line type inmge forntng agparatus In the line type
locatihge: flaWd/ngemspariaguen hbgzselesled aFeeppding head, the

substantially across the entire paper in the paper
corwedt hon ginoeetsisont uBdinghErinfErentt det brighttyees sesagmn be used

form ng apparatus perfornms recording (printing) by

in e6RMEyaPPok he paper instead of scanning in the width
direction. Therefore, the line type image formng

appar at ust s; @ty K@PAM &3 Afn A4S it Uﬁ%l'l'?{eerd&‘i%ctlon
nmet hod and the nulti-pass nethod. This nakes it

oS A s PO S 1 ocorei
S AR B L5 e

for the Iine type inmage fornlng appar at us conpared to
otheﬁetsenishosey%essﬁs@edf%P%N%@ app&Pangidng 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



Furthernore, since the line type inmage formng
apparatus perforns recordi ng by conveying pa |
““*ﬁ@%@%?m&o an affixed rec%gding head, it isRﬁﬁ%ﬁ%@ﬁ@?&ws

to performa head cleaning process and a bl ank

jetting process with the line type inmage formng

apparatus. Furthernore, ,since the line t ' s
tyD¢ AL AFPRPRERA5E TONEGroT 88 dFROSG Rekt 1 HoR P ting)

that of the serial inmage form ng _apparatus, a greater
resahwiien of Aoseridngd¥d thmPreRlem 4niddy Xb‘F‘BX??sm‘g%%l SEREOYS

bl ank jetting process. Therefore, the difficulties of
for diltd ili@ecbypecinage fosméadyaprandty gerperrante thmgerial

i nk consunption also apply to the Iine type inage

typéoinhfe BPRAIRY Usppabhwnaf.ore, the present invention
is also effective for the line type imge formng

appar at usgy g Shome - dastdd hed pheegr aypacimagdengotnindg
enbodi mnent of the present invention may be installed

appi%%gghs ;%é@fgﬁt{s' rx%@:%?'gliﬁgr 15\ chgwlé_l{i'}ﬁd bﬁﬁb%o\gifﬁ l'res L?Ct to

an | nage rmng apparatus including a

an oE BT R HOREPRRTHIM) Tt [ her by e &) Bagy o oing Pead

I mprove image quality. t hough t he above-descri bed
CLeRRAGE PERTFSG Sibdr BLASK 1200 SEGSFRaYing R [ihe type
configuration of a printer, the present WO 2008/ 035790
image POTAOPPEOPATESSSS FeNERTEH Sraylarec-be 4ps FEee fgage

an i mage form ng apparatus having a configuration of
foraihacsppiretnachames loongent tiengradppar bead, thancepiterof the
or a nultifunction machi ne having the functions of a
serfiEiNt Rhgeaf dBEShidpparaitthsy aopreaterf amamanplfeink 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



[ Second Exanpl e] Next, another exenplary operation of

performng outline correction of an image with the
wo2be/@sthascri bed image forspng apparatus i s @e56phdeHssass

As described above, in a case of jetting liquid

droplets of different dot dianeters by applying drive

pul ses of different widths or different nunbers of

invetit ¥én plalyS€Bsd BetdiplilkeLos Hmmigadormi@esppdrdthes having
timng of the start of the rise of the neniscus is

a cord¥e QAR URPB £ prgcsoﬂmﬂlf@nﬁeh\ﬁeeugslﬂowﬁug% idBdiGatus, a

for Jetting liquid droplets upon the end of Tthe“drive

cop:gérj% Seo. a rg.'lfgleflﬁ'l 1g£hﬁn%§§13.5&1%851%$}§8§' gﬁef Q{J?E@fo?s %g a

pl €ts to reac I's différen
.aresult, the dot formation, position on the paper is
prl%k??Er%nfa m§T6h 2d6PPFe. tRGr EXEFRLPe, since

the viscosity resistance of ink changes according to
[Secerf rram rature and ambient hunidity, the
meni scus may not be appropriately controlled even if a
drive pufext, srapblereéxeoptlheyr eperdicagnheddpZrfdhmsng
results in deviation of dot inpact position. The
out ki ecdrconth dn @B aal Smagmake tiht ttief Bbowkt-deeciibetiaifage
suitabl e dot size and dot shape. This is also results

forhPngexppitotudfi deddmdy position. Furthernmore, in
a case where the inage form ng apparatus 1000 is WO

2008/ 0357&9_@@55%&%%%%06%853 cagk B%eﬁiefceﬁngnglﬁﬁgid

period of tine, ed 1 nk ray accumilate ~surio

h 4 ) ' wh the |
aroplehrof ahrarrent Sobatancded BEEBLYEng Frtlt dorianp of
,.of time  since the manufacture of the jnage formn
dlfgﬁﬁﬁ?gtﬂédﬁ%ﬁoc?r c‘f’f‘aﬁ’@é@ent numbers of driveé pulses go the

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



in the characteristics of its recording head 7 may

affect_liquid jet precisign and | ead to deviation of _
WOt i on position. Al fRough an exanpl e diCT4F2007/068485

pi ezoel ectric type recording head is used for
descri bing the problem of dot formation position,
this problem may al sp occur_in a case af .using_a
not( HEPARFOFy fe LOPECBRAIFY Nedd B &iF W katVodeat AECHpAate
recording head (a head using electrostatic force .
surerRdaRgacti BRANAP IS -at YOBRROVEFr Bt & RS VREER nfg HEage
vi bration plate for applying pressure to a |iquid .
forohagbeppwiratuhelQD0rizas dreqsl atsed &ort Belevgopel e Headime
7. For exanple, the present invention may be applied
sinke theasaudbctuseny Bhé Henoel fdypeang eppadatigs A€A0, changes
which fornms nulti-value dot patterns by controlling

in ERE st Stadeestvald e roftd ieddierimeheatir’ tay affect liquid
transducer. Next, exenplary cases in performng the

jetfgg\é%ﬂ%%f gnadlega'wedéaﬂlragﬁ%;d QF ane @ssmatbsd Whdition.

erence to Fig-15. Fig.l5(a) shows a case where no
outline cqrrection is far : ] [ ;
T5(a) . saiereelp PRalele dn T retRatasr Pt tbkbanepatng
and stepwi_se jagged . parts are noticeab at _.the .
heagl,i s usehhPt 4%?6%@&@8 YR PEOPLEBITt 38*33‘10&“}?&1% RpsLton,
enough.  Accordingly, by replacing the dots at_the
thigamrobdem aavdiedgot RECWD PD0B/ O35§70D wiing a thermal type
PCT/ JP2007/ 068489 outline part with other dots, the
regdcagijedy dwesak ocannbelecttpstht Fort yweamsicording. hsagdbja head
shows a case where one blank dot situated in the
usisie RNt fartdatdic ttheceubktneepast vilsraepdmgehtevarid an

smal|l size inmage dot (addition of dots). Fig.1l5 (c)
el&Re 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.15(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



a case where two blank dots situated in the stepw se
part of the outline part are replaced with one small
woSodgyssRge dot and anot heg, nedium size i MagecqP2007/068485
(addition of dots) . Fig. }5 (d) shows a case where

two nore dots situated in the stepw se part of the
outline part are replaced with another small size

outl.%gg%afi@t w A cﬂﬂ%f‘%fotém‘éh%”h ébé@d' ABELs U94n Idk reduced.

ion to those of Fig However, as descri bed
above, a case .where t d
f or mat i oﬁ Eoeﬁat“}polne’ ?ﬁg Egogbe) le‘?@rs [ %Vddaaé ?%egl% blank
correction 0Cess nm d ff
cor 1SR SR L el é»ua?c% e

correction by addi ng dot Dh (see Fig. 16(bE)
withradueildgsiaggymage deé 6rddikon |@£r@1°%%)o 19 - li15g(c) shows
16(a), deviation of dot formation position (see
a cabegrldrd two baynkadses uwidesitesd inviere fijraticre pRykref the
areas, to thereby degrade image quality. More

outl&ﬂ%cpafﬁﬂ? akbYrepisa Dt h Rnefigsll &iZe (imagendot afk)another
t he roughness at the outline part of the character in

med:.%hrg éq}na'g% gbONialdaaanbhyonebiteeabl @i £ oMPaugdshids a case
at of Fig.17(a). Accordingly, the present invention

whereeltﬁgtx{lgfé % t@gq_Qﬁgt%Be ﬁﬁogtgﬁﬁﬁ.ég }%‘QJF]E Yr the outline

acCl ng a anot avil ng, for

exanp dlfferet dot, .si ze and/or_ _bri htn S _W,t
part; SEROEFLIACTRAE o UL IR BYCRf 81 FF i R BFE S%Other
2008/ 035790 62 PCT/ JP2007/ 068485 ., _anbi e oﬁ
medigsdizgt dFegcafisite AR RARLELEY, tPaE%%ﬁgt?ﬁeFW

manuf acture, |lapsed tinme f ronprevious inmage formng
process) Howatversaaseddevr ibednakgvelotin ¢r @mScoWhere there

position (dot inpact position) or by referring to the
is a@addtalatdmunit (ddagfeenabyonhpobitihengdotbe 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.1l6(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.1l7(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



deviate froma desired dot formation position on the
aper (nmedium , so as not to use a deV|ated dot
W‘gﬁ‘g’(’"o 8 d adversely affect? i mage quality. i 2bdrissss
exanpl e, the nmethod (pattern) of replacing dots can
be changed by selectively changing a correction

o b TR0 R B e £r

15(a), %% shows a .case, wher np_ ou

R S SRR S qye«augémﬁ%?ggaanmggoss%as ) that
noti ceable at the outline part. Accordin , as shown

causg deviatdem)of detofiernablienrmasitism gee er%P%@FF Rpsition)
different size droplets (mediumdroplet and smal

or Hyopéférrimedicurnheotcandlsambiint dotggres)pbyf ohhel. the dots
this case, when deviation of a droplet inpact

deviagiet f 10 @CiS-cdeddt FodRyt 8bh @ sat isradd tids ppbet: (medium),
i npact position), the dot corresponding to the

so g%VhBEegodﬁgél@tdégﬁﬁﬁﬂdﬂaotﬁ%anhbﬁ {8h88laddrsely affect

formation p05|t|on dot Ds deviating one dot
t
il RS, S0 B B e o S8 emsacins
dOt%:%%§§?Ct%@éﬁ§§é£%g%?éﬁirr gé{eéﬁgp F§eg5% attern

creation of overl apped. ]ines nlst and qurrlqg J%
Fore ASaTRePenEhSFRSF <A T ighial cIh OBt atPare ofdeseribed in

smal | droplet inpact |ocation, a correction pattern
detghilcralowd -WO 2008/ 035790 63 PC, T/ JP2007/ 068485 only

medi um droplets (no small droplets) can be selected as
the corr etk sampatd et .flér(aper Fognidi¢al ehomst hi pese where
correction process (See Fig. 18(d)). Likewise, in a

no ©2%8 iWReE8r+EEE for S A peir@BirhbaantLikevisd, gagabdaareas are
medi um dropl et inpact |ocation, a correction

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



pattern which uses only small droplets (no nmedi um

droplets) can be selected as the correction pattern
woh0és/@sfhor m ng the outlings correction procesgr(iBRB7/068485

Fig. 18(e)). Thus, an optinum correction pattern can

be used in the outline correction process (dot

repl acenent process) according to the deviation status

( AroRUSe sOf ndeshat i Aop1dils)i TahobbeseDéetkd hat the
onlytrﬁ%d%%es&%f drsopg?et s, dr opcl)pet sizes (large, nedium

L L) | i b i roces
corx SFELL g W SEHANAAILET By foc e LorHLe: 48 process

actors causi ng

devi atj on .of dot formation _posi.tion A aGCt:Qf:
(see 35 it @oey, ke how oo Fateore R o 2 S Bk iRane

~described. As described above, the factors causi ng )
devigbiPat PEna ored it JXRRERT oHRRS thasR e pE, PEFection

exanpl e, anbient tenperature, anbient humdity,
pattelkapseichivees codyt bwall ndrelelshufte Pgldupf drepeets) can

i mage form ng apparatus, and el apsed tinme fromthe _
be sPley¥tOd®s theecafrgeriar patgean fomgerioming phecassline

Accordingly, the factors can be detected by providing

corrkle ibhBgeodLI M (BacapPRRl B (5) ) 10@Buwi, tdn @ppatmumf@rrection
detecting the anbient tenperature, anbient humdity

patt(aﬁcng'cant %gpﬁgeauag §ﬁ@5ﬂﬁtﬁ§é PSPt Ficintddiy
t he I r e

tinme el apsed om t time of manufacturing the
i mage formn ppar at us r(%/\%q]zegr \(71 gli aPhis (or the
rep R CRRSP e SRR A T ED68 980 gette (©
PCT/.JP2007/068485_. pr oce?Ds and éjﬁg%i he fsa IS ﬂ(ts
causg of ARy IFeARIn alhof. VOPRRTEEd hBbry sTEppets,
the control part 200. Furtherpmore, the actual ampunt
droplddysé@psof Larget mafvimt SHGLED onPh FRFLRAL IR pattern are
formation position on a nedi um may
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



al so be detected. For exanple, in detecting the actua
f dot formation pgsition deviation, {j _
W@%O%@g??‘grn enabl i ng det e€tion of the armuntI’¢)’¥/'?1;2’007%6848D
deviation fromthe dot formation position during an
actual image formng process (e.g., aruled pattern

ool SIS AL L SLE, 858 AU PEARR Y, (B L1

I 'pac
preci si on dat a) density dat a, bri ght ness data

memare ORAM nelf IRE iR GR ted Hﬁqtﬁggg'dot pattern with,

for exanple, a photo-sensor or a scannin unit. Then

the CPU ZDirthemuiza.csHowaivel amesnt( é%e%eabv?%t%odot

froma target dot formation position (deviation
devaapimg ) £ based targdathdotbfarmedidat positien nent iayglegiumnmay

a case where the configuration for detecting the
als8Chiahetleyi @l omcamesaiphes onBesdéveceonpl ioatadualt Amount

user may input data related to the deviation anmount.

of &dﬂ‘f&‘fﬂﬁ%ioﬁpggﬁtﬁéhtc?éﬁﬂ%@i,' porgel acdd©patethenabling
anount of deviation from the dot formation position
during a u [ f 1.N0: S [ ‘

aet iRt FEoRfG S AL J5RRE rie” ok BbBfation
deyi ati_on, anount am ni ng the output dot,6 pattern

pos§Rorn Gt LAd iR A th SR8 SRETaRBoP AP RERS s i on Fuled
amount . For exanpl e the user has the devi%tio

patagsunEoaRed gekEl S TRRENtpP22f ARES) 1 PFLP pevETIGRE on
|l evel ) beforehand. Then, the user determ nes VO

a m2E68M035Teen 651PCTREIUPIOER485 (impactepsrci aloni éata) /
t he out put dot pattern bel ongs. Then, the user inputs

denddtty @etg,, andneraghtoess edpomdirg dtaireddyereadddg the
| evel via the control panel 214. Next, a relationship

priRfleesst gattEeh MALhNERMOskbile, 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



devi ation and resolution and a relationship between
medi um type (paper type) and inmage quality are
wodesmasshed. As descri bed ve, in general, corr@siooNibs4ss

of the outline part (particularly, the stepw se part
of the outline part) of an image is required in a
case where resolution is low. Manwhile, in a case of

the 18480 {£aR1 UhIAM oaegﬁecaatogaeﬁem%ecltaddgme_ TRah} t0fe @ser
I'mage nmay not be required Since a substantially

. t.i sfact [ | | :

inpuReRe; (o TRDRRR. Ge Boneiaos Bt S ever

~ the stepwi_se part as resolution becones |ower.
via therediel paned ;ﬁé’f'er able to change the nethod of

correcting the outline part (method of dot . .
repl acedant), aasreba i eshid Rt wessofati bareat ¢ Pefagaon
to be formed. Furthernore, deviation of dot formation
devifobét izand rhecdmesonpard rotiededlonshibebebyceh drptigd type
as having poor inmage quality) in a case of a type of
(pap&B Ot yi5e N i ks duauity bireediesgripeidur ri ng)
characteristics. For exanple, even if the deviation

amount  of 5 tdhes dotr dPr4mddON NP SricdR i, S ddieesien of the
I mpact deviation has a direct 1nfluence on inmage

outl%é% g:il?tsrxe{: . a@tf&%aﬁy ushRgs SE pRAPYE tHELRith $ne part)

0sSy paper” has high conttast and exhibits

little blurring. of .inpact dropl.ets. T r At i
of apr aPaPELHER ’f%q'gﬁjé‘?\%ef$ he FRTRHod or croertgreocralc ‘%%r?g’ fhe Lok
outline part WO 2008/ 035790 6,6 PCT/ \L[F%QO?/ Of 485 €13
MeanphalRoditop GRete PEL LR FBAPTUELEDr FOFF ST NPT yi& o~ 10¢

medium Next, in view of the above, an exenplary

partowtfl Eneimegervayi batober aeABhr¢detineg 3 St ved Ly
with reference to the flowhart of Fig.19. This
sat i@aldtee yehnd@e uan iagecan ilgnatsained. 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



executed by having a CPU 201 execute a program stored
ina ROV 202. In this outline correction operation )
W‘%ﬁ@?ﬂ%ﬂf‘? a correction pa%ern i's prepared RS BITRYALE8485
for perform ng pattern matching with respect to an
outline part of an image. Then, in a case where there

i.s a match between the outline.parf of, an inmage an
(met; e PenTREerErs) agcorati: tor bR er it Lo Artum.
mat chi ng process, outline correction is perfornmed ?ﬁkp
repl aci nextdodPsyiewupPlobhai AGOEC st RPVREERALY Ut
outline with a dot(s) having a size designated by the
cormmticiimgpesatéeni Gretgmdleds. described wikh referr¢mito the
the outline correction process perforned by dot :

flowdd B e mig.n6l. udesis eptating ecolrtertkiaotopsnatiam is
i mge dot and nodifying the size of the inage dot.

exed¥ &1 e HKigal hycpun2bheegetht8ea afdRein @toedceasa ROM
first, the CPU 201 determ nes whether the resol ution
2020f the printing node is no greater than a
predeterm ned resolution for determ ning whet her

correcti off QN RN SR 3aNBEERSRIdn (fithod), a

descri bed above, TTn"a case where pri ng res

IS hjgh nough, t hat j agged areas are hardl :
COTHRFTLIRBIRE oF Hel TPUSFOT HheS L ROtk 68 i TAEHRS PREteTD
outline correction process._ As an alternative of or .
mat¢hingdiitioFespechetor ep et HRARMAGT A BRelWgye. Then, in
2008/ 035790 67 PCT/JP2007/ 058485 resolution, a step.
a cade gbteenihvrygishe mapeh betweeh dinecantbene partopfean image
for determ ning whether the outline correction process
andi Sheecessattion Ppat tease ashar eeshet ouf | thee pedrireent merching

process is
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



determ ned necessary, the factors that cause dot
formation position deviation (hereinafter also

Wdz@{,@&gg}gdto as "dot devia i70n data") are Ob%irﬂ?gogéma@sms

descri above, the dot deviation data nmay inc
anbi ent tenperature, anbient humdity, elapsed tine
fromtinme of manufacturing the image form ng

reso2AP2KAL US s@éﬁpéfdd?’ééaﬁﬁﬁfrﬁj“ﬂ[@véﬁ@ df Md8hm can be

executing an 1 nage formng process, ” actual deviation

mount - b n.an t .
pex B IRUEL O SR8 OR B0 0 B LR BT 681109 process
Then, the obtained dot deviation data are conpared

1S DGEERSGT¥el ection condition(s) for selecting a
correction pattern including predeterm ned resol ution,
dat a (or Ihedi Gase yWeekRattd)e ouhbile £IFIREpprocess 1s
pattern is sel ected based on the conparison result.
deteThdénedaneceskang, cone etddonr protat scawse xdutiegmarion
using the selected correction pattern. It is to be
posift@bfitidhiaitidhéheteind fite € al seatd farnedoioeas ddatdeviation
repl acenent process) may not be executed in a case

dataM)eh Bet B9 £i el NOAS UL K&t 1198H RIS, NthBalot Saklisties data
the selection condition. For exanple, as exenplarily

may ingfgdgn%xﬁlgf?ﬁ@keleﬁlgggatﬁ.ﬁrg',Z%rrrrngi‘eﬁe .rl{lﬁ'l‘l:.i!:d Q:'?y,p@fl.lggg.@d time

can be sel ected ba on a conbi nation of “resolttion
and anbient t eratur More speci ficall in.__thi
Erom (AR 85 RS NG or e bRP ol FES ney Tl GFpagacus, elapsed
. regardl ess of WO 2008/ 035790 68 PCTYJP2007/068485 the
timey OB PLEFAPEP At PR HheIRIFIEE RS ATUtRTS SOEHLRP PEOGFSS,
greater than 600 dpi X 600 dpi. Furthernore, pattern
actyalodeRiasionl epownt kagsst m@nt oUERYb| 4ot detiieem t ke data

tenperature T is less than a predeterm ned
reldtenparatite dEiviaEiuphhempong, ipptiteby therufkers

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 can be selected based on a combination
of resolution and ambient temperature. More specifically, in

this example, outline correction is not performed regardless of



sel ected according to resol ution when the tenperature

Tis no less than the predeterm ned tenperature Ti _
W@ 2P08{03¥20 t han a predet erm &Rd t enperature T2. BGEIE2007(068485

Furthernore, pattern E or Fis selected according to
resol uti on when the tenperature T is no less than the
predeterm ned tenperature T2, neral Ly, in-t

the RABRER (MR IR PR LS Pt arry ot sty Rk Jegater
and jetting failure of small droplets tends to occ

r
thamttdf dha Xnisi0énepiengdihe@cse t Retraryd PSr%%?gseEeCted
apparatus 1000 is |low. Therefore, it is preferable to
acceplling o meFglettion wien dhe teapPedasyrfol #8elepml fhan 2

droplets or a correction pattern having a reduced
pred8Béimiliap| eimpsegai et .( PRt EhardorE) . pattrern case &F is
normal tenperature, jetting failure hardly occurs.

se1dBEEETRIBrddneOt 6 @ekbo0tRah Wich UBEN@mPeRiaY urg®is no less
size) of dot can be selected (Pattern C, D). In a

tha%?éiﬁ% Eﬁr&ﬁ&@efzﬁﬂ?&i aldifferat @AMy usugBsastaghr gase

viscosity, Increase of ink consunption,

| fel . y . fod . or is
R T

upon rai dots upon
i mpact tend ., to occur. Therefore,.a correcti tt
selagERg ARGHIHNG HATTO TS AB il SEC ST Broniens 6] 1o5°
correction pattern _using less ink can be selected
thapather predeFprmingd JeRMPS AL ULE fid 1 her preferabl e
correction pattern can be selected according to ]
printing YENEOOBLYA5M0SMPET FugEnodgagsrature, ink
conditions (e.g., resolution, type of nedium. It is
vislc@she ynededs thainereass eati protpaid €anloan desmadl ebtaad ets
based on the devi ati on anmount of dot formation

ter?f%s’.t&i SELuRRHRY thatii Serdthabmparseudevoatthenindge diorming
ormat i on position.

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
consumption, 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



Initially, correction patterns that cause little
deviation according to various printing conditions

wo(Boflezs7dpesol ution, type %fg paper) are pr eparﬁqﬁph(m;%s‘lsb
hand. However, in a case where a dot of a certain

size may cause unsatisfactory correction results, a
correction pattern using dots of the certain size is
conda*é%ﬁsd éeaé‘d aPe8b1F 1G] By SO R Gddhmpat tern is
sel ecte a correction pattern havi ng t he nost
| effect'Vfth@é r@&tﬂ,@rhooﬁ%ré UERNGE Bt LBBYY onUshBge 91 can be
of the certaln Si ze) n a e

case re an effective

seleGEraduT e 4y BRei St et BBPPD PE R phdr AL 0g Position

correction pattern which perfornms, no qutlin
and/ear £BEEPER WaFt nereet é@‘@@tlm ngeﬁto%Qr’&Eﬁﬁ? Pfition.
changi ng the nmethod of correction is described as
Initdhdngi ngorhectdprneprtbarnat thath epuserbbearindamiatisre
correction patterns corresponding to. factors that
accoralisg totvardionst pohnpisg tdopalidévnat { @ng andeselladtiong bype
correction pattern based on the detection results of

of gaprrl)aeker prepatrbar fexafphesd of Hoh@R@irg ihhe case where a
correction nmethod nmay be used. For exanple, instead

dot §£ 2LCHEPGL 1Y s?.Q% &0F E8GEE UA PRRUEFERL bR Si 2Z& 9 on £B8ults,
or pertormng dot replacenent can be changed by

r| ng a d ed
a cocrorgp théln g%i:%%g%o?légﬁg éé%{g (?f eee?'lneq:rrrat L})hl nger éLgqu?lded
WO 2008/ 035790 7 0 P /JP23% /068485

and gnogi HPAR2 & Par FOFHC thol AT HLA 1 @%F&EF%&“OH
the dots formng an outllne part of an image based  on

patifeidt bﬁé’lﬂﬁa’%h%tﬂlpé@teﬁ%?C?Jo‘fefrﬁPF%CEé@PtP i without
anount of deviation froma dot formation position on

usirey medisurnf{ ddteecteirvdrain 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.



data or data input fromoutside) , the nethod of the

dot repl acenent (correctLﬁy nmet hod) can be chan%?d
WQRMR/OKIPO f or mat i on positiof deviation occur sPSHIRAY{068435

outline correction can be perforned w thout being
adversely affected by the dot formation position

devi at i Th b [ I it
Fr om dogFaARg. DRy PERGEIGPE. 2 By ool Re g Lecoor aryochod
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part of an imge based on factors that, affect dot
on fartmmsd dhasosifitiest gptt Rermablen RASHATQTRDEr aPYRE of
dot formation position on a nedium (detection data or
deviket o Mutm af dom dotrsrdédn pheltemerh of meldd ugot(detection
repl acenent (correction nethod) can be changed when

dat 8ot dLFrdRhped Mew bbsidey) aheatiretof $heoddhakplacement
outline correction can be perforned w thout being

(coPPYEL B InAH RO edirbYel BBaHgEdf WHidmRIdAN RA%AHi®M position

deviation. Thereby, inage quality can be prevented

dev%%g:gérqegég 1hg, Fttﬁdéag%da&%e %\srire&gbhi eggto B@aﬁéQ%ﬁ%d

conputer-rea |'e recor I Ng nmeal um )

_ program enabl i ng the t ho f the y s
e R0 B LAY B0 B0 8 8 SERlacEP ez son
position deviation occurs can be provided so (iflh t
devbatiphe EHGRERN OHTEHe BRAPALYoF ABAORi PROTE HRF rFom

adversely WD 20081035790 7 1 PCT/ JP20071068485
degabfiéoged by the dot fornmation position deviation.

Thereby, inmage quality can be prevented from _

degr adi ngruftiiéhesney eby yrqrisgiingi g panegirang enfbl ihaga

met hod for changing the method of replacing the dots
compRt BN 8ReBUtbidBroakkbs 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



of an inmage based on factors that affect dot formation
position or the anount of deviation froma dot

wd R08Bdshan position on a medi um (detection dag@y 007068485
data i nput fromoutside), the nethod of the ot

repl acenent (correction nmethod) can be changed when
dot formation position deviation occurs so that

affeBUEHIBIE tBRIdACELBRat £ o iRebhadepth i doutrnleBy, image
adversely affected by the dot formation position

cvsafFY, 44005 SO ERal TG St itogen b, et

egr adr ng. Isto hat the inmage

form ng atus_ 1000 accordi ng_t.o odi f

the. or os ERPEREVATET oA YrRee S T e el SR g5 Ren8h for

di splay the status of the image form ng, ap%{flrat Eis
changdpg Bhe FetEedoat eRlRsAG RS tdrts ﬁa&glflar Rytline part
; apparatus 1000 to the user or_administrator of the
of annugage drasary capfarcarus thabeifectadofpparmpiiopepgsition

di spl ay apparatus, host conputer (data processing

or tlappavahiisyf) devhaettrdrom & Het ifraye tionpomi t Gppan & wedium
1000 based on various data such as tenperature,

(detRw¥idnt Mataapd dotaiimact fladm udatiale)gl @hedmb@hod of the
devi ation of dot formation position). For exanple, in

dot %e&?%%éﬂ@%&e(éBr@EEEQBhVﬁeQHBH%néancgéréﬂéﬁéﬁﬁ when dot
performance (e.g., jaggy reduction effect) CTannot be

corr i TV 0L Ao S 880D BRLST BSrection

can B0 SLEAN AR RS 0! 1400, BEPRT 2LHS 1000, 018 d Qe
to deviation of dot formation positjon), or other

formadeisy Patdiopadedigbirati omefchibt iMagedipiity can be

position, the inmage form ng apparatus 1000 may be
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
apparatus 1000 or amethod of improving the image forming apparatus
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
apparatus 1000 based on various data such as temperature, 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



informed with data related to the inability to realize

an effective correction performance via the control _
WOHUNEP3IMW of the image forém ng apparatus 1000 TIF24)7/068485

printer driver of a data processing apparatus on the
host side. For exanple, the data related to the
inabiljity to  reali.ze an effective cti,on
befopERRBItHH EBer AT EPRBE NG SPR AT AGEEr ST S ERAT FREPTRATEer
form ng apparatus 1000 is in such state da%a £ dot
humiidddive adoty 1amsicentatpr i(AeFAgrebabed bRsIg %&b ¥ of do
tenperature, anbient humdity, resolution, deviation
formanmunt posdaian) ndirathey fadierst Bhak causehdeyhlgen of dot
form ng apparatus 1000, data including information
fornla@i diMPdRitig, he hpeihageafioembhgt Apparages f WO mpy be
apparatus 1000 such as nessages advi sing change of
1 nf AR ERE £ AR &0k €0 db tHhensna bl 1t e banea liinfamaf feat ive
e.g., head cleaning, head adjustnent), and
hel | L&1al r LeB1 YWhhB1the€4 of the image
corra%co%oﬁgggg%fl %@nﬁeggrllgy[&%%ngte ihg%,elt}\% user can be J
i nf ormed ers d) _to_adj L [QUS t] ;
Formif GRPGHTA L GOt e aF i BLReE 38 hsFRenPr Coessing
., calibration) for inproving the performance of

(e.g
appafrRtysreefe ¥R RORf ais-at us 1000 i ncl udi ng

elimnation of dot formation position deviation  ,_.
accor di ngFe®n SRRy Gélr@didlalté‘n§91%e§0681@§87%a1?3311ty =S
PCT/ JP2007/ 068485 The inage form ng apparatus 1000
realibye ahis oef fietuites acdwrestiiom renfeopsenceh@may include data
above-described data related to the inability to

notifal hgearant ehbentdge foent agtdpmpapenfoi f@Acks tio such state,
support service of the image form ng apparatus 1000.
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/printing conditions, maintenance information‘ (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.



Wth the reporting function, the support service can
pronptly and automatically detect failure of the inmage

wd RodRBo apparatus 1000. FRus, owing to the perrp007/068485
above-descri bed functions, not only can the inage

form ng apparatus 1000 achi eve optinmum outline
correction according to various conditions but can

al so recg Ve VA i1 i S dPRePAriOhs MBI0Y &ldY Adso include a
satisfactory Hp‘)e(féf or nar%cé%. Q%Bt hough t he ag)yve- descri bed

Lmage, form r i Al a8 '

fancy R B AP ORC of e, By T e Dl QS PSR (on the,

. also be applied to an_] e _form ng apparat i

inabg 1 Bt RUPaE bHeor SEFERRTHTT & IR T 5 Sp e to @
apparatus, a copier, or a mujtifunction chi he

supphavi Agrvheef ahicthenimage afoHping @rRPaar%"alb%nﬁrﬂ % and a
copier, for exanple. In the above-described _
enbodi neWi.shdfhe repprésegtfungiiant i 6he JURRALY FerELye can
of an image is not limted to a dot (pixel) that is

prombelednlyaatsnagiealypedafeatedaridiurg lofqthe (magy. forming
That is, a dot of an inage may be formed by form ng

appala¢idl 10ypes of recording liquid (ink) to a single
position. Therefore, a dot (pixel) can be fornmed by

jetting WEOr MIGE ggogh@t ﬁbw%adééaﬂi@ed POghdE BhHN not

a nmedi um r't Rher , I'n the above-descri bed

enbodi.nents of _the. present _jny |-on SSodesfd | .
only,cafhRy dBAESsTIT 7P PEPF 5?’5663'7%9&83533%16’% h r1€\nl se, b#ESine
bri ghtness (dot brightness) refers to the brightness .
Q= 105%s a&@PFﬁé&gbyoaV%‘ﬁ‘to“} SOPALtFARE ]PgF i e§§CELVE

does not include brightness of a covered area when
variduswetidooath £ owd ntednéng) speispectPy¥ narégxmance.
descri bed as ot herw se. Furthernore,
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 liquid (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



in the above-descri bed enbodi nents of the present
i nvention, a character rraX be a letter, a synbol, or
WQ20080357P9 ne. For exanpl e, '2a bl ack character HelJP2007/068485
include a thin black line. Furthernore, in the
above-descri bed enbodi nents of the present invention,
the term "change" y. incl.ude not s
othe g ST IR (HTRENTRY HUprseers FEaH L gness
"“correct". Furthernore, in the abpve-described
that eibotieFiemed Ly a ot Adsalt i n¥Rati biy, Wnﬁsﬁ’e dg§es ot
that forman outline part, the dots which are not
incla@eriecigiitnéss gof @ oroeatas anpac Whege Véevgs; from a broad
bri ghtness) may be described as other dots form ng an
(mac®¥} ljiegeitiveotheesdaescafibad amibkhaewipar t ,Furthammare,
dots situated in an outline part. Further, the present
in thaVenbionadScPPbed | dhB&i e tishegethenbodsarnt syvenition, a
variations and nodifications may be made w t hout

departt i ngfr cQ 1t,her By esentlidwentbersxaiide,
R T S

I rcatiron is based on Japanese Priority
i cati Nos. 2006- 6 3 ' N
a o5 EaHRncN R, FO05 20400 NG HU20083 behliske,

apanese Pat ent

Ofice, the entire ontents of %i ch _ar fgn €Y +ion. the
i thACHP HE TP IL FEPEALEST 75 OF ERRIRES o0 Ad O e

form ng apparatus for formng an inmage ingluding, one
termoi*chengefonay dmad-udedRgin LY 5@&@%@19%% 6ﬁlarﬂ9ree bit also

droplets on the nedium the inage for m'”ng appar at us )
a meaNpg Sireglaze out'comeect! § éeX i PRt Tor FUSFREETPRG 1D

at least one target dot formng an outline part of
the R vieraae cky beaptasbdinette dfatjetpxwteni timvgntion, among

repl acenent dot having a dot size different
thedotsthatformancmtlinepart,thedotswhicharenotcorrected
(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,thepresentinventionisnotlimitedtothese
embodiments, but variations and modific;ations 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.



fromthe dot size the target dot; and a repl acenent
dot changing part for changing the nethod of
repl acing the target dot according to a factor causing
devi ati on of dot formation %sition or devi ation
anmount of the dot formation~position. 2. The inmage
form ng apparatus as clainmed in claim 1, wherein the
factor causing deviation of dot formation position
include at |east one of inrient tenperature, anbient
hum dity, |apsed tinme fr&mAddSuf acture of the inmage
form ng apparatus, and |apsed tine from previous an
i mge form ng process. The inmage form ng apparatus as
claimed in claim7! 6 1, further conprising: a
devi at i pn ARDURIa € foBmingt apbaR@tRar trd.Or rdehe6L1 BY image
the deviation anount of the do: - . formation
: osition, 4,. The inmp:.:ie formng, apparatus as cl ai ned
inc T anr e 107 JREFE HOSFat rie. ToR AL L Yt HE LieDPalhgn O more
arn: _:unt of the dot formation position :sre |nput
droglkesra out silde fdie, . thagendge nfognimppappiustud. cdherising:
i mage form ng apparatus as chit e in cla: 1, where
i.n theymephed; gt replacing,d hﬁarf,arfgﬁi _ 9(9£ré<?tf1tﬂ€ng%d least
according to printing condition of the inmage fording
ap : ratan. 6. The inmage form ng apparatus as cla ned .
RS i‘f?]iq%ﬁ M5 FoRReREi ANt RBEHENAL PREE cohdiR? olmadreIieeplacing
| east one of resolution and type of nmedium The inmage
the ftarmyengdappatah us aspld@mit iddtChaiihg 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.

2. The image forming apparatus as claimed in claim
1, 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.

3. The image forming apparatus as claimed in claim



1, wherein the replacenent dot chanii.no i ar-t is
configured to forts the replacenent dot by using at
droplet relatively difficull to cause deviation of
dot fornat:i.on position or 7y using |less droplets
that tend to cause deviation of dot formation
position, 8. The inmage form ng apparatus as clained in
claim. 1, wherein the changi ng of the nethod of

1, fept@singohpeitanget 77 dot includes not replacing
the target dot. 9. A programfor causing a conputer of

an i mage gbQRAAgnaRpR RttUSId1: exatdt adh ifBRJeletecting the
form ng process for formng an imge including one or

deviRE £oH0L 5000t A FEhUMBY FoELANYoANGosOEidBI e droplets
on the nmedium the program conprising the steps of:

correcting at |east one target dot form ng an outline
part of the inmage by rep-Lacing the target dot with a

repl acepentry, (dof | BgrAi A9t a$hae Gl erent1bieENt B8 claim
dot size o Fhel?gﬁéet rd%t8a3§g§ ghgﬁging t he net hod

1, Qhdenlachng,the target, dotnacgordi ool 0 ack@et Af the dot
causi ng deviation of dot formation position or

for%%%igﬁlggsggggﬂt 9% HgﬁuquF%ﬁr%%k% @dugﬁtﬂﬁgliﬁgﬁe forming
e programas clarnmed in claim9, erein the factor
J o1V igg devi ation of dot formation position include at
PPaast®one of anbi ent tenperature, ambient humdity,
Lapsed tinme from manufacture of the inmage formng
apparatus, and |lapsed tinme from previous an inage

;orPLP?Rgi%ﬁg*%mgéé gg?m £89%3@5¥%€H§“£?dcigiﬁgélqh claim
1, wherein the method of replacing the target dot is changed

according to printing condition of the image forming apparatus.

6. The image forming apparatus as claimed in claim
5, wherein the printing condition includes at least one of

resolution and type of medium.

7. The image forming apparatus as claimed in claim
1, 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.

8. The image forming apparatus as claimed in claim

1, wherein the changing of the method of replacing the target



conprising a step of: detecting the deviation anount

of the dot formation position. 78 12, The program as

clainmed in claim9, wherein data related to the

devi ati on anount of the dot -forma.!:ion position are

i nput from outside of the inmage forn1ng apparatus. 13.

The programas clained in claim9, wherein the nethod
dOtoﬁn?£%¢%%|%@tth%9%%@g%g doe F%r@ﬁén@@ﬁ according to

printing condition of the inmage form ng apparatus.

14. The programas clained in claim13, wherein the

printing condition includes at |east one of resolution

and type. ®fpregiam £db. cTheinsogr asmpst 6+ abfegni inage

claim9, wherein the replacenent dot changing step iIs
formi®ly B@bRFAGuS e replagement idote flyrrﬁisdgn@)r%cgggpfgf forming

relatively difficult to cause deviation of

&n 1n%§@ti@@l@&fﬁ%t%e 0&};% yé'@&éeéé dr.opk &Iﬁnwl%eéﬁng one

to ctause deviation formati on posi |o
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repIaC|ng the target dot. 17 A conput er-readabl e
recordi ng medium for causing conputer to execute an

i mage form ng process for formng an i mage i ncl udi ng

one or ¥NEECY 6 acAedi ant byajetlt ideg disemiog Aoreutline
dropl ets on the nedium the conputer:-readable

part edorttiengmagedbunrepgprirsy nge target dot with a replacement

of:

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.

10. The program as claimed in claim 9, 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.

11. The program as claimed in claim 9, further
comprising a step of:
detecting the deviation amount of the dot formation

position.



the programas clained in claim9. 19. An inmage
formng nethod for formng an image including one or
nore dots on a nmediumby jetting one or nore droplets
on the medium the inmage forfing method conprising the
steps of: correcting at | east one target dot form ng
an outline part of the inmage by replacing the target
dot with a replacenent dot having a dot size

differepd fyiomithe,dot size oinddeid asgein dotyhawdin data
changi ng the nmethod of replacing the target dot

relé%%%P%%?@Het8e€%§€Eéﬁ”ém Hﬁ!QE.éK%”&HE %%r%%tgﬁﬁ position are
ormat1 on position or evi ati on anobunt of the dot

forpati on positiop. . :
input from ou sfde QP the image forming apparatus.

13. The program as claimed in claim 9, wherein the
method of replacing the target dot is changed according to printing

condition of the image forming apparatus.

14. The program as claimed in claim 13, wherein the
printing condition includes at least one of resolution and type

of medium.

15. The program as claimed in claim 9, 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.

16. The program as claimed in claim 9, wherein the
changing of the method of replacing the target dot includes not

replacing the target dot.

17. A computer-readable recording medium for

causing a computer to execute an image forming process for forming



79
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 9.

18. 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 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 deviation amount of the dot formation position.



