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WD 2007/ 052781 PCT/JP2006/ 322060 -1 DESCRI PTI ON
| MAGE PROCESSI NG METHOD, COVPUTER- READABLE PROGRAM
| MAGE PROCESSI NG APPARATUS, | MAGE FORM NG APPARATUS
WO200Y0pBCE 5 FORM NG SYSTEM TECHNI CAL FI ELD PRA&/JP2006/322060
present invention generally relates to inmage
_processi ng nethods, conputer-readabl e prograns, inmage
10 processing apparatuse§}‘inage form ng appar.atuses
and i mage form ng SyStﬁﬁgh ARG gppre particularly to
an i mage processing net 0&? an 1 mage processing,
apparatus, -an‘image form ng apparatus and an inage
form ng systemthat are suited for ink- jet recording

-(or printing), and to a conputer-readable 15 program
W E RS NGO RETHEP:  GHHER- REAPASLE HPRPOR Mg MAGE
processi ng nmet hod. BACKGROUND ART As inmage form ng
apPROGEIRING NPPARATURy | PMAGE  FORYINGc APRARATUS AND IMAGE
appar atuses, copyi ng apparatuses and nulti-function
peripherals (or conpoFioRMINGPEYSTEMes) having the
functions of the printer, facsimle apparatus and
copyi ng apparatus, ‘there are the so-called ink-jet
recordi ng apparatuses. which use an ink-jet recording
TEEE@?CAﬁcﬁlﬁﬁ?“ple‘ The ink-jet recordi ng 25 apparatus
nmekes amr rage formation ‘'on a recordi.ng nedi um by WO
2007/0522@% PCT/JP%OOG/SZ 060 -2 ?licting %nk Lron1:
the ink-j€t® FRECH BIng KERL- Pt THHE Y rerates to image

proceésing methods, computer-readable programs, image

brogessing épparatﬁses['image forming apparatuSes and image
forming systems, and more particularly to an image pProcessing
method, an image processing.apparétus, an_image forming
apparatus and éﬁ image forming system théf aré éuited for ink~
jet recording -(or printing); ana to a éoﬁputef—readable
program which causes a computer toICarry_out such an image

processing method.

BACKGROUND ART

As image forming apparatuses such as érinters,
facsimile apparatuses, copying apparatuses and multi-function
pefipherals (or composite apparatuses)} having the functions of
the printer, facsimile apparatus and copying apparatus, there
are the so-called ink-jet recording apparatuses which use an
ink-jet recording head, for example. The ink-jet recording

apparatus makes an image formation on a recording medium by




recordi ng nmedium The recordi ng nmedi um may be paper,
OCHP film or any suitable recording sheet onto which

WO 2008032/ ot her |iquids nmay be adhered. The |iRGE}EP2006/322060
formation includes various 5 kinds of recording and
printing of characters, images and/or photographs. In
the ink-jet recording appiratuses may be categorized

. into a.serical _type .and.a.li t T i.al.. . type
e3qdtiPeni Ao ERrm W SR, EoRat DRy T MR bt s
10 nounted.with the recording head in a main scanping.,
recHnAdagi BRILEnd TR HECORELNANRELL Uh TG HR8gPRF ngoHE £ilm

mediumthat is' intermttently transported in a
or dinyesuiisabper perendidicashestt apto miich ddinitng other
direction. The line type ink-jet recording apparatus
lichdsisamhiynbet ygakerator dheg ihegd fdmbatiompriocildddswrahious
15 a plurality of nozzles arranged in a |ine, and

5 kiddy ¥% tBeokHBEE ad grietiagosdi Ogar@stians,t Hakges and/or
transported in a direction perpendicular to a

hdlid: han in which.the nozzles. of the line type
P reé%%%h%g head are arranged. Regardl ess of whether the

i nk-jet tecordi ng 20 .appar i éh ial &y or
the line Pygé? i"ﬁ]é ]%tag%‘%ﬁggﬁgrg Igan lf%ees'rmg og i ng
medi ym by ,arrangi ng, dots in a _nmatyjXx arrangegent,-,.
catRgegitgedi ANERed nRF T A dWRPE i R ettP ok s t hge serial
direction in which the nozzles of the line type, )
tyneedokding Keadrdir® appagda§ed) Maves theaniége shirh is .
whi ch the recording -nedium 25 is transported. WO
10 mo0@Ed 052R8EheCHedF2D0RY B22d60n a3mdEnm ddamsiingaddnection,
particul arly when recording a ' _ :
and forms the image on the recording medium that is-
intermittently.ﬁrahsported in a direction perpendicular to the
" main scanning direction.' The line type ink—jét recording
apparatus has a line type recording head that is provided with .
15 ~ a'plurality of nozzles arranged in a line, and forms the imége
on.the recofding medium that is transported in a direction
perpendicular to a direction in which the nozzles. of the line
type recording head are arranged.
Regardless of whether the ink-jet recording
20 apparatus is the serial type or the 1line type, the image is
formed on the recording medium by arranging dots in a matrix
arrangement, namely, in the main scanning direction (or the
direction in which the nozzles of the line type recording head

are arranged} and the direction in which the recording medium

25 is transported.



character image on the recording nmedium the dots at
an oblique line portion of the character increase or

steps according to the resol utign.
wog@ﬁ@%%agntly, the dots 5 appear. jaggy to t hECH{RiA6/322060
eyes, and it may not be possible to obtain a
sufficiently high pictur§39ualityu In addition, the
ink-jet recording enploys™the ink which is a liquid.-
Parti cul ardy tehienrtison Magartiicul1eeakdRHefNredbtdihg a
paper, picture quality deteriorations peculiar to the.

gl | ecar l; r idH lJty
endfai Ginge SHdﬂfsggﬁ%k&ﬁgffr%slmgzﬁ@ Bl

eS|stance of the r cteris .
oo {4 e PEe e %f?%? Sastn g°¥55‘§%a¢l§c Frgase in

and col or bl eedin C Ior boundarles beco
StRRFhSHIQUSHET kor %e?es & afipeﬁﬁau?%t%deth% dots

carry out a 15 high-speed recording with respect to
appérr plagay fepéhe humir eysd.r and ptdingyi oot tbe dasaible to

out. the recording while satisfying all of these
obtﬂmnzxﬂsnﬁﬂﬂnleatmglbighﬁﬁxﬂﬂurﬁhqua@utyure quality.

Wth respect to the picture quality deterioration 20

caused byrd heidiagey, dessridedctbeeeordidgpansEsys the ink
Laid-OQpen UWility. Model Application .No.03-113452

wh%%}? Qs &5 1"3‘.0%'130t hPQQtléEﬁtJH@i GRlchednaniha '?ss'f%orded on

snoot’hens cornt ours of aggy charac I mages.
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an, WO 2007/052781 PCT/JP2006/322060 Xt i
inkziefe WRAMEITGr GrEUAT &P%%ae@roéapwhf%tsfégfia%e image,

durability of the image, light resistance of the image;'ink
drying characteristic (fixing chafacteristid)}_featherihg of
chéractgrs, and-color bleediﬁg at color boﬁndéries, beccome
conspicuous. Moreover, when an attempt is made to carry out a
high-speed recording‘with respect-to the plain paper, it is
extremely difficult to carry out the recording while
satisfying all of_tﬁese”characteristiCs'whicﬁ affect the
picture quality.

With respect to the picture guality déterioration
caused by the jaggy described above, a Japanese iaid—Open
Utility Model Application No.03-113452 proposes a smoothing
method called anti-aliasing, which smoothens contours of jaggy
charaéter images.

However, according to this proposed smoothing

method, the contour is smoothened by changing dots in an




al t hough a highly accurate snoothing can be realized,

the snoothing process is extrenely conpl ex and

WO PWd9%85 a ,1ong processing tine. As a resuPETIRIPE322060

pr oposed snDothlng method 5 is unsuited for ,
application to i nmage form ng apparatuses that require .
a high throughput, such 3¢ the recent ink- j et

exif&mg' 14:-§ BPANALESESE JVAdAth8HAl v Ds ! hepcﬁ_l Gl ®reason,
qual i Ty de erioration. ~caused by the feathering.wh

UsSt hg ‘an organi ¢ pi gnen

_alghoorl.we g gggh%gaggcgpa{Q%n@o%hgnﬁlgaﬁ@gr eiaaﬁ.lze the
b

ck or. the Iike as the col ori nt may be u ed
Sqqfie PEPEEST iR ErF THOYp CATRLBAPEIS TSpIZece Sof.ong
using the dye-based ink. Unlike dye, the pignment has
Progessdingbtilrey tBSvRtERsultelibds PREPPSepesmoqihing method
normal. 'y m xed with a dispersing agent 15 and
is suljuddeddfoo apdlspatsiroroprimegssiomming mpparattasesnkhat
in which the pignent is stably dispersed in water.
rediowey er highreRrbtighphghenichbasetdhe nke@drso dinkcljedes
water, it is inpossible to conpletely elimnate the

regdggﬂﬂarbggarggﬁgegecordlng on the plain-paper. 20 Wen
creatihg a docunent u3|ng an applicati.on software,

there arﬁlﬁhtygéé?er s %c%ﬂ@émﬁﬁgfl%% qg]ré%gon

by using a char s in

oy S By %Pewﬁs?ﬁﬁ?wl%%i%fe ARyt o%”ro%t 38" phgin
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character color). Such a 25 character wil| hereinafter
PaRRY . ¢f PAEEANEDDASSE I (B 10FaRR cPRIANIAD HIGIENGS 2 PEEbON
PCT/ JP2006/ 322060 -5 The white character is a reverse
blatiarcactbe dfikea sharketerloring agent may be used “for the

recording on the piain paper, in place of using the dyeLbased

ink. Unlike dyé, the pigment has no solﬁbiliéy to water.
Hence, the pigment is normaily mixed with a dispersing agent
and subjected to a dispersion procéés to form a water ink in
which the pigmept is éfablyldispersed in water.

Hawevér,.sinée the pigment-based ink also includes
water, it is impossible to completely eliminate the feathering
when reccording on the plain paper.

When creating a document using an applicatién
software, there are situations where a character is emphasized
by using a character which is in white (or a color close to
white) with respect to a background that is black (or another
color other than white or the character color). Such a

character will hereinafter be referred to as a white character.




or the background color) with respect to the

nd that is white .(or a color close_to
‘”Ogﬁﬁﬁﬁggy 5 Wen recording the white charact ePCa{PE/322060

ink-jet recording apparatus using the ink, the ink

bl eeds, causing the ink_gf the bl ack portion to bl eed

into the white character “portion. As a result,. the
Thahih e itacicternay hecorerddichaaactes perii earictdre

white character may be deforned. 10 Particularly in a

whEdgei gwiel eilea qBar aﬁ&ﬂﬁef S:o?ﬂ&l lbtBer then FHEEQULRhe
is thin such as a M ncho typeface, the tendency is

oalRhd s ABHOLTPL0 BLublle COAE! BECAEHEROELIPTS wnice

SpPI_ cuous al SO occurs

mgha§;2|n a_ 15 CH { cter by using a character which
Ao Sk ECSE &RoPREFE! col or ot her than white or the

background color) with-respect to a background that
3 i s white {hen ée@@méﬁnélEﬁﬁeWQ}KHMQHQFaCtSEcﬁnathe ink-jet

character will hereinafter be referred to as a bl ack
recoud g eppaFagus| askng htheacindy, itbeainkvbilsedshazatieng the
of the 20 white character. DI SCLOSURE OF THE

ink NVENHeOW lalc ki poatgenetal bl dntof thbewpi £s efiaracter
invention to provirde an inmage form ng net hod,

poLOIRWY! erxd %a%%hatpre}géamlt@%maﬁeeeerasﬁsaéé&ne thin or,
. appar at us, |nage form ng apparatus and i nage WO

0 452151 RCTE 1220061 PLbOBEEg,SYSt em i
2 Gorst PRa I

he prao IenB descri € are suppressed.

10 Particularly in a case where the character is ;mall or, the
character is thin such as a Mincho typeface, the tendeﬁay is
for the deformation of the character to becdma more_
coaspicuous.

A similar.probleﬁ alao occurs when'emphasizing a

15 character by using a'cha;acter'whiéh is- in black (or another

color other than white or the background color) with respect

to a background tha£ is hhita (or a color clase to waite).

Such a character will hereinafter be referred to as a black

character. The black character is a reverse chafacter of the

20 white character.

DISCLOSURE OF THE INVENTION

It is a general object of the present invention to
provide an image forming method, computer-readable program,

25 1image processing apparatus, image forming apparatus and image
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A nore specific object of the present inventionis to

rovide an image form ng nethod, conputer-readable
wo 21}06@?%% 5 i mage processing apparatus, i magBCT/ER24961%22060
apparatus and i mage form ng system which can inprove
the quality of the white _character or the bl ack
character. StiII.another_%Bject of the present
FolME QRS LR wRIQYItdR ¥FobBAS QESELSSGDIRENGde
for 'generating i mage data '10 for use by an inage

] apparatus which fornms an image on a recording
-Suéégﬁ%nn By ink dots formed by ejected ink drops, '

conpri sing judging_ap. i e porti and_ a hackground
port1 on AombgResPaebEie THYedibr, e hits Srennacn Ls
background portion adjacent to the inmage portion to
tofrEaesie pa inage Fovthiish mMeEhedl sCPBRY R THPSSebdesprogram,
depending on at | east one of a character size of the
imagmge quessiog, appahatiumt dmagepéovhingeapmragduspenti dnage
a resolution of the imge portion, and a. color of the
folmicky rsighem, pRhiclncard fnpricver thej eadl iy tdie theeshbte
invention is to 20 provide an i nage processing
ch@PRAAL b3 SAEPHI SER G terQl  part configured to
generate the inage data according to.the inmage

i na . ARt ' QRISG oaf 5
120552 545 B A2 AT o SOQLUR BRGRSH o o

t he present 1 nvent)on

a ratus_conprising a part .2 onfigured to r.eceiv
or§ R e iuSBroRTorESs thid Ferr6R. 287 oS T (555s) Sata
PCT/ JP2006/ 322060 -7, apparatus descri bed above; and. a
for atg Hivn@nhéBade ofPTRRE GRS ragfactPi®k hidps agnipage on
recording mediumto form an i nmage -

a recording medium by ink dots formed by ejecfed ink drops,
comprising judging an image portion and a background portion
of the image; and adding image dots to the baékground portion

adjacent to the image portibn to fatten the image portion by a

* fattening process, depending on at least one of a character

size of the image portion, a character type Qf the image
portion, a fesolUtién_of the image portion, and a.coior of the
background portion.

A further object of the present invenfion is to
provide an image processing apparatus comprising a control
part configured to generate the image data according to the
image processing method described above.

Another object of the present invénﬁion is to
provide an image forming apparatus comprising a part

configured to receive image data from the image processing
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thereon in response to the inmage data. Still another
obj ect of the present invention is to 5 provide an

[ rm ng apparatus conprising a recording head
wo@@@%ﬁ@{f?ed eject ink drops onto a recording ﬁgarmm%/am@
forman inage thereon.in response to, inmage data; and
a control. part configured to generate the inmge data,-
wherein the control part conprises a part configured:-
apbaratiilg ededtiRge apeiki oandna Adtardiagk eadndoRpiduiad to
of the image; and a part configured to add inage dots
ejbetrt ek bk Qi BOREEBRI2RY atitunt @ot BB rkMBACimage
* “portion to fatten the inage portion by a fattening

thg%?gﬁsfn oy, dur itggtﬁepgﬁggé efJpned node. A further

ect” of e present Tnvenfionis to 15 provide a

conput er - eadabl e program for cauysing a conputer fo

gener at e ?éiia%ﬂﬂ%%eFoPgﬁggtb § KEGESPGr MTRgNTLON 1s to

apparatus, which forns-an i mage on'a recording medi um
PIgyidpan dgags GorBdndbyPRAER Y qOTRrdsdpy, 2 cHRprTding head

a procedure causing the conputer to judge an image
copbignoed ealtbd Hadkk gropadopoe td oreavird2@gt medivmgey &moh an

a procedure causing the conputer to add imge dots to
imbhe brekgsound reepbhes 86] e dadahandnmageoRPrdl Gart

to fatten the inmage portion by a fattening process,

cofEPEREE A G o Qrlralt@ashe 0Bagd dhtehakReLBinSEiRE &indhe .

I mage portion, a character type of the I nmage portion,
. . ; nd. I P
pafh ERRLIAN logth chIPOG P11 (i, BAifaGe! S6ron ans
CT{ JP2006/ 322060 -8 _Oth bj ect d rth
@ PRRKISE D PATa o BLoRte TIRATA PO & PREbecappigend to

fromthe followi ng detailed _ : o
add image dots to the background portion adjacent to the image

portion to fatten the image portion by a fattening process
only during a ﬁredetermined mode.

A further object of the present invention is to

" provide a computer-readable program for causing a computer to

generate image data for use by an image forming gpparatus-»
which forms an imagé on a recording medium b§ ink.doﬁs formed
by ejected ink drops, comprising a procedure causing the
computer teo judge an image portion and a backgroﬁnd portion of
the image; and a procedure causing the computer to add image
dots to the background portion adjacent to the image portion
to fatten the image portion by a fattening process, depending
on at least one of a character size of the image portion, a
character type of the image portion, a resoclution of the image

portion, and a color of the background portion.
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description when read in conjunction with the
acco anyi ng draMAngs 5 BRI EF DESCRI PTI ON OF THE

FIG 1 is a side view, in partial cPeE&2006/322060
sectl on, showing a structure of a nmechani sm part of
an image formng apparatys which outputs inmge data
generated by an image 10 processing.nmethod in a first

enbodi Mernel bBGePEESSRY furtHRM featuEé§of 2tHe9 gFesent
plan view showi ng an inportant part of the mac ani sm

1nf@isl WyiE bEPISRL AL W APRACEUTI SO dNdTiEa

is a c ss sectlona Vi eW 0
head of the i mage . fprmn aratus wn in FIG
QR GRGLomh DR EoRdih (TN PebLF RN SPciRanying

chanber ; FIG 4 is a cross sectl onal view of the

ar ecor

.dr@‘é?'é%ﬁsdi'ng head of the inmage form ng apparatus shown

in FIG 1 taken in a 20 direction along a shorter

side of the ink chanmber; FIG 5 is a system bl ock

di agram general |y showing a control part of the inage
BRIOF MERCRAPTIOH! OF BHOWRAWINGSG 1) FIG 6 is a system

bl ock di agram show ng.a print control part of the

control g, &hesnalal&é%leﬁq ShE i1 Srés i R,
showi ng a driving signal WO 2'007/ 52781

Shggléq] cF)é? %ngg%érag g?fo$ l'i{géﬁe:{rlngI;Sirlp'n gg;?l& o%jn par shovvn | ﬁ

FI
appaé%té% which outputs image data generated by an image
progessing method in a_first embodiment of the present
invention;

FIG. 2 is a plan_ﬁiew éhowing an‘iﬁportant part of

the mechanism part of the image forming appafétus shown 'in FIG.

1;

FIG. 3 is a cross sectibnal,view of afrecording
head of the image forming apparatus shown in.FIG. 1 taken .
along ; longitudinai difectidn of an igk chaﬁber:.

| FIG. 4 is a cross sectional view of the recording

head of the image forming apparatus shown in FIG. 1 taken in a
direction along a shorter side of the ink chamber;

FIG. 5 is a system block diagram generally showing
a control part of the image forming apparatus shown in FIG. 1;

FIG. 6 is a system block diagram showing a print
control part of the control part shown in FIG. 5;

FIG. 7 is a diagram showing a driving signal




FIG 8 is atimng chart for explaining driving

signals selected fromthe driving signal waveformto

real i a 5 small ink drop, a nediumink drg a
Wolzg[%'g&gﬁk drop and a nicro drive; FIG 9 ispgT’d?%PQF’é??Pﬁ‘_’

for explaining a-driving signal waveform depending

on.an ink viscosity; FIG&Q;O is a system bl ock di agram

showi ng an image 10 formng systemin'the fijrst

waP8Eeeh Riteraft eBhByPE e8IV ind NWBAlficR gEhératdd &5 the
system.bl ock di agram showi ng the inmage processing

A UD BaheshBREC:H OFfE NG Syst em shown in"FI G
‘pr?ﬁ? 15 FIG.%fZ ig a diégran1shomﬁng a whi-te character

R BT 2 SRR, SR G il

.an-enl arged scale, for explaining the white character,
sigpats | selestadd Tpp™: hie c%’ﬁig‘é%fi‘% CH aBRAnPRES IO i repdize a
is a diagram showi ng a-white character that is forned
5 smpylchile yduwp-oat mgdeumr ek edrd tedidggepi vk edsop micha
first enmbodi ment of the.present invention; FIG 15 is
miardidwiwen showi-ng dots of an inportant part on an
enl arged.scale, for explaining the white character 25
that is frrged by eaghiyyhemOfdr tdi@lehanagt &raf afiefidignal -

WO 2007/ 052781 PCT/JP2006/ 322060 -10-- process; FI G
wat8edfn NHAY A SHOR NInH0) S5 Q5131 MPor tant |
| ‘ FIG. iO is a system bl&ck diag;ém showing an image

10 forming system in the_first emboaiment of the presént

invention; |

EIGq 11 is a sys;ém bl6ck diagram showing the image
précessing appa?atus in the image forminé'sysfem.shown in FIG.
10;

15 : FIG. 12 is a diagram showing a white character that
is formed by a compariéon example;
| EIG. 13 is_a'diagram showiﬁg'dotslof an iﬁportant
part on an.enlarged scale, for explaining the white character
that is formed by the comparison example;

20 ~ FIG. 14 is a diagram showing a whit; character that
is formed by carrying out a character fattening process in the
first embodiment of the present invention;

FIG. 15 is a diagram showing dots of an important
part on -an enlarged scale, for explaining the white character

25 that is formed by carrying out the character fattening
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part on an enl arged scale, for explaining a white
character that is fornmed by another character
WO LU0 Phg process in the 5 first embodi ment PEFIRI9E6/322060
present invention; FIG 17 is'a diagramfor explaining
a Wi ndow size wused for a.pattern matching;. FIG 18
is.a diagram for explainrﬁg_a 3 x 3 window size; 10
pr&t&ss;19 is.a flow chart for explaining the character
fatteni ng process; FIGS. 20A through 20C are di agrans
for explaynge 588l ancer BRISRANNCHOEES Xy dntididatt:

size used I n the character fatteni'ng. process;

FI GS. 21A _and 21B are di agrans..for .explai,njng the use
Pa} The) SFAFEARE At et ro MR TRIRECS. "BHe (G eE
20C, FIGS. 22A through 22D are di agrans for -
that pt i inmmed P@féF@EE%Frﬁﬁ§¥QQF$Ib¢aF%§n5n§ BrQGSRfown the
size used in the character fattening process; 20 FIGS.
fipsh emkpdiz®ngr efdEhgrepesdndy iowegngiahng the use of
the reference patterns shown in FIGS. 22A through 22D,
FIG 24 iK@& difadgeda dhagrany fowalexplladni ngsalwinduw Bize
and w t hout- character fattening process; FIG 25 is a
usé&d opp € hadathernenpt eh il a process of 25 switching
bet ween a node that carries out the character WO :

2007/ 0527%&% PR/ 48290 i§%ﬁﬂ@ - : rOGESS .
dependingﬁi% ﬁﬁe{ghgrgct r s%?g;géﬁg?%%$£$q¥t§pe%§§§ndow
Si£§§olution, and a node that does not carry out the

FIG. 19 is a flow chart ﬁor explainiﬁg the
character fattening process;

FIGS. 20A through 20C are diagrams for explaining

. reference patterns of the 3 x 3 window size used in the

character fatteningAprocess}

FIGS.'21A'and 21B are diagrams for explaining the
use of_ﬁhe reference patterns shown in FIGS. 20A through 20C;

FIGS.'ZZA through 22D are diagramé for explaining
reference patterns of the 5 x 5 window size used in the
character fattening process;

FIGS. 23A and 23B are diagrams for explaining the
use of the reference patterns shown in FIGS., 22A through 22D;

FIG. 24 is a diagram showing evaluation results
with and without character fattening process:

FIG. 25 is a flow chart for explaining a prcocess of

switching between a mode that carries out the character




character fattening process; FIG 26A and 26B
respectively are a perspective 5 view and a cr oss
sectional view for explaining another structure

WORIOPEELr ding head; FIG 27 is a cross secti Bﬁﬁ'lJP%“@Wz“ﬁ“

for explaining still another structure of the. .
.recording head; FIG 28 i_in]ea di agram-showi ng a bl ack
character that 10 is forned by a conpari son exanpl e;

faﬁéalr?g‘) drocasdi aghena S WM Eolcha@hcalri §DAL amaracter

part. ‘on.an enlarged scale, for explalnlng the bl ack
t i's r%rq& a ]g_x_a e;
tyﬁ%‘grﬁg SO:ME Fg r%lﬁn@s W ng gggtl ‘S@EEC ara er t t the
15 is fo carr out a character fatteni ng
charades qrag%teﬁé}l‘gsg’é%ﬁyw mbodi ment of the present
invention; FIG 31 is.a diagramshow ng dots of an
|nportanﬂTGbaﬁﬁAoﬂnﬁnQ@%l%ﬁ%ﬁﬂ?ﬁ%ﬁ%L¥ af8r 2 RPFWIHHYS
the black character that is fornmed by carrying out
5 vieheawhar auioes Bactéonaly 2EwriggesxplRiGing2anether
di agram for explaining a window size wused for a

stpatterd omitell rg-oftitag 3deddy a di agram for expl ai ni ng
a 3 x 3wndow size; 256 FIG 34 is a flow chart for

expl ai ni ngrd he7\Wos2Q04£ 092 7l tieHalP2986/ 8820881 xikdng
character fattening process; FIGS. 35A through.35C are

'stgif95ﬁgghé st?ﬁekak8|5¥’the recording head;

FIG. 28 15 a diagram show1ng a black character that
10 is formed by a compar;sﬁn example;

FIG. 29 is a diagram showing dots of an impdftant
part on an enlafged scale, ior explaining the black character
that is formed Ey the comparison ekample}

FIG. 30 ié a diaéram shoﬁing a black character that

15 is formed by éarfying out a charactér fattening process in the
seeond embodiment of the present invention;

FIG. 31 is_a‘diagram showing dots of an important
part on an.enlarged scale, for exélaining the black character
that is formed by carrying out the character fatféning

20 process;

FIG. 32 is a diagram for explaining a window size
used for a pattern matching;

FIG. 33 is a diagram for explaining a 3 x 3 window
size;

25 FIG. 34 is a flow chart for explaining the
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reference patterns of the 3 x 3 window size used in

the character fattening process; 5 FIGS. 36A and 36B
WO 200378 gr ams for expl ai ning the use. of the WG HERRI6ER2060

patterns shown in FIGS. 35A through 35C; FIG . 37 is a

flow chart for explaini anot her character. :

fatteni ng process; FlIGS.”38A through 38E are di agrans

chér%rcg%%pkﬂi;ﬂéﬁﬂ-lg W deafserence patterns of the 9 x 3
W ndow si ze used’in the character fattening process;

FI GS. 39 d ha 0k | 4. - ;
 of the r SFEPeniet pAiRyBOaGR TRe U BB Bl kbR R iR
35C;, FI 40 is i agram,for_explainin character

rethyenge] BRERGTHR Gbdous) AgSartiaat § iy St LBoFhn.
FIG 41 is a diagramfor explaining a character .
chargaten Agtpeoted PUPISF§/a second § aggy correction;
FIG 42 is a diagramf.or. explaining a character
f at t.eni ngIpBoceek arsl AfBaatrhi dilaguany Tor replladningOthe
FIG 43 is a diagramfor explaining a character
usd Al eReNPePePERSS piitkgna Bhowh hin agmys .casreehirongh 35C;
FIG 44 is a diagramfor explaining a character

f at t eni ngrRr 0§9Sss US i MGWA chiakt hfb@g@ypfa%i@x@tz LSaaeth&G

45 is a diagram for explaining a character
, {gt% [ §E$? LS| .a sixth jaggy correction; WO
ch %35285?5 }ﬁ%%%%¥§22060 -13 FIG 46 is a. '

diagramg,r ex inin gra'cter. .fattenin ocess

using a gggntﬂéﬁgaﬂbﬁﬁ@? gt PR diagrams Tor %Xgiamlng
reference patterns of the 9 x 3 window size used in the
character fattening process;

FIGS. 392 and 39B are diagrams foér explaining the

use of the reference patterns shown in FIGS. 35A through 35C;

FIG. 40 is a diagram for explaining a character

" fattening process using a first jaggy correction;

FIG. 41 'is a diagram for explaining a character -
fattening prgcess,uéing-a second jaggy correétion; |

FIG. 42 is a diagram for explaininé a character
fattening process using a third jaggy correction}

FIG. 43 is é diagram for explaining a character
fattening process using a fourth jaggy correction;

FIG. 44 is a diagram for explaining a character
fattening process using a fifth jaggy correction;

FIG. 45 is a diagram for explaining a character

fattening process using a sixth jaggy correction;
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FIG 47 is a diagram for explaining a character
fattening process using an eighth jaggy correction; 5
is a flowchart for explaining the character

E -
Wofzg(?{oé’%‘l%ﬁg processes using the fifth through &CIHPH06/322060

jaggy corrections; FIG 49 is a diagram show ng
evaluation results wth_and w thout ‘character
fattening process; 10 FIG ™50 is a flow chart for

expl ai ni A EGess afagpah tEdY RkPleliness a sRseaddat
carries out the character fattening process

£aBEBRIM K Sdsh 1516828 264 RineS] HaggyN @bREEEE 1ok Y pe_and

reso i‘on, and a de that do€s 'not carry out €
character tt,eni,ng_pr ; 15.EL.GS. 51A and. 51B
are di agr%n@' f'@? *&xpl g?%?%%ht%e}! T glg?ﬁg?ggr %c?ﬁ%ﬂa%%ﬁr
and wi thout the character, fattenin process. . BEST

LalEpRl FOPIONIRP NEL BRI HE TRVENTA COBTRRF+3R

Enbodi ment] In a first enbodi ment of the present
i nvent i orE1G{ 48adsi aagbov cchart diare@xpdaaniegothi ng
medi um i ncludes a white character which is in white
characteo| fattednisg poocuksses wirdqtthenifagtpr thessgh ighth
carried out to fatten-the white character 25 by adding
jabankoeed s itodsg background portion that i s adjacent WO
007/ 052781 PCT/ JP2006/ 322060 -14 to dots form ng the

il L PRS0 4BS WLE IR SR R
wi%ﬁcgﬁgi$§{ﬂgﬂ# %ﬂh&gé@é{ fgttening process;

FIG. 50 is;a-flow chart for explaining a process of
switching'between a mode that carries out the‘charadter
fattening piocess depending on thé.charactef size; charécter
tyée and resblufion, and a mode thét doe; ﬁot?car:y out the
character fattening process; ana |

FIGS. 51A and 51B are diagrams for explaining the

jaggy correction with énd without the character fattening

process.

BEST MODE FOR CARRYING QUT THE INVENTION

[First Embodiment]

In a first embodiment of the present invention, if
an image to be formed on a recording medium includes a white
character which is in white or a color close to white, a
fattening process is carried out to fatten the white character

by adding blank dots to a background portion that is adjacent
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.the color that is forned on the recording nmediumas a
base 5 color.. In addition, the adding of the bl ank

WO 7853781 t he  background portion includes repP@EFRIOFF72060

dots of the background portion by the blank dots.
.Dots in a periphery of thf character-may be in tw or
nore colors. 10 It is pre &Fable to j udge whet her or

to Wt dehihg the Bei@dded Wctbrt he blank dot based on

a pattern matching between an mx n w ndow which

| nel udes Al g geL o) % A 13 LR SRt ET I 1Lt 81 Bse o

In this case ern ma 'S pre

wn e B raHBR ot g r°“”dfp§btsh8$ﬁ@r LS B or

the pattern matchin Furthernore,, it is preferable

the glox $BRECEF ofoBred S ORI KECREGLRE HasHaTh @snachase

node whi ch adds the blank dots and a node which does
colnpt. .ade eHdibiemk e aaddihg e&l tlee i kel dutsswict theéng
between the two nodes may be nmade depending on the
badkipcatidepost zen 1imElisoreplatheg detis ddatd e pael phery
of the character, the kind of character and the

bad ulrhh' 98r€ioﬁh§y iHER @A anRCABELI Ng tO this
enbodi ment, it is possible to 25 prevent the bl eeding

(10 0 g 8BRS YU 0 2000 82 v

charactsL ¢ and thus inprove the picture quality of
OF M SmPt8 Eharact er. ‘A description will now be given

of this first '
. It is preferable to judge whether or not a dot is

to be added with the blank dot based on a pattern matching

between an m x.n window which includes a target pixel and a

predetermined petfern. In_tﬁis caée, the ﬁateern-matchiﬁg is
preferably applied ﬁp the background pdrtion_ef the image, and
the blank dot is added depending on a result of the pattern
matching.

Furthermere,-it is preferable thaﬁ a selection or
switching may be made between a mode which adds the blank dots
and a mode which does not add the blank dots. Tﬁe selection
or switching between the two modes may be ﬁade depending on
the character size, the color of the dots in the periphery of
the character, the kindlof character and the resolution of the
image.

According to this embodiment, it 1s possible to

prevent the bleeding from the background portion that would




description 5 will be given of an inmage form ng
apparat us whi ch out puts i nage data generated by an
Woizﬁfﬁé’é”ﬁi‘ocessi ng method in this first enmbodPrERP209$/322060
the present invention, by referring to FIGS. 1 and 2.
FIG 1. is a side view, iﬁépartial cr.oss section
showi ng a structure of a"meEChani sm part of the inage

ot Ar{LLdn ﬁ&&:@@:ﬁ@r Fhilge Wah £ QU P ULS *Eﬁulsgﬁ?ﬁr&?é &he

generated by the I mage processing netho this

flrst e i.pent _of t p i.hvention, - and FI G
PLESUTR %#%;¥%¥ﬁ§%eﬁﬁ§hgﬁf%% éﬁ?égq%ﬁggtant part of the
mechani sm part qf the i e formn appar at us shown
I FIG P OESCRRBtRAGE L P h P STER BE CRbSrEITRL
FIG 1 has a guide rod 1 and a guide rail 2, which
embodiment df mbebpresept ol WL st wedirstgh . deseripdfion
si de pl-ates (not shown), .and support a carri-age 3 in
5 widlneangivdn edl ynslindgbl forming rapparascanwhigh outputs
direction. The carriage 3 is driven by a main scan 20

im#9é Odath \WehdraFeagbhebh Smady Grdcrsprayi dethbet iveamia
driving pulley 6A and a followi ng pulley 6B, so as to

£1 PEANadibd iMerFBbE +RE Pééﬁhé“iﬁ%éﬂﬂi%nwhbghré§e ring to
I n i FIG 2. d %eaé%

i cated by arrows Four recortdi ng

e d 2 T edabe: I Eer i S CIRCRI L edst
sethiowe Fouires 215 T PeRs P0G BEs001onIBRER 7T dgi dmage
with a plurality of ink ejection nozzles thereof
10 foammimmgpePduatas whiebt pukppls jdindiidacgr dabat genepated by
scanning direction. The ink ejection nozzles of the
theetmagérgxduam&in@ymethod in this first embodiment’ of the
present invention,'and FIG._é is é,plan view showing an
iméortapt part 6f the mechanism part of fhé'iﬁage_forming
apparatus shpwn in FIG. 1.
- 15 . : The image'forping apparatus shown in FIG. i has a
guide rod 1 and a guide rail 2, which form guide members
provided betﬁeen'riéht‘énd left side plates (not shown), and
support a carriage 3 in a manner freely slidable in a main
scanning direction. The carriage 3 is driven byAa main scan
20 moﬁor 4 via timing belt 5 which is provided between a driving
pulley 6A and a following pulley 6B, so as to scan in the main
scanning direction which is indicated by arrows in FIG. 2.
Four recording heads 7y, 7¢, 7m and 7k, formed by

corresponding ink-jet heads that respectively eject yellow (Y},

25 cyan (C), magenta (M) and black (K) inks, are provided on the
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7c, Tmand 7k face down in FIG 1, so. that the Y, C
N and K5 inks are ejected downwards in FIG 1. Since
WOLHE O EBbr ding heads 7y, 7c, 7mand 7k basi cBFTATPI#/E22060
the sane structure, a description wi'll hereinafter be
.given with respect to a _ %gcording head 7 when not
referring to a specific c%lor of the ink. 10 A
caPF L85!l R HANL AL M8a MBePSo Ofi i@ jietk i bRt nbeate s fiH Ve
the recording head 7 is made up of a piezoelectric

. ar?&ﬁ%%tﬁ S{n SH A3t30R! g%&%ﬁ&%édl%re Lt%r@ﬁ& mdid NE&dMing

act whi ch uses ectro-thermal conversion :
.el epent sugh as ,a _.heating_resistor_that utilizes
41 FREEE R nantie AV 55 HPTNPEZhET | PhoE 190 HfHES feads 7y,
shape nenory_ all oy actuator that utilizes a neta
Tcph 8 2Rt atty £ acsu SBHR b & 1&npler &CutB2EnERgeY  dr, Yhrgnd K
el ectrostatic actuator that utilizes an electrostatic
inkgraxe efrtipshdoanwarads piredsife -hatinser tlygi reepading
eject'the ink fromthe ink ejection nozzle. O

headsirsg, 1d, i’ potd 20 essbrdlilyl Havepthei demanstructure, a
i ndependent recording head 7 for each ink color, and

deéBﬁiﬁaﬁtﬁ RECAr tieRe i REBEST hdTayivee LetRedebyeOneo & a
plurality of ink-jet heads each having a nozzle row

| ind RIS UReRl nde PELEALIING O6 K EELELE Abior of th
re%%?% %% or ejg@F?ng t ea§%1%§é6f aapFBraF?ty {h or © &
inxﬁ‘olors'. 25 A sub-tank 8 is nounted on the carriage 3

W th WO 2007/ 052781 PCT/ JP2006/ 322060. -17 respect to

each of the recording heads 7 of the corre_spon‘plingrtﬁa
col or. THe w-%ﬁkggn?gaméﬁa@& ©6 Bhai Arkankt (wad

an ink cartridge, not shown) via an ink supply tube
fogmingdthegwapgsling head 7 is ‘made up of a piezoelectric

actuator such as a piezoeleqfric element, a thermal actuator
which uses an-eiectro—thermal conversion eiement such as a
heatiﬁg reéistor that utilizes a phase'chaﬁge"caused by_film
boiling of the ink, a shape memor& alloy actuator that
utilizes a metal phase change caused by a temperature change
or, an electrostatié actuator that utilizes én electfostatic
force; and generates a pressure that is required to eject the
ink from the ink ejection nozzle. Of course, it‘is not
essential to provide an independent recording head 7 for each
ink color, and the four recording heads 7 may be formed by one
or a plurality of ink-jet heads each having a nozzle row that
is made up of a plurality of ink ejection nozzles for ejecting
the iﬁks of a plurality of colors.

A sub-tank B is mounted on the carriage 3 with
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the supply of the ink of the corresponding col or from
the main 5 tank. On the other hand, recording nedia
12, such as paper and film are stacked on a

WO (05481 paded nedi a stacking part 11 of a nBETHP2006/322060
supply cassette 10 or the like, and are supplied by a
medi a supply part. The nedia supply part 10 includes a
cresentic roller (or nedréﬂfsupply rolter) 13 which

[ j dig.1l ;
e S o P AR I ] PR e o poitlting
epar g}, on pag _1 Lch__confront he _nedjum s I .
.Coi‘BF t e?hl% S&ﬁﬁdtiag%és oFOETht rtlsoalta %ﬁﬁpngankl g‘l[’)lg.ee}/n ink

coefficient of friction. The 15 separation pad 14 is
cagE 5o oAt ShOWS) n¥dR U3 stiptpISPRRIY &MPe32, apd receives
recordi ng nedium 12 supplied fromthe nedia supply
thpastupply tofridorinkdolintke cdrrasmemddinggchéadsfyom|the main
order to realize such a transport of the recording
tafiRdi um 12, a transport belt 21, a counter roller 22, a
transport guide 23, 20 a push nenber 24 and a push

rol ler 25@rghdrAtedetandereddligRpPideddal 1221such as
transports the recording nmedium 12 that is

pagég Icértzc? Sflf‘fr!l,c aa! d.Jey s%ggﬁég doxli h§ rﬁ%‘l‘n Bi%gﬁganltnggié oé’éﬁki ng‘

‘provided to transport t recordi ng nedium 12
[ i s suppl.ed fromthe nmedi upply part via a:
pagh §b a8 & Rz rupbel, rdSadiin 0B he Sikan o are
transport belt: 21. The WO 2007/ 052781 -
supp¥i 9o et G0 SWPREYt Paklsportigy e 2281ugaL vkt he
recording. medi um 12 which is " supplied approximatel%i _
inchudbe ¥errdssitidi redieon(¢upiedinm ¢uppdyi sa)len) A Gwhich
1 to turn by approxinmately 90 degrees in a '
separates and supplies the recording media 12, one by one,
from the.media. stacking part 11, and a separation pad 14 which
cohfron;s the medium supply roller 13 and is made of a
material having a large coefficient of friction. The
separation pad 14 is urged towards the. medium supply roller 13.
The recording medium 12 supplied from the media
supply part is transported under the recording heads 7. In
order to realize such a transport of the recording medium 12,
a transport belt 21, a counter roller 22, a transport guide 23,
a push member 24 and a push roller 25 are provided. The
transport belt 21 transports the recording medium 12 that is
electrostatically adhered thereon. The counter roller 22 is
provided to transport the recording medium 12 which is

supplied from the media supply part via a guide 15, between

the counter roller 22 and the transport belt 21. The
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27 Vi I mi, bel t, im ng. roll.er
o e pRaraReRIRGEY (et ol eI G (e

direction along the transport belt 21. The push nenber
24 5 urges the push roller 25 towards the transport

WO RWIOSZL  Moreover, a charging roller 26 i s PEBIR20&322060

as a charging nmeans for charging a top (or outer)
surface of the transport belt 21. The transport belt
21-is formed by an endl e3%8belt that is provided .
18NSR 04 ! P41 Ag RS A0 121 Qi eh! €5
5 GpLUBe bl del B HLoaRd Ry BUREN 12l
and a Q43S

_transport direction (or sub scanning direction ) -
diyehiica edPoflan ArrOWULR PIYGaPEFOXJ&“%Eﬁ]dé HPedsgreesqgin a
is provided on a back (or inner) surface 15 side of

direntionanadpogt thel transpant epssili onThmusipowacry €6

an image form ng regi on of. the recording heads 7. The
urgdmrgiengushl ket1@f 25 tam=angethat t paposint deltto 21.
contact the top surface of the transport belt 21 and
MoFedAlr€S at enbeblay tdElecidecukaprefi a@y et Harlgifg means
transport belt 21. 20 As shown in FIG 2, a slit disk '
4.4 unt.ed on o) g, r 2 :
for?,ancc}*a}gggl stgr @g i(grprégs]g%)edgu%%&déet%;?@) %n‘tgr%?gg%t Helt 21.
plurality.,of slits in.t lLit. _di .. The slit _di
34 and t Qesgﬁgg?p%%t f%grhs-h 21r lcé)LtS a?é%%go%}érar}ﬁbeﬁﬁlesg Bélt
Furthernore, a nedia eject part is ﬂrov' echo 25 .|
tha§ et DIRYLABEOREFRGS rbdiAEBOEREPLIGS edh<h fbjaBssan
to the WD 2007/ 052781 PCT/ JP2006/ 322060 -19 recording
rohlen 8 .r eBopdbngchearptor Plerpbdatas eflr ttygamgport roller
i ncludes a separation claw 51 for separating the
27 reoraditigingedelin 32 dndm ttheihganspbetr Ikl tsks &o
nmedi a-eject rollers 52 .
circulate the transport belt 21 in a belt ttransport direction

(of sub scanning direction) indicated by an arrow in FIG. 2.

A guide member 29 is provided on a back (or ihger) surface
side of the transport belt 21, at-a'position corresponding to
an image forming région of the recordiﬁg heads 7. - The
charging foiler_EG is.afranged at a pdsition.to contéct the
top sﬁrface of the transport‘belt 21 and rotates to follow the
circulation movement of the transport belt 21.

As shown in FIG. 2, a slit disk 34 is mounted on a
shaft of the transport roller 27, and a sensor 35 is provided
to detect one or a plurality of slits in the slit disk 34.
The slit disk 34 and the sensor 35 form a rotary encoder 36.

Furthermore, a media eject part is provided to

eject the recording medium 12 that has been subjected to the
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5 recording nedia 12 are stacked. A duplex nedia

wogw@%%.,synit 61 is detachably provided on a ﬁgg{‘lg?o%lgnosp

I mage form ng apparatus. The dupl ex
supply unit 61 reverses (or turns over) the recording
medium 12 that. is fed bagk_by a reverse circulation
10 novenent.of the transport belt 21, and supplies
retbedini\er see reecodihachemtlilum Theagadba befewte parte
counter roller 22 and the transport belt 21. As shown

intTudd G a Beparh®EOHCEYaWES aitrS BepArhSing! t R0k diRg
" position corresponding to a non-recordi hg region ‘15

me&{uf Sff i %EQ'EEaﬁJf- d rbéiltG?ZIZ) aa'}ngggat é@ifallers_ 52
of* t 3. e

scanni ng direction e carriage . recovery
2chani sm 56 . recovers and intains the ink-jet -
and o531 G PR iR Rat ik ety vach Tt oriRiHed
state. The recaovery nmechani sm 56 incl udes caps 57 for
reoprédphinfilicads 8ret BeA®H 3 e surfaces of the
recording heads 7, a wi per blade 58 for w ping the
nozzl e s fdagdsxofmetha suprly dinig Bdads detaghblly i nk
receiving part 59 for receiving the inks ejected from

providedzal es refart part esbridie1grizeedfofmingesppatinnk | The
ejection is made to renove the inks having 25 the

dup DEX SRS \ngg,qg tii Bngh Prsvedidlest NBrNELARL W) the |
-"gj ection WD 2007/ 052781 PCT/ JP2006/ 322060 -20 from

re{:cggdﬂgﬁe%au&nr 9% PRLAG: nERT f_t &3 Ib%ate P?vé%g&%u’i%tion

creased viscosity. ormn
md%%ﬁ%%&??%??éﬁévkg ngggfétgéf¥lﬂf% and supplies the reversed
recording‘medium 12 again 5etween the cbunter.roller 22.and
the transport belt 21,

As sﬁown in FIG. 2, a récover§ ﬁecﬁanism 56 is
arranged at a position correspondingltd é ﬁonQrecording ;egion
on one side (right side in FIG. Zs'along the main scanning
direction of thé carriage 3. The recovery mechanism_56
recovers and maihtains_fhe ink-jet noZ;les of the . recording
heads 7 in .a recordable state.

The recovery mechanism 56 includes cabs 57 for
capping each of the nozzle surfaces of the recording heads 7,
a wiper blade 58 for wiping the nozzle surfaces of the
recording heads 7, and an ink receiving part 59 for receiving
the inks ejected from the nozzles of the recording heads 7

when a blank ink ejection is made to remove the inks having

the increased viscosity and prevent the normal ink ejection




and 5 supplied one by one fromthe nedia suppl art,
WO AR %E  suppl i ed recording medium 12 is gui’g%’\(gJ]%°°6/322°69

approximately vertically in FIG 1 by the guide 15.
The recordi ng nmedi um 12 Eéi;then transported between -
the transport belt 21 an he counter roller 22, and

frdf@hbi RoeBle §f £ HelGRy dner fEeed Myl A1k inksOHbd SRy bihe
the transport guide 23. The recording nmedium12 is

. gg% j «,the transport belt 21 by the push

AR Egg gg?bgé%t¥hat the transport direction of the :
recordin fum12 i chan roximately 90 '
Gogr ces. IPnERR; Thdgs, rmidadpba b SENAE khe) sPPucture
alternately 15 repeats a positive polarity and a

destadhery 8PpBear tiS Facorsindefedia ojnfa?F%A.S@.PaEP&@ds%%l y
part (nhot shown) to the charging roller 26 under a

suppdritedobnef by comt fryim et meAod SRy R@Ntoh andi thepe
described later. The control part, including the A C

supgpldeds uppbydpag tmediun 12e ideguidbe dhpmterinaAsly
result, the 20 top surface of the transport -belt 21 is

veldhiadaged by rhe., BIWLruml ighddehds gi nthe dbdcageipgt h€dum 12 -
that is, a pattern.in which the positive polarity and

ot n i i _ VAR ated afe

is pﬂrT):eéa 298hLKE P04 Added Ene BLARENALEC NCIieDIALE] Bhe

etermned w circ ting direction of

the tra aort.,belt (sub scanpnin 25 direction
coufFET TROLPBCH7HI HIE T IPLE ReCE R R BReGo RSt 12
. 2007/ 052781 PCT/JP2006/ 322060__-21 charged transpqrt
is gByidesh byt ke r eERRHT AdrEnri2 The diaR g PERLum 12
transport belt 21 by electrostatic force. the _
is rasbedi agaieat ubhe 2t adisdosd balt hel thuridppopusherpllier 25,
21-is ‘ :
so that the transport direction of the recording medium 12 is-

changed by appréximately 90 degrees.

| Ip this state, an A.C. voitége which alternatgly
repeats a positive polarity and aAﬁégative polarity is applied
from an A.C. bias supply part (not shown) to the chargiﬁg-
roller 26 under a.céntrdl of a control part fnot shown} which
will Ee described later. The contrel part, including the A.C.
bias supply part, will be deséribed later. As a'result, the
top surface of the transport belt 21 is charged by the
alternating charging voltage pattern, that is, a pattern in
‘which the positive peolarity and the negative polarity are.

alternately repeated at predetermined widths in the

circulating direction of the transport belt 21 (sub scanning

direction). When the recording medium 12 is supplied onto the



transported in the sub scanning direction by the
circulation 5 novenent of the transport belt 21. By
Vi the recordi ng heads 7 depending on an i mage
Wog{'ddﬁ’g‘%%mi l e moving the carriage 3 in forwar §C&H2006/322060
reverse paths (going and returning paths) along the '
mai N scanning direction, .,the ink drops are ejected on
the 10 stationary recor diig medi um 12 to record one

chiidéd thspoReobdi 8y2 B di vk rezdralihBeRed ansPPr {L G diered
a predetermned anount in the sub scanning direction

t ' toki . [.0g- [ |
R T R e e g

t he,recordj.n eration,end and_the 15 recorded,
reCraTTE st am $ahped Bt e BapboPRECReFD & oa
tray 54. In the case of a duplex recording which )
trapeperied iipndde subbeEaNRinkdigecthen, By o%@@ nfet Fasdiafaen
12, the transport belt 21 is circulated in the
5 moveventseflithecttiranspheh lékt Zl.recordi ng on the one
side of the recording nmedium 12 (the side. of the
r.ecor di n@yreifiwing2 thbatet¢sSrdirepmaedsf 7r deperditsy cihan
recordi ng medium 12 bearing the recorded i mage on one
im§c§éies:iéc_?l rﬁglfi_l'gsmge'ﬁnéa@fe t@urhagduBl ex FBehaArSURR ¥

unit a | reversed (or turned over) so as to

. o Lh : . ot
wef S5 bl | BB Oanl eSS T Sl phacchesals "0
PCT/ JP2006/ 322060, - 22 di di 2 _that
SCHRIGH SETIRG) . TR P bV “LPoBaPHTRY MRdRt 12 i s
~agai n supplied between the counter roller 22 and the
10 stafbeRpor (raserding, MgAYuR ¥3rﬁqN§Q9@ﬁér6Fei%lne- The

recording medium 12 is theﬁ transported“by a predetermiﬁed
amount iﬁ.the sub scanning directipn to record the next line.-
When a ;ecordin§ end signal or a rear en& bf‘the recording
medium 12 is detected, the iecordingloperatioh ends, and the

© 15 recorded recording medium 12 is eﬁected onto the media eject
tray 54.

In the case of a duplex redording.which records

images on both sides of the recording medium 12,.the transport
belt 21 is circulated in the reverse direction when the

20 recording on the one side of the recording medium 12 (the side
of the recording medium 12 that is recorded first) ends. The
recording medium 12 bearing the recorded image on one side
thereof is fed back to the duplex media supply unit 61, and is
reversed (or turned over) so as to record the image on the

' 25 other side of the recording medium 12 (the side of the




simlarly as 5 descri bed above and to record the inmge
WO ¥R78R&1ot her side of .the recordi ng medi umPCL/IPRARS/322660
recordi ng medi um 12 bearing the imges on both sides

~thereof is. ejected onto tEe nmedia eject tray 54. In

a recording standby st at 824t he carriage 3 is 10 noved

re rr%s mteeguﬂqewvaqaft ﬁ haics@eaSseabiskit he gg@g ?e%ersed

surfaces of the recor g heads 7 are capp

t he:.caps 57 so..,that_th I al | nt.aj ne
- redairupdhedlpiors £ addih MEEIESA SR BT Beliel
drying of the inks. In ddi tion, a_ recovery operation
roi Ik obde 306 HEKET FASHIS HALTPLS PHE DSl CRrERgL 1S
state where the recording heads 7 are  capped by the
canmigsl But $o hzarspeftecihe Hecgrdipabpedmnd Hallpgky as
havi ng- the increased viscosity. This.recovery
5 despeitsid abovel sodrevmmeEsrichdéhenkinage hem etheothies sodel ef
surfaces of the recording heads 7 by w ping clean the

thd 0z aagf acaity 1he Zhamreeorbiagenddiud e Heankngnkhe
ej ection which is unrelated to the actual printing

imérljg%oro %AI O HBY: BEs CRid sk QW HBRERES the HAredh EHBCt

ng operation or during“the recording
tr?ﬁﬁg tion, for exanple, so as to maintain a stable
3 -fln characteristic of the recording heads 7. 25
Next, ‘a description will be given of t:he ink-jet .
2007/ 052781 2p Fﬁ?%‘é)%/%‘?éﬁ%% SL35Ch ekl 1 FRRT the
' recording head 7, by referring to FIGS. 3 and 4. FIG
10  mowed Sayvagess sheeseroyRIy Viaahagh sphaSy e dity NRzade 7
of the imge form ng apparatus shown in FIG 1 taken
suafaregp &#f the recording heads 7 are capped by the caps 57 so

that the nozzles are'maintained in a moist or. wet state and
prévented from.clogging-Que to drying oflfhe inksr In
.addition, a recovery operation is_méde'to sgdk the inks from

15 the nozzles in the state where the recording heads 7 are
capped by the caps 57, so as to eject the air bubbles and. the
inks having.the'inc¥easéd viécosity. 'This récovery operation
also—removes the inks adhered on the nozzle surfaces of the
recording heads 7 by wiping clean the nozzle sufface by the

20 wiper blade 58. The blank ink ejection which is unrelated to
the actual printing operation may be carried out before the
start of the recording operation or during the recording
operation, for.example, so as to maintain a stable ink-jet
characteristic of the recording heads 7.

25 Next, a description will be given of the ink-jet
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| ongi tudi nal direction. of an ink chanber, and FIG 4
is a5 cross sectional view of the recording head 7 of
' e formng apparatus shown in FIG 1 i
Wogﬁﬁforg%%?i on along a -shorter side of the inthﬂ};ﬁ%@szmﬁo
that is, in a direction in which the nozzles of the
recording head 7 are arrggggd“ The ink-jet head '
form ng the recording head 7 has a " 10 fl ow passage
hegd atteatl Eorimsatt hies réoondthdhesdhj7ecbyngefiesr gy eco FIGS. 3
crystal silicon substrate to anani sotropic etching;

andlOf, GXRIDIE 152aVELSIS | SB-tilcHA 192wt Batthe RoRsiel i head _

a lower surface of the flow passage plate 101.and i's

7 GET ey BEThnS Bt e CE, BLE0CE G (dgre
1R el Ghtsraten o &1 h B Rbn Pt 5100 e

the nozzle plate 103 fornms a nozzle comunication
cr %%%s%&fj‘élm@% RAEWcOfmtif ceer diedahradzy eof odhe figage
ejecting the ink, an ink chanber .106 in which the
fopnis ARPNRRtus ghaenatirEIG domaken Ak 8hdibtretilos dlong a
supplying the ink- to the ink chanber 106 via a flow
shoesdstaike gfathe( Onk scippiber paseagey, 107, a adireatt idik in
supply opening 109 that communicates to the conmon

whidk 1Rz 1548 o £ ThBe PFESSM 10 BREHAY | e MBARSH L.

actuator neans) 25 is provided to apply. pressure to

pCT/ aPsoctrasitedes. B R £ Feqarding heaq, g bas @
F1 TR NN o AP cier chomeameit SRRITSERS & Sirgle
crPatat E o e 2alT A an miSotonpee Sthang s for
example,  a vibration plate 102 thét is bonded on a lower
surface_of.the fléw passage plate iOl,ané is'forméd by nické;
electroforming, and a nozzle plate iOB'thaﬁ is bonded on an
upper surface of the flow passage Plate 101. A stacked
strﬁcture made up of the flow passage plate 101, the vibration
plate 102 an& thé,nézzlé plate 103 formé a nozzle
communication passage 105 that communicates to a nozzle 104
for ejecting the ink, an ink chamber 106 in whicﬁ the pressure
is'generated, a common ink chamber 108 for supplving the ink
to the ink chamber 106 via a flow resistance part (or supply
passage) 107, and an ink supply opening 109 that communicates
to the common ink chamber 108.

The pressure generating means {(or actuator means)

is provided to apply pressure to0 the ink within the ink
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conversion el enent includes two rows of stacked type 5
i ezoel ectric elenents 121 (only one row shown in FIG
WO 70 a base substrate 122 on which the FPCTAP2006/322060
pi ezoel ectric elements 121 are bonded and fixed. A
support part 123 is provi gg bet ween two adjacent
pi ezoel ectric elenments 1217 The support parts 123 are

chdn@ered oy bpast sothaig ae WaBeasionl pneousty, agnt brido
pi ezoel ectric elements 121 when a piezoelectric

enifAIRAL, MEIPELect fo Hathled bt Lohberfl &f AIAERE 45 used
- elenents 1 by these parts. Since no. driving
voltage is_applied t.o these par t di vide, _the
as (e, SRR sbbrRLOer et ibd di et e il st pab e
el ements 121, these parts becone the support parts
coneysien ¢henpni Hefides e EREAL QT 1%&8&9@ &yRRect ed
to a . flexible printed circuit (FPC) cable 126 that is
Piganglesd rict Blemens \idlg (@ndeuPne( pow shwwn)yln FAGs 4), and
driving circuit may be forned by an integrated
a mEgecuubstkEre Th2 @enitilvdr aheepdezpaledion ofelehents 121
vibration plate 20 102 is bonded to a frane menber

ard 3pndRacassesikbal heauPport peRetiation Mawidkdlbatfeen
the common i nk chanber 8 are formed in the franme

tudSHI2Eehi0p: Ih6 PEOSIIAUIRCRRL 1381 e ampdakesate
act uat or uﬁlt tﬁat,ls forneg by the piezoelectri
| ements_121, and the bhase substrate. 122. An ink
128 A FoRmrE BEDOHT S SEROTEHE ST Yo AR g
.to the WD 2007/ 052781 PCT/ JP2006/ 322060 -25 _conmon
rigzneleriibsr ©188eNss 4l WSnBdPLAZPREeF it SHemEar member
130. For exangle,.the‘frane menber 130 is nade of a '
is tdetigeseintagthe erieraalertad canleperys rksl pyoitiege parts.
pol yphenyl ene sul fite, and ‘
Since no. driving voltage is applied to these parts that divide

the pie;oelectric element member iﬁto_thé piééoeléétric
lelements 121, these parts become thé support ?arts 123..

The piezoelec;ric elements 121 are cohnected to a
flexible printed circuit (FPC) cable 126 that is mounted with
a driving ci?cuit_(ﬁot shown). This drivinglcircuitlmay be
formed by an integrated circuit (IC).

The peripheral edge portion of the viﬁration plate
IOé is bonded to a frame member 130. Recesses that become a
penetration part 131 and the common ink chamber 108 are formed
in the frame member 130. The penetration part 131 |
accommedates the actuator unit that is formed by the
piezoelectric elements 121 and the base substrate 122. BAn ink

supply hole 132 for supplying the ink from the outside to the
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is formed by injection nolding. 5 Recesses and hol es

t hat becone the nozzle communication passages 105 and
' chanbers 106 are forned in a crystal face
WO%Q(%J)S%} the single crystal silicon subst ratPETﬁﬁ?aftﬂﬁf””‘?"
forms the flow passage plate 101 by an anisotropic
etching using an al kal i ne %tchant such as a 10

potassi um hydr oxi de ( KOH) solutlon ‘However, it is

coBf6AI Dhie chisdarmtes akSaled hesrmidtarnint kBes fﬂaﬂn@ Rémisdal130.
silicon' substrate, such. as a stainless stee

_Fogubg %‘ir@ b arr%ﬁ%t REeRBAHCI3¢/6is rn%%ie”o%”QSEﬁéfrﬁ?settlng

The-vibration p ate 102 1 s-nmade of a nicke

re%%g Suélbac{s a% % mi"drg¥1§|gft rao Q{lrgpﬂ%ngéegéhgﬁ(ff%e, and

wever, "1t Y ourse po'ssi
terlgls f.or the V|brﬁg|on pl ate 102, such as neta

pEaFEs %ﬁﬂﬁ&&%opemo tBers whi ch are conbi nations

of nmetal and resin plates. The piezoelectric elenents
121 and tBreeasssorndapilss 1bmatkecnyefhgenosnle he
vibration plate 102 by an adhesive, and the frane

comenbicatli3h ipasaageise i Oboane dcheheimdochbybans ative sine. formed
The nozzl.es 104 are forned in the nozzle plate 103 in

incar eegPidence Witih)eaghtpé iheylalergsagbess1 166 and

have a dianmeter of approxinmately 10 pmto

suBE’BEQ%é A Yoiths The TBEow 044 @1akat QE i\(/’%/i 2n

bonded on the flow-.passage plate 101. by a

Q0748527 4. RETLIER006) 322060, 25 adhgspve,che,

Nozz de up NOZZ or M
pogRS R '%m%%@eﬁ@ﬁi ﬁa%é’{ﬁé’r?éfr S VRN Erléﬁ’éo”sis%le
wat er repel | ent
use materlals other than the single crystal 51llcon ‘substrate,
such as a stainless steel substrate and a photoconductive
resin substrate;

The- vibration pléte 102 is made of a nickel metal
plate that is.formed'by.glectfoforﬁingf for example. However,
it .is of course poésibie to use qther ﬁaterials ﬁor the'
vibration pléte 102; such as metal plétes ana-composite
members which are combinations of metal and resin plates. The
piezoelectric elements 121 and the support parts.123 are
bonded on the vibration plate 102 by an adhesive, and the
frame member 130 is further bonded theréon by an adhesive.

The nozzles 104 are formed in the nozzle plate 103
in correspondence with each of the ink chambers 106, and have

a diameter of approximately 10 pm to approximately 30 pm. The

nozzle plate 103 is bonded on the flow passage plate 101 by an
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| ayer that is formed on the predeterm ned |ayer. 5 The
| ezoel ectric element 121 is forned by a stacked type
wo g‘?oé’@é’gﬁ’ect ric el ement (PZT) having pi ezoel ecP¢T/EP2006/322060
materials 151 and internal electrodes 152 that. are
alternately stacked. The_internal electrodes 152 that
are alternately drawn ou%eon di fferent end surfaces

addsife piragogbesis 0;9131@3 aloyeat nddd & Gof easrﬁ%cztzllgek&smmg
connecte to an in i dual el ectrode 153 and

BT 5L o WSS, S PSR e e
B ATt SRS, S b

causes the volunme of 15 the ink chanmber 106 to expand
layew et dacformpdedierthy pregdetgragnedska¥ie to apply

the pressure to the ink within the ink chanber 106 by

causi ng tfhe piezoelecitric «llegwent 1221ihafompdaby a

pi ezoel ectric constant of d31 to contract and éexpand.
stddkeddgipkl pliezO8BedoM OfelRirente|(BETY | Raiellesodléctric

may be 20 provided on. a single base substrate 122. In

maﬁé%&éﬂg‘ﬂ5§taHSagnfEQ%JMJéﬂ@%t%BBHQtPSQ Ekéﬁ”éﬂ@e@lternately

above, the piezoelectric el ement 121 contracts by
in h I t
st%@é%%el Gebl o Q] 1 49RO 801 LAGK 1 90d W sernarely
a result %he vi bration Iate 25 js | mered to
dr?"i’f&r%é’“t Aefierene St ﬁﬂ’é scﬂ ¢ HEE° :
2007/ 052781 PCT/ JP2006/ 322060 -27 the ink ﬂlqms |nto
element 21 RARDERSAPE: 1 VIHE camneFtedhen ahelndiFiddiipAg
vol tage applied to the piezoelectric elenment 121 is
elémmé@%enasatmremar&letdteopEeZBél ecthe pumelsenent 1s
121 in a

applled to the. ink within the 1nk chamber 106 by causing the

piezoelectric element 121 having a piezoelectric constant of'
d33 to contract and.expand,.whieh in.tdrn causes the volume of
the ink chamber 106 to egpand and.centract. However, it is
also possibie to apply the pressure to the ink within the ink
chamber 106 Ey ceusing the piezoelectric eleﬁent 121 having a
piezoelectric constant of d31 to contract and expand. 1In
addition, one row of piezoelectric elements 121 ﬁay be
provided on a single base substrate 122.

In the ink-jet head having the structure described
above, the piezoelectric element 121 contracts by lowering the
driving voltage applied to the piezoelectric element 121 from
a reference potential. As a result, the vibration plate 102

is lowered to increase the volume of the ink chamber 106, and
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direction in which the.layers form ng-the
pi ezoelectric 5 el enent 121 are stacked, the vibration
\NO%@@%F 192 is deformed in a direction of the nozzle
A8t he vol ume of the ink chamber 106 i ECTEBHOEE22060
Consequently, the pressure is applied to the ink
W thin the ink chanmber 106, and the i-nk drop is eject
fromthhe nozzle 104. 10 By ‘returning the voltage that

théSiAPPF ISR LigtbhehePigE Osh£LMddr G 0% .eNeRbrd2itds, tiin the
reference potential, the vibration plate 102 returns

dri9iﬁ%svo%ﬂ5&€ %%Plﬁga'EbofheEﬁ%éid@iec%?&ccgfﬁmﬁﬁt]fﬁi is
: ate a negati've pressure therein
ate, the ink_i | ed int.0 he in ‘
inéGeSse A s onriRaniitin aranactis e Bfefnf "N
vi.bration of an ink peniscus surface at .the nozzle 104
digeehien Hhavhdchbithe, eyt he MG fhgoPlggeetectric
applied. to the piezoelectric elenent 121 for the
element | Tkl grcisteckethethetniderajficgr pdatg 102 i criginmgd
head 7.is not 20 linmted to that descri bed above, and
inthedif$CKiﬁﬂﬁmﬁ'th@GncaﬁlebEO4ﬁHhﬁtumecvn&nmetofnmhe ink
expand dependi ng on the manner in which the driving

chahB8al 1 0@evief ddiuckar exensd eﬂtﬁyapﬁhbeﬁré%uié‘els applied -
plezoelectrlc el emrent 121. a description wll be

oS A ot g R, L8 5
PCT/ JP2006/ 32206 ﬁﬁ FIG 5 is a system bl ock
®s

eﬂaFBg ik ng the control - .part of- the

i mage fornlng apparatus shown in FIG 1. A contr
part 200 BhoRFumRiPEGEDS Haktepeshar is applied fo the

piezoelectric element 121 to thé reference potential, the
vibration plate 102 returns to its, initial.position, and the

ink chamber 106 expands to generate a negative pressure

“therein. 1In this state, the ink is filled into the ink

chamber 106 from the common ink charber 108. After the
vibration of an ink meﬁiscaS‘surface at the nozzle-lOQ decays
and stabilizas,.the.driﬁing voltage ié_appliad.to-the-
piezoelectric element 121 for the next ink ejection.

The method of driving the recording haad 7 is not
limited to that described above, and the ink chamber 106 can
be made to contract and expand depending on the manner in
which the driving signal waveform, for example, is applied to
the piezoelectric element 121.

Next, a description will be given of the control

part of the image forming apparatus, by referring to FIG. 5.
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for controlling the entire inmage form ng apparatus, a
ROM 202 5 for storing prograns to be executed by the
WO HBIORT8! and ot her -fixed data, a RAM 203 f orPCTAIP2006/322060

tenporarily storing inmage data and the like, a-.
rewitable nonvolatile nmenpry 204 for storing data it-
even while the power of THe | mage form ng apparatus is

. | . . . .- . . . .
FIThd & 2080stHD HRads R SRER Sere LA ERIAARK) ERY) bonprol

ro i Nngs Wit respe t e e, d i,mage

-palg} &gfgii’ien 3‘“%% hP%guln$§§>&°F 5%5.“%95#‘%% ]fr%gkle]%d atd, and

processi ngs of inpput a out put .signal s_for

control | ﬁﬂ&oﬂﬁéoérﬁ‘?‘én%dqpag”’gm?’ar ﬁPngIGap?)é?aa? s CFY5211

The control part 200 also has an interface (I/F) for
forxashdmgildgndathe agrk S riFagew opmang oappasfitus,ngt ROM 202

shown),; a print control.part 207 that includes.a data
fot reafiery peagsams oro drd wixegused bynthelCFh@lilhend other

recordi ng heads 7 and a driving waveform generating

fidRaat0r a0RART 203 NEHA tinpHragi2l St@ndtg anRfeOAtadand
head driver (driver I1C) 208 for driving the recording

thd1eRds 7 4l %hr%%%b?@%%l%itlgem@ﬁﬁﬂgm Ford Sk Phg data -
t 0 and

drividg par r riving the main.scan notor 4
__the.sub canrmtor%ané.c ?_}nas %1 . 212
ev?%rw@t}r?pl PngOYRE O C° B ev_cf)P aglylzgt%pé) & atrlgi %’EF'

roller 34, and an input and 25 out put él/())rd%aﬁj é&g
ang G | 3RRIHLCRARE OD aPPRftst e iR Ig8E8E: FHRCWS 2 53781

PCT/ JP2006/ 322060 -29 signals, such as the detection.
The Affld] £05r carshesdert sesions $39nakdpRBCeFRIYGS with

detection signal froma tenperature sensor 215 ’
respect to the image data, image processing such as”
rearranging the image data, .and processings'of input and
output signals for controlling the entire image forming
apparatus.

The control part 200 aléd has an interface (I/F)
for exchanging data aﬁd signals with a host unit (not shown),
a print controllpart 207 that includes a data transfer means
for driving and controlling the recording heads 7 and a
driving waveform generating means for generating a driving
signal waveform, a head driver (driver IC) 208 for driving the
recording heads 7 that are mounted on the carriage 3, a motor
driving part 210 for riving the main scan motor 4 and the sub
scan motor 31, an A.C. bias supply part 212 for supplying the

A.C. bias voltage to the charging roller 34, and an input and

output (I/0) part 213 for inputting various sensor detection
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that detects the environnent tenperature. An operation

panel 214 including an input device and a displ ay

' respectively for inputting and di splayin

‘Vog@%@§§§?y i nformation of the inage form ng gﬁiﬁFgPﬁ@?”mo

is connected to the ‘control part 200. The host unit

that is connected to the_ggntrol part 200 nay be

formed by an information ggocessjng apparatus such 10
sidSaBs PALEONAls ERBPYECSctidH) JiR@a sI ERbh NEnARReY Adifsors 43

such as an inmage scanner, and an inmage pickup

r Qi-NgGs :

and D00 Al SRELTIh P TRNTRIS) (e AR SR 1S

uni t_is . received by the hast int ce 206 _via a ‘
engf et Shig Shen ST BRSPS a0 801 G FRYE T panel

control part 200 reads and interpreﬁs the print -data
214 ingliking 7§ 4aPEY APYHES P9 BeQaFPioF BETFE® that is

included within the host interface .206, and based on
respect tednprforednputhingaand displASLEI2DECER2RFY s out

t he necessary inmage processing such as rearrangi ng 20
inpbridtel onrage that Amads ef proires Spparatige dat@onsected to the

transferred fromthe print control part 207 to a head
coREFYEPAE8 2083 wil'l be described later, dot pattern

data used for outputting the inmge are generated by a

printer dgjvel, qf uhtti‘ﬁe@f?éﬁ 1401 o g oBr EBtEﬁQnéérgArél‘part

part 207 transfers-. I mage data 25 to the hea

river, 208 in the form of rial data. The prin
208553 (o5 FPE e PY B0 0Rr SRR FOCRRRPIDT AR Tiaigs such
also transfers to thé head driver 208 a transfer
aS o} RRE KT ABRUSPEnaf" t HIAIRIEFHEAGi PERTRTET fifeas an

image scanner, and an image pickup apparatus {or imaging

apparatus) such as a digital camera. The image data and the

like from the host unit is received by the host interface 206
via a cable and/or a network.

The CPU 201 within the ECntrQl part 200 reads and
interprets the priﬁt data (or recording data) within a
reception buffer'thét,ié included within the host interface
206, and based on the interpreted print data, the ASIC 205
carries out the necessary image processing ;uch és rearranging
of the image data. The processed image data is transferred
from the print control part 207 to a head driver 208. As will
be described later, dot pattern data used for outputting the
image are generated by a printer driver of the host unit.

The print control part 207 transfers the image data

to the head driver 208 in the form of serial data. The print
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droP_ control signals (mask signals) and the like. In

WO 24d1%378h, the 5 print control part 207 incl uREEIBR006/322060
digital-to-analog (D)A) converter (not shown).f.or
subjecting a pattern data_of the. driving signal :
stored in the. ROM 202 to38-D/ A conversion, a driving

f g r tyvLSaf
e S PR T R RS
10 selectin ans, (,not. sh for _selecting,the
rgn i G ANt Wbt G e o dpE) FEd 1 O raggster
driver 208. The driving _signal waveformithat s
thegeHeadg S2t8y aPAetprMake ddift rdiansier debmihiy dafprren
to the head driver 208 is made up of a single driving
coptrele igmalisngmesynadgnaksla apcurtiei Likef din AHdegtisn, the
pul ses (driving signals). The head driver 208
priet exdritwelly pappl 203 irclides dr iddigdgak-eoearia lsucid/as
t he piezoelectric elenent 121 described above that

coBPERT emoRl sBBRR YIS Rilectifg bnfattom d4tamdihene
correspondi ng recordi ng head 7, the driving signal 20

g Lyba9;Signal HORM £hafy i iswed
dr;\?:([) {’%.éqtr}%gr i@Etbl‘%ggﬁo ; aertﬁ@?% EB LNBJa | Sl REFHRD a

07 based on the I mage
arSi iRerd RESTR R PBlo Pt g s Pad
TR S e L TR e RO

‘dot (large ink drop); a nediumdot (nediumink drop)
se heret INaNDER0§7 (06R 7810WOT/ I 66ERZ2 208 0t he Jirisiglg sdgnal

(small ink drop), by, selecting the driving pul ses”’
waﬁefmﬁ;gg:q fedned supphgeci I gmalhenvdeatdodmi veat 208. s dedving
si;;;; waveform that is generatedlby the print control part
207 and_suppliea to the head drivef_208 is'made up of a single
driving pulse {driving signél) or a blﬁrality'of ariving
pulses (driving éignals)3 |

The head driver 208 selectively applieS'to.the'

drivipg'elemént,'suéh_aé the piezoeledtric element 121'
described above that generates an energy to eject the ink drop
from the corresponding recording head 7, the driﬁing signal
forming the driving signal waveform that is received from the
print control part 207 based on the image data that are input
serially to the control part 200 and amount to one line of the
recording heads 7 that is to be driven. In this state, it is

possible to form dots having different sizes, such as a large

dot (large ink drop), a medium dot (medium ink drop) and a




head driver 208. The CPU 201.cal cul ates a driving
output value 5 (control value) with respect to the
mai n _scan notor 4, based on a speed detection val ue
WO 321bsi ti on detection val ue obtai ned by P&FHIPNE/322060
the detection signal (pulse signal) from the encoder
sensor 4lthat forns the |inear encoder and a speed
target. val ue and a.positF@ﬁ‘target val ue obtai ned from
0 e red 5 d position pipfile .
L e o B I e Py PHses
drivin art. 2 based.on_th cal.cul ated drivin
o5 ol T A8 AETh HeLearrarait 45 cuPRi{afye the
t he ,CPU Zgé?calculates a driving output val ue _
hepdodF+ 8T \v2fl8re) with respect to the sub scan notor 31
based 15 on a speed detection value and a position
det ecti onTR&lGRY 286t gRhculabes apitinincheudpnbcyabie
signal ‘(pulse signal) from the encoder sensor 35.that
5 (cbotmsltweluet arifhemesgect and he spded skcangebtoal 42 maskd
a position target value obtained froma prestored
onSRESHedd MasdtiicdnN valaéi dkd d bR 20 HedebY 86n t g1 120
sub scan notor 31 via.the notor driving part 210 based
: PO [ RY] : ugf,9kat '
o R A e L B O iR P PR, rom
the_print control .part, 207 _and .t he .head driver. 208, by
enbEaPhudt A0l PRRke PRI HRAS SRaE- 220 A

shoqwing the print control, 25 part 207 of the control :
SPR&ft t%g‘é)e'%h § ANg & PB.“W%%E?W%ZYQ ue obtained from a
PCT/ JP2006/ 322060 -32 As .shown in FIG 6, the print
10 preshered sreed ZoW pesétidespredivie ndhga¢EPolfl drives the
generator 301 for generating and '
main scan motor 4 via the motor 'driving part 210 based on the

calculated driving output value fér the main scan motor 4.
Siﬁilar;y, the éPU 201 calculates é:driviné dﬁtpu; value
(contreol value) with respecﬁ to the éub scan motor 31, bgsed
15 on é speed detection value and a péSition detection value
obtaingd by'sampliﬁg the detectipn signal (pulse'signgl)-from
the encoder ;ensbr éS,that forms the rotary éncoder énd a
speed target value and a‘position target value obtained from a
prestored speed and position profile. The CPU 2d1 drives the
20 sub scan motor 31 via the motor driving part 210 based on the
calculated driving output value for the sub scan motor 31.
Next, a description will be given of the print
contreol part 207 and the head driver 208, by referring to FIG.
6. FIG. 6 is a system block diagram showing the print control

25 part 207 of the ceontrol part 200 shown in FIG. 5.
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outputting the driving signal waveform (conmon driving

signal waveform that is forned by a plurality of

WO 2070781 pul ses 5 (driving signals) within onRCHIR26/322060
period, and a data transfer .part 302 for outputting
a 2-bit imge data (gradaé'on signal. having a level O
or 1) according to the prrfiiting i mage (or recording

i mge) , the Ghagk; i B@l .6t hee BLehtSEaRato1 andd pls7
drop controF signg s MO throughewB. 10 Eaé% gggihe i nk

‘ in?d%lgcfeslc %gidirglg%ébga%lréfcbﬁ t g,]%%%ok\!e 30# S%%r %%ﬁrggiigaagnd

P
switch 315 within the head driver 208, which farns a :
OUR i FRFe SRS VLRSS AR e%PEB. ?‘E‘QIEIHO%fCﬁFﬁ’é‘Hgn gignal
drop control signals MO through M8 makes a transition
wavetfermhitgiat1ss| gorred Ay st Rleyadity esgekiing pudses
waveformto be selected . and makes a transition to a
(drowirdeevdlgnaOEF sithi) and lpriespeeriodp amd avalagfaotmansfer
not to be sel ected, depending on.the print period
.papf - 301 eMeRRpdet vheita SI-Pidl ivayef aata Theadwradndsivyasl
208 includes a shift register 311 20 for inputting
haxlfrrra éa( 3.%%@ 0Cbeck) (el %!:;091% %fﬁnﬁiwg $3@igedl(or

ata (gradation data having Its per channel)
fromthe data t S t 2, I Cl it 312 .
reqofiad el SR b Riokanite she, Tefh it idHly 28 1n
311 in response to the latch_signal, -a decoder 313
dreR CETS ﬁégpﬁgsziéo g&éﬁéﬂqﬁ‘oﬁj%ata and the ink drop
control signals MO through MB WD 2007/ 052781
PCT/ JP20G8ci2 2d6bhe- B3k Pl wopirelngiandbe ¢ dhrough M3

result, a level shifter 314 for converting a |level of
isaaldhic l=dvpeblvohebgnsigedls opehinhg or closing  of an

ning or 0si'ng.~ o

analog switch 315 within the head driver 208, which forms a
sﬁitching meané, for each ink drop. Each.oftthe ink drop
control signals MO through'MB mékes a transition to g.high
level (ON state) with rgspect to.the waveform tb be selected
and makes a transition to a low level (OFF state) with respect
to the waveform'nof to be selected, dépendiﬁg on_thé print
period of the common driving signal waveform.

The head driver 208 includes a shift.register 311
for inputting the transfer clock {(or shift clock) and the
serial image data (gradation data having 2 bits per channel)
from the data transfer part 302, a latch circuit 312 for
latching each resist value of the shift register 311 in
response to the latch signal, a decoder 313 for decoding the

gradation data and the ink drop control signals MO through M3
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out put fromthe decoder 313 as the decoded result into
a level at which the analog switch 315 is operable,

analog 5 switch 315 that is controll h
wogﬂ%éotg%% ggir%%%qtqgﬁzzoeo

or open (ON or. OFF) state in respons
out put of the decoder 313 that 1is received via the
| evel shifter 314. The aQ%I3Qg., swtch 316 is
connected to the selection™ el ectrode (individual

anél eatpweeind &3 dicodiedhrpsezoel £dldved khigkerenl4 12dr to
i nput the common driving signal waveformfrom the

coﬁ%b¥£ﬁﬁgW@Yﬁ&ﬂﬂﬂk&?%ﬁ&é?@& BOde1 ARPEENgl ¥nabYthat is
* turning” the anal og swi fch 315 ON dependi n§ on the

' e i.oR-data) ' i it
Ou{t gggs?%?}{rl 2:&1 # %{oem t%‘{?é: g%? aggttf%‘%:#eé!rﬁﬁ??% egh;¥a%%t? Ke level
decoded result. that .is. o ut from t he degcoder. 313
ati RALGE JHE A} A SRR bS LTl egnarg. kBr Analoy
t hrough MB, a predeterm ned driving signal formng the
swibARpAL S dihaf g ﬁ%ﬁépl%a@e?%rﬁfﬁ%éfg@@@ REOBHR t or
anal og. switch 315, that is, is selected, and is
OFEppktate tin tlesmineeocbethe i cutmitemehtthe2 ecodeNeXt3 that
description will be given of the ink used by the

isi Fegeived g epdestlsshTheest rdadrop which is ejected
fromthe recording-head 7 of the inmage form ng

appar at Usths ad DR chne18ridtddihddieeotdi Bee sdikection
whi ch may be made 'up of the follow ng constituent

orfEEFERE S UM BByt Ebh TP S B sassaine
elé%gﬁtgiffuég;iégéy pﬁ%r35m¥§ﬁté£¥%{% e%&@nal wavéform from
the driving waveform generétor‘BOl. Accqrdingly, by tufning
the analog switch 315 OW dependiné_on the image data
(gradation data) that is serially transferred from the data
transfer part 302 and the decoded reéult‘tﬁat'is output from
the decoder 313 in response to thé ink,d:op control signals MO
thfgugh M3, a predétermined driving signal forming the common
driving signél waveform‘passés through'the aﬁalog.switch 315,
that is, is selected, and is applied to the piezoelectric
element 121.

Next, a description will be given of the ink used
by the image forming apparatus. The ink drop which is ejected
from the recording head 7 of the image forming apparatus is
formed by the printing (recording) ink which may be made up of
the following constituent elements (cl)-(cl0O}.

(cl) Pigment (Self-Dispersing Pigment), 6 wt.% or




(c3) Second Wetting Agent; (c4) Sol uble Oganic
5 (c5) Anion or Nonion Based Surface Active

wo%@é’ﬁ%‘%l (c6) Polyole or dycol Ether, Car bont NliT3age/332060

or Geater; (c7) Emulsion; (c8) Preservative; ‘10

(c9) pH Adjusting Agent;ug d (clO Pure Water. In

ot her 'words, .the pignent ?ci) is used as the
gr&st&xi ng agent for the recording, and the sol vent (c4)

is used as an essential conponent to deconpose and

di spebse fihetlRePt GAEMgd®) . I n addition, the first

and second. wetting “agents (c2) and (c3), the surface

acti,ve, agent. (.c t sion (c7), the :
preéggea%@gn%c@}tgﬁggt &544 adj usting agent (c9) are
added aség)dldi |E&iv s. The first and second wetting
agerité) ( & 55%’)‘“%\? SMREXF/in order to effectively

20 utilize the characteristics of each of the first

3 and (s8¢ oddrionepri RgnigreRasqt Burange(Bsyivadfgans
facilitate viscosity adjustnment.. A nore detail ed
desdribpt iFerlywilkl onoWl peoyikherf Caghoh Wimidwe 8 or
constituent elenents (cl)-(clO of the ink. 25 The

Groateent (ci) is not limted to a particular WO

2007/ 052781 PCT/ JP2006/ 322060 -35 ki-nd,, and may be
f or mdy byerRA <l BRE gaNi ¢ pi gnent or an organic pignent.

The i1 norganic pignent may be selected fromtitani um
{c8) Preservative;. |
10 " (c9) pH Adjusting‘Agent; and
(clO) Pure Water.
in dthér words, .the piément (cl)'is used as the
coloring agent for the recording, and thé soi%ent (c4) is used
as an essential component té deéompase‘and diéperse the
15 pigment (cl).. In addition, the first and second wetting
agénts {c2} and (cé), the surface active agent (q5), the
emulsion (c7), the ﬁresérvative (c8) and the'pH adjusting
agent (c9) are added as additives. The first and second
wetting agents (c2} and (c3} are mixed in order fo effectively
20 utilize the characteristics of each of the first and second
wetting agents (c2) and (c3), and to facilitate viscosity
adijustment.
A more detailed description will now be given of

each of the constituent elements (cl)-({cl0} of the ink.

25 The pigment (cl) is not limited to a particular




oxi de, iron oxide and carbon black. The carbon bl ack
may be produced by known net hods such as the-contact
nmet hod, the 5 furnace nmethod and the thermal nethod.

WO MTORI8bt her hand, the organic pignent may BETAIP2006/322060
sel ected fromazo prgments, polycyclic pignents,
.chel ating pignments, nitro_pignents, nitroso pignents; -
and aniline pignents such’as aniline black. The azo

kit 9" ShayBY EOAhSH &R Z |i@1‘6‘i§an5.851?5éé’fpér?c %0 an organic

pi'gnents, “condensati on 10 azo. pi gnen and chel ating
. azo . pigpents. The pol v.cycli.c__pi i e
oi G ooy REopPgREn e el B8 BhEedi 't rantun
pignents, anthraqui none pignents,_guinacrid .
oxIeeToE OHLERaITH S RGO LS Ky b Eﬁﬁd?@fﬁofm 3?3@?9‘5?“&5' be
i soi ndrinone pignents, and qui nopht harone pi gnents.
propheceth byh&nawnnge bhegie riushmap thet caetassine rattiftRg
pi gnents and acid chelating pignents. O the above
5 furessy meerthopi gndntise theernalk meseddi. n On hilse extiiedi mentd, the
preferably has a good affinity with water. The grain
orghraleAgnehtt Rey Phg dledtedpirebar abbypi gnéntng@1ety2Qic
0.05 pmto 10 pin,- and nore preferably 1 pmor less, .
pi @Stchegﬁ%&ﬁ?ﬁgkgﬁn%ﬁégh PN €Fo | SEGnenthe 3TRURE-0bi gment's;,

Igment wthin s the col©oring agent, is
referably.in a_ran of . 6 =% W, % d_no
and i piofefct S G el il black. mi BB plBhEne
Particul] ar exanpl es of the pignents within the i nk WO
may G IS, BEOpER K9 P OORICIRIGD 2203 BLgBERL T 1 Gofidensation
enbodi ment are as follows. The bl ack pignent nmay be
10 azgarigmeedsir éafcahdbating azo pigments. . The polycyclic

pigments may include phtalocyanine pigments, éerylehe pigments,
perinone pigments, anthraquinone éigments,-qu;nacridonA
pigments, dioxa%ine pigments, thioindigolpigménts;
isoindrinone pigments, and éuinophthérdne pigﬁents. The
" 15 'chelatihg pigﬁenﬁs may include basic chelating pigments and
acid chelating pigments. -

of thé.aﬁove!described pigments, the ink used in
this embodiment preferably has a good affinity with water.
The grain diameter of the pigment is preferably in a range of
20 0.05 ym to 10 um, and more preferably 1 um or less, and most
preferably 0.16 pym or less. The amount of pigment within the
ink, as the coloring agent, is preferably in a range of 6 wt.3%
to 20 wt.%, and more preferably in a range of 8 wt.% to 12
wt.%.

25 Particular examples of the pigments within the ink




blacks (C. 1. pignent black 7) such as furnace blackf.‘

bl ack, acetylene black and channel black, netals
WO%Q?&' SH81 5 copper., iron (C. |. pignent bl ackP(ﬂ/)‘PQQi’ﬁﬂmeGO
titani um oxi de, and organi c pignments -such as.
aniline. black (C. 1. piggent black 1). ‘Color
pi gnents nmay be sel ected” ffomc 1. pi‘'gnent yel | ows 1

us%@?ﬁéf?%%“%?ﬂ%%m S PR ol ab) , 53, 55,

81, 83 |az eIIo 5. 8,100 01
104, 108, f‘?é’ bEoselfted. 3E e ‘fa
pi gnment oranges 5 13 167 17, 36, _43 and 51, l.
bl el ledPloment hidex W7 sush ghr FEFRase Shag
scarlet), 23, 31, 38, 48:2 (permanent red 2B (Ba)),
: 1ardi8vlzacl(,p@qe¢wénne roth g Frch Phanggl 3bl pek nametals swchBas
(Sr)), 48:4 15 (permanent red 2B (M1)), 49:1, 52:2,
5 copged, ixénl (Chr Tl | pimtentc dlaicke 16B) an80t dtaidind ,oxiste?, and
' 54: 1, 81 (rhodam ne 6G | ake), 83, 88, 101 (rouge),

orr%%rﬁc %nelﬁ@ =108 hgadnl Uind %‘J)ac}a-]-@: 143 t black 1).

ui nacrl don nagenta), 123, 146, 149, 166, 168, 170,

o nent 55 Copagtentt e B r%%%ﬁ%?gf%&%@igl . Bidgnt
ve o b PRt g bR %)ner%’Sqf e‘f%aZ" gellow amn), 13, 14,

(pht al ocyani ne_bl ue E), 17: 1, 60_and. 63, %
17c. 24, 3%i &r%en@"gré%né&f%ll%' 17f°n8°><iée 1753-1855and3136 3
Of course, other pignents nmay be used, such as 25
10 (dipzd tySdilgvediRs » ha%i ng 4 H8,s00aca08f 10é pleherk0%f 320,
exanpl e, WD 2007/052781 PCT/JP2006/ 322060 -37 carbon)

11py orEpseBthyaral &), nCor It hpidgmdeet soraasyetso She 13, 16, 17, 36,

di spersible in water, and processed pigment's having
43t4&d 51, C. I. pigment reds 1, 2, 3, 5, 17, 22 (brilliant

fast scgarlet), A23, 31, 38, 48:2 (pé;maneh£ red 2B (Ba)), 48:2
(permanent red 2B (Ca)), 48:3 (permanent red 28 (Sr)), 48:4
15 (permaﬁent red 2B (Mn)),.49:l, 52{2; 53:1, 57:1 (brilliant '
carmine 6B), 60:1, 63:1, 63:2, 54:1, 81 {rhodamine 6G lake},
83, 88, 101 (rouge), 104, 105, 106, 108 (cad}nium red), 112,
114, 122 (guinacridon magenta), 123, 146, 149, 166, 168, 170,
172, 177, 178, 179, 185, 190, 193, 209 and 219, b. I. pigment
20 wviolets 1 (rhodamine lake), 3, 5:1, 16, 19, 23 and 38, C. I.
pigment blues 1, 2, 15 (phtalocyanine blue R), 15:1, 15:2,
15:3 (phtalocyanine blue E)}, 16, 17:1, 56, 60 and 63, and C.
pigment greens 1, 4, 7, 8, 10, 17, 18 and 36.

Of course, other pigments may be used, such as

25 graft pigments having the surface of the pigment (for example,




surface of the pignment (for exanple, carbon) added -

with a functional group such as sulfone group and

| group so 5 as to be dispersible in wate
Wo%ﬁ@?('%%ﬁent may al so.be encapsul ated within PCT’JPZ"“’:””““

m crocapsul es so as to be dispersible in water.- The
bl ack ink used in this en@gdlnent preferably
i ncl udes, as the pignent pi gment -di spersant whi ch

cakBodf @P&@ém Ry @i $R8LSI 68 e Wikemeat aw thi Bea
wat er nmedi um by a dispersing agent. The di spersing

aiffeRns l"lf?fk“’gdt%nf” yaﬁdkﬁ?%%%%f?‘iﬁ?ﬂ%‘%ﬁéﬂé?%ﬁ%ﬂéﬁfd
sung¥§ ﬁ:tcl%:lltpgtg@ern cr(gfgfzg’g#%i dcr)?lr%%hl)r pfided with a
ymer 15 vinyl acetate- acrylla&%§0|d est er-

fuBGEbP?%%rQrQRR)HWQF 86 8uhEPRe i TR SPEDPEEL egroup so
copol ymmer, styrene-acryl-ic acid copol ymer,
5 asstyrbﬂediﬁn&nﬁibﬂ& dnawatletopol yner, styrene- acrylic
acid-acrylic (acid) al kylester copol yner, styrene-

met hacr yl Tige gridgieady ylalycalacildy endapsedia¢edcepohymner,
styrene 20 a-nethyl styrene-acrylic acid

miGeBehYSRT e Ay ldsC thaskd)i spbkyl1ed e Gamekyner,
styrene-nmal ei ¢ acid copol yner, vinyl -

napht hal epgs R £iic ;3G g588p9ﬁygﬁi? éﬂﬂBﬁlmenFaFfif%E?%}y

acet at e- et ylene copolymer, vinyl acetate

inéi?léa'%sto% S SRR sc@%@g{l%*zsda%%t&?%%nga yLfn gt

cop ol% and vinyl acetate-acrylic acid
10  objgine é@?8%?#2?#%%@20@@P39?@%%Pt %ﬁ?h¥aoﬁoV§H@F m@?ﬂ?ﬂkPY a

ink used in this enbodinment, the weight
dispersing agent. The dlsper51ng agent 1s preferably a known

dispersant which is used to,adjust_a known~pigment dispersant.
_TheIAispersant maf be sélecteévfrbﬁ polyacrylic '
acid, polymethacrylate, acr?lic acid;aérfloniﬁrile copolymer,
15  wvinyl acetate;acfylic (acid) esterVCOpolymer, acrylic acid—
_acrylic (acid) alkyleéﬁer cho;ymner, styrene~acrylic acid -
copolymner, gtyréne;methacrylic acid éopolymér, styrene-
acrylic acid-acrylic (acid) alkylester copolymer, styrene-
methacrylic acid-acrylic (acid) alkylester copol&mer, styrene-
20 o-methyl styrene-acrylic acid copolymer-acrylic (acid)
alkylester copolymer, styrene-maleic acid copolymer, vinyl
naphthalene-maleic acia copolymer, vinyl acetate-ethylene
copolymer, vinyl acetate~fatty acid vinyl ethylene copopymer,

vinyl acetate-maleic acid ester copolymer, vinyl acetate-

25 c¢rotonic acid copolymer, and vinyl acetate-acrylic acid
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aver age nol ecul ar wei ght of these copolyners is
referably in a range of 3,000 to 50,000, and nore

WO 20978128 ably in a range of 5 5,000 to. 30, 000, PGHIPIHGEH2060

preferably in a range of 7,000 to 15,000. The anount
of the dispersing agentlﬁg¥ be added within an
appropriate range. such t the pignment is stably
ngtéﬂg sed and other ‘desirable effects are not |ost.
i spersing agent is preferably in a range of

1°0.96 19p1 B Ml AL cR gl Ghabhindn atrh%”%lﬁgen

1:0.125 gnent use e doloring
anounts_to %.to 20 %W th respect to th
e Wewi?rm%lm St SR SIS dﬁe%?f%aﬁy in

range of 0.05 pmto 0.16 pm In addition, the gnent.

a nangéi ofeBs a0 wke hiGy GRemNBymPFRR REeiREARsiing aaﬁéﬁge of
and the dispersing agent. used is a nacronol.ecul ar

5, @it prer S0nQgoAgeatd stnprafevhbtyl tn aveiagige iof J,0PAnte
of 5,000 to.100,000. The picture quality is inproved

15 VdteN t haesahubhe Of gani aispbkyeihgi agdntdemyabe addedone
kind of pyrrolidone derivative, and particularly

w1éﬁfﬁ/ BOl 398 rlggbvyéﬁbé'%%@ﬁ?tﬁgttfﬁéfﬁi' g sSeeandy

ting and and the. 'sol ubl e organic

.dlﬁsq%gqvf% F abfibend@I &L i:sabfen%flfftgggsv%%{lr{bg g%gtnk e

iamin e cas€ o used 1 n this
enbodi nent . For exa the follown ol u ]
@i GG STPUBLS e R odnt r TOHEE J2f padd fofopd:3
maki ng the ink have-desired propertles preventlng
an@irrevqr@gp@ﬁfveal;zbmmazmmﬁﬂvz@o@%m% -39.the
ink, and inproving the‘'dissolution. A plurality of- ‘
such solThiel pigmgabi esablasenhe majobingisgant amounts to 6

wt.% to 20 wt.%Awith'respect to the total wt.% of the ink, and

the grain diameter is in a range of 0.05 pm‘tb 0.16 ym. 1In

addition, the pigment is dispersed within water by the |
dispersing agent, and the disperging agent uSed‘is a
macromolecular dispersing agent having a molecular weight.in a
range of 5,000 to‘iO0,0DO. The picture quality is iﬁproved
when the soluble drganic solvent includes at leaét one kind of
pyrrolidone derivative, and particularly 2-pyrrolidone.

With regard to the first and second wetting agents
(c2) and (c3) and the soluble organic solvent (c4), water is
included within the ink as a liquid medium in the case of the
ink used in this embodiment. For example, the following
soluble organic solvents may be used for the purposes of

making the ink have desired properties, preventing drying of
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The first and second wetting agents (c2) and (c3) and
the sol ubl e organic solvent (c4) may be selected from
5 pol drlc al cohol s such as ethyl ene gl ycol,

WO&P‘E’N‘T% ne glycol, triethylne glycol, pr opyIPEF%!PZOO&’322060
gl ycol , dipropylene gl ycol, tripropylene gl ycol,
tetraet hyl ene glycol, hex Iene gl ycol., polyethylene

gl ycol-, pol ypropyl ne glyc P 1, 5- pentanedim

EXARE Cerdl didsABibaxangt h
the' gnﬁ buta%é???g?hglgﬁﬁ iLS buta%@trlglﬁlégﬁﬁkﬁﬁrﬂﬁﬂsuc

-So%ﬁ%lsoffrf?a%@?,rséiﬁ?@g%éﬁ%%n‘%@eﬂ @?-r;iy‘ I %o be Sol botod-

from pol i C alc hol hers such as et hyl ene
ol yeol AR dinsE Bbferec e HII TG FBnE AoRGBL ()
et her, dlethylene 15 gl ycol nnnonethyl et her,

ang the)ygadvbdley espansrose yentet (7d), mayi be hgekerteg asm

nonobut yl et her, tetraethylene glycol nononet hyl
pokyhedric aﬁmbhoﬂsogytbnesgEyhylenangby¢qm,Edﬂuﬂhyléhe glycol,
first” and second wetting agents (c2) and (c3) and the

trsetmplee glgealc pebyglénd calydmy alipeopplsesd aglrsbif,r om
20 pol yhydric al cohol aryl ethers such as ethyl ene

tr%%%&%tnzyl ?%BX' eLPflet i yheae, gﬁ¥£fdene glycol'

The first and sécond wet i ng agents

it 2?@%5????%% AR

heteroc cli.c ounds 2 25 rro
qﬂﬁy l?lpy JISeF, e )56?‘535?%? dé) 4e butanetriocl, .

2007/052781 PCT/ JP2006/ 322060 - 40 pyrrolldone,
1,3,3- Qﬂﬁﬁﬂﬂﬁﬂlpﬁudaﬁélpﬁtﬁbmb e- caprol actam and

y- but yrol act one. '
" The first and second wetting agents (c2) and (c3)

and the soluble'ofganic solvent (c4) may also be selected from
polyhydric alcohol alkylethers such as efhyléﬂe glycol
monoethyl ether, ethylene glycol moﬁobﬁtyl ether, diethylene
glycol honomethyl ether, diethyleﬁe'glycol monoethyl ether,
diethylere glycol monobutyl ether, tétraethylene_glycql-
monomgthyl eihe:},aﬁd_piopylene glycol monoefhyl ethér.

The first and second wetting agents (c2) and {c3)
and the scluble organic solvent (c4)} may also be.selected from
palyhydric alcohol aryl ethers such as ethylene glycol
monophenyl ether, and ethylene glyccl monobenzyl ether.

The first and second wetting agents (c2) and (c3)
and the soluble organic solvent (c4) may also be selected from
nitrogen-containing heterocyclic compounds such as 2-

pyrrolidone, N-methyl-2-pyrrolidone, N-hydroxyethyl-2-




The first and second wetting agents (c2) and (c3) and
t he sol ubl e organic solvent (c4)-may al so be sel ected

WO 24031952781 ani des such as formanmi de, N nethyl {BEHERPHE322060
and N, N-di nethyl .formam de. The first and second
wetting agents (c2) and (¢3) .and the sol uble organi-c:
sol vent (c4) may al so be 4@Tected from anmines such as

no ] ' k rej I

A e A e A
anm ne. he first and second wetting agents (¢2)'and

. Y REHrOIACEOPRa S0l ubl e organic sol vent (c4) may also be
sel ected from, sulfur-containin%_co ounds such  as
di met hy| 188 £3%FHeand SAGBMEL TR RBFRF etdrdnsnd (c3)
propyl ene carbonate, and ethylne 15 carbonate. O the

ancdbthee stdsibi ebedodnarial veoity dad s -may e2 180 dife sedlegeefl, from
t hi odi et hanol ,. pol yethyl ene gl ycol 200-600,

5 amidéerfyl esefgkyanide,giNmertdly) forBambddiexankett,Netimethyl

1,2,4- butanetriol, petriol, 1,5-pentanediol,

FoXndidLl i dohe,. and- N 20 net hyl -2-pyrrolidon are
particularly preferable since these solvents have the .
effect ofpabtai ol ng,gald S .b%vaﬁiﬂgsg%ﬁél Oft2)23d (c3)

preventing deterioration of the In

haracteristic, QXher preferabl,e wettin ent o
'an$ n@?%dséﬁ Sr o9 S’ vsen%aa cflﬁcinﬁﬁeag%? %a%cﬁiaerc Fgdstrom
such as nonosacchari de, W) 2007/ 052781: , .
amiRey FUH06F3oBEBENANAL anigesadlRERRRL aie, reiethanol
ol i gosaccharide (including trisaccharide and ° _
10 amimes avaesitiyildapinendlipténdr amipegl aedseriaosaine.
fructose, ! : o
The first and second wetting agents (c2) "and (c3)

and the soluble organic solvent (cd4) may ailso-be selected from
sulfur-containing compounds such as dimethyl Sulquide,

sulfolane, and thiodiethanol, propylené carboﬁate, and gthylne_

- 15 carbonate.

Of the above described. organic solveﬁts} diethylene
glycol, thioaiethanélh polyethylene glycol 260—600,
trienthylene glycel, glyéerol, i, 2, 6-hexanetriol, 1,2,4-
butanetriol, petriol, 1,5-pentanediol, 2—pyrroli&one, and N-

20 methyl-2-pyrrolidon are particularly preferable since these

solvents have the effect of obtaining satisfactory dissclution
and preventing deterioration of the ink ejectiocn
characteristic.

Other preferable wetting agents include sugar.

25 Sugars may include polysaccharides such as monosaccharide,



ri bose, xylose, arabinose, galactose, naltose,

cel | obi ose, |actose, sucrose, trehal ose, and

mal totri ose. The 5 pol ysaccharides are used to refer
WOWTOR 8t s in a broad sense, and may i ncl udePREAPFI4$/$37060

exi sting materials such as a- cycl odextrine and

cellulose. In addition, derivatives of these sugars

may include reducing suggﬁ'(for exanpl e, sugar

dislé&&mideqe%%egblieaég%%ﬁw%e%&%&msm%ﬁe and

I's an 1 nteger from of the abové describe
ugar s., sugar, oxi.de. |dopi i C
eofPRRi et OBl ot Phr AR e dtel Pafing 86, Cerfttbse,
.alcohol , is partjcularly ef erabl e, .and may jpcl.ude
riREPe; UBILOSEG AEBPBIPSe 1 AR R TEBROSRT SR R GT
in conposition is preferabug in arange of 0.1 w.%
lacbod®, Wuoxosgnd tishelope ef apMal ok raoegngeTh® 0.5
w.%to 30 wt.% The surface active.agent (c5) is not
5 polystitathticlex aper tbedl te kefmk torsugrasplie, adproad sense,
surface active agent 20 may be selected from

anBohyPxyeiydeenatalrkyl ot kel sanef aladesdbls such as a-
dodecyl benzenesul fonic acid salt, lauryl acid salt,

cyéﬂgdeﬁ@kﬁﬁ¥%ﬁbh&b?ﬂﬁléé5YJether sul fate salt. For

exanpl e, nonionic surface active agent may be

e oo 1 PR R BLEYL LR AL s SR cgars may

pol yoxyet ster, yoxyethy
. sorhitane fatty-acid gster, 2007/0527&1
inpEyes 138h §8G2L. 4505 oF hyiWRE grkoReLn{general

et her, potyoxyethyl ene al kyl ani ne, and . .

10  fopohjaxiyetinCEHEGRY| dwhee THeS @vovatgassrfpey 2 to 5) of
surface : '

the above described sugars, sugar oxide (for example, aldonic

acid.and-uronic.acid), amino acid, and thio acid. Sugaﬁ
_alcohol,is’particularly preferab;e; and ﬁay igcluqe maltitol
and sorbit. | |

15 The sugar content withiﬂ'the in compoSition is
preferably in a raﬂge.of 0.1 wt.% to 40 wt.%, and more
prefe;ably in a fanée.of 0.5 wt.% to 30'wt.%;

-The surface active agent (c5) is not limited to a
particular kind. For example, anionic surface aétive agent
20 may be selected from polyoxyethylene alkylether acetate salt,
dodecylbenzenesulfonic acid salt, lauryl acid salt, and
polyoxyethylene alkylether sulfate salt.

For example, nonionic surface active'agent may be
selected from polyoxyethylene alkylether, polyoxyethylene

25 alkylester, polyoxyethylene sorbitane fatty-acid ester,




10

© 15

20

25

. ang PORYRXYRERYIANS A MindardAe i

active agents may be used i ndependently or, a m xture
of two or nore surface active agents may be-used. 5
WO ZDRE0REY ace tension of the ink used in this PCT/JP2006/322060
enbodi nent corresponds to an index indicating.the
pernmeability of the ink with respect t-o the recording
"~ paper; This surface temsf4mn indicates a dynanic

surfa ensi o ithin a rt [ f..ane s
A R I e
and is different fron]a'Stathiheié%éi%ﬁ%é%;ﬁiﬁ%goﬁﬂgkgge
measuring the dynam c surface tension w thin one '
actdaisoagests maysbergisase lagppepdantindidigngixtpEehed two
proposed in a Japanese Lai d-Qpen Patent Application
or Nex@3s3tZdde dotive sgkEhtenmegi bemiseda W hel ny type
suspended plate surface tension neasuring equi pment
i s enpl oypd bOrfBes Wendilke S¥nenecisknise® ir emgison.
The surface .tension is preferably 40 ml/n2 or |ess,
emfRA niERe CBEJ@&?{:&%Q’ 3P S ARBeQr i h@SSat ahd QeRRbabMity
satisfactory fixing characteristic and drying _
aracteristic,__20 Wth.regar h yolg .qr
of IS aPROIER' Fampdotitd, s BaRORhERd S o i purgace
partiglly sol ubl e, pol yol e nd/ o | ycol .ether hayin
tenslon dBALERLeR P EYHTIE SHTAITeESOFIq, Wi i) Ayshort
~within water at a tenperature of 25C is/are added to
timeheofi Wmeateaopd oporiaseh fepmothewking twherp theuind, gpghace
25 respect to the total weight of the ink. As a
is rfesmied, thd WO QDOEBHRT7ETomCa/ §P2006/BRATBE tep3ion
wetting characteristic of the ink with respect to the
whit@ptiisngeastregenh ssdrmyiovedimand Atkvas erfhiodmed by
the present : : E _ '
measuring the dynamic surface tension within one second or

less may be employed, including a method propbsedvin a

Japanese Laid-Open Patent Applicatidn No.63-3i237. In this
embodiment,_a_Wiihelmy type suspenaéd plate surface ténsion.
measuring eéuipmenﬁ is.emplgyed to measure the dynamic éurface
tension. Thé suifaée.ténsion is preférably 40 mJ/m? or less,
and more preferably 35 mJ/m’ or less, so as to obtain
satisfactory fixing characteristic and drying chéracteristic.

With regard to the polyole or glycel ether (c@)
with carbon number 8 or greater, a partially soluble polyole
and/or glycol ether having a solubility in a range of 0.1 wt.%
to 4.5 wt.% within water at a temperature of 25°C is/are added
to the ink at a proportion of 0.1 wt.% to 10.0 wt.% with

respect to the total weight of the ink. As a result, the
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inventors that ink ejection stability and frequency
stability are achieved even when the anount of polyol
lycol 5 ether added is snmall. For ex t he
wo%]ﬂ ﬂg£7f3?ty was 4.2% at 20C for %%Jﬁm%mm@
2-et hyl - 1, 3- hexanedi ol , and the solubility was -2: 0%
at 25C for 2,2, 4- trlnethyl31 3-pent anedi ol . The
penet rant having the solublllty in the range of 0.1

wetting tohadratelri ¥kt &f ncivatierk ati tASCebpecent G oM taGR ing

in 10 that the permeability is extrenmely high
el&hdougn i vell, UBhA T 1t das doRWirfeACBy thelSresent

possi bl e. produce an ink having an extrenely hi gh
R Al A e L

éhﬁ er at t h ot her %p inti andg/ or ther
arisa Fie SYED ¥ eﬁg & <AmQunG o1, PRL P L nPRI{ A%t I1HRS
ink used in this_ enbodinent. is added with_ the
ethex | addad (ie7pmaddeh BRr reXampleemihng salulrhbitesias 4.2% at
emul sion refers to an enul sion having water in the
20tonfomubiesptiade 3ahdxanedisiln eowipthensslibpilitey 2(rs 2.0%
di sperse.phase. The resin conponent in the disperse
at phese foay 2,06 4selreneellyf+D/B-anthnediosin, vinyl
acetate resin, styrene- butadiene resin, vinyl

chloride fk%s'pféne%%}ik' Raving &He rs%ibﬁalm@&”ﬁ‘i“ €€ range of
resin, and styrene-resin. Preferably, the resin

0. f?%?ﬁ?ﬁ%tm‘*/ BV REY h%f\%hr?lés 23R nbE 8 Fvanesse
PCT/.JP2006/ 3 -44
G R e RaTe oY) b ey MerhabbRoTee e n

di ameter of the resin conponent IS _not
solublllty is low. Hence, it-is possible to produce an ink

having an extremely high permeability by combining the

peﬁetrant havind the sclubility in'the rdngé'of O}l wt.% to
4.5 wt.% within water at ZSSC withiofhér solvents and/o; other
surface active agents.

It is preferable that the ink used in this
embodlment is added with the emulsion (c7), such as resin
emulsion. The resin emulsion refers to an emulsion having
water in the continuous phase and a resin componénts in the
disperse phase. The resin component in the disperse phase may
be selected from acrylic resin, vinyl acetate resin, styrene-
butadiene resin, vinyl chloride resin, acrylic-styrene resin,
butadiene resin, and styrene resin.

Preferably, the resin component in the ink which is

used in this embodiment is a copolymer having both a
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limted as Iong as the emul sion is forned, the grain
dianeter is preferably approximtely 150 nmor-| ess,

WO ME%d%% 5 preferably in a range of 5 nmto PGSiIE2A96/322060
The resin.enul sion may be obtai ned by m xing the
resin grains into water, J}E sonme cases together with a
surface active agent. Fb ‘exanpl e, acrylic resin or

HBAGAPEYL &nd &Sy IBHoBH eNpaRY . ber by
hy%%?ir ngﬁfn%téa gt%ryl [ cﬁj(am d) 10 ester arg /dgirﬁgtq))l}rene

t h
g e AT OSHEC A g v
LIPS 200 B SULLRCS AL U5 AAEDL e B e

5:1. If the surface active-agent used does not anount
is tpraferablangeprortmatlamlisd R £5- He$F4 UG MAFeobt ai n.
Ori the. other hand, it is _undesirable for the
presfigfaidy aat iaveaagencbf Useth tto éROeed.this range,.
because there isa tendency for the water resistance
and the peereabihi &éyuldidheaynket obteinsd Watne dihgstibb
a case. The ratio .of the resin which is used as the

re&% Q_:}r%ﬁ?z”ss@nﬁga§§t&§”pﬁ{‘e§&ne0f:a§sg§ €58 ON ARG '{ah§urface :
vater 1s preferably in a range of 60°wW.%to 400 wt. ‘

ect % f
aciyd dERES OF%%%QPJX% R My %?%¥11°
100 wt . %.resin. i n_emul si phs_i.nclud '
reShR B Shry PRK Dosoy b h SahS Bl Al (2cia)
E- 1002 and M crogel E- 5002 WO 2007/ 052781
eSTRET/AF/O86F 372688 0 452 R0t ANpPElBcEasRdgether with a
manuf act ured by N ppon Paint Co., Ltd. acrylic résin

~ susfadesiaot'iveahfedt Borloami4dore( pebilacet rhee)resin

component and the surface active égent is preferably in a
raﬁge of approkimately 10:1 to épprgximaéeiy'é:l. If the
surface active agent used does not amount to this range, the
emulsion is difficult to obtain. 6n the other hand, it is
undesirable for the surface active agent used to'exceed'this
range, because theré is a tendency for the water resistance
and the permeability of the ink to deteriorate in such a case.
| The ratio of the resin which is used és the

disperse phase component of the emulsion and the watef is
preferably in a range of 60 wt.% to 400 wt.% with respect to
100 wt.% resin, and more preferably in a range of 100 wt.% to
200 wt.% with respect to 100 wt.% resin.

Existing resin emulsions include styrene-acrylic

resin emulsions called Microgel E-1002 and Microgel E-5002




manuf actured by Dai Ni ppon Ink Chem cal IndUsffy
Limted, styrene-acrylic resin enulsion

cal | ed- BonCoat 5454 (product 5 nanme) manufactured b
WORR R Bbhon 1 nk Chenmical Industry Limited,  PCT/JP2006/322060

styrene-acrylic resin emul sion called SAE-1014.
(product nane) nanufacturgd by Ni ppon Zeon Conpany
Limted; and acrylic resi A2 enul si on call ed Sai bi no

(b Sk 29 RA0 B s D AREYy AL AL aﬁ@tlgponsﬁaﬁ% ddemrgd, ,
Conpany Linited. 10 The ink used in this embodi nent

B et o S o
mapgf tn“l;‘geéf%(yh Bf e eferfr@g Y ofnatey Biftseed,°
vi scosity-increasing and, 15 a gregatlng

StEReRemAEMIST €651 BngRESLah &adt enppat st edaasipct
t he penetration of the-col oring conponent and
5 napebranwipdtieret diyn§asf Nipposoloki Gercorglongmiusiryt fidmited,
recordi ng medi um such as paper. In addition, depending

st9Pehdieaciilnd eBstasemubsitrsicelea SABELOYA | spfduumﬂ naihe )
the recording 20 nedium so as to inprove the

maﬁ@ﬁéé&ﬁﬁ&? N&B? ﬁegéﬁﬁQﬂX@ﬁﬁgeLlﬁQQEQStaﬁé'é&ﬂﬁylc resin
he i nk use hi s enbodi nent may use a known

emBigfc% v tll\é% %%gg)ingn ] d Wdﬂ%tcl R Q%nu 50 utred by

ure wat er to the co oring
saééfg%rqs"'v tsé"“%my% 7 92"1“’%&73%2?22%&8“-46
For exanple, the preServative (or_anti-nold agent)
10 . (c8) mayfhse ia ééﬁédlmrﬁm%ﬁ&mi@@ﬁydpé%ﬁ Yy includes
thzogéégg emulsion having the resin component in a range of
0.1 wt.% to 40 wt.% of the ink, aﬁd more preferably in a range
of 1 wt.% to 25.wt.% of the ink. | |
The- resin emulsién has viscésity—ihcreasing and
" 15 aggregating characteristics, and has the . effects of
suppreséing.the penétrétion of the coloring component and
promoting the fikiné of the coloring éoﬁponeﬂt on- the
recording medium such as paper.' In addition, depending on the
kind of resin emulsion, a coating is formed on tﬁe recording
20 medium, so as to improve the resistance of the recorded image
against friction.
The ink used in this embodiment may use a known
preservative (c8), a known pH adjusting agent, and pure water

(cl0), in addition to the coloring agent (cl), solvent (cd4)

25 and surface active agent (c5) described above.




sorbate, 2-pyridinethiol-I-sodium oxide, sodium
benzoate, and sodi um pentachl orophenol. 5 An

WO 2005{087378Fy material may be used for the pH aPfT/ERIHE322060
agent, as long as it is possible to adjust the.pH to
seven or greater w thout introducing. undesirable
ef fects on ‘the ink. For'éﬁanple, the pH adj usting

t d ' ' I
Aine ancroly FAERGLOT AN TFED Ty drasi G65 o1 Ak agent)

tal elenents,sych as lit.hium  hydroxide, sodiyum

(] sk e SBARCHEN aCE T IR FR A O oot

- hydroxi de, quaternary anmmonj um hydroxi de, quaternary

sop%@tﬁyh o%ﬂpymlﬁya%mfaﬁrlwlw BSHEE e S QU feNZ08k Ry nRNd
car bonat e, sodi um carbonate and potassi um car bonat e.

sodbum geovtashdopbehenothel ating reagent may be sel ected
from et hyl enedi am ne sodiumtetroacetate, nitro sodi um
triacet atze, ahpdeoxyethyteeidly rayedeansad Badlitis pH
triacetate, eiethylenetriam ne sodi um pentoacetate,

addRe HPMdentQdbim oy aget &t e %@sEleéxm&juéﬂq &he pH to
corrosion inhibiter may be selected fromacid '

seddh ! &r Ui 1E0E UL Al O dhBLYEAL o SFdbes on
anmoni nitrite, a t

I I sopropy nfumnitrite,

eptaerythritol tetranitrate,. and _dicycl ohexyl -
£h8 Rt uTROmRPIPASY 2Ehey P AHidTd TPHeSHRRE (IRY Re Fadested 3—
| east the pigrent WD 2007/ 052781 PCT/ JP2006/ 322060 ' g
from7anings 38| GNP rSopPENEr teH)anghamin,
pol yole or glycol .ether (c6) with carbon nunber 8.or
hydregides afhalikhéipgreetal eglements such as lithium

hydroxide, sodium hydroxide and'potassium hydroxide; ammonium
hydroxidé, quaterﬁary ammonium hyaroxide, quaternary
phosphonium hydfokide, and carbonates such as lithium
carbonate, sodium cérbonate'and potéssium carbonate.

For ekample,,g chelatiné'reagent may be selected
from ethyleﬁediamiﬂe éddium tetrpacetate, nitro sodium
triacetate, hydrbxyéthyi ethylenediaminé sodium triaéetate,
elethylene triamine sodium pentcacetate, and uramil sodium
diacetate.

For example, the corrosion inhibiter may be
selected from acid sulfite, sodium thiosulfate, thiodiglycolic
acid ammonium nitrite, diisopropyl ammonium nitrite,
pentaerythritol tetranitrate, and dicyclohexyl ammonium
nitrite.

By forming the ink to include at least the pigment



(cl0), it is. possible to. obtain the foll ow ng
advantageous effects (El)-(E6) even.when the

g is nade on plain 5 paper.. (E)
“m)z(ﬁ@% gne (sufficient color generatlon and PEEPBP”“”ZﬂMO

reproducibility); . (E2) Hi gh image.tone; (E3) -Sharp
picture. quality free of _f,eathering phenomenon 10
and. col or bl eeding phenonenon in the characters and

(clipoehe (Sudlmgegaavengol vt e(dalk peeepbaybhg or glycol
phenonmenon to the other side' of the recordi ng nmedi um

,etﬁeg (@@P'Wzgﬁplc%rb@n gimbex gwgi’e%gzer(, EahaHigd ﬂ)tm‘e water

drying characteristic (fixing 1 haracteristic)

(ciHLtegtf ﬂ%#glbige@g SCOLAI as ow%ﬁg)agbgﬁtaﬁgous

bedr zed aracterls IC suc r esi

stance of t I ma Therefor .
eTBBEtH pIE kB BORy  MER o (TREO R e 16oRR0 (OF Fiain
generation, colar reprodu0|b|I|ty, 20 feathering,
5 PapgFer bl eeding, duplex recording characteristic,
fixing characteristic and the |like, to thereby realize
a higl) pherdirelgraltibng. (dekficierndeswliopt genewatiomend
gi ven of .preferable driving signal waveforns to be
colisedréprodieivinksygescri bed . 25 above, by referring to
FIGS. 7 and 8. FIG 7 is a diagram WO 2007/052781

PCT/ 23008 32304 tdB8eshowi ng a driving signal

wavef or m generat €d -by the driving waveform generator

301 &Entr§hé¥ﬂ'Eic%%QEFSLan{§ EEE %ﬂpegakﬂerlng phenomenon

10 and color bleeding phenamenon in the characters and image;
(E4) Image having-liatle'ink penetratiné phendmenan to
the other side of the recording madium and.apﬁlicable to
duplex ;ecordiné;-
(E5) High ink drying éharactefistic (Fixing
15 characteristic) suited for high—sééed recording; and
(E6) High ruégedized characteristic such as light-
resistance and watei resistance of the image:
Therefore, it is possible to greatly improve the
image tone, color generation, color reproducibility,

20 feathering, color bleeding, duplex recording characteristic,
fixing characteristic and the like, to thereby realize a high
picture quality. |

Next, a description will be given of preferable
driving signal waveforms to be used for the inks described

25 above, by réferring to FIGS. 7 and 8. FIG. 7 is a diagram
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FIG 6, and FIG 8 is a timng chart for explaining
drivin signals selected fromthe driving signa
2?"mto realize 5 (a) a snall ink drop, JF2006/322060
medi umink drop, (c) a large ink drop and (d).a mcro
~drive: The driving maveﬁgingenerator 301 generates a.
driving signal (driving signal waveform made up of
shoeeii&%t a dei¥Vhaos ytlewaRb rbbrnogehe PR shown the BkGridg

wi thin one print 10 period (one driving period). Each

_wav%ffotrPlePgmhé LG PB &Y Rhe bRIAHIRASdS J24M0E7%h&wm in

waver o enent that falls froma reférence

FrPUTRA =Y, 54 4 A AETERLEETES: g J i 8L i

driving. pul se

] Pl through P8, are sel ected depend
S10518 16h SSLAREER OFF S o OFdP 188 gRapRa Ny ERp PR bhTe

the.data transfer part. 302. =~ A potential V of the
(a)drE wimaglpinkedrep nedlby MREIURalek dirRRl dfeng dRAge ink

falls fromthe reference potential Ve causes the. _
drqu endel(€d¢t aimiet@nbntvel2l to contract and consequently

expand t he vol unme -of the ink chanber 106. On the 20

ot her hande HbevDed enivedlor genbberdlt i N GePidrates a
formed by the waveformelenment that.rises after the

drigﬁng saynes 'i@fl?ixpi'r?gz Q8leGlr ke veESARN maldel P o%XEQQBit ;

conSequently contract the volunme of the in

chanber . 106. ' n [ p I sj
N S A i R S e e

driving pul se, WO 2007/ Q527 1‘ECT/JP200 /.322060 .-49 5?
period deBel 681 KNE Rk 9N -1 B2Chgpl) L i GrTR RYLERE

small _,ink drop (small: dot), the driving pul ses P4
thrangdud® pe fpsmed by a waveform element that falls from a

reference potential Ve and a waveform element that rises after
the fall. The driving pulses to be used; of the driving"
pulses P1 through P8, are selecteq dependiﬁg on the ink drop
control signals MO through M3Afroﬁ'the.data transfer part 302.

A potential V of the driving pulse formed by the
waveform element'thét.félls from the reference potenfial Ve
causeé the piezoelectric element 121 to contract.and
consequently expand the volume of the ink chamber 106. On the
cther hand, the potential V of the driving pulse formed by the
waveform element that rises after the fall causes the
piezoelectric element 121 to expand and consequently contract
the volume of the ink chamber 106.

Depending on the ink drop control signals MO

through M3 from the data transfer part 302, the driving pulse
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selected as shown in FIG 8(b) when form ng the nedi um |
ink drop (nmediumdot), the driving pul ses-P2 through
P8 are 5 selected as shown in FIG 8(c) when form ng

WO 208%032381ge ink drop (large dot), and the dr | FCTIgP2D8Y/322060

P2 is selected as shown in FIG 8(d) when nmeking a
mcro drive that vibrates the neniscus surface at the
nozzl e- 104 wi thout ejecttddthe ink fromthe nozzle

o B R PR R o

, i ezoelectric el ement 121 of the_recording -head 7. -
-m}{;\ﬁ’e‘%?Pf dPWP% Y 'rreﬂ?eh LLYRNgr BPlogs 174 khnanehyPépares

ejected fromthe nozzle 104 in response to the driving
selaqted ps showecbadEigmk didpwheneferming i the asstinge ink
the 15 driving pulse P5, and a third ink drop is.

drag) eoeddumndoel potise. ddioritiye pdi B#ENB2 prhsaid?o, PSS arkhat

the first through third ink drops are conbined during
sellddt@dt akNbRoRn SIAWRs. (I QBehN8brml @dthd hRrge ink drop
recordi ng nedium 12. If a natural vibration period of
: char (s . he' .
(l%ﬁ?%agﬁgg Qﬂae{héiﬁ%léﬂﬁﬁgpg?se E? P§e§éﬂgé%e§h%ﬁp§§%wh in

: éd by Tc, 0t .i's erabl e that an inteérv

e n_th Lok eject.ion timngs of the drivi .
Flérg'ultﬁ\é@ B&egnﬁé%’gﬂ?s‘a SO Grivy él.latl'h‘él dl}afdf\ﬁ%d:%%ufnggéscus

P4 and P5 both fall to the bottom |evel and_then - .
sunfaggs atrEpS  Rogz fo Al vithoPReearrbing G Sekparansthe

falls to the same bottomlevel and then rises, the ink
nozzd edigf - velbei 2yl bexbmdgnedovwavgfomndiamedidy &he from

t he WO 2007/ 052781 PCT/ JP2006/ 322060 -50 | andi ng
selgodieti doniving hpulsk odr gpdsek b$happsigtbto Hewece, the

driving pulse P6 is made to fall to a |l evel higher:
pidZd@letBeic element 121 of the recording head 7. '

When forming the medium ink drop, a. first ink drop’

is ejected from the nozzle 104 in fesponse to'the driving

pulse P4, a second ink drop'is ejecﬁed'in resbonse to the
driving.pﬁlse.PB; and a third ink drop'is ejected in responée
to the_driving pulée Pé, so that the first through third ink
drops:are combined Auriﬁg flight into a singie-ink drop that
lands the recording medium 12. If a natural vibration period
of_the ink chamber 106 (that is, the pressure chamber) is
denoted by Tc, it is preferable that an interval between the
ink ejection timings of the driving pulses P4 and P5 is 2Tc %
0.5 pus. The driving pulses P4 and P5 both fall to the bottom
level and then rises. For this reason, if the driving pulse
P6 also fglls to the same bottom level and then rises, the ink

drop velocity becomes tooc high and may deviate from the




bottom | evel (that is, the potential drop is made
smaller), so as to reduce the pull of the neniscus.

WO 20070238 at the nozzle 5 104 and to suppress RGRIP2006/322060
increase of the ink drop velocity of - third ink drop.
However, the potential to which the driving pulse P6
rises.after the fall is ™~ reduced, so as to obtain
t n ' v : Iy ;wWards,

aridiBog BESEREON 4R S S0 SPPF of Tyl REGT  HERES, ke
Pplurali of drivin ul se he_last -.pul.se is, . md

-dr%ﬁ}nﬂaPPR%? 26111 413 e&? ?ﬁé?l£ﬁo?e ?¢%$ %&Fgﬁf F8a33€?%
make. the ink drop velocity resgonsive to the | ast

botfgms deved| hERael 5 FRheaRATRAELAL t HEPR difdMRgepsspriien » so

- of the ink drop wth respect to the.landing position

as dfo tredurakthe gpsllofofotther menfseugesirifne a@ti thagneztbe
P2 vibrates the neniscus surface at the nozzle

5 104lGhdwicbhsuppeeestimg ineebsk f oth¢ himlnaixrzipe vQ@4citgoof
as to prevent the neniscus surface fromdrying. In the
thiteNihecardhng sy, the got¥hfdaPulsenRen $hapakiethg
to the 20 recording head 7 to realize the mcro drive.
I di.t LoD, usi thi s dLivi e P2 _as¢gn -
puldh, B B0 afer ST Lo oL R 8 B 500 taun
it 1S possible to.shorten the driving period and -

the é’éﬂﬁefgaayh%‘@]ﬁ-‘i%’@ied’ﬂlé’&‘&rdi ng. In addition, by
setting the interval between the_ 25 ink ejection .
tinings 6P PRReArYRAdRy prefeshpodapEing Signete waypform 1s
2007/ 052781 PCT/ JP2006/ 322060 51 0.5 is, where Tc

10 madfengt o ehplunality of Wriviog peises, the ilastppudpel s
to in effect increase the volune of the ink drop that
made to fall by a relatively small potential drop, so as to

make the. ink drop'velocity résponéive to the last pulse
reiatively low énd match the landing posifion.of the ink drop
with respect to the,landing'positioﬁ of the ink drops»of other
15 sizes.
The driﬁing'pulse P2 vibrates the meniscus‘surface
at the nozzie 104_Qithoht ejecting the ink from the nozzle 104, !
so as to prevent the meniscus surface from drying. In the .
non-recording region, the driving pulse P2 is apﬁlied to the
20 recording head 7 to realize the micro drive. In addition, by
using this driving pulse P2 as one of the driving pulses when
forming the large ink drop, it is possible to shorten the
driving period and realize a high-speed recording.
In addition, by setting the interval between the

25 ink ejection timings of the driving pulses P2 and P3 to 2Tc %
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IS ejected in response to the driving pulse P3. In

ot her words, by superinposing the pressure vibration

of the ink 5 chanber 106 caused by the vibration
WORM705gF8bf the driving pulse P2 to the expan®CEHP06/322060

the ink chanber 106 caused by the driving pulse 23,

it is possible to increase the volune of the ink drop

ejected in response to the@ldriving pul se P3 foll ow ng

he_drjyi | se P d ase where
0-nisy niteb8 Py 0RebEractEr SOTRRGT i  Prbhontorts tpfe it is
PORBVELD Y i (RAEECtPERORRG OIF (LS B3eFLG GRkfEpp that

_ink. Accordingly, in the inmage form.ng apparatus of
ist pigckedokh neaRPongef £er BRg VAR PUdisgn BB - wallf Fher
are provided with respect to the difference 15 ink
wordse oy t swserifipGsitg shea dresgure fdbratpbai ofnghe hink
driving signal waveform dependi ng on the ink
chuinbepsSit§ . cAsed BgwRhenvEbEat Pon aaliiod BE shenariving
waveformindicated by a dotted line is provided with

pul88PEST LS i@l M bACOET ENe Ofnid cHER®Rr 206I E¥hEE by the
signal waveform’indicated by a solid Iine is 20

C ded. wi . i ; ; _
STty SFPTS! ebTe ! 08 MRAR Y8 BB e
,n3h§in lipe is, .provided with resp

ct to th iné .
EBR] $3F TG T BESPORAE. 7 kIS I UCArEy PLgenE3; frkaying
fromthe tenperature detected by the tenperature .
theedsdying Pulende, Whencrurpae HhggEaERewhote| HiKe ink
viscosity fromon the tenperature detected by the WO
dr2p01506P981ePCHLERF006/ 322060se 152 thenpeiaiogepsbssor3.
215, and select the driving signal waveform to be .
used fronThéerginvededrdring Ngighghatavedoeho s foased
on '
depending on the viscosity of the ink. Accordingly, in the
image forming aﬁpératus of this émbodimeﬁﬁ, different driving
signal waveforms are.providéd with fespect to the difference
ink viscosities. FIG. 9 is -a diagram for explaining the
driving signal wavéform depending on the ink viscosity.  As
shown in FIG. 9, a driving signal waveéform indicated by a
dotted line is provided with respéct to the ink viscosity of 5
mPars, a driving signal waveform indicated by a solid line is
provided with respect to the ink viscosity of 10 mPa-s, and a
driving signal waveform indicated by a one-dot chain line is
provided with respect to the ink viscosity of 20 mPa-s. The
ink viscosity may be judged from the temperature detected by
the temperature sensor 215. Hence, the CPU 201 may judge the

ink viscosity from on the temperature detected by the




the ink viscosity. In other words, the driving pul se
voltage is set 5 relatively small when the ink

WO 0%032381ty is small, and the driving pul se VEI'Tt/EIE06/R2060
set relatively large. when the ink viscosity is |arge,
so that the velocity and volume of- the ink drop
that.is ejected fromthe5%2cording head 7 are

mai nt ai ned appr.oxi mat e onstant regardl ess of the
oA SBoSPPIOE 10 e SELeEE: 5 SHOAR AigRS Lo pesiorm
val ue of the driving pulse P2 is selected depending
to die sed; Akowi Eee REAViged RELViRg| $1os Hayedorms based on
vi brate the nmeni scus surface without ejecti.ng the ink '
thalriofk vBgcosihg. the driving signal waveformthat is
formed 15 by the driving pul ses descri bed above, it

i s possi hheotRer Casitdsyl tiHee drivkngtpibkesrdluageadh sét
the large, nediumand snmall ink drops to |land on the

5 relfACYediNgnaRei Wl AndanK HiScok 8850 AN, i tnlihehe
time when the 1nk ejection starts differs for - the

I arge [ : % [Jos Tl _ﬁg; sible
arifirifmeled BELARS: Thoar et iy o HiEh REELA
.drops lard_at approxi mately tEe same sition o e .
vig i G HBEFSm cz.t)ﬁaﬁeﬁ?? ZedREttyY ;ﬁff FHFE B thE ink
gi ven of an image processing apparatus and the inage"
drawrihatg lapparated thgedecabgirg RFAEH ja¥e maintained
i npl errented wi-th a conputer-readabl e program 25
 apmopdnditedyt ootieanr esgardlesenof obhainh warsesty (or
conputer to WO 2007/052781 PCT/JP2006/ 322060 -53
10 tef@xeeitheedn | TRIJSIPIONRSSian@etkt halhaced rutiengirioihbepulse
present invention for outputting the recorded inage
P2 D5 148 JcFBECGepending: on the "ink viscosity so that it is
possible. to vibrate the meniscus surface without ejecting the
ink drop.
By using the driving signél'waveform that is formed
15 by the driving pulses described above, it is possible to
control the time it takes for each of the large, medium and
small ink drops to land on the recording medium 12. For this
reason, even if the time when the ink ejection starts differs
for the large, medium and small ink drops, it becomes possible
20 to make each of the large, medium and small ink drops lagd at
approximately the same position on the recording medium 12.
Next, a description will be given of an image
processing apparatus and the image forming apparatus described

above, which is implemented with a computer-readable program

25 according to the present invention which causes a computer to
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form ng apparatus. FIG 10 is a system bl ock di agram

showing an image 5 formng systemin the first

enbodi rent of the present invention, which is fornmed
WORW052"8] rage processi ng apparatus accor di ngPEE/TPHIB6/322060

present invention and the ink-jet recording apparatus

(ink-jet printer) formng the inmage f.orm ng apparatus

of 'the present. i nventi of3T0 The i mage form ng system

exéCht &I AN 82 oY BBl s 8 M e d Hbd 2B o1 RESLE éTeﬁﬁifnt

plurality of inage procéssing apparatuSes 4

nfBSGRE ) D 8 PR e USeePEI UL Ll

apparatus 400 is fornmed by a personal conputer (PC) or
fofﬁgn§£?99%5§tuﬁhe one or plurality of image processing
apparatuses 400 are connected to the ink-jet printer
500 via &1Grddeticr ai Aratentieidci diggragt gbekinglan impge
is a system bl ock di agram showi ng the inmage
fopmbogssysigprappatabusidSd embddiementngé tbenpngsentst em
~shown in 20 FIG 10. As shown in FIG 11, the inmage
inPERERSS) NGhiappasaFysmd@bPashed igBdetBtovblsind Sapparatus
connected to a ROM 402 and a RAM 403 via a bus line
acé88q: P& KA B2 eand: t Doy EAM A0 IO KL 10 REYDE Ve dBRAMng
A storage unit 406 fornmed by a magnetic storage
us: ysi. k [ r t li.ke, ap_| :
=R 5155, Briftesf Adelind 4% uiusafor i .
nnnitordégS such as an, WO 2007/ 052781
PR Y R/ B2 8665 P541 RS AP 'a CRT, are connected to
the bus Iine 409 via-a predetermned interface. A
readi ng (e imaee SreWaRdfeystem (or printer system) shown

in FIG. 10 has one or a plﬁrality of image prdcessing
apparatuses 400 (only one shown in FIG. 10), and an ink-jet
printer (image forming apparatus) 500. VThe image'prbcessing

apparatus 400 is formed by a personai-éomputef {PC) or the

‘like. The one or plurality of image processing gpparatuses'

400 are connected to the ink-jet printer 500 via a
predetermine& interfaqe'or network.

FIG. 11 is a system blbck diagram showing the image
processing apparatus 400 in the image forming syétem shown in
FIG. 10. As shown in FIG. 11, the image processing apparatus
400 has a CPU 401 which is connected to a ROM 402 and a RAM
403 via a bus line 409. The ROM 402 and the RAM 403 form a
memory means. A stofage unit 406 formed by a magnetic storage
apparatus using a hard disk or the like, an input device 404

such as a mouse and a keyboard, and a monitor 405 such as an




readi ng a recordi ng nedi um such as an optical disk ié-"'HIHMMMMmrrv

al so connected to the bus line 409. A predeterm ned
WO R @ps¥’8ace 5 (external 1/F) 407 for comuni caPCTVgP2W06i322060
networ k" such as the "Internet and for conmunicating
with an external equi pment such as an USB, is also
connected to. the bus | i n84409. The storage unit 406
of t processin s 400 st s_.an inmage
LB R (G pPSGr SRTFEFER i (e BUt 0L CORpI Srvihatiab, o
progran1accord|n% to the present invention. This
. Predefrrmpmsce d8itrEIERgr %E%adrl@aduﬂﬁ*ém PR PRwditeg
medi um by the reading unit or, downl oaded via a
reaginmrk regolxdiag mhéilhmtsamheta,s andophscal | @ésk ritso aflise
storage unit 406. By installing this inmage processing
cofi@gt it tthet bassl0rageoauni A bredbermiged B rface
processi ng apparatus 400 can operate to carry out the

5 (ekf@ﬂr?a]p.rmqs%'Oﬁg§oge§&ﬁrﬁtﬁﬁ%ajﬁhéuﬂ§§ra d&t 5o FBARK as the

processi ng program may be designed to operate in an

-Inégﬁﬁéglégﬁ f%%skgﬁhﬁgégat%ég‘dy%ﬁng eéX{Q*Ea.sp Cpiment ‘such

proocessi ng program nay i on 0
appl i cati.on software. 20, The pyoces g met hod
as %goqstﬁ'nd'st G ﬁecoﬁ?‘é@é‘?ﬂ q%\?@ﬁt gBﬁ iég'xecut ed in
the ink-jet printer, but in the follow ng
descri pt G Sterpgeasaibedl§ aif the $mRgeprocessing
conveni ence that the ink-jet printer itself does not
appavet s 00f wroreenanf inpgre raccegstihg doegpat tierqiudiag the
is to be actually 25 recorded in response to a print
10 compstériaidapblel phoypah rasicarddg2@07£R62g8dsent invention.
PCT/ JP2006/ 322060 -55 .plotting of an inmage or

ThPé | Hhd o p(:ro%%rs%gg r &b r SN AAGERES £rom! Phot HkoMARES .
i's assuned for e sake of conveni ence that

medium by the reading unit or, downloaded.v1a a network such -
as.the.Internef, and installed into the éforage unit 406. By
installing this imagé processing prégram iﬁtd the storage unit

15 406, the image processing apparatﬁs'400 can operate to carry
out the imége procéssihgs dgscribed hereunder. This image
processing program ﬁay be designed to operaté in an operating
system (0S). Furthermore, this image processing program may
for a portion of a specific application softwaré.

20 The image processing method according to the
present invention may be executed in the ink-jet printer, but
in the following description, it is assumed for the sake of
convenience that the ink-jet printer itself does not have the
function of generating the dot pattern that is to be actually

25 recorded in response to a print instruction which instructs
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an i mage processing is carried out by the printer
driver that 1is enbedded as software within the inage
rocessi ng apparatus 5 400 which fornms the host unit,
WO 2708%8bnse to the print instruction from t hRCT/JP2006/322060
application software or the like that ' is executed by
the i mage processing appar%tus "400. .(the host unit), .
so ‘as to generate the.recording i mage data (printing

j t : j e e
rigEedfy CF') PeglBeHbicl el kg one Hhghaceths.

recordin mag ta,_l r ' ng -t r
oy §ERRE e er Sor e pertnng S5 e BEAETOE PEBTRFLGRG prat
outputs the rasterized data. MNore rticylarly, (n th
anj HHGES PRRRASHING 13pBAFECES 900,24 [0S RELPEE SRTeomnat
the application or .15 operating system instructing
ist pubgdidrd |ag) ssiftwgggevwbEhimethe damas PFosesehag aePryzAtUS
Is tenporarily stored in.a plotting data nenory.
40Bowhpelanfbms shehhasti neitucin aresponsiee tor kheeprimi t h
the position, width (or degree of fatness) and the
inshapeti®t #:en lthee applheat e60rsteftwiire bethenliksi@tat is
and position of 20. the character to be recorded). Such A
ex?eutgétﬁycﬁ @rﬁﬂég%{#fddﬂésiha 2pBLedeLEr M Py Iflst unit),

anguage. The I n ction that 1s tenporarily stored
in_the | ot t.i nqg.data s 1nterpr o
sor B, B 9B S e R e BB BEIPRLnG prmace
pattern in accordanc ith the 25 instructed positian,
dafipet At (he d@&rté@qéﬁ’eiay%s%itw tHEY cRE S\B bigput by the

2007/ 052781 PCT/ JP2006/ 322060 -56 in the case where
inkhaet reeinfedn oW, nenduthe FeROFETW dimageoratahis| | ne.
In the case where the instruction instructs the :

rasterized and transferred to the ink-jet printer 500 which

records (prints) and outputs the rasterized data.’

More-pérticular;y, in the image précesging
apparatus 400,- the instruction from‘thé application or
operating systém; instructing the.plotting of image or the
recording of characters, is_temporarily stored ip-a plotting
data memory. For,e%ampie, such an instruction may be written
with the position, width'(or_degrée of fatness) and the shape
of the line to be recorded or, the font, size ana position of
the character to be recorded). Such an instruction is written
in a predetermined print language.

The instruction that is temporarily stored in the
plotting data memory is interpreted by a rasterizer, and is
converted into a recording dot pattern in accordance with the

instructed position, width {or degree of fatness) and the like
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recording of the character, the instruction is
converted into a recording dot pattern in

WO 2W@852d8hce-with the instructed 5 position, sPCBIRE/322060
the like obtained by calling contour informatiaon of
the correspondi ng character from.font outline data
prestared in the inage pT%Eéssing appar atus 400 (the

. st [ n €. e ' r [ :
in V1 i, Ybpet PGB o thaErb0S 8 ' ¥bonding of
data is converted as it _1Q.is.into the recording.d
the i sn, TREartas VRS RhSo BPRE OOt TEr s, the
i mage data% is subjected_to an inage processi ng and,
recersiaw i9f &her gBeER¢ERNy ddea 1REEBEGEIPN thiconvgsded pato
i mage processing apparatus 400 regards an orthogona
a retdnctisgusiod patsternsin eswradidagepowith obhe gifstructed
“rasterizes the recording dot pattern into the
posBSic,i 8¢ edand. therltkargitainkedebiy nagbl rig casshicny:
- may be a y correction or a col or nmanagenent process

inf SN f S oradhlsEbRBed bt EAPharaBELE t DAGN PFRRE DUt Line
such as a dither nethod or "an error diffusi.on nethod,

WA 160N ndfe GlidNRL hOABEOPERSs AP REESfost

da?%b;?&gesl%lgch clgidtl&e(B ot Al Anount of% ?nﬁ?ﬁor t ef’blke(. The

[ ster'zg%ldata (recorq%n dot__pa tern% stored.in-the
unt 2y ol FuGERoTERETy 1 (PRREPErT el 1B THECT S et

printer 500 via the interface. A description will now
regerdingpiofthe pragesdald, e AMagR AFTe hks FRreerted as 1t

character, by referring to FIG 12 and the WO-
is 20070 0527 8kceCRLIP2006/B2238M. - 57 subsequent figures.

FIG 12 is a diagram showing a white character that

i s fornedHareareenrpaths ore@xaiiplge dohi phttees (or image
data) is.subjected to an image processing and. stored in a
rasterized data memory. In this céée, the image processing
apparatus 400 regards an orfhogonal lattice as a basic
recordihg positidn, and_rasterizes'the-recording dot patterﬁ
into the rasterized data. For example, the image processing
may be a y correction or a color management process {(CMM) for
adjusting the color, a halftone pfocess such as a dither
method or an error diffusion method, a background {(coclor)
eliminating process, a process to restrict the total amount of
ink, or the like. The rasterized data (recording dot pattern)
stored in the rasterized data memory is transferred to the
ink-jet printer 500 via the interface.

A description will now be given of a process of

fattening the white character, by referring to FIG. 12 and the
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not carry out the character fattening process;rand“”" T

FIG 13 is a diagramshowi ng dots of an inportant

part on an enlarged 5 scale,.for explaining the
WOZM708278har acter that is formed by this conmp&B€ETEBI006/322060

exanple. As shown in FIG 13, the resolution of the

image in the sub scannLng direction. is 300 dpi, for

exanpl.e, and is the sang 45 the nozzle pitch. The

. f the i . _ : . .
su%?%@%%ﬂo%]igg}rg%oedglfgg%ér rhei%ﬁ‘p#%?%?% I'S #V\n% waltr?es
cnbRt S R 3 EebS s SRS RGBT in SR S
the white character by black circul ar, marks, and .
nOE NEARE 1 KUy LHEN FhapRFE$ B N eI @TeFPest ANGer i, 13 is

This means that no ink drop 15 | ands on the bl ack
a Giagrdmrshuaikg, dobstdErahyinpamrhanfepantten aharakanged
The image portions of. the white character . andthe
schbe Kofxtgklaihi agstise evhid teisinaatetdesi thaarly formeat by
of FIGS. 15, 16, 20A through 20C, 21A, 21B, 22A

thigrégﬁﬁhfgggﬁ 23Ampnd. 23B which will be described

| ater.” Since the resolution in 20 the mai n scanni ng

directiofd SR LhBec! A, Ivhd 1284l 1 5LA0R1 itk image in

direction, two In the main scanning direc

en RS SR 6 e CPloh A R SER BHEEC R 1o o

mai n scanning_ direction on a scale that is enlarged
sam® 3H-hg MEFZlRePitale BN fragpd Wipnsehntifigimage in the
direction, and the main and sub scanning WO _ .
ma 20 07¢ 05278 RCELIPEO06# VD611 ,- Z®rderenplonsitbidh is two
illustrated simlarly in each of the figures which
times | tie masanithed iatefie sub' scanning direction. - For the
sake of convenience, FIG. 13 shows image poritions' of the white
character by black circular marks, and shows Eackground |
portions by white circular marks. This means that no ink drop
lands on the biaék circular marks, to thereby form the white
character. The imdge portions of the white character and .the
background portions are illustrated similarly in each.of FIGS.
15, 16, 20A through 20C, 21A, 21B, 22A through 22D, 23A and
23B which will be described later. Since the resolution in
the main scanning direction is two times that in the sub
scanning direction, two dots in the main scanning direction
correspond to one dot in the sub scanning direction, but for
the sake of convenience, FIG. 13 shows the main scanning

direction on a scale that is enlarged to two times the scale

of the sub scanning direction, and the main and sub scanning
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FIG 14 is a diagram showing a white character that

is formed by carrying out the character fattening
WO0EeB3Y in 5 this first enbodi nent of the prRASkAM2006/322060

invention, and FIG 15 is a diagram show ng dots of

an i nportant part on an.enlarged scale, for

expl ai ning the white chardtter that is fornmed by

. carrying out,the character.fattenin [LOCESS . Shown
asieepes ety LG THGE PR ISELY AR GE the Fusieet
added in the main 10 scanning direction with, respect
whitch @idh Betdeseikad d@t6F-the bl ack circul ar mark)
formng the imge portion of the white character
backgr ouR@Gpot4 i bm.a aldgrevashdwing thavlyitge cheirghter that
side in FIG 15) opposite to the side.(left side in
is FHdzmelbpy edipgeny dut the dbarfcinel cidtedniygt beowvbssein
circular mark) 15 form ng the background portion, and
thid& 13k 08mbBK: ALPP df ahdeprasbnt Dihtentaddgd anf Fhe. sub is
scanning direction with respect to each dot -
i ndi_ca t I ¢ .Cl f 1N
> AT ROS R BHe (95 FE el SPEHEEART AR (B B 18n BPgea
ortion and. located on. the sjde (l|ower.side in_ Fl ‘
scig) GEBoeRPiat St athst Weds EhtRrtel ot o Erhes by
adj acent to the dot (indicated by the white circular.
carmi PYENithg ChBrBEERgr'Gt®n3art PERCERS- a A ellPYD H FIG-
t he boundary of the dots form ng the background

 15,pams dargadinkedder s(¥famaei Agti hep wh taddasadacthe, mahe

dots formng the background portion decrease by an
scaiiiwgt diftecdodbs WHtH arespegtt be ehth edathafiactieated by the

i ncreases by the character WO 2007/ 052781 _
b1 KT i P20884 322060 fcﬁ&nfgakbéniﬂ?%@r%&ﬁfon AFcendi RBkye
' e

even if ‘the black ink formng ackground portion
chdd£895 phBRGRLESY P9-130%S aRAt 18RREAE on ‘the side (right
side in FIG. 155 opposite to the side'(léfﬁ side ip FIG. 15)
adjacent ta thé dot (indicated by the white circular mark)
forming the background poertion, and'one:largé ink drop (largé
dot) Dp is added in the sub scanning direction with respect - to
each dot (in&icatedlby the black circular mafk) forming the
image portion of the white characﬁer background portion and
located on the side (lower side in FIG. 15) Oppoéite to the
si&e {(upper side in fIG. 15) adjacent to the dot (indicated by
the white circular mark) forming the backgrouna portion. As a
result, at the boundary of the dots forming the background
portion and the dots forming the white character, the dots

forming the background portion decrease by an amount the dots

forming the white character increases by the character




conspi cuous to the human eyes and the white character

w Il not appear defornmed because the white character

IS ned. In 5 other words, the picture g [
Wotzﬁ(glo\%'{s{fe character is inproved by the char g@b‘/epﬁoo%zzoﬁo

fattening process. FIG 16 is a diagram show ng dots

of .an inportant part on_gg.enlarged scale, for

expl aining a white character that is f or med. by :
fatbehlwy mitaresst.er Atabtdimaly preveesdfi mhehpldek firnikstforming

enbodi nent of the present invention. FIG 16 shows a

thé aﬁﬁcwﬁﬁﬁxd hertesnl Bléeds) sttt @hecdanBl ¥ped0fod nalpgie@\r
* the main scanning direction and 600 dpi in the sub

PR S P ] L PR B
or B E s TGRSR S SRR ot o

form ng the _ inmge portion of the white character .
othag ki stmhd e PRERUAR dIvRbsRe Plofhenwhity ec}eﬁ‘?@?ﬁe% iide
in FIG 16) opposite to the side (left side in FIG
impsyved ki aite cdarapsedofattemingpagchyst he white
circular .mark) form ng the 20 background portion, and _
two | ar gerigik 1dr aps a( Haagear adisywilp? doakeofidge dimpbitamnt
sub scanning direction with respect to each dot

paft Nt Gt eth1d-geBe sBhagKk £oF WiARiIMRhK) af Rt cter

i mage portion of the whi te character backgr ound

e Sk RN Sh‘é?g‘éﬂ%ﬁa%%ﬁg%@?ﬁh?nﬁﬁ?% 16y £
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R R e

t he backg%ound portion. As a result at _the boundary
CagP YRRFUGHE FEERIHE PRl atidodsgely, 600 dpi in the main

scanning direction and 600 dpi in the sub scanning direction.
In.this.case, aé shown in EIG. 16, two lér@e‘ink drops (large
dots) Dpl and Dp2 are added in the mair scanning direction
with respect to éach‘dot‘(indicatea'by the black'circular

mark) forming the image portion of the white character

" background portién and located on the side (right.side in FIG.

16) opposite to the side (left side in FIG. 16) adjacent to

the dot (indicated by the white circular mark) férming the
background portion, and two large ink drops (large dots) Dp2
are added in the sub scanning direction with respect to each
dot (indicated by the black circular mark) forming the image
portion of the white character background portion and located
on the side (lower side in FIG. 16) opposite to the side

(upper side in FIG. 16) adjacent to the dot (indicated by the
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portion and the dots form ng the white character, the
dots_ form ng the background portion decrease b
““’%W&@ﬁ??%he dots 5 form ng the white characte?CT3$
i ncreases. by the character fattening process-.:
_Accordingly, even if the g%ack ink formng the

backgr ound portion bl eeds;”the bl eedi ng does not

whidfP Ak cut AR SRA SkIP U il righ € hBUBBBk Y @Snd Bbrithenhi A a
character will not appear deforned because the white

an
2006/322060

re qugﬁf,f‘%tteﬁ;pgfﬁéeﬁmﬁm% P I L sch%%%yaﬁz%;ggaﬁ&

fty o Ite character Is | nprove

character fattenin rocess. Iln.the .case where, th
PO GPRoNEs SR SrEPTHEC S0 tREHE CTRsr Shie EPEKaFp
(dot) in both the main and sub scanning direction na
forming sbechackeromnd AR FEFFBFSAPY Fh ARghRtt Rae @%ts
sufficient to elimnate the_ bl eeding of the black ink
forfmimy rdpet Whibackrmagikpdncreasenaby i haadihagasteto
the white character. But by adding two ink drops
fat{tdotis)y bRochesh thecomiimgdyy subnstAnthendpldickednkofisyming
it is possible to- fatten the white character by an

thBadtgrbhall bsrevbh iiads,t @nd0pebedimptaddhadk! apgeas

of theé black ink f.orm ng the background. portion that

| S.:adj.ace t [ a r t aryq of
o e BRO TS e Al hRef BRPERS vl | ARRe 1 O ot

t he ijJymge rtion formng.t.he ite . chara r., _the
PR OB eRRP AR B i S B kAP KRCTEF mohg Ahgne:  In

‘backgr ound gortton iI's appr.oxi matel y constant ,
othery4iaades s tee PRELWS 2DFA1852 281 ERETY PR (812325666 15

-61 resolution. On the -other hand, the width (or
impiagyresk bof theathesadted fatdeninoePEhe®3®t er whenr one

dot is-added in both : . _
In the case where the resolution is high, the

addition of onl& one ink drop (dpt)_in béth the main and sub
scanning direction may not fatten thé white cﬁaracter by an
amount that is sufficient to eliminate the bleeding of the
black ink forming the background portion that is adjacent to
the white chéracter; But by adding two ink &rops (dots) in
both the main and sub scanning difections, it is possible to
fatten the white character by an amount that is éufficient to
eliminate the bleeding of the black ink forming the background
portion that is adjacent to the white character. |

At the boundary of the background portion formed by
the black ink and the image portion ferming the white
character, the amount of bleeding of the black ink forming the

background portion is approximately constant regardless of the



the main and sub scanning directions changes dependi ng
on the .resolution. Hence, by changi ng the nunber of
dots to be added 5 in the main and sub scanni ng

WO 290788278bns with respect to the inage porti oRCTIPIHOEIZ2060
the white character, it becones possible to record
whi te characters having approxi mately the sane :
picture quality regardl esélof the resolution. Next, a

nor e,_det ail ed scription wlJl, be .giye n, 1
refRF Ty O LR REREF oM e et HeTp R aedrel W 1 o
character. As -one nef hod of.adding the | arge g t.on
fatness) gt they vWhdfe SPAEASHRE omamentofier 19 gaddsd (e both
dot in the image portion formng the white character,
theheapatans rsubaisCANRNY sdiseehiqnsd chepgeshdepen@gingfon the
view of carrying out the process at ‘a high speed. -
rebbTGatildhi s Herdieagbanthang exgpl Hieninupbarwoliddet si ze be added
used for the pattern matching. FIG 17 shows an mx n
5  inWtREoMaiMAHNGUR Bb&ﬁhﬁn?fcﬂﬂ‘lﬂ:ﬁﬁdiﬁf wi@RAt 2bkye@Itd the
pi xel s arranged vertically. In the follow ng
im%%% éf%iéﬁhfdﬂmihﬁ{gﬁéuﬁﬁiké(Hhéygdﬂ@%,sﬁkebeéomes pﬁfsible

enl ence t hat n and the window size is mx

3. X 3, ,that_is, m=_3 n,.= 3 h [ | G .
toppieded ghfied Upelhpsief ofe bty SebedifNEeLl B sl
_size. The font data is deyel oped in .the bit-map data
Plﬁyur?H%P%ﬁ¥qﬁ(ﬁegéFAQEFS(%%fT r&)s0 ?%éoﬁrt-nap dat a
i ndicates the - 25 dots formng the font. The bit-nap
dat a, i ndiestti /gmore fehdiley XRFgEErign will be given on
PCT/ JP2006/ 322060 -62 data, is subjected to the
10 thpatheracismt datitgninguprosesd wiith reispeéow testhe bddit
above, for each bit. : _ :
character. : - g

As one method of,addiné the large dot on the right
or'left_side ana on the lower side'qf,the dét:in ﬁhe image
portion forming the white cﬁaracter,.thelpattérn matching is
15 suited from thé point of view of Eérrying outAthg process at a

high speed.' FIG. 17 is a diag;am for explaining a window size
used for the patterﬁ matching. FIG. ijlshowé an m x n window
having m pixels arranged horizontélly and n pixels arranged
vertically. In the following description, it is-assumed for
20 thé sake of convenience that m = n and the window size is m x
n=23x 3, that is, m = 3 and n = 3 as shown in FIG. 18. FIG.
18 is a diagram for explaining the 3 x 3 window size.
The font data is developed into the bit-map data by
the printer driver (software). The bit-map data indicates the

25 dots forming the font. The bit-map data, indicating the font




A description. will be given of the pattern matching
process, that is, the character fattening process,
WO 207/032381 out 5 by the.printer driver 101A, DBCT/IP2006/322060
referring to FIG 19. FIG 19 is a fl.ow chart for
expl ai ning the character fattening process (pattern
mat chi ng process). . Firség-a step Si sets a target
ixel to a start,_of _ the font data..A step S2 acquifes
Gating 51 SURAPCHGR At OrE N2 S On T HR % ot SEGRIPRg P
the wi ndow, by using the target pixel as the center
wingow Hesaribed. aretre fatheasdqbited bit- map data
corresponds to the,data anounting.to 3 x'3 = 9 dots.

Ther eaf t &r deacsippi @38 widr) bes gduenacHathemrit@rohimagching -

by conparing the acquired bitmap data (pattern of 15

prédessjcauntedsfatiegd chutatteredateenimgdbrdsisy,eneerdataout
(reference pattern) which is set in advance and is

| dhS e i des ,
5 by ﬁgéti banadd atheeP! piln, dohs rerbrsl £p & HELI Q%ie_ FIG. 19

er or not the conparéd patterns match.
i B 95855 ALYENESS LR ASLien Sl Enlbec. deciaian cesyly
is [ IR5" (AR SEF Spl STl Phe' Lobbicn b gt bboess
a step Sg 'bf, t he deciéion result in the.step S4 is '
(PRGBS TPhERSFRHNEPERTE I Ht'es the | arge bl ank dot data for
the target pixel, so as to replace the dot of the )
target piEkERt: by FHEP | Bk S ankageet (Phrjle 19 anRtRRk of
drop i-n this 25 particular case). The process advances
the fdnite detep SB af¢rrSANB UG 7L685208 1bPCTAP2FGE 322086
-63- the step S5. The step S6 nobves to a next target
10 forti XBlta kBrresponding to the window, by using the target
pixel as the center of the window. Hénce, the acquired bit-
map data corresponds to the data amounting.to 3 x'3 = 9 dots.
Thereafter, a step S3 carries out a pattern
matching by comparing the acquired bit-map data (pattern of
- 15 the acquired data) ahd a predetermined reference data
(reference pattern) which is set in advance and is used to add
the blank dots. A step S4 decides whether or not the compared
patterns match. The process advances to a step S5 if the
decision result in the step 5S4 is YES, and the process
20 advances to a step S6 if the decision result in the step 54 is
NC.
The step 85 generates the large blank dot data for
the target pixel, so as to replace the dot of the target pixel

by the large blank dot (large blank ink drop in this

25 particular case). The process advances to the step S6 after




addition, a step S7 deci des whether or not the target
pixel is the end of data. The process returns-to the
step S2 if the 5 decision result in the step S7 is NQ
WO%?WE??F"% repeat the pattern matching until PREJEHE6/FF060
data. On the other hand, the process ends if the
decision result in the st?% S7 is. YES. The process
shown in FIG 19 may treat~one pixel as a l1l-byte data
th@ stép IsPit data. Wien treating one pixel as a 10
1-byt'e data, 9 bytes are required to represent dat a

amount i ngrt o 9 o ots% %hgoonl h%lg?g ngieathpg

one p| xel™'as a % e reqU| red :
resent data unt| to 9 dot .
adafolf &t Tea Yo dss B iRt or” 3% FhEncatete pixel is
pixel is treated as a 1-bit data, 15 and the requjred

theeeed yof gata -t y TREnPERCS SR kM Eifd tPhshepFbeRsS? nE the
speed can be |nproved in this case. FIGS. 20A through

5 deeDCion eralitdgr dms ther stapl 3T rAngio,r sberente pepeat rsheof

the 3 x 3 window size used in the <character fattening

pa Pt @68 fat cHithg-uf®i 128 Ke agred 2318 data .2006i agé agBhdéOrhand,
expl aining the use of .the reference patterns shown in

thE! gg?bc@é)f‘ drifOUgh 1RAGie Wb NR RAKt §hNeABL Shé 957 S:Ls YES. -

made wth respect to the font data shown in

th f F
hr odgh 205 ?é?é%?a?%w {‘%e“?;t?% R Eaess Qfé pixél.as
ﬁn ndow W havi ng a, oSi ti r__dot position
TV AR (22781 1PRAF SBE0G) reagangh%nmﬁ shes 2

a target pixel beconmes as shown in FIG 21A, and
10 1 hﬁ’t:%né%tart He byéesr éﬁ@er%ﬁ-'@rqn t%é‘\ﬁﬁrlaﬁemi (;iarg@@mountlng
Hence,
to 9 dots. On the other-hand, when treating one pixel as a 1-

bit data, only 2 bytes are pequired to represent data

.ameunting to 9 dots. Hence, the amount of data to be

processed is small when one?pixel is treated as a 1-bit data,

15 and the requifed'memory capecity ean be reduced and the
processing speed can be improved in this case.

FIGS.'ZOA through 20C are diagrame for eﬁélaining
reference patterns of the 3 x 3 window size used in the
character fattening process, and FIGS. 21A and ZiB are

20 diagrams for explaining the use of the reference patterns
shown in FIGS. 20A through 20C.

When the pattern matching is made with respect to
the font data shown in FIG. 21A using the reference patterns
shown in FIGS. 20A through 20C, the state of the dots included

25 in a window W having a pixel position (or dot position) 45 of




in this case, the dot data of the target pixel 45 is
replaced by a blank data, as shown in FIG 21B. 5
WO g0iP32381 y, when the wi ndow W noves by one piR&l/IR2086/322060
dot) to the right in.FIG 21A the state of the dots
included in the window Whaving a pixel -position (or
dot position) 47 of the$bdnt data as the target pixe
che he_referenc attern shown_in.FlG .20
thehei. SRR, AF o2 WOt RBAR0: PHEPHES (PG iy §ap- 213
ixel 47 is replaced by a bl ank data, Because the
andyiatehesathet BPIPLENRS RGUEECHr gRavn tHe Flifot £0CaddBanes:
the bl ank portion adjacent to'the dots of the white
in difdsacese, atbendet rdaiey ¢dd thehsarget pixelpl4dnk sdaep}aced
When generating the blank data, the print data
by reprlesgntadapyad SsiREb"in ¥IGhaayBd to "0" representing
the blank if the original  font data is represented by
5 "0" (bl arihi®hri¢PSwndPrind wdabiay wasiovds e omeseifbl (or
the bit-map data. The print data represented by "1"
IS ed L. "0 r nt i I ' e
Qo 51 A Pt ait & TS Panresont S0 By Torc (hileig) priuded
,_"1" 2Q (print.data) as_.in.the case of binar Qr._. )
in ihg SpebPuall B8P § PRI PRratienT T by e TipR) ¢
character b printing the | arge dots dependi ng on-the
of ftd fd’&ttadﬁgﬁnéﬁ e tarecdaPd *PhdTREERSR) Whfe NEAFGENCE
’ dots generated by the pattern matching (in the case
- patgferrhehown- AmpFaat a30%r , Helmeef ohn Hhaia Capef thigedot data
original binary data ("0" or -"1") and the binary data
10 of Whe2Matgeh2p8ke POTT 2 G2G/13220Q6Dy acbl{i dagra." 1") of
the small dots.(in the case of the binary data).

Because the white character is being recorded, the
dots added to the blank portion adjacent to the dots of the

white character are not recorded (that is, are blank data).

When generating the blank déta, the print data represented by

15 "255"-is chanéed'to "o" ;epresenting the blank if the originél

font data is represented by "0" (blank) or "255" (print data)
as in the caée of_tﬂe bit-map data. The priﬁt data |
represented by "1" is changed to "0" representing the blank if
the original font data is represented by "0" (blénk) or "1

20  {print data) as in the case of binary (or bi-level) data.

It is possible to fatten the white character by
printing the large dots depending on the font data formed by
the data indicating the large dots generated by the pattern
matching (in the case of the bit-map data) or, the font data

25 of the original binary data ("0" or "1") and the binary data




Next, a description will be given of a case where
reference patterns of the 5 x 5 w ndow size are used
to fatten 5 the white character by an anount
WO gW7083Bbndi ng to 2 dots, by referring to FI GBET/IPIA06/322060
t hrough' 22D and FI GS. 23A and 23B. FIGS. 22A .
t hrough. 22D are di agrans for expl.aining Teference.
patterns of. the 5 x 5 v Prefow si ze used in t he
wanar act an t [ r SHEE-1) I aBrare
(G g e S RS (BT EnE e (OF e panaL
tterns shown in FIGS.. 22A through 22D. -Wen the
ttern, matching is nade with' respect to the font
data shown in FIG 23A using.the reference_patterns
shown i nNeRES, 22925 FHRIUGH ¥B1 PReIIYER L1 (GRS yheTe
i ncluded 15 in a wi ndow W having a pixel position (or
refterpes paittryndsobfthe He X Snwinde abze azg geedhitrefatten
beconmes as shown in FIG .23A, and matches the
5 thd eftgrenetapatter nbg hamvaniounkl Gor2a8Bpoméine, to i2n dofiiss by
case, the dot data of the target pixel 45 is replaced
ref¥rAdy 2K rdata, 228 shawyH 228l end2BBes 2028 nidarks. a
target” pixel 46 is replaced by a blank data using the
ref erenc tt : ' : -ar 168k 3 '
47 s rereJEilg%é d%g{l} gﬁgﬁﬂg%i@gg Grel@fagPah@l 88 expi8hing

a using the reference

attern shown in El C, .and tar ixel. 48.is -
re %ﬁn&?e@at%?rgsb?g‘n&%gg siwﬁﬁgP Hesfggé elgéeér%%emp% Cern
shown in FIG '22D. 25 Accordj ngl y, e 4 do in the
chat R JEASE PRI CBRE SRS e SHCWD B85 77 ake
PCT/ JP2006/ 322060 -66 of .the white character are
10 diagprecdbrbexpheibingkchmtuse Of the referered Raditeanss

of the 3 x 3 w ndow size _ '
shown in FIGS. 22A through 22D.- .

da

When the patternlmatching is made ﬁith'respéct to
the font data sﬁown in FIGT 23A using_thé reférenqé patterns
shown in FIGS.-ZZA through 22D, the state of the dots included
- 15 in a window W having a pixel posifidn (or dot position) 45 of
the.font data‘as a target pixel becomes as shown in FIG.. 23A,
and matches.the reference pattern shown in FIG. 22B. Hence,
in this case, the dot data of thevtarget pixel 45 is replaced
by a blank data, as shown in FIG. Z2Z3B. |

20 | Similarly, a target pixel 46 is replaced by a blank
data using the reference pattern shown in FIG. 22A, a target
pixel 47 is replaced by a blank data using the reference
pattern shbwn in FIG. 22C, and a target pixel 48 is replaced
by a blank data using the reference pattern shown in FIG. 22D.

25 Accordingly, the 4 dots in the vicinity of the contour portion
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are used in the character fattening process in the

case where .the pixel position D47 shown in FIG 23A
WO R2e07{0p¥8t ar get pi xel, 5 the contour portion oPCT/HR2006/322060

whi te character becones outside the w ndow Wand it

IS not possible to detect the character portion. But .

when the w ndow sizes of -fhe 'reference patterns and

t he wi.ndow a both 5 x .5, bIe
of (et o ehasRGE R, BF° A RaaRY SR e Jfﬁaé “dot
at the pixel position 10 D47 nother words,
i ncreasi id the FPABEINST RAGET e OLr EF%r%nﬁ@ ﬂﬁt"{d@ﬂ”n§lze
and the window W it becones possible to cope with
arée hesediriiverthef chhaaktent B tteniagapdedessyf in dihs gasehwhere
wi ndow si zes of the reference patterns and the w ndow
thiVaien@lodiitibheD4 7 oshdws erd@9GLI BB id5Sthdmeargeangixel,
may be-determ ned dependi ng-on the extent to which the

thé ePLRACKITE HortQohhe s bt RO kirtiales charketbe Pesknaedbutside the
whet her or not the processing tinme is quick enough to

wifi8By x{wg%@e&%elsphbg %@9315@%9% Eeeeuéetﬁg o Of

compar e e pattern nafc |ng process
th d f 20
PORE s ndindERe PN | S Sass, CPRe T TR Gt BanS

to carry out the pattern matching process_increases
andsthheridefoll areeBotR ¥ He Irefidr dRcBOBALRHR N &eFechethe
wi ndow W increase. Hence, fromthe point of view of
chaegictes ngartid onprodesdd ﬁ@m it@nk dotsatiethe apixelt position
t he wi ndow sizes of the 25 reference patterns and the
D4W. ndDw dbhasre wairdk|, . bonitdweatimer tHO ROAIOWSRIHL of the
PCT/ JP2006/ 322060 -67 hand, the nunber of dots in.the

reféféx'i&é Y8 6AAt PHE whRId W) e Becémes asarkily ot ke
| ank dots is determ ned by the

cope with the number of blank dots to be added.

of cﬁursé, the yindoﬁ sizes of.thétreférence '
patterns and the window W afe not liﬁiﬁed to those described
above, and may‘be determined depenaing-on the extent to which
the replacément to the blank dots is té be ﬁade and wbether-or
not the procéssihg £ime'is quick enough to cope with‘the
printing speed. Because the amouﬁt of data to be compared by
the pattern matching p?ocess increases as the wiﬁdow sizes of
the reference patterns and the window W increase, the time
required to carry out the pattern matching process increases
as the window sizes of the reference #atterns and the window W
increase. Hence, from the point of view of reducing the
processing time, it is desirable that the window sizes of the

reference patterns and the window W are small. On the other




picture quality of the character, that is, the extent

to which .the deformation of the white character is

to be inproved. 5 Therefore, it is necessary to
WO3RdH8ke the opti mum wi ndow sizes of the wPGTER2MHE22060

the reference pattern based on the processing.speed

and the picture quality of ' _the.character. According to

experi.ments conduct ed by'@ﬂé present inventors, it

halids fundhndiat oF sthi chepte IVR¥IQMERERE Sfiet BSntddr

picture quality of the character can be obtained even

by.addi ng_4 bl 0 fer.ab
P °5§%§‘? 2 aeus%p&il%%e h£e3§ cgﬂéee %?JI}%E{ 3 sO\J/‘g gé%%#%@%lbﬁk the
.used in this empodimept, the | .bet ween the )
PR Ee A TOos Tho CPEUCEBIRGy S T dad hGSoF*TRR® it Which
Furthernore, it was also found that a 15 sufficient
‘thenge bormatiorpfott feeprbE s sthrrai@rd i8afiobbe obIpr e -
and that a throughput of .10 PPMor greater is
5 Thebtfvrablie iEhumscesberwi hoodeitssmd.nies theebpt dploy wiatddw
m= 13 or less that enables the detection of the 6

sideksof The: iMddabhadaddedrafsterdidee paltaakndphsedton hthe
20 bl ank portion (that is, the dots of the background

prBREEL PNy SRRIAGEH BYet Be-PhARK, Aty b7 tHE FRAPSEter.

descri bed "above were printed on plai.n paper using the

k-1 et head Uder e oL SLLON 09 5091 HL085: LRI IR

pi cture dua Y aracter
n{BBEPE8y O SEANEERO0 7058 1 1 HetcHPRG0aRER2BRBenT qif the

Nozzl e pitch = 84 pm (corresponding to 300 dpi) | mage
10 pipbyse vkt wedE dpe .Fhafﬁet%iQﬁ%é@wﬁbﬁgiﬁé@leﬁve@rhy
adding 4 blank dots or, more preéeferably 6 blaﬁk dots, because
in the cése of the above degcribéd ink used in this embodiment,
the jaggy befweén the adjacent dots is reducéd by the
spreading of the ink; Furthermére,.it'was.aISO found that a
" 15 sufficient improvement of the prééeSsing speed can be obtained,
and that a through@ut of 10 PPM or greater is obtainable.-
Thus,Athe wiﬁdow'siée,is preferably set to m‘= 13 or less that
enables the detection of the 6 dofs.

The font data added with the blank do£s at the

20 blénk portion (that is, the dots of the background portion
replaced by the blank dots) in the manner described above were
printed on plain paper using the ink-jet head under the
following conditions, and the picture quality of the character

(that is, the character quality) was evaluated.

25 Head: 384 nozzles/color
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i nk drop 87 pm 5 Mediumink drop = 60 11m  Snal |
womwofamp 40 pm Character: M5 M ncho typefRERIP2006/322060

Font'.size = 6, 10, 12, 20, 30, 50 &80 points, .

Repl acement l\/bt hod: Usi ng reference patterns havi ng .

the 10 5 x 5 wi ndow si zeé&hown in FI GS. 22A through

formng  19pALs Bbel & RaOUADREHUIRIANG 359880 pt)
R ot SRR SEPh: B o 1L Sy PRIFaRF ShOh L eet fon,

eval uation results . with and MAthOUt t.he character
fattening process of 3Pfidpi eirfbc}"d’lerréﬁp SERRNine drqdisen
character sizes. In FIG 24, "xx" indicates that the
chabaetctSize :s dlaﬁ:gerrédkadr,bphe &hawacter 20 quality is
extrenmely poor, "x" indicates that the width (or

degree of fat n@@@)unoflrn&ar@ba&aea)emm,l S narrow (or

thin) and the character quality is poor, "A"

i ndi cates thatgfde Wt iropoc degnge of fatness) of
the character is slightly narrow (or thin), "o"

i ndbﬁ%@ ecct tLhat M%hﬁlﬁgﬁ{>a9$€é§.a°éé?| ity is- good and 25

t he"charac I'S eas recogni ze.

2007/052781 P /JP2006/32 06 m tion
results shown TMEIBZRT %l't%m/aggto%(f ﬁ“gd sﬁhgt @h@omts

character quality is |n8r oved, thereby
. Replacement Method: 51ng reference patterns having the

300 dpi in the sub scanning d-i feéti .on' Dbt 'Si ze: \L'ar‘g'e ST

5 x 5 window size shown in FIGS. 223
ehrough 22D |
. Printing Method: Path:number (humber bf-scans forming
1 line) = 1, No inferiacieg
Paper: Plain paper (fype 6200‘(product name) )
‘manufactured by Ricoh Company, Ltd.

FIG. 24 is a diagram showing evalgation results
with and without'the character fattening proeess of this
embodiment, for the various charaeter sizes. In FiG. 24, "xx"
indicates that the character is deformed and the.character
gquality is extremely poor, "x" indicates that the width-(or
degree of fatness) of the character is narrow (or thin) and
the character quality is poor, "A" indicates thaﬁ the width
(or degree of fatness) of the character is slightly narrow (or
thin), "o" indicates that the character quality i1s good and

the character is easy to read or recognize.
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inmproving the visibility of the character and

meki ng'the .character nore easily readabl e or

recogni zabl e by carrying out 5 the character fattening
WO R00a%81 of this enbodi ment. Furthernore, it PRAGP2006/322060

confirmed that the image tone of the - character is '

_suff|C|entIy hi gh and no featherlng occurs. As may be.

seen fromFIG 24, it was 6Pound that the character

qual iy el bReateaihleldie i ey SRolR LR00FPERIs, st

10 This i's ecause e font Si

that.is too |nterval of the dots form
vag EPHIE Gk Bhe oRIP R HEEORY Aﬁdlmweo‘ﬁér by
fatteni ng process would deforn1the character when the
imprepeing dhedddgibidiaset dif ichagactrat 2aeft PNy Yod
effects of the character 15 fattening process are
chabd ciere doree rashéyf peadahlee drs I&Cpghﬁxzablerbg restmring out
Al t hough pl ain paper is used as the recording nedium
thé Nchd HRSC FapteANngi VESCHROE thiisl smBb&OmERSSi bl e to
apply the present invention to other recording nedia

Fustied@sr 20 ﬁoasgdcsﬁ@ffmecglaﬁa%/ 8 Eﬁ\la&@d%ﬁ@' Hapsfe |
and OHP films, and obtain simlar effects. is also

ch%?%c?tebxl st %u%% %Egl(ngﬂ(yh gcﬁ"rarryd Qllét tfggﬁ% fﬁgcéce urs.

ng process carry rac

fattenin roce s). depepdi n e kind of _ re ordln
medi um - RShGEY PR FESROSEPBIT- ozpleaﬂ. F7dag Beind that the
character hQVIn an optimum wi dth (or degree of
Ch@%@@ﬁﬁﬁnquﬂélzgo%ﬁ@%QV%Ham%ﬂPJbZ®@6 3pposhHze - Iy too small.
depending. on the width (or degree of fatness) of the
Thibaisdisrausen tthethecoask ngf midi dendnsikecbhatels too
feathering or bleeding °
small, the intervals of the dots forming the character are

extremely narrow, and the character fatteniﬁg proéess wbuld

deform the charécter when the dots'are addedQI It was
confirmed that-extremely goéd effecté'df the character
fattening process are obtained when‘the'font.size is 8 pointé
or greater.

Althoﬁghlplain paper is used as tﬁe recording
medium in the description giveﬁ anve, it is also possible to
apply the present invention to other recording média such as
coated paper, glossy or calendered paper and OHP films, and
obtain similar effects. It is also possible to selectively
carry out the character fattening process (or not carry out
the character fattening process) depending on the kind of
recording medium. Hence, it is possible to realize a

character having an optimum width (or degree of fatness)
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racter or,.the mhlte character |ts If,
ab B‘é‘%&??escrﬁ‘?’ aserflbonks &t CHESAKPRBETPTS TR

easily occurs and on the recording on which the
feathering or bleeding uneasily occurs. . 5

WO e 06 Bhor e, al t hough the characters were prP@T/@RR006322060

300 dpi "in both the main and sub scanning directions
or, at 600 dpi in both the main and sub scannrng
directions in the above-@8scribed case,'. is of

aofRTn T e b BeE ot er” Totpedtl u?% qracter

addition, the resolutions in the nain and s

OonsEhsiH erﬁj’r(‘ijilrngc REGREm ey i iqhethes GERTASTS 36% prrb]@rfr‘dﬁﬁg

mai n  scanning. direction and 300 dg in the sub
eastEnmMaRyrd pact Ponthe Joecansingn ophwhieh ntie afpftipring or
direction and 200 dpi in the sub scanning direction,
bleedirB)irdisiily bhetnmi n scanning direction 15 and 150
dpi in-the sub scanning direction. It is possible to

obtai n simirtdergbbest 1 thEyPMHR cRerhkBte£haiaed ¢rSnted
with the resolutions that differ in the main and sub

at S§GNY glnd'bb%ﬁt £RESma N ddif st‘bh%EaHﬁ Sy dird dh%:“;? at

ere e resolution 20 1s 150 or exanpl e

ow.dn both.th and, s annn9,dig est ans e
606 Hﬁl i gpggtgﬁenﬂ %eég%és % 1ngn%1¥e ons in %Ee
nay

the. main and -sub scanning directions wth respect to
simhbay fffecrs pbeni BRITING ife raagAPtere il f8haT  For

this reason, from WD 2007/ 052781 PCT/ JP2006/ 322060
resJutimnspoi An aﬁdwtm,oftherrmaswlngmnhelmhamamtaem and sub

quality, it is preferable to provide a node in which
sc&ﬁﬁidﬂﬁﬂﬂrédtﬁoﬁétM§ﬁid&ffer;'such as 600 dpi in the main
scannlng direction and 300 dpl in the sub scanning direction, -
400 dpi in the main scanning direction and 200 dpi in the sub
scanning direction, and 300 dpi in the'méiﬁ scanning direction
and 150 dpi in the sub scanning direction. It is possible to
obtein similar effécts when printing the cha;acters With the
resolutions that'differ'in the main and sub écanning :
directions.

On the other hand, in the case where che resolution
is-150 dpi, for example, and low in both the main and sub
scanning directions, the white character may become too fat
and touch an adjacent character or, the white character itself
may become deformed, if one dot (blank dot) is added in the

main and sub scanning directions with respect to the image

portion forming the white character. For this reason, from
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process is carried out and a normal node in which no

character fattening process is carried out, and-to

sel ect the node 5 depending on the resol uti on. Next, a
WO3MI®s378tion wi |l | be given of a process whi cRCEAPI9HE22060

between the node in which the character- fattening

process-is carried out .and the normal. node in which

no character fattening prﬂdess is carried out,

ndi n 0 the character . .
enfURENE N Mk oo dablRrBIS Cad Fmactes wai‘ ) it is
peri pher al dots in the er| hery .of the whit
Pr&%ﬁi‘g@c%r to RIPVRE Bi R %g 1 s ithg BaFFGi:eizsfattenlng
FIG 25 is a flow chart for expl aining this process
prefesyi e ranriss: wednangdha nedeal medecdnr whicbuno t¢haracter
character fattening process 15 depending on the
fathening proxiess itsheachaedotetr, tame td belecestheltrade
and the like, and the nornmal node that does not '

depahi¥n®Wn (e ¢eabagtesnfattening process. In the
process shown in FIG 25, the character fattenlng

process '§e2ﬁ§r Td ok sRph g@@ﬁ el Cﬂéagqq o?ﬁ' e%%cgé)s

the white racter 1s p0|nts or

har act.er. t e char,ac he M ncho

g B At e FenBenans S o oTan ofch?hsﬂam%er
character is other than 150 dpi in both t he mai n_and.

faltBnRAMKESH FécFPBﬁ%ed c?u‘%oﬁﬂ‘%éhet ﬁ@mfiijda?% in whieh
conditions related to the character size, the 25

noc fhreeeEeT tfaldeniadt heotesy el s expginieidy AuAF edepending en
not 5 WO 2007/052781  PCT/ JP2006/ 322060 -72

the character size, the character type, the image resolution,

the color of the peripheral dots in the periphery of the white

character, and the like, by referring to FIG. -25. FIG. 25 is’

' a flow chart for explaining this process of switching between

the mede that carries out tﬁe characfef fattehing érocess
dependihg on the character size, the character type, the
resclution and the like, and the normal mode that does not -
carronut the chénaéterhfattening procéss.

In the process shown iﬁ FIG. 25, the character
fattening process is carried out when the characéer size of
the white character is 8 points or greater, the character type
of the white character is the Mincho typeface, and the image
resolution of the white character is other than 150 dpi in
both the main and sub scanning directions. Of course, the
judging conditions relaﬁed to the character size, the

character type and the image resolution are of course not
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limted to those shown in FIG 25. In FIG 25, a step

Si]. decides whether or not the character is a white
WO HapRE8er . |f the decision result in the stBEEI/BRI6GI2060
YES, a step S12 deci des whether or not the 5 character
size is 8 points or greater. |f the decision result
in-the step S12 is YES, @a’3tep S13 deci des whet her or

. _not e haract er_t. ' e M ncho, typeface. If the
virgidtad 1, cPaRE FhSTn AT ep0513 s vES a otep Sia
deci des whether or not'the ina%e,resolution of the
char act el £16t he?r thatbersFldprerided wepthememaek the
and sub scanning directions. If-the.decision result
charaqhier disep Bhite schimgcterst epfsSthe cdeeisioouesuhé in the
character fattening process, described above. On the

stegh 81 ilsaNBS, 1 & $tep @ sieaideeswhéther NQ@ inptomieof
the steps S11 through S14 or, after the step 515, the

cha¥R8RSS s8RES 1518 doimddichi gRteatbrt hercaly fcitsh8n result
peri pheral dots in the periphery of the white

in i@éﬂlﬁé 3&%@; sggs_-;g hgpgecond o gF%- 85cidRs ewheg%ae&wio ’hnBE €the

two or nore ors are eject

end SRS B T8 B isfgl ESRRRAREO, | s DRI hemun

. fattening _process 20 with respect to the white -

in dihe S8 SbackBolEIné FEAPheLlndesided hsing f5r B0t the
easily occurs in such a case. Of course, the

imaggrresoartiant ehi te phearessenaysbetiver rihed 40 dpihin
respect to the-white character when the background

botgorttiecomaia &odnwdb yecamding Haveogiansi ndife thier siec{oion
primary) color such as :black, 25 nmagenta and cyan. . If

reddle: Simghe EtestsIDriPYERRIY) s€p 051 IR 23408084 ¥5Lhe
PCT/ JP2006/ 322060 -73 A '

character fattening process described above. On the other

hand, if the deéision result is NO in one §f the steps S$11

through 814 or, after the step SlS,-fhé process ends. -

In addition, if the coiar of the peripheral dots in
the periphery of the white character has the second cqlor»or
more, that is, the ink drops of two or more éolors are ejected
with respect to one pixel correspénding to thé peripheral dot,
it is possible to carry out the character fattening process
with respect to the white character because the feathering or
bleeding more easily occurs in such a case. Of course, the
character fattening process may be carried out with respect to
the white character when the background portion is formed by

dots having a single first (or primary} color such as black,:

magenta and cyan. If the single first (or primary) color




form ng the background portion is yellow, it is
possible not to carry out the character fattening
rocess Wth respect to the white character because

Wogwgfoﬁgékgr ound itself becones  .conspicuous i RCERIP0¢322060

case. In other-words,  the node in which 5 the

character fattening procgzﬁ_is carried out and the

normal.- rnode in which no aracter fattening process
folRi kR THE BaRithrolRY ﬁ@r@ﬁi@qtse@embwamt chedossible not

dependi ng on the color of the "peripheral dots in the.

p t ] er [e: Y
EolSLRIT Shel HfipbHLher (O BEHRIG pTOCRSL DhEn Pegpegt o
the character fatienin rrocess i s carried t node

the Fh (B ChPArROTRIEe AT SRGEATORNE ¢ e Th RO de
in which.no character fattening process is.carried out
CORFRERIOYS LphiSERINE BR3Kk dot & -Heges) R amrAndnonhich
the character size, the character type, the-inmage
5 theesmdnadter dattehingaporceds dfs chesrpedi pherand ddies poicmal
is possible-to obtain a high PPM output w thout
modi€qih riHighamoushaeassear | farturghgppecesss s pedddevan
when obtai ning a high throughput. In the 1 mage form ng

ma@PPar 141l {(BirSsHMPOR AR Heperidifgl 880£KE NEbNBAGH $had
pi ezoel ectric head using a 20 piezoOelectric el enent.

, descrihe ve, t e ' y -
pe SR e R R e Py R SRR L MR

el ectro-thermal conversion element to _eject the ink

rop by TREREBEEY | 16, STHPTHEE S SHR EEGAS BetuecH the
pi ezoel ectric head, the ink drops having different

10 mode 7y vHHFTh&DE| eRpERCHRpRALFT 16 PRECSIS 1 iGANTged out
si gnal waveform as described above, and it is WO -

(mod® 7{r054A8h PUE/ HP20b6I@2X 8@ addsd) and the normal mode

in which no character fattening pfocess is.dagried out (mode

in.which no blaﬁk dots .are added) depending dﬁ the character

size,- the character type, the image-ieéolutioﬁ and the cqlor

+15 of the peripheral dots, it is poséible to obtain a high PPM
output without requiriﬁg an unnecessarily high processing-
speed even wﬁen dbtéiniﬁg a high throughput.. |

In the image forminé aéparatus of this embodiment,

the recording head is a piezoelectric head usingla

20 piezoelectric element. However, as described above, the
recording head may of course be a thermal head which uses an
electro-thermal conversion element to eject the ink drop by
film beiling. 1In the case of the piezoelectric head, the ink
drops having different sizes can be ejected depending on the

25 driving signal waveform, as described above, and it is




possible to easily forma gradation inmage. On the
ot her hand, in the case of the thermal head, the
WO H¥793288 can be arranged at a high density, BGEIR2006/332060
possible to print an-inage having a high resolution
at a high speed. _ 5 A Q9§%ription will be given' of

di fferent thermal . heads’'by referring to' FIGS. 26A

poi$12680aBdsEL & £8rin é:!?@ad%@f\oﬁnﬁna?@@, r esipedld Weh¥rahend,
a perspective “view and a cross. sectional view for
. | aj.ni.ng-app _ r re orgdi na;
in PR Pdeneohts "Shenblr WG OoB DOB PR M ditdngen
shqaot er type, thermal, head sho in__ FIGS. 26A.and 26B .
at i diah SeBREAY o1 FRR (i & rEGaSABLE( S0 RAATS: Ak d1ggs. Raving
an ink-jet energy generating' body 501, a'wall nenber
a e meselpsind st o Wgh $P6Rdf | ow passages 503 and
nozzl es 504, and a top plate 506 that covers the flow
5 passages AlBe508ipthoFIvG11268, giteni of udifferent dhermal
el ectrodes of the ink- jet energy generating body 501
hedds WMy hrelrB@rifg ot sl FIESI @Bal andoR6B nknd eRIGi @al ) is
applied and the illustration of a protection |ayer
whi ch i s (REOVEERARA 3418 dd¥ipel-el veNg! SYe YN RedRTve
body 501 if necessary, are oOmtted Tor the saké of 20

o SRR S5E oL L 9,0 0P 0 . SO
o BRSSP e, L 0 08B e

froman ink chanber (not shown) fills the f]low
10 thepmadadeadns, Ther edar diRpieirghapei shemnabdigasy shewphén
i nk-j et energy generatihng body 501 via the WD '
FIGDO 2052181 2PBTha P20 08/aBX2066t rugbure made up of a

substrate 502, .an ink-jet energy generating'quy 501, a wall
.member 505 that‘forms side walls of flow'paSSages_SOB and
nozzles 504, and a top plate 506 thaf covers the flow pa;sages'
15 503. 1In FIG.'éGB, the i;lustrati6h of'electrodes of the ink-
jet energy generating body 501 to which the ;eco;ding signail

(or ink-jet signal) is applied and the illustration of a

protection layer which is provided on the ink-jet energy
generating body 501 if necessary, are omitted fof the sake of
20 convenience. As indicated by a one-dot chain line 507 in FIG.
268, the ink flows straight from the flow passage 503 towards
the nozzle 504 in this edge shooter type thermal head. é
In a state where the ink from an ink chamber (not
shown)} fills the flow passage 503, a recording signal is

25 applied to the ink-jet energy generating body 501 via the
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fromthe ink-jet energy generating body 501 acts on
the ink within the flow passage 503 at the upper

WO B0/ (i nk-j et energy acting portion) of PRE&JIP2006/322060
i nk-j et energy generating body 501, and as a 5 result,
the ink drop is ejected fromthe nozzle 504. In the
case' of the edgeAshooteF7§7pe thermal "head, it is

cLBRPPLILE R QDS VB ol DU 10k PhEpd: o ccom e

. _pozzles can: be made.snal | a l.arage nber. of... .
inKo55t EhGHY BETPLPRARE P cable 2918 ARCEPE MOk, MitHE the
edge shooter type thermal head jis.suited for mass
£1py RRRIII O08n 2thERBt WRPE R FRE CitIeld nErdeti ARRLIY Gcting
i ncreasi ng the-response frequency when the.ink,drop is
porejemt exf tded inke]phkehergy ganerstingebpdk B8bp.anth as a

addition, air bubbles.are generated within the. ink
rewhien, tite dlmcropt her shbctldd 'fimmw ehel apzelenbdd .
generates heat, but .the air bubbles contract when

the tenperatiyee AkePss HeaCEIgd MhovtetakhPd thermal head,
cavi tati on phenonenon occurs 1 n which the ink-jet

1£C0ET Qs GANCEA isbgnbOAY POL 45 YAy« aMORd Bitremery

thée "air es di'sappearing int

vicinjty of .the_ink:jet ener
st bl DR Al PRECLBTO C Rt

shooter type thermal head relatively short. FIG 27 is
ang @rtakds dvrbsFarivneszier @pihg forgedsyith e@%% her
~structure of the recordi ng head, nanely, a side
Acchooimglit,ygdiet kdiorabhbebelr Tyre diggmaldobead igpauited for

thermal head 25 shown iin FIG 27 has a stacked :
maSrpedductiade Op Qheact¥2?2 MBHA)S52H8Ye are limits to

PCT/ JP2006/ 322060 -76 '

increasing the. response frequency when.the.ink_drép is ejected

and the ink-jet speed of the ink drop. 1In addition, air’

bubbles are generated within the ink when the'electro—thermal

‘conversion element generates heat, but the air bubbles

contract when the fempératu;e drops. Hence, the so-cglled-v
cavitation pﬁenomenén_oécurs'in which the ink—jet enérgy
generating body 501 is gradually &amaged by the shock of the
air bubbles disappearing in the vicinity of the ink-jet energy
generating body 501, thereby making the serviceable life of
the edge shooter type thermal head relatively short.

FIG. 27 is a cross sectiocnal view for explaining
still another structure of the recording head, namely, a side
shooter type thermal head. The side shooter type thermal head

shown in FIG. 27 has a stacked structure made up of a

y..20 generating bod 01,
etl}q A z&?[est ﬁ@lqeka% e sSmall
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pazeaneeficamiag mempedi &

substrate 512, an ink-jet ehergy'genefating:bbayw51i:"”'liwhmm”wmﬁwﬁ

a flow passage form ng nenber 515 that forns side
woean7ios27ef a fl ow passage 513, and a nozzl e pretgridizzzoso
having -a nozzle 514.- In .FIG 27, the illustration of

el ectrodes of the ink-jet energy 5 generating body 511
to which the recording s+gaal (or ink-jet signal) is
appl i ed and the |IIustrat|on of a protection |ayer
subg ate $lgrodNddbkohet RNGGHY. PencEnkiny Rberdting flow
body 511 if necessar are omtted for the sake of
ﬁi ddhady feroseside enbls f Fe fBow
in FIG 27, the 10 direction in which the ink flows
padSuey dd 39N andk aj abz eherghateadlienpapong i ®moddid rdidhe In
fl ow passage 513 is perpendicular to a center axis. of

_ E‘i@n 2perdid %lﬁ.grsﬁ}:ggléﬁ%ﬂq@.@cﬁr@aés| BrthS -0t energy
shoot'er type hermal head. In.this side shooter type

f
gehdEliTg B @S’ 5 E‘i‘?”"?é%eﬂ%oﬁfve%ﬁ’-’égﬁg Sl RRCTOE et
he f f t.h k ]
sigit gt R °r Bt ed0aB U 13 SR PR gk i piieSnidn 1aver

meni scus |s restored quickly by the ink supply, due to -
whigh ismrevided ef the Jsrﬂa-eae;ch%eéevt %lée%@%m‘#éfaéll if.
Therefore, 20 the side shooter type thermal head is

negassamul arey opitbedi for theesakehodt cogyvenienagn. | dsused-
for the ink-jet energy generating body 511. Moreover,

indbeatsid®yshoeherdby pehdrerinmle 5HGadncBDG aval d dHee
so-cal l ed cavitation phenonenon in which the ink-jet

dif88E Bh AN GhAthNEh80dYK | Bl disaduakiis daneaed-fut e rdy
shock of the air bubbles disappearing in the vicinity

acf{n&rB%f@Qo%OQZég§g7§ﬂeF¥ng1E%%gg ézgggols ag}pendlcular to

a center axis .of an aperture formlng the nozzle 514 1n ‘this
side shooter type thermal.head.

In-this side shooter type-theimel'head, the energy
from the ink-jet energy generatieg.body 511 can be converted
mode efficiently to6 the formation of the ink drop-and the: -
kinetic enefgy of the.ejected ink drop. 1In addition} the
meniscus is restored quickly by the ink supply, due to the
structure of the side shooter type thermal head.- Therefore,
the side shooter type thermal head is particularly effectiee
when a heating element is used for the ink-jet energy
generating body 511. Moreover, the side shooter type thermal
head can avoid the so-called cavitation phenomenon in which
the ink-jet energy generating body is gradually damaged by the

shock of the air bubbles disappearing in the vicinity of the
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i nk-j et energy generating body.. In other words, in S

the case of the side shooter type thermal head, when

t al L bubbles grow and reach the nozzle 514, the
WO&F@/OB%E)I es comunicate to the atmosphere aR§T{RU06/322060

contraction of-the air bubbles due to 5 the

tenperature drop will not_gccur, to thereby nake the

serviceable |ife of the side shooter type thermal head

inkei&t IMfRingy gBferatify thwderbadi Beherdesedsperth the case

heret of ore, the inmage processing apparatus is

of degd g%’iecfé %@io&@%%eﬁg}?e e S 1 Qfég?ﬁﬁr whehkOrROTH Qot%ﬂ?ﬁes

conput'er - reada ogram accor g to.the presen

i nvention executes_the iJyag r QGessi ot .
ITIE T |rnefc$o% hgoﬁ?g‘%e%ﬁ’l %\;gentallgn. ugg%egge‘?%g?%lcate to
i mge. form ng aEEaratus itself may be, provided wth
thaeaRoIRers d8dt FRE ARt TaRlgEn PfolbesPhy Metlrp due to

according to the present invention. In 15 addition, it
thestemperajows drept vipk owideoagurhi Fot haerepyauakeiiieng
apparatus an application. specific integrated circuit
sefAStQbMhildlfeexEcthesside shmgeptypesshagnakt e
according to the present invention. [Second
reEIPOF NENIdn20 When creating a docunent by an
application software and outputting the docunent from

an i nmage frprfﬂlengnﬂea?lgéﬁ?_sie&ﬁrb&? h%ﬁ}ei)teféjrgt ‘?he image

recordi ng apparatus nk-j et printer) that forns

t he image by _arranging dots,. the. font eneral ly,
prpPest i eRrpraruings TesRiRed (a0 e BELAY afiver
software 25 is converted by the application software

£ogming prhia MU RY s SRERRERD R IRSEARY 25EPF 928067 PR arresent
-78 : : '
invention executes the image processing method according to

the present invention. Howeﬁer, the image. forming apparatus
itéelf'may be pfoﬁided with means for execﬁtiﬁg.the image
processing method according.to the pfeéeﬁt invention. In
addition, it ié élso'possible to provide within the image
forming appératus an épplication.specific integrated circuit
(ASIC) which.exeéutés the image processing méthod-according to
the present invention. |

(Second Embodiment]

When creating a document by an application software
and outputting the document from an imaée forming apparatus
such as an ink-jet recordihg apparatus (or ink-jet printer)
that forms the image by arranging dots, the font (generally, a
true type font) that is specified by the application software

is converted by the application software or a printer driver




into the character data forned by the dots to be
output from the image form ng apparatus. In this

WO 20385278 ependi ng on the application sof t war e PEHIRZAS/322060
printer -driver,.the width (or degree of fatness) of
the 5 character that is output may becone narrow (or.
thin).. It may be. regarded8that, mherl formng the

1n19 r%h%ur hlg(}'élclgg r %tgl hﬁ)He g”‘.ﬂ Qé tr% tbc=_l Sbut ut from

npossi y repro uc arac Frour
endr on_the i ng resolutron I.n addrtron, t he
_th@mjg?arge(&%r@éagegp}g r}%{‘lsh'ess) .of 10 the, character is
rel atlvelly wi de (or fat).in the case of the Gothic
t ypef ace: I 1FsCRER atdSRANA NG PBWERSr 2PPL Fjatipn |peftware
case.of the M ncho typeface.. In other words, the
or wihk lp(iovterddgiver oftheatwistt@) (ot thered arnﬁc&asvrnmﬁendsthe
on the character type. For this reason, when the

5 chéessi@ntrhats ¢seateput mdheetomd nebook ypef atein)t.here may
are cases where -it is desirable to output the

be WihR , ayh¥RefA6es i \thRg cBn¥bEt hod A i e HERheOk rue
fatness) that is wider (of fatter) so as to nake the

er. I ‘
tyé%?%&{cctés elézngtsherééré%ykgeg?%g%srgl?ha%sggggenﬁ% Cha SCter
s eci fjed charactey, usi n a fatfac t bol df ace oo
CORLRIEL |4 GELNENEN ST (Rt R SPERAPE-OBut when t he
character is fattened by t he process usi ng the

fatface dn BEPdLaeR. PR IWIHD t(ee degapactleriatyiess)
normal |y fattened by several dots or nore. For thls

10  the eclsgctiele ishaedatevely wishyderefiat ht bn aclehayasst @f 2be
having a wdth (or degree of fatness) that is clearly
Go¥d 20 pieFazé3 1bRETL d PRAINAI32AQ60arrdd (or thin) “in the

case .of the Mincho typeface. In cther words, -the width (or
deéree of fatnecsi of the charactef‘depecds on the character
type. For this reason, when the doccménc is created in the
15 Mincho typeface,'there are cases where it is desirable to
outéut the document with a typeface having a width {or degree
of fécness) that'is.widér (of fatter) so as co make the
character more easily readable or‘recognizable.
In such cases, there is a process thac fattens the
20 specified character using a fatface or boldface function of
the application software. But when the character is fattened
by the process using the fatface or boldface function, the
character is normally fattened by several dots or more. For
this reason, the character i1s converted into a character

25 having a width (or degree of fatness) that is clearly




different fromthe original character, and if the
process is carried out wwth respect to all of the
characters within the docunent, the docunent as a
WO ZHB{0827Rby becone difficult to read. Accordi n§EJ/IP306/322060
description-will now-be given of a 5 second. ‘
enbodi nent of the present_invention which can inprove.
the pi.cture quality by sFFaﬁtIy fattening the inmage
_ o . o i i _
dl#ﬂ%%&?%nﬁ&ggtﬁ% hgkggglgaejhfc r%a%\%gl:{é:fgn? hai ;‘L?aﬁhi@rrage tsg s
be. forned an.a_recordi di [ LD .
caPEiediiy rede se8BREt (B ATy R Hlrpdhfra dactin the
i mage. by adding dots to a pl ank background, portiqn ,
Ao TAET & i Ao 280F < WhPOF HTRG PRETIEE helis to read.
preferable that the image that is subjected to the
f at t eni npgrUEEsglys a Hatdon widd whvcheigiven o a
bl ack or a color other than the background col or, such
5 seasndVildcelimenthefcoherpodsdriie invemtdongwhidh uran limprove
this case, if the inage to be fornmed on the recording
th8egi &t Ghusdas yab bbﬂﬁn@l@fﬁﬂt@hi‘ﬁﬁi €hel Smade biMEK the
or a color other tﬁan ite, for exanple, a fattening

ouP%Q&efﬁéi GALLoefdpPHt to fatten the 20 -bl ack
c d

aracter by adding | nage dots to a hl ank background

portion that_,i.s i.n_whi.te .or cqQl ar, S ite:
Pl achHis ERadBh oSt o SR Paepet! ivditdon,
character. The black K character j.s in hlack, or, a

1EC8P oA 10 BRakOFREACOR F THICAENYr BEGH A nhS nerfl (HREn. 2
itself or, a color other than a color that is 25
10 fatbenden arradessr ésordrptedeiturhcadasteastheoimrge |iy adding
addi ti on, WO 2007/052781 PCT/JP2006/ 322060 -80
dots to a blank background portion that is adjacent “to dots
forming the image.
It ié preferablg that the imagé thét is subjected
to the fattening process is a character image’which is in
+ 15 black-or a color other than the béékground color, such as
white or the color of the recording medium. In this case, if
the image tobbe fqrﬁed on the recording mediﬁm incluaes a
black character which is in black.or a color other-than white,
for example, a fattening process is carried out'ﬁo fatten the
20 Dblack character by adding image dots to a blank background
| portion that is in white or a”color close to white and is
adjacent to image dots forming the black character. The black
character 1s in black or, a color other than the color of the

recording medium itself or, a color other than a color that is

25 formed on the recording medium as a base color. In additien,
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the adding of the inage dots to the bl ank background
portion includes replacing the blank dots of the

WO phogfeRz7Bckgr ound portion by the inmage dots.PCT/IP2006/322060
preferable to judge-whether or not a'dot is 5 to be
added with the image dot based on a pattern matching
between an m x n w ndow wAPch includes a target pixe
and.a. _ pr erm b ' .

engfadind TR GhREe AR Edlen pidhR £ Kord R pogiion

mat ching | preferably ap

o BRSSO B 6, 410 TR, 10,15 S SRl

matching. . It is preferable that the.inmage dot (or
popt ek Ribtbhe dnage detadded to the bl ank background
portion has a relatively small size. In addition, the
pattern rit dlsi pgefrayalbke clar rjwsiye -@bethsrngr the ianwypde is
dot of-the image porti.on and the bl ank dot 15 of the

t o bb@niddar kgreuRHe ponido dds ddhed anget ppi k@tn mechdngo
add t'he image dot having the small size depending on

betPen ad W h Ainbbhe BHEIIhc1MBiehhNgargdSHiB98nd a

dots that are added may have a plurality” of sizes. In
i e h |.ze oi the J d é _ . .
ot R b BT EFDr ent™ dunehaeg on EneE el oY 1o
r sl.ope of the contour rtion of the iyage.. .. -
oretrEtRI A L led FS FREr SAGEoRndPertgh o the
~switching is possible pbetween a node which adds the
impgegeanbithe 4Hage Aekel swnddecdepensingden therqsvdgeof the
dots. In the case of- 25 the character imge, the
pasetartmadichdmgswi t chi ng bet ween t he WD. 2007/ 052781
PCT/ JP2006/ 322060 -81 A _

It is preferable that the image dot (or black dot)
that is added to the blank background portién has a reiatively
small size. In addition, the pétté;n matching may be cafried
out using the dimage dot of the image pbrtion‘énd the blank dot
.0of the blank background portion as.the'target pixel, so as to
add the image dot Having the small size depending on the
result of the pattern matching.

.The image dots that are added may have a plurality
of sizes. In this case, the size of the image dots that are
added may be different depending on the inclination (or slope)
of the contour portion of the image.

Furthermore, it is preferable that a selection or
switching is possible between a mode which adds the image dots

and a mode which does not add the image dots. In the case of

the character image, the selection or switching between the




two nodes may be nade dependi ng on the character size,

the kind of character and the resolution of the

i mage. An inmage form ng apparatus of this enbodi nent
WO3M795281t he | mage data generated by the i mag®CT/IP2006/322060

processing 5 nethod.of this enbodi nent. The i mage

form ng apparatus is provided with a recordi ng head

havi ng. pressure generating§l-means for generating an

ener that |es res ure to pressure _chanber
tuETRIS, T e TPSE SFREEAH A7 (he Arasac 8mm%ratféte
and driving- maveforntgeneratlng nmeans _f or :
kigdnef stharpated epAn§hSi ERSP W&ﬂRﬁ(ﬁ#ﬂtﬁévFW@gﬁ
plurality of driving pulses within one recording
period (okn pinags Kgrmpegi apParatrudaiyitig st rebpdimeni e
generating neans of the recording head. The driving
ouspgtal tnevieiziendata tbrephtisdiby ythef ideigei pgopetsasy
that are selected so that a plurality of ink 15 drops

5 me®h8alSH {Hid ARRRIRhE. { Pend! ihA)d Do rRfingr agpasaﬂyé SRS
are conbi ned durlng fllght into a single’ink drop that

5@98& tt\& re c%'rﬁgn ga'n ha%‘ﬁ"t{gt tab%ggt,?ecgégép;%m

plur r|V|ng pu ses re se
| ast dr|V| ul.se makes t t. speed of the I_nk
meRapEPE) ST od SRE- P DRI IS SaPEoPBIFB AT 7
t he bl ank background portion adjacent, to, the imge.
DrgEEYre of MATRER O MRaG Eyn%tlf@ KQrcipisetipgedn HH*]F\HIH-‘@’
pul ses: It is preferable that the driving signa
comaveiocates, sarskdriyingavavekoimigaheagsingvinggns for
different sizes land-at 25 approxinmately the sane
- 10 gepesktion aardﬁﬂ%aﬂgeeﬁzgdamwmwhfam Havivg 30@2{1952:7&1 of
PCT/ JP2006/ 322060 -82 -

driving pulses within one recording period (or printing

period) for driving the pressure éenerating'ﬁeans'of the
recording head.l The driving signai_waveform'has the plurality
of driving pulses that are selected-eo'that a‘plurality pf ink
15 drops ejected in response to the piurality of driving pulseé
are combined during fiight inte a single ink drop that lands
the recordiné mediuﬁ., Furthermore, of the plurality of
driving pulses that are selecfed, the last driving pulse makes
the ink-jet speed of the ink drop relatively low; The image
20 dots are formed in the blank background portion adjacent to
the image dots forming the image by using such selected
driving pulses..
It is preferable that the driving signal waveform
is set so that the ink drops having different sizes land at

25 approximately the same position on the recording medium. In




addition, it is preferable that the driving signa
waveform includes a waveform el enent that causes the
woO 200f/08ze810f the pressure chanber to expand s@®GIBIH2006/322060
draw t he neni scus towards the pressure chanber, and a
wavef orm el enent that causes the 5 vol une.of the )
expanded pressure chanber83-o contract. The waveform

el ement ,that causes,the_yvolu of the pressure
adoiGRBer LF oL S SRR ARG PnEtaby TRt (40 dierg “BR Ee™
. of the plurality of drivin ul ses, _may have a
incladgsi ReV§veERry SLHGRt §52EnGRUsHR Ghfk VodimepeEgthe
becones relatively low 10 O the plurality of driving
pregsuges chambenreo ARAIE swi 2RI ho olkaw dder dieng spusi bewards
it is preferable that different conbinations of two
theOfpr@Biardr ENamigemulases aawvavetbemt eldmentdependicagses the
the reeording signal. Furthernore, it is preferable

5  volth@l ohendr bxpaied PraksnewebnambénddIdentdapkcr OTAS
drivi-ng pul se that vibrates the meniscus w thout

wadfl G ageﬁigﬁ g@& %ra%gefsr B! ?g%&tﬁiga@i ?&@gﬁuke

'S case, prefterab rel ationshi p of

the m cro driying pul an he_drivi.ng pul.se i ch

chamfro e BEPBRY s HERAEY, Aoy OFEhe b B ALER TP ope
ejected fromthe recording head in response _to_ 20 the

Plusadid vdPEVRRG A S1ERE t ReYf BRY®WR N fiviedy parsEcikage
large relative to a case where no micro driving pul se

so frhetedbe inkejelr ispang pelcomes| relatbradferdaml-e that the
driving signal waveform applied to the pressure

10 gener ati og translurglitdesfatriessy pulsfs dhar agepohsput

for formng a large ink drop, a driving pul se WO '

witF3Q [Pe2 £8o Piilh g RRA8R/322069s pBSferable that different

combinatiéns of two or more driving pulses.éré selectable

vdepending on thé recording signal. Furthefmore, it is

preferable that the driving'signal wévéform includes a-micro

15 driving pulse.that vibrates the méﬂiscus withoutAejecting the
inkAdrop from the recording head. In this case, it is
preferable fer the felaﬁionship of the micro'driving pulse and
the driving pulse which follows to be such that the volume of
the ink drop ejected from the recording head in fesponse to

20 the micro driving pulse and the following driving pulse is
large relative to a case where no micro driving pulse precedes
the driving pulse.

It is preferable that the driving signal waveform

applied to the pressure generating means includes at least a

25 driving pulse for forming a large ink drop, a driving pulse




for formng a small ink drop, and the mcro driving
pul se. Moreover, the viscosity of the ink is

wo%ﬁ{oﬁiﬂp' y in a range of 5 nPas to 20 nPas. Pé‘fﬁg{ﬂﬂé"%“““

I's-enbodinent, it is possible to 5 inprové
picture quality of the inmage such as a character:

i mage, by slightly fattengng the image when the out put
image " is too thin so as to inprove. the readability
fornntborwiouny e Aaeilli ipkofirehe aivhridet evicop dhévingepulse.
adding the image dots at suitable positions in the

Mobéawkr batheg vdwadsi0ypof ttlon. iMbrieopeefedably in a range of
" high-resolution inage can be forned at a high speed,

5 ,gpétgc&gagd Yepahan the recording head ejects the .ink
by filmboiling. A description wll now be given of

this sec f en e
First, %ggécrlp |g§99&tg Iﬁﬁﬁke%§%ve%to?g ﬁ&égfble to
formi ng p ar at us rﬁ£ ts |na e data enerated
5 improyed cggeihﬁy |HWaP §uchedpngy character
enbodlnent of the present invention, The basic )
image udRY) r%%lé’p éﬁﬁg%hn%ftﬁ% MaGgg ¥ PEBr AR gORpIHY ampsie
of this -second enbodi nent are the sane as those of
istheoithage Som@s g 20papyarEtaisesidabiéityr shdenbodi nent

descri bed above in' conjunction with FI'GS. 1 through

reddgniddbidl ites @fi phieodhtestenf omithe Bekep byesddihg the
description wll now be given of a process of

1m£§ét&ﬁﬁéwhﬂ*B%ﬂtﬁ%@%cf§§£%héﬁ% arbledek bEhAkash Skgrddhd
referring 25 to FI 28 and .t he subsequent flgures

10 poffn 2O rbulira0nam W0 A0QH A3 78 1nBGL/ AERORE! AARRP at 2

high épeed, particularly wﬁen-the recording head ejects the

ink by film boiling." |

| A degcription wili now be givéﬁ bftthig second

embodiment of the pﬁesent invention.-;Firsft a desc£iptipn

15 will be given'of'the image forminé'appa;atus which outputs
image data generated by the image processing_method in this
second embodiment_of thé_present invention, .The basic
;tructure and operation of ﬁhe imége forming apparatus of this‘
second embodiment are the same as those of the iﬁage forming

20 apbaratus of the first embodiment described above in
conjunction with FIGS. 1 through 11, and a description thereof
will be omitted.

A description will now be given of a process of

fattening the image, such as a black character, by referring

25 to FIG. 2B and the subsequent figures. FIG. 28 is a diagram
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showi ng a black character that is formed by a
arison exanple which does not carry out

WOE‘ngB%F]er fattening process, and FIG 29 |SP%T"€W235‘V:’3R?6°

showi ng dots of an inportant part on an enl arged
scal e, for explaining thegplack character 5 that is
formed by this conparison exanple. As shown-in FIG
sha®ind e bles®! dhhoscedr thmt T8J€okRedt B $Wbngaisond
direction is 300 dpi, for exanple, and is the sane as

exddifi 94AS BbbEnot h@afﬁ,s%vat ttae eﬁaw&éﬁ%&ﬂé&lhae

nﬁln scanning direction’is 600 dpi, for exanple, which -
s,the_res n
ol bl BB EhCE OB b, O e

i mage. portio f the bl aracter ack
pak (3% e’HJréFFé@g SERL%h ﬁé‘?&@%‘%ﬂ@ ‘b‘%rﬁ%ﬁ% jracter
white circular marks. ‘This means that the ink drop
thatynids fermedebll Ghks cFomRATISORarRETPL®: t her eby form t he
15 bl ack character. The image portions of the black
char act eAs ahdwhhenbFERk 2fhckipeourdopotiomnst &the image in
illustrated simlarly in each of FIGS 30, 31,.35A

thé M HEa3PEng38Are36Fn 3GA 300r apgh r38EexaQAe, 39Bd 48 the
t hrough 47, 51A and 51B which w1l be described

saxjaé‘taesr thel %%%zﬁ@epif?éi?' UtPHRN reR ol 161 8R1 B SOANNINAYe?9n the

direction i1s two tinmes that in the sub scanning

rectian, a d|r t

ma ) Sy PiPenbeds L S0 i, [ pBE RS e g oo
but for the_sake of ‘cqnveni ence, FIG.. 29 shows th

Cimed & AATeAYCdPR et 5P SERRPENY At re 1 qky arF(j’édthe .
to two times the scale of the sub scanning direction,

sak® afn EavendanAcanBlGuR S EHPWSnATATP cReT NS, of the black
illustrated WO 2007/ 052781 PCT/JP2006/ 322060 -85 .
character by black circular marks, and shows background

portions by whife circular_marké. This ﬁeans‘that the ink
drop lands on the bléck ciréular marks; to théreby form the
black charactér.. The image portiohs of the black character.
and the blank background portions are illustrated similarly in
each of FIGSL 30;,31,,35A through 35C{ 36A, 36B, 38A through
38E, 39A, 39B, 40 through 47, 51A-and 51B which will be
described later. Since the resolution in the main scanning
direction is two times that in the sub scanning direction, two
dots in the main scanning direction correspond to one dot in
the sub scanning direction, but for the sake of convenience,
FIG. 29 shows the main scanning direction on a scale that is
enlarged to two times the scale of the sub scanning direction,

and the main and sub scanning directions are illustrated
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simlarly in each of the figures which will be

described later. FIG 30 is a diagram show ng a bl ack

character that is formed by carrying out the
WO2HHWOaYBEr fattening process in this second efBIEINGR2060

of the present-invention, and FIG 31 5 is a diagram

'showi ng dots of an |nportant part. on.an enl arged

scal e,. for expl ai ning theBBrack character that is

sﬂl.ﬂ% q}ﬁ ecaac{%-f 3619“%%”%&{;{19%%“9 h AGHh ew:.:tftﬁee rﬁéé'-ﬂ:rlbed later.

oné | arge 1nk

(Iarge d is added_in th
directi O?Ftﬁﬁ’?ﬁor éSpéc 1?%”6%\@&'0&'6‘99( iangfl’il l‘e%h%?qtf?er that
10 white circular mark) form ng the bl ank background

15p€9¥mﬁﬁ1Qﬁu?aqrdéQBeﬂuBnth?u§5ﬁ9ﬁ§tFFléﬁthﬂa%glﬁFQQQ§s in
30) opposite to the side.(left side in FIG 30) .

thislj seemd temboddméot ¢f ndhe irssemy- invenbieark aid dliGr 31
mar k) - form ng the inmage portion of the black

iscChadpnimm shatiaaedbss gef iarK igpeptahar gertodny 4 drilakiged
added in the sub scanning direction with respect to

scEB&h flign ex@l@%ﬁﬁbeeh@ybim WHalr@ceb-Cehat {Br¥drmed by
forn1ng the bl ank” background portion and | ocated on

ca%ggp %é'ﬁvgefcﬂ%é%%gg? %é}%c% ntato ide & thewdi 98 rre.

side 1n t e dot

(indicated h e bl ack C|r mar k fornln 2
30{ 35 Fsiin g BEnPnliERER itk Do arapetpl T dhd et
result at t.he boundary of the dots form ng the bl ank
SCHIRIAE GHFE OO BALNRRPRIRE (Y $2Cn APRg (1HELBAGR Y the
character, the dots form ng the blank background
whpmtcumctd@c:r gag ) byorni raroum btha@kdbﬁskgmmdagacvmon and
bl ack character increases by the character 25
lotatéd g her edees.(rIhket psiddirier qUal.i 89) obphdei thd ack the
character WO 2007/ 052781 PCT/ JP2006/ 322060 -86

side (left side in FIG. 30) adjacent to the dot ({indicated by

thé black circuiar mark) forming the imaée pbftion of the
black character, and one large ink dfop (lérgé dot) Dp is
added- in the sub scanning direction with respect to each dot
(indicated by the white circular mark) forming the blank
background pértidn énd located on the side (iower-side in FIG.
30) opposite to the side (upper side in FIG. 30) adjacent to
the dot (indicated by the black circular mark) férming the
image portion forming the black character. As a result, at
the boundary of the dots forming the blank background portion
and the dots forming the black character, the dots forming the
blank background portion decrease by an amount the dots
forming the black character increases by the character

fattening process. The picture gquality of the black character



is inproved by the character fattening process. FIG

31 isa diagram show ng dots of an inportant part on
Woam7er7t ged scal e, for explaining a black chacaabmne322060

that is fornmed by another character fattening process

in the 5 second enbodi nent of the present- invention.

FIG 31 shows a case wheBé-the resolution is

. relative hi_ gh, nanel 6 dpi._in_the main scanning
i3 T PRERYSh PRt REETEREP T 1O SUnst BERERTRTy 1 ow
namely, 300 dpi. i.n the sub scanning direction. - In
this caséiGs dhdwnai Aiggeam Fho FRE§eCf nkd dhpprtant
(large 10 dot) Dpl.is added in the main scanning
padtrectamrendiarigedespate, for exaadoingi adbiaskdimradter
white-circular mark) form ng the blank background
thporis ofband bycahedhen thwersitier (faitgbhisgderodcess-li@ the
31) opposite to the side (left side in FIG 31)

5 sedfhdCe&fiodithente o#othéi P satied dienthenb! aeks cizrWds a

mark)- 15 form ng the inmage portion of the black
er .. pedi ' r Tedi , .
R e PR TR T, PIREl RP ot
. tg'each.ddta&:ndic ted E% t he % e Cirfu ar_ mar k) '
1n: 5P Tyt REBIARR BAERGT bUva I (RS TERA U EBTACS on
the side (lower side in FIG 31) opposite to the 20 .,
reéﬁﬁév%lﬁuﬁﬂwrsmé@eﬂﬁrFFQQ %33 4 jtce Pt BCRPRIRHrdirection.
(indicated by - the black circular mark) formng the
Ini bhge @I, @F showheinpbFHek Tharast aprgasimk rdwan t(lagge
t he boundary of the dots formng the bl ank background
10 dopdr bpbnisandiddde idothefoain ngrdrird ngbBaekcthar acttér resipect
dots form ng the bl ank background portion 25 decrease
tob¥adh dPunindiketdat 5y one wig ddheibatkrcharact frmdBg the

2007/ 052781 PCT{JPZOO /322060 . - 87

blank background portion and located on the side (right side

in FIG. 31) oppésite to the side (left side in FIG. 31)

adjacent to the dot (indicafed by thé black circular mark)

15 forming the imége portion of the biack'character, and one
medium ink drop (médiﬁm dot) me_is added in the Sub scanning
direction wi£h réspéct to each dot (indicated by the white
circular mark) forming the blank background portion and
located on the side {lower side in FIG. 31) oppoéite to the

20 siae (upper side in FIG. 31) adjacent to the dot (indicated by
the black circular mark) forming the image portion of the
black character. As a result, at the boundary of the dots
forming the blank background portion and the dots forming the

black character, the dots forming the blank background peortion

25 decrease by an amount the dots forming the black character
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i ncreases by the character fattening process, and the
picture quality of the black character is inproved by

Woggbgmg%{acter fatteni ng process. Since the kgﬁﬁfwgﬁﬂmﬁﬂ

ormng- apparatus of this 5 enbodi nent can f

| arge, medium and small ink drops (or |large, medium
and-smal| dots), it is ofggourse possible to add a
small ‘ink drop in place of. the nediumink drop. By

incheaspn it lthescheratte hefattierdngp poheassi sand Hehe gdtcture
si ze) depending on the resolution as shown in FIG -31

qualitd ®f $heosshbkecharsetdnhly iprbesdt bg bhaadharacter
" character even in a case where the resolution is

felatiyelpdQw and the "addition of the large dot
famod?gk¥$%es§ively fatten the black character: Next, a’

more det aljed deschipLLOR MIL; R AL KEN0BeLhgLs

characterﬁ%ﬁ% nIng process w eSpec € bl ack

15 character. As ope t hod .of ., .addi ng the. | arge dot o

emp eI Caro forBy Ehe; i T ieHe SPBWERSL} qurp iR lor
dot in-the image portion form ng the black character,

large, gerdierh apgt empAg detskuiited S E8nrPRESPIPPISBILS it@yadd
of carrying out the process at a 20 high speed. FIG

a 8Ralk imldidagpadnf plaeapbfi thengnealiwmndow dree. used for
the pattern matching. FIG 32 shows an mx n w ndow
havi ng mgy x@lahigarigaopeds hes i gl liykaddop pitixet sis, the
arranged vertically. In the follow ng description, it

dot Ss BSSUMREbIRHingt BR ERECr&lo GANERNA8NSBokRain s N AN it
the wndow si.ze”is mx 25 n =3 x 3, that is, m= 3

130005 3 s shou e EL Gy Yhie Hi%ok G300 9520k in &
case whe?e_the resolution is relatively low and the"addition
of the lérge dot would excessivel& fatten the black character.

Next} a more detailed déscripﬁion'will_be given on
the character fattening proéess witﬁ respect to the blaqk
character. |

As one method of adding thellarge dot on the right
or left sideland'qn'the'lower side of the doﬁ in theximage
portion forming the black character, the pattern matching is
suited from the point of view of carrying out thé process at a
high speed. FIG. 32 is a diagram for explaining a window size
used for the pattern matching. FIG. 32 shows an m x n window
having m pixels arranged horizontally and n pixels arranged
vertically. In the following description, it is assumed for

the sake of convenience that m = n and the window size is m x

n=23x3, that is, m = 3 and n = 3 as shown in FIG. 33. FIG.




33 is a diagramfor explaining. the 3 x 3 mindom;size
e font data is devel oped into the bit-mp dat J
Wo%ﬁﬁgoﬁf'i“nter driver (software). The bit-map oeaq]é’rn’zo 6/322060

indicates the .dots formng the font. The bit-mp

dat a, indicating t he fonlsg_data; i s subjected to the

pattern matching in units of the w ndow Wdescribed
33 abpve dikeframachr bitplAmescrhpt Born Biwindiey giiven of

the pattern matching process, that is, the character

fatteni Nngnar @6RESaatRT1d @velbpelYihbE Vid i8I -nip \&ata by
101A, by referring to FIG 34. FIG. 34 10 is a f -

{3@ Hilnged” 0L, PLOB N ChaRe! 61 cLab) Sl ag m99§as the

prOCess) I Fst
ar get m

ot AR FeebFeRhap 1A £ TPRe °?%h?ar&§i%t e

corresponding to the wi ndow.W by using the target 15
5 datgxdls gyubiretednterthy RAtEaENBERCINNG Hohaitshef th
acquired bit- nmap data corresponds to the data
wirsdmunt idegctrab8d xal3owe 9 fiut $achThéteafter, a step S23.
carries out a pattern matching by conparing the

acqui r ed mbidestepptdt® ikl ey yiekn bbethe szatrtmi:rdaiaa):hlng :
and a predeternined reference data 20 (reference

prcﬁﬁééser MHhathiigh {8eSElar 4LV #F3¢CeAly | Srowask ! %a&‘i‘ied out
dots. A'sfep S24 deC|des whet her “or not the

'ag%ggitegaggfwé B£h %998&5 80'@4:?@0633;05%@ 34

deCiSion resul In t e step S24 is
0 s :é%@g?ﬁagzuii%fafsi@si@ bR Brcen
(o e b abeoes) 322080 -89
First, a step SZlvsets.a target. pixel to a start of
the font data. .A step 822'acquires the Bif-map data of the
font data corresponding to the windoﬁ W, by uéing the target
- 15 pixel as the center of the window W. Hence, the acquired bit-
map data corresponds to the data amounting to 3 x‘3 = 9 dots.
Tﬁereéftér, a step 523 carries out a pattern
matching by comparing the acquirea bit-map data (pattern of
the acquired data) and a predetermined reference.data
20 (reference pattern) which is set in advance and is used to add
the dots. A step S24 decides whether or not the compared
patterns match. The process advances to a step S25 if the
decision result in the step 524 is YES, and the process

advances to a step S26 if the decision result in the step S24

25 is NO.
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The step :325 generates nt h'erl arge dot data (orr t he
medi um dot data) for the target pixel, so as to
repl ace the dot of the target pixel by the |arge dot

WO 2¢O H8t nedi um dot ).  The process advances t BCTHB208¢/833060

S26 after the step S25. 5 The step S26 nobves tQ a next
target pixel. In addition, a step S27 deci des whet her.
or not. the target pixel -B8-the end of data. The
process IglULRst §5Eh Iof g I gl

gURE SZ%deﬁéfﬁ.é%Z%He lat:g QSE QA (or the

result in the ste so as t repeat the

hi- il th d of, d : :
me B S Thta e oBR ST HRB 0o P erBnty bt 1o, The

the step S27 is YES, . The pr.ocess shown in' FIG 34 may -
dot rehtthshdagiorél Pa¥el PY - 1ir daFdeader, (3T 1tk tmedium dot) .
Wien treating one pixel as a 1l-byte data, 9 bytes are
The eerncsss Polveppeastat thtstem$izs adgert bhe siers.S25.
On-t he -ot her hand, when treating one pixel as a 1- .15
bit dat a,Thenlstep Bgbesowe® tEquinesd teargeprpsesl. ddira
anounting to 9 dots. Hence, the anount of data to be
ad@{ersassed dtepseall deth@ds anRtictebri Sotr €Ré eghAfet pixel
al-bit data, and the.required nenory capacity can be

o PR B U R BT s e S R e
o SR L0 £ SERE" SHCE LA Ml 18, %8 4 0 Ylear ene
FI GS. 36A and 36B are di acgrarrs for explaining the use

pagerhdigtahdngn Bt pht ot iRd Howiten FPEsthesthgy ’

35C. 25 Wen 'the pattern matching is nmade with respect
the op o) b2 141 theTHgP26ben 3p2960 irpg-he step 527 is YES.

The process shown in FIG. 34 may treat one pixel as

a l-byte data or, a 1l-bit data. When treating oné pixel as a

l—byte data, 9 Bytes are rgquired to represeﬁﬁ data amounting
to 9 dots. On-the other hand, when fréating one pi#el as a 1- .
bit data, only.2'bytes are requiréd'to represent data
amounting to 9 dots. Hence, the amount of data to-be
processed is small ﬁhen'one pixel is t:eated‘as a. l-bit data,
and the required memory capacity éan be reduced and the
processing speed can be improved in this case.

| FIGS. 35A through 35C are diagrams for explaining
reference patterns of the 3 x 3 window size used in the
character fattening process, and FIGS. 36A and 36B are
diagrams for explaining the use of the reference patterns
shown in FIGS. 35A through 35C.

When the pattern matching is made with respect to
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the font data shown in FIG 36A using the reference
patterns shown in FIGS. 35A through 35C, the state of
WO 29@/05268% i ncl uded in a wi ndow Whaving a piRel/JP2006/322060
position (or dot position) 45 of the font data.as a
~target pixel beconmes as shown in.FIG 36A, 5 and
mat ches the reference pa‘r?%‘rn shown in FIG 35C..
y Al LS C h I a
th%ff%&% g'tA SRbEn CA? %rd N6l ABKndatRe Ol et did g;g{tg)e.’rns

Tl
repl ace y a dot a (i mge

sy, 07 o S o v ek SPRE, St HRY Yhorugea

. 36A, the state of the daots included 10 in the w ndow
in g HEVIORY ¥ PAXENY R Ri%edn POSLtABR ho%i ¥9toPosition)t Ae of
font data as the target pixel matches the reference
theafardy dathoas Bnt&GT IeKelHbrcemes n2s lyowasie, ke 363,
bl ank - data of the target pixel 47 is replaced by a '
andlofatdties theagefetatcalaiaa)ltern shabnBecalk®. t3t€.bl dekce,
character-is being recorded, the dots added to the
in RNk ackgkaund1 Rk tda 3 aeentatget heixLotsy ak the
bl ack character are recorded (that s, are i-nage dot _
; e ef t 0 at a, ' ' a )
reﬁ%p%isgﬁy\gdagg E%ﬁé‘l ts c#aé;gigg %18‘3%55@& ?%})%dsg%}t ?ﬁg 36B-
the image,.20.dot data if_.the.original font data is. :
repr esen%&&‘l&?r&w;wﬁﬂ ) wgpd.o%@..mce%?? RY PiSpiggl lor
in the case of the bit=map data, The print data, '
dotloioddi E49BF 10" FTG: ciiingdder state of i<t AgoiHged
i mage dot. data if the original font data is
in rigw esadord Wohiavhng (b r positionpfentdefatndsigdonn 47
the case 25 of binary (or bi-level) data. WO |
of 2y /fdm27 3htRCAL JERO OH BRIV EA xel 9hatches the reference

pattern shown in FIG. 35A. Hence, in this-éase, the blank
data of the taréet pixel 47 is replgced Bf a'aot data (imagé
dot data). |

Because the black character ‘is being recorded, tﬁe
dots added to the blank background portion adjacent to the
dots of the 5lack_cﬂa:aéter are recorded (thét ié; are image
dot data).  When generating the dét data, the print data
represented by "0" is changed to "2535" representing the image
dot data if the original font data is represented by "O"
{blank) or "255" (print data) as in the case of the bit-map
data. The prin£ data represented by "0" is changed to "1"
representing the image dot data if the original font data is
represented by "0" (blank) or "1" (print data) as in the case

of binary (or bi-level) data.




It is possible to fatten the black character by

printing the large (or nmediumor small) dots dependi ng

on the font data forned by the data indicating the
WORM0828bt s  generated by the pattern matchi ngcgﬁJﬁzopf’{én"ﬁ_“

case of the bit-map 5 data) or, the font data of. the

original binary data ("O"QSL "1") and the binary data
("0" or "1") of the smalT”dots (in the case of the

bi nary dattd)is poskiblé BSStHEREd Rhe @acﬁ6&§f@c@&8by_

that the large dot is added in the sub scanning
' [ in the iy N
PrgpblR 3% 338 (05, SRR ol UL B, geben R € ehe
scanni ng. direction _and adding the |arge .dot in the '
FORS AP ARG, Gy BEF S e AR RS ASshitee 19748 &
31, the reference patterns are created i ndependently
generated by Hhes Pathery MATEEMD A Endheneasai of shithhifgmap
, direction. In 15 this case, the pattern matching is
5 datadeosi milearfloptadatasef i el oxdlgivalf binahy data ("0" or
"scanning direction using the reference patterns for

"1t hearthithes ¢Amairggddta ectodromnd "Howft haesshals ooty Ngn
direction using the reference patterns for the sub

theCA4MH Nk diHeLElingRy &9tas. to add (replace the bl anks)
by dots 20 having different sizes. Next, a

descri pt ilotn ivg I.=.1|ss V\ﬁlg'cﬁr?glffés .a%]ip%ﬁud %Iggr éﬁ?%g%/he latge

fattening process SO carries out a
correctjion wth respect to, a sf.e Qr staircase
- aof i catdel i el SRBCS St iR onarf! L, qane
: large 25 dot to the side.or 'below the dot form ng the
10 shevmcin diiG-adler , HERYS07/ 'Oy REROY Speopsddupoby- (oo

small dot) in the sub scanﬁing'direction and adding-the large

dot in tﬂe main scanning di#ectidn as inhthe case shown in FIG.

31, the.referenée'patterns are created ihdepéﬁdently for the

'sub scanning direction and the main écanning direction.' In

+ 15 this case, thé'pattern matching iérmade similarly as described
above for the main ‘scanning direction using ;he ;eférence-
patterns for the'main.séanning direction andlfor thelsub
scanning direction using the reference patterns for the sub
scanning direction, so as to add (replace the blénks) by dots

20 having different sizes.

Next, a description will be given of another
character fattening proéess which also carries out a jaggy
correction with respect to a step (or staircase) change.

As the method of adding the small, medium or large

25 dot to the side or below the dot forming the black character,
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the pattern matching process is convenient in that the
rocess of adding the dots can be carried out at a
WO Hl0gS24¥leed. The wi ndow size used for the palGEIRR006/322060
mat chi ng process is mx n,. that is, mpixels iin the
hori zontal direction and n pixels in 5 the vertica
di rection. But when carr??%@ out the jaggy .correction

thwgﬂt%%ﬁpﬁgg?gﬁg{b&@és%u93' EBRvERBLnt Si £ 1938 tReprocess

di‘rection to the main scanning direction and

not.. ca ing out the. ja correction w,th_respec
o laipSOEhE HEES| Sart on e tratel BUE T £ L dpbBR" Cime

_parallel to the sub scanning 10 djirection, mand n
windgee Sdzef BFeAt LRI ke PALYESPNBRL GRS PTRCSSS 48t ™1 8 4.

| arge. value so that a transition point of the step

thatorisst i péaedy. inHamydanizonsabbiitretiomang sspikels in

the horizontal Iine and bl anks (blank dots) in the
theiwiptibplofli rébt bor r amBitt whenpoantyian dg déeedagdy On
the other hand, 15 since it is unnecessary to detect

cotREtiionl BEtY Péspder tid amSiobl@queoi e afhdthesstepse to a
change in the oblique Iine close to the vertical line

; ot. i + 3 nakug.
osEAL D8 $E15E0 e Bl B8k ALyl i

by .setting.m=.9 and n = 3.. 20 F%G. 371 fl_ow
cafiyit i hlh I F998 Gtirer tieRar bbb er TRt Torton g R PRt bEee
. wWhi ch al so carries out, the,jagg%E cir{ectggp. Ig FIG |
ling thagode SLepe that HreTHENSHREALLS: tHpdde sub scanning
~corresponding steps in FIG 34 are desi?naied by the
dixgatd onef By anden ntaks dlifeggatavaéses i ptiowtiger words, m
wll be 25 omtted. WO 2007/052781 PCT/ JP2006/ 322060
is-# to a large value so that - a transition point of the step
(or staircase) change in the oblique line close té the
hofizontal line and blanks (blank dots)_in the viCinity of
this transition point can be detected. On thé other hand,
since it is_unnedessary to detect the wicinity df the
transition point of the step change in the oblique line close
to the vertical line need not be detected, n is set to a small
value. In this particular case, the window sizem x n = 9 x 3
by settingm = 9 and n = 3.

FIG. 37 is a flow chart for explaining this other
character fattening process which also carries out the jaggy
correction. In FIG. 37, those steps that are the same as
those corresponding steps in FIG. 34 are designated by the

same reference numerals, and a description thereof will be

omitted.
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| rlhrFIG. 37, é'Sfep S32 is proVidéd bet ween the‘qsteps'

S21 and S22, and a step S35 is provided in place of
the step S25 shown in FIG 34. The step S32 deci des
WOgMEOAEBlor not the target pixel is blank daPETJEIE6/322060
process advances to 5 the step S26 if- the deci sion
result in the step S32 is NO On the other hand, the.
'process advances to the sP@p S22 if the decision
result int t S32_jis. and’ She
acquiresqghg%g?tgﬁﬁp d%t%?é%%hﬁ%?%ébggdgﬁx8%§%§§5the
dots._ .The p S23 carries._qut, the patternp tchin
SEEYS SIS enean8 ACHAR S bike. AEBVARTY. hak 14 oy the
the acquired data) and a predetermned reference data
step e$2Y aahampant ELR) Hhi cilhss sdep S8R dechdes whabha or
used to add the small dots or replace the - bl ank by
not hehs neddgedopd xeThis shbmiS3mtgeneTateprebess nadvamdsts to
data for the target pixel,.so as to replace the dot of
théhetdd 328 a&t tpexabchyidhersymld idothe THEePrH¥ESis NO. On
advances to the step S26 after the' step S35. The

the' 966SS RN thl F&redd AMAaride@akcOBRePsXEh §52 & the
1-byte data or, a.1-bit data. Wen treating one pixe

1-b 2 Lrgd
ool o SRR, S5 B o o, Y EERLAERCHDS £ ST
ackhESh IS S 8 Sl S0 SOV LRSS, 7 e

Hence,  the amount of data to be processed is small
stopef drragies opt thepater patahingdhy aComprRE e the

requi red nenory capacity can be reduced and the 25
acguires ity mepeddteafipdetempraly ébel acghisedadata@nd

2007/ 052781 PCT/ JP2006/ 322060 -94 :
predetermined reference data {reference pattern) which is set

in advance and. is used to add the small dots or réplace the
blénk by the small dots. The step 335 generafes the_small dot

data - for the target pixel, so as to replace the dot of the

" target pixel by the small dot. The process advances to the

step 526 after the step $35.

The prqcéss shown iﬁ FIG. 37 may freat-one-pixel as
a l-byte data or, a 1-bit data. When treating one pixel as a
1-byte data, 27 bytes are regquired to represent aata amounting
to 27 dots. On the other hand, when treating one pixel as a
1-bit data, only 4 bytes are required to represent data
amounting to 27 dots. Hence, the amount of data to be
processed is small when one pixel is treated as a 1l-bit data,
and the required memory capacity can be reduced and the

processing speed can be improved in this case.




Next, a description wll be given of a pattern
mat chi ng process which only carries out the jaggy

wo ecewngarsi on, by referring to FIGS. 38A t hr ougor/38soasrdoso
FIGS. 39A and 39B. FIGS. 38A through 38E are di agrans
for explaining reference 5 patterns of the 9 x 3
w ndow si ze used in the cﬁéracter fatteni ng process,

and FIGS. 3 A an agr,a for | ai ni t he
use of tH réf@rgﬁggP g%hglﬁeﬁlﬁg I¥%
t hr ough 38E Wh B attern natchl g is nade W th

.mat R (PRAFesHo ¥ HS f ORtY AT GFofHT WP BRIB0 LRRESF1on,
the reference patterns shown in FIGS. 38A. through

by 3sefertingttat §166 - t BBAdorroudic|388eand RIGS; w9 cwdN39B.
havi ng a pi xel position (or dot position) 45 of the

FItsnt3ghatthrasnigh B8Egete pd ksl rawec does eaplsiwimyg | refdr@nce
39A, . and matches the reference pattern shown in FIG

paBBéxndiiane B5xi B HbhGok aSitze lzedbiAnkndatmn @fciddie
target pixel 45 is replaced by a dot data |nd|cat|ng a

fafe‘ff@ﬁinf%mc%%sshgﬂﬁ FrcE! Gon 398 3913n Qlal%géﬁ?s]

genera |ng the'dot data for the

rint da esent ed
exfi Silind 15l ?e%*?%sﬁeﬁ%rne@%eh@a ﬁ%ﬁ%s b |FfIGS'
he. ori font data is represented by "0" (blank) . ' 1
38§r%h§% gh %%ﬁ1nt data) as in the case of the bit-mp ' J
data, and the - changed print data "255" is then
repl aced Wyerd&be peStern aprteduimg A§ madeswith rrRapedtoito
exanple, and the print data 25 represented by "0" is
the hforgedidta 'shownepneEEGL | IHA tdse.nlgrruge MM@&&E&&rns
PCT/ JP2006/ 322060 -95 - '

shown in FIGS. 38A through 38E, the state of the dots included

in a window W having a pixel posifion (or dot position) 45 of’
the font data aé a target pi#el becomes és shown in FIG. 39A,
and matches the reference pattern shbwﬁ in FIG. 38A. Hgnce,
in this case, the blank_ﬁata of tﬁé'target pixel 45 is
replaced by a dot data'indicating a small dot, as shown in‘ FIG.
39B. |

In this case, when genérating the dot data for the
small dot {(small ink drop), the print data repreéented by "O"
is.changed to "255" representing the image dot data if the
original font data is represented by "0" (blank) or "255%"
(print data) as in the case of the bit-map data, and the
changed print data "255" is then replaced by data "85"
representing the small dot, for example, and the print data

represented by "0" is changed to "1" representing the image
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"0" (blank) or "1" (print data) as in the case of
binary (or bi- level) data, and the changed print data
WO02907/058788hen repl aced by data representing tRETSR2N06/322060
dot in. a simlar manner. 5 Alternatively, when
processing the binary data "0" and "1" as they are, a
separate menory having t "@3ane size as the font data
Vv d repr. hg,, Sige |
dobopREE L8, Y il rOhr A4S, "R RRRUL AR B T |
|xeh,, i_t.i thin_ this ,separat
o aRREER G TR aFE A L Raoth R ARG F PInPLy (of bi-
OSSIb|e to fatten t he bl ack, character by recordin
lef’ﬁé) f@aka AN fhenshapgenerink Satepr'ddenfi hjennheeplaced
smal | dots generated by the.pattern matching and the
byddata repressmitingg theesihatjedefotin jan stimé 1irr sancese
or, by recording the font.-data formed by the binary
Aldatﬁaﬁiﬁélpﬁdvﬁ'eﬁ' prbbesepngseind iblighariye dafal Fodoasd angt' as
the original binary font data ("0" and "1") in the

thedt hes, CaSfeputesmBfiobhendving tMeNd@WeSkZ8el 85 tHE font
wi nd om;VVané) the reference patterns, it is p055|ble

asbf i REe Y o Qtr%‘);pﬁ%?' g a%%’%%%%lﬁ '2‘% i n%mabll at,

t.he _smal | e dot. g l],, of tﬁﬁ dot s E

angnfnf RERHGRLR P PhgiP et 2l th S PRegE: P haF, Bfl -

IS possible to_judge whether or not toreplace the
pogtapnofithingdiids SREREGATRGIYHE DITHRE SRt iREgEN Yot LL

before and after- the transition point by the smal
dotwag@hepeforfhe i4 det po25ibke ote fatdeaf tbe bhack character

transition point is replaced by the small WO
by200Z608208 Lt IRCHohP2aa64 3220684 b¥Ghe data representing the
small dots generated by the pattern matching and the data
reﬁresepting the large dots in the first case or, by recording
the font data formed by the'binary data ("O" and "1")
representing the small dots and the original'binary font dafa
("0" and "1")} in the latter case.

By using the 9 x 3 window siﬁe for the window W and
the reference patterns, it is possible to judge whether or not
to replace the total of 4 blank dots before and after the
transition point by the small image dot. If all of the dots
{(both blank and image dots) are regarded as the target pixel,
it is possible to judge whether or not to replace the total of
4 dots, including the blank and image dots), before and after

the transition point by the small image dot. The 4 dots

before and after the transition point is replaced by the small

SR TP

dot data if the briginaf'fonf dat a is'represénted”bymiﬂ”"LﬁMﬂMM
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I mage dot because the transition point falls outside
the w ndow Wif a pixel position (dot position) De in
WOPRMZOSBBA i s the target pixel, in which caseptha@pr006/322060
transition point cannot be detected. In order to.add
the small inmage dot even at the 5 pixel position De,
‘the 11 x 3 window size ne@és to be used for the

. W nd and the reference patterns ot her. words,
inge | G SeCiger BRe o AT o oanE FRbL s THo L s
the '"reference patterns, it becones possible to ,
wigdewdl ihe PlgRdi PPORE1IGRI O POSRELED] i BRiIelN TG ¢ 1308 15
to 10 the horizontal or vertical line, and to add the
thenedtgetmpgeeldotindepbehli eagetheh&ranslit hen ipoilrdf aamaot be
oblique line, so as to optimze the picture quality
debéctdre. ohin queeki pe. addftieowmmd,]l tihagw dslovewirzex ahe
the ref.erence patterns and the w ndow Ware not
pikeli peditaohhose dascnibgd3 &5nabaveizandesay be be used for
det erm ned depending on the extent to which the

tht SRl AESIH kO e, LEBOS Ol de3,ha be made and

er or not e processi'ng time is quick enough to

ith th I nti d. Bec t he, t. of :
data to b GShEar HAEDY BHe RS AINERERT HE i s of

i ncreases_as the w ndow sizes of 20 the reference
theiegarns Wmdd RBewW RERVPTWNS MAERIBS t he PeFRICT RpRTiede
to carry out the pattern matching process increases
toadetdrt wiheddwagpitionfpeint raf dhenoblpaee ekirge adschéo
wi ndow W increase. Hence, fromthe point of view of
the eldotei nghidie orprecessandl inge and tbsadéstiiadms tlhdimage
the wi ndow sizes of the.25 reference patterns and t.he

doW¥i ASOMMANRY @nSIRE! inEAdel H R tWO dB0YTAES 27k, so as to
PCT/ JP2006/ 322060 -97
optimize the picture quality of the oblique line.’

Oof cburse, the Window sizes of the refgrence '
patterns and the window W are not liﬁited to those described
above, and may be determined depeﬁding-on the extent to which
the replacement to the image dots is to be made and whether or
not the processing £ime'is qﬁick enough to cépe with the
printing speed. Because the amouﬁt of data to be compared by
the pattern matching process increases as the wiﬁdow sizes of
the reference patterns and the window W increase, the time
required to carry cut the pattern matching process increases
as the window sizes of the reference patterns and the window W
increase. Hence, from the point of view of reducing the

processing time, it is desirable that the window sizes of the

reference patterns and the window W are small. On the other
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hand, the nunber of dots in the vicinity of the
transition point to be replaced by the inage dots IS
rigned by the picture quality of the charact

wo%@bg’ﬁﬁgb by the jaggy correction. Therefore! CT{J?ZQOQ”ZMO

necessary to determne the 5 opti num w ndow si zes of

the wi ndow Wand the refeggnce patterns based' on-the -

processi ng speed and the picture quality of. the
hafiBAr66d efumbReC efddags t tn extpertineEimtis yc ofidting ectradrys itthien

present inventors, it was found that a sufficient

pol APy %@'}tequaceﬁhﬁ 0k Pidgd kit Me@ézﬁﬁ?éd by the
= character-can be ob¥alned even by adding 4 image dots

o Gor TR SIS AR SRR

t he he, adj acent dots is uced by .the
cotprekiihy dPEREOFRK LU MERSFEEY FOWS arET 5

that a 15 suff|C|ent i npr-ovenent of .the processing
opsbEan Wtk sdBeai REdthe anddarad andhiRe gﬁ%@%r%ﬁcelo

PPM or greater is obtainable. Thus, the w ndow size is
paptefms dFseden - tbenprodSssing epeed had thahpietutr quality

detection of the 6 dots in the main scanning
ofdtheciharhcded.n = 3 in the sub scanning direction. 20

Next, a description will be given of -other character

fatt eni NnohdUNCASHES cUskPEr REd1R s | REENMCERR! BFt L0 SpredBht
referring to Fl .40 through 47. First through eighth

m{rsﬁ@e!rgo”te%s%g ;Jaeéha@ CRrCEy fcqemr@ H8Bofdmdt?e d M0 ne
ot “sizes, nanely, the s and
di dot I f th t hat
o1 6HGER ur L [5gb0e caRPERT e GRS B60TPbRSIE Ve By
PCT/ JP2006/ 322060 -98 -
adding 4 image dots or, more preferably 6 1mage dots, because

in the case of the above described ink used in this embodiment,

the jaggy between the adjacent dots is reduced by the

spreading of the ink. Furthermore, it was aléo found that a
sufficient improvement of the proéeSsing speed ¢an be obtained,

and that a throughput of 10 PPM or greater is obtainable.

. Thus, the window size is preferably set to m = 13 or less

that énables the detection of the'6 dots in the main scanning
direction and n = 3 in the sub scanning directioﬁ.

Next, a description will be given of other
character fattening processes using other jaggy corrections,
by referring to FIGS. 40 through 47. First through eighth
jaggy corrections used in FIGS. 40 through 47 use two kinds of
image dot sizes, namely, the small dot and the medium dot, in

place of the small dot that is added in the jaggy correction
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descrlbed above and al so add different nunber of
dots. In FIGS. 40 through 47, the actual dot pitch

WO 2088pR78k | on of two mutually adjacent dots) RGI/BZ006632R2060
in the main scanning direction and 300 dpi in the sub
scanning direction. 5 FLG 40 is . a diagramfor
expl aining a character T%ﬁTenlng process u3|ng a

b MBI B M LB
el T in e SR DS R s oo

character fattenlng process using a second jaggy
muttsldec BHGACERt Gotm) dnéRY §Péadh WP FE@RBRTInage

dot and 1 small image dot are added to 2 ‘bl ank dots
diteftdon &hd Boandpi iim ghei sup atatheng glikslctpesi-ti ons

D61 and D71 for the nediuminage dots and at 15 the

pi xel posirti.ons D60 adichgPéth fforr thplsimidg iaagerdater
FIG 42'is a diagramfor explaining a character

fa{@érfl%? ﬁgo%eseéﬁﬁ@Iéﬂql%stth?éggyaaayré&wptI ehG. 40
shows a case where nmedi um i mage dot and 2

nQPE A Pl opSrhit AT , A% PRI dhRaRy'd6e
be R (ng TOBEL A0 PBTS ) %”Sa?th% GilorS] pggesne
dots. FIG 43 is a dlagran1for expl ai ning a character
D7}att ening process usi.ng a fourth jaggy correction.
FIG 43 25 shows a case where 2 nediumimge dots and
2 smal | iFfGge4ddlois NW&QQ&?WOE@T8@XF@HiGP@BGﬁK@@Z@@@EI
faééillng process using a second jaggy correctlon ’FIG- 41
shows a case where 1 medium 1mage dot and 1 small image dot
are added to 2 blank dots before the trahsition pocint, at the
pixel positions D6l and D71 for.the-ﬁedium image dots anq at
the pixel positions D60 and D70 fér'the small image dots.
'FIG. 42 'is a diagram fﬁr explaining a character
fattening pr&cess_uéing'a third jaggy correcﬁion.. FiG. 42
shows a case where 1 medium image.dot and 2 small image dots
are added to 3 biank dots before the transition éoint, at the
pixel positions D61 and D71 for the medium image dots and at
the pixel positions D59, D60, D52 and D73 for the small image
dots.
FIG. 43 is a diagram for explaining a character

fattening process using a fourth jaggy correction. FIG. 43

shows a case where 2 medium imagé dots and 2 small image dots




"are added to 4 blank dots before the transition point,

at the pixel positions D60, D61, D71 and D72 for the
medi um i mage dots and at the pixel positions D58,

WO RHI/05TJ¥8 and D74 for the small image dots. BCFAIFRR008/322060
is a diagramfor explaining a character fattening
process using a fifth jaggy correction. FIG 44 shows
a case where 4 small i magB2dots are added to 4 bl ank

dot s, bef or e_transiti oi ' .
2O AHTEE BobionkroUbI DRE o0 PR LG TS aR £he
. medi um i mage dot 10 _replaces 1 | e dot after-the
Pixel RASITIPNFoPRE b6t hP i Bd DB%?%PFOE%‘? Ui Sjache
FIG 45 is a diagramfor explaining.a character
dotstanshiaty theopdssl uBe i ionsi 5 /| any Bé8 rand iit fprgthe
45 shows a case where.4 small inmage dots are added to
smal bliandgel Bottat. s before the transition point at the
pi xel . positions D58 through D61 and D71't hrough D74,
and 2 medingn igaege HodSagrLP fREE epl RSN 04 ScitfdRiter
the transition point at the pixel positions D62, D63,
%&. LasEl GsifA§ & Sefrd AURY EOErXPlEh N Nad 44
fac afggfég%gfgsfg%%éﬁi%g procggg@ggi%gra sevent h j aggy
correction. .FILG ,46 oMS. a : r ; [,
shejlt & SR NGEES 6 ﬁm%fgn%a%ot%% %%e%,grgleg?é%é%n% |btr1|%gl%
oint at the pixel positions D58 _.throu D61, and D
dotf R DI zsﬁanél_-ﬁé%ﬁl R age &BFSPAH%T PO qns bbs

I mage dot replace 3 inmage dots after the transition 25

~ thporgn DAL Emel Pitebhpossh iBis ped lDpedipBgimadr 6% f or
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the WD 2007/ 052781 PCT/ JP2006/ 322060 -100
replaces 1 image dot after the transition point at the pixel

positions D62 and D70.

| FIG. 45 is a diagram fér explaininé,a ¢haracter
faﬁtenipg proceés'using a sixth jagay cqfréction.: FIG. 45
éhows a case where 4 small image doté;are added to 4 blapk
dots before the transition point ét'the-pixel positions D58
through D61 and D71 through D74, and 2 medium image dots
replace 2 imége doté after tﬁe transition point at the pixel
positions D62, D63, D69 and D70.

FIG. 46 is a diagram for explaining a.character

fattening process using a seventh jaggy correction. FIG. 46
shows a case where 4 small image dots are added to 4 blank
dots before the transition point at the pixel positions D58
through D61 and D71 through D74, and 2 medium image dots and 1
small image dot replace 3 image dots after the transition

point at the pixel positions D63, D64, D68 and D69 for the
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| rfédi um i rralge dots and at the pi xel p03|t| ons D62 and

D70 for the small image dots. FIG 47 is a diagram

WO tawr7/0820pl ai ni ng a character fattening processCrsrings 25060

ei ghth jaggy correction. FIG 47 5 shows a case where -
4 small inmage dots are added to 4 bl ank dots before
t he transition poi nt at thEe0pi xel positions D58

ne iR Hhe% B ARt fge ot e e e BPRRE LA™Y il A S0 for

after the transition point at the pixel posit.ions

 thepsmalBesimags7dgRd- D68 for the 10 medium i mage dots and

at the pixel positions D62, D63, D69 and D70 for the
smal | . i rRige ddtés arh@m@m,fqm@xpéggylngra echd @ ties
carried out with respect to a portion show ng a step

fatteniiqiprersel abangesn anighthhgaghgr ackecct fdr enipng. 47

process is carried out with respect to 15 other

shd¥é td Onsseohinbhe ghanart efmAapd dohe adkassatd ANk plank
background portion; such as the pixel position-(dot

dof® Sid f &Q th@e tkgng#% rggé%lnq:s LRI chb n‘glﬂ{gi %@&C@L ons PSB

pattern shown or exa € presen

e T OB, R b it g 2

eval uated the inprovement in the readabiljty and

Sk oL St FERABCE He SN SotEu Bﬁ*éﬁés%h%ftliaﬁ’é itighy

of the created characters. As a result, it was found
popriefat diflee piaelagds it somnsd IDG4n’a@é5doD§7V\M(ﬂ1 pads foat the
4 bl ank dots before the 25 transition point and to
medDum eirage: @btsDERdi aBgehel qlisceflopohyg i s 210612,/ (156'3751369 and
PCT/ JP2006/ 322060 -101

D70 for the small image -dots. -

Therefore, the jaggy correction is. carried out with

respect to a portion showing a Step (or staircase) change, and

the character fattening proﬁess is éarfiéd‘ouf with respect to
other portions of the character aﬁd'the adjacent’ blank
babkground portion; such as_the pixel position (dot position)
De in FIG. 3§A, 'us_iﬁg_the reference pattern é.hown. in FIG. 38R,
for example.

The present inventors created charactérs using the
first through eighth jaggy corrections described above, and
evaluated the improvement in the readability and
recognizability and the inconspicuousness of the jaggy of the
created characters. As a result, it was found preferable to
add 4 small image dots with respect to 4 blank dots before the

transition peoint and to correct 2 or more image dots forming




the character portion, as in the case of the character

fatteni ng processes shown in FIGS. 45 through 47. On

the other hand, fromthe point of view of the
WO 2050a%81 ng speed, the character fattening pr8EEJR2006/322060

shown in FIG 5 40 has, the fastest -processing speed,
and the processing speed ggggnes.slomer'for t he
character fattening processes shown.in FIGS. 41

thé NERU- AL idorkhBbs, ORdeln e d@rse® tRE ERSracter

difference i'n the processing speeds is that, because

et PEn S Y ARRIcLALhENL 1 PERASS SES cAlGHAN: 711 55 0

carry out the pattern i ng" only -when
the target pixel _is he bl ank dot, but the character
fatteninéﬁbr e§§b§r3h8ﬂﬂ'ifﬁoqigé§ p&&thPguﬁheﬁ7°£ the
carry out the pattern matching for all font data, .

Progegsing sprad.t K@e shgeachrkelattenring munaessfotrshpwg in FIG.
when the target pixel is.the image dot. In other
5 40woasisthe tfastebl posskbbing crassht enththéoptrodessing'speed

whi ch the jaggy correction is nmade at a high speed by

beadtk o Idwers felrl theagratottan|fattentihgr pspessséd sham in
bl ank portion. In.addition by replacing only the

FTESR0E1 d9irdigH 19 $ARLL: & nBae A0t onl rb8sBRSELE! End O
create the font data in which the jaggy correction is

di PRt 49 3rA g%%%@&ﬁn bégef%{ljt i %hHEdeﬁéééﬁ’éinég{Lﬁgr .

carrying out th aracter éni ng pfocess;

reason for the difference in the . .pr sin speeds j.s
chafAREek (tnehien BrOCERds (i Poridy Sas: pdd: BiHeISN 43

i ncreases for the character fattening processes shown
10 carpy muts thes pagterpoughcding nly ¥hepdehe Fargekapisied is

a reference pattern WO 2007/ 052781 PCT/ JP2006/ 322060
the 1i9Pank dot, but the character fattening processes shown in

FIGS. 44 through 47 carry oﬁt the pattern matching for all
font dgta, that‘is, when the ta?get pixei is the blank dot and
when -the tafget pixel is the imagg dot. IIn other Wﬁrds, it is
15 ' possible to create the font data iﬁ'which the jaggy correction
is made at a high speed by adding_thelsmall imagg.dot only -
with respect to:the blank poftion. in addition by réplacing
only the image dot by the small image dot, it-is possible to
create the font data in which the jagoy correctién is made at
20 a.high speed, but this is undesirable when carrying out the
character fattening process.

Another reason for the difference in the processing
speeds is that, the number of required reference patterns
increases for the character fattening processes shown in FIGS.

25 40 through 47 in this order. For example, a reference pattern
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Is additionally required to judge the second bl ank dot '

in addition to the reference patterns required in,

WO 30880248 acter fattening process shown in. FGAIR26/322060
when carrying out the character fattening process
shown in-FIG 41, a reference 5 pattern is further
required to-judge the fiT%?zTnage dot- .formng the

is CJ@Jiaato%l@gr}éggié{tgrtocgw leNghQULedtdsd ARHACRE in

fattening proce wn i'n FIG 44, and a reference

aaduitoidge Bobeinio mT il RREbe s Mras e

carrying out the character 10 fﬁ%tenin rocess shown

fatherping PASCeRs coRei gty FlGhe 4QuiBER © rXEJéT%r%Wcéhe
patterns required for the judgenent increases and the

chawadier Setpanieg rpretatd wowindpebies. 4r & Heference
character fattening processes shown in FIGS. 40

pattemugls £arichet hrequixket toFiGdgé48the Al fstovinse tokor
expl ai ning the 15 character fattening processes using

. fotmhd itheh cHRFQE88r eh&ttifbn (WY cEBFVEEd | QRS . thd hEk&cter

48, .those steps that are the same as those

fa&@éﬂiﬁ?ﬁ@c@gsséﬁ@% i e, 34,aLRqd8 Sf@f@f&fi:sp)ba]tcttﬂérn is.

sanme reference nunerals, and a description theréo

111D omtted. The character f I 0CeSS ...

st el cebfirs] o, TR sTe PREMER MbdY M Forming
with respect to both the blank portion and the image

the FFRATAFEEFhBOS PN SHET GRFFES 9t RBEbHRe e TRG%eTof t he
font data. corresponding to the wi ndow W_ by using

fattrning geocpbReshows tthd'iSentidr obcepedipdhkiow tiye number
Hence, the acquired bit-map 25 data corresponds to the

of dedt B rmMEn pahgetns regldl red? Todothei fudematt7/i0E2r8tes and
PCT/ JP2006/ 322060 -103 A

the number of pattern matchings increases for the character

fattening procésses shown in FIGS. 40 through 47 in this order.:

FIG. 48 is a flow chart for éx?laining the

- character fattening processes usiﬁg the fifth through eighth

jaggy corrections.” In FIG. 48;_those steps.that are the same
as those cofrequnding steps in FIG. 34 are.designated by the
samelreference numerals, and a description thereof will be
omitted. The character fattening process shown.in FIG. 48
carries ocut the pattern matching with respect to both the
blank portion and the image portion.

The step S22 acquires the bit-map data of the font
data corresponding to the window W, by using the target pixel
as the center of the window W. Hence, the acquired bit-map

data corresponds to the data amounting to 9 x 3 = 27 dots if




the window size is 9 X 3. The step S23 carries out a
pattern matching by conparing the acquired bit-nmap
data (pattern of the acquired data) and.a
WO pio29s278t mi ned reference data (reference pat PETAF2006/322060
which is set in advance and is used to add 5 the snal
or small and mediumimage dots to the blank dots or
.to replace the'inmge dotéOBy the medium or nediumand =
snall e dot t result in the s
th&DRTow BR0 16Dt ey SAPGEHSPAPEd FREFLTR It BAGER™D
or, the nediumdot data or t he nedi um dot data and
‘matehinghdlyl CBPABERS TR AFRUTSY higorapidata Rptdemnoof
add or replace the dot of the target pixel by the
thas redquicedmddicaim aiod . 2 Teedatesadoedhoeferendd Gatds my
treat. one pixel as a 1-byte data or, a 1-bit data.
(rdfererdeeplitngranewipictel inset ih byvendatand 25 Jndeso add
are required to represent data anounting 15 to 27
5 thél 011084 @ﬁ’rai’.i hghd hash g der 88EL NEo Ofige RIVERIK ¥Bt8 or

1-bit data, only 4"bytes are reqU|red to represent

to d@égg.acea%%nﬂng el 8old Wt% HRRGEm b Hana
pl‘ OCGSSG IS S en one pl xe 1S treat ed as
inde dane o (pl el SR RALAE TRIPY SABAClY SARRe

this case In this case, mhenggeneratlng t he dot data
‘the ostqm§455|ggp|erg‘ﬁgs neRR UFRaddt RaFe ehd rheingAiwk dot

drops), the print "data represented by ."0" is changed
data d255her gprdésmnddndatte andrdge dvaldiadet idateheor the
original font data is represented by "0" 25 (blank) or
10 targdb'pilali,nsodabaloasdd not heepdase ohet det bof ﬂhﬂ)ﬂﬂiget
2007/052781 PCT/ JP2006/ 322060 -104
pixel by the small or medium dot.
The process showﬁ in EIG. 48 may treat one pixel as
a l-byte data of, a l-bit data. When treetiné one pixel as a
1-byte data, 27 bytes are required fo.represeht data amounting
15 to 27 dots. On the other hand, when treating one pixel as a
1-bit data, only 4 bytes are required to represent data.

amounting to 27 dots. Hence, the amount of data to be

processed is small when one pixel is treated as a 1l-bit data,
and the required memory capacity can be reduced end the
20 processing speed can be improved in this case.
In this case, when generating the dot data for the

small and medium dots (small and medium ink drops), the print

data represented by "0" is changed to "255" representing the
image dot data if the original font data is represented by "0"

25 (blank) or "255" (print data) as in the case of the bit-map
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by r%%'%ﬁ' SRy esREtiBAt tho Tl

data, and the changedvprint data 4255" i s then
replaced by data "85" representing the small dot or

woO tiat/a5274i70" representi ng the nedi um dot, forpEwaIPdeEs22060

and the print data represented by "0" is changed to
"1" representing the image 5 dot data if .the origina
font data is represent ed-b§4“0" "(blank) or "1" (print

N R N S W

dat a representln the smal | dot or data

b8 e MOPFGEREE IRG dF AN ALY Aok SFnfietd maffher

Al ternatively, when 10 processing the binary data "Q"
representings theeyedien dotsef@rarxampbaoryndaiingning data
same size as the font data is provided for the print
reppd serrtet éyefOl'ngst dearsyerl Itad gl "andpfesentingriti image
data representing the nediumdot, and the print data

dot Sa$@! 0 theloribifal eERACdata &Be TEb¥EsePOsd thy 0"
wi thi.n one separate 15 nmenory representing the small

bf’%k)a@r tojer- &Ehtd@é@%)' $s560h Eﬂe L‘:;sewsf h#ESRE ot Bi-

e pixel "posftion w thin the o separate menor y

eSOl T 0L Fento Nl Rt f? SRrifn 13 tkn replaced

oblique lines.in which the i,s corrected, by.
nga B9t neeRERSEItIng the

representing the small and nedi um dots ener at ed by
meghan it divn ansiohiag annathe aséttarnébﬁé%gwt iV t he

| arge dots in the first case-or, by recording the font
pro¢ssfroy e byinbhe daiear'y0 'danal ClO"aandhégfare, a separate

representing the 'small, dots, the font data forned. by
meﬁl Haamy dakasemd”sodul 226 the' Forepagsemd ngrdvitled for

lum dots, and the original binary WO 2007/ 052781
thgﬁafﬂﬁ?Qﬂﬁﬁ?%%8§gseﬁg£ﬁblthe small dot‘and_for'the print
data representing'the mediuﬁ dot, and the priht data is set to
"1" with respect to the pixel position within one separate
memory representing the small dot.and the print_data is set to
"1" with respect to the pixel position within the .other.
separate memory rapfesenting the medium dot. Therefo?e, it is
possible to fatten the black character and realize‘obliqué
lines in which the jaggy is corrected, by recording the font
data formed by the data representing the small and medium dots
generated by the pattern matching and the data representing
the large dots in the first case or, by recording the font
data formed by the binary data ("0" and "1") representing the

small dots, the font data formed by the binary data ("0" and

"1") representing the medium dots, and the original binary
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font data ("0" and "1") in the latter case. The font =~ TUTT

data added to the bl ank background portion (that is,
the dots replacing the bl anks of the bl ank.

WORBMTIE?8Und portion) in the manner descri bed BETWR2006/A22060
5 replacing the i mage portion by the -medi um dots or .
medi um and snall dots wﬁﬁp _necessary, were printed
on-plain paper using the-i'nk-jet head under the

fohe! havh ngrondid imams, ianghé heatti€tcdase.qual ity of the
character (that is, the character quality) was

eval uat e%hé%'agﬁﬁgfattg?ggggg SJIC§S:£1§@ mranmoz,ébﬁg%ﬁﬁa 6%%&«:10:1

I
pin (correspon I mage Resol ut'i on:

R R T i Sy

87.}un, 15 Medium,ink drop = 60 pm . Smal] ink drop =
baghgpamnREEEE: 1NSTREBRRNY (FiSidd PefoAPo¥p AR 6,

10, 12; 20, 30, 50 & 80 points Jaggy Correction
repbabbey Wie sivage PorELcs. by Othe madiim dotgooprmediug and
Met hod: Path nunber (nunber of scans formng 1 line) =
smi11Ndot stwlidacinegesBapyy | w&tai pripaper ofiTppeif2fdper using

(product nane)) manufactured by Ri coh Conpany, Ltd.

thel Enk4Pet heaadidgicadMBBOPG NHoWwMR} WaRiBASY! 48d 2R
with and w thout the character fattening process of

pitRhfe VR2AAY U2 T8L BRILIERO06(32406Q, +AQ6character -

qualityf was evaluated.
Head: 384 nozzles/color
_Nozzle pitchr= 84 um (corresponding'tQ,BOO dpi)
Image Resclution: GOO‘dpi ih_the main-scanning direction,
300.dpi'inxthe sub scanning direction
. Dot éize; Large ink-drop = 87‘§m,
"Medium ink drop‘ﬁ 60 pm,
Small ink drop = 40 uﬁ
Character: 'MS Mincho typeface,‘
Font size = 6, 10, 12, 20, 30, 50 & 80 points
Jaggy Correction Method: As shown in FIGS. 40 through 47
Printing Method: Path number (number of scans forming
1 line) = 1, No interlacing
Paper: Plain paper (Type 6200 {product name))
manufactured by Ricoh Company, Ltd.
FIG. 49 is a diagram showing evaluation results

with and without the character fattening process of this




enbodi nent, for the various character sizes. In FIG

49, "xx" indicates that the character is deforned and
WO réng/osiTar acter quality is. extrenely poor, "RET/IP2006/322060

i ndicates that the wwdth (or degree of fatness) of

the character is narrow (or thin) and 5 the character

quality is poor, "0" indré@fes that the width (or

eqr ee of at ness) _of the char cter s _slight row
enflggten ! 48 53o)a plof e el ARter Le,o! | gl oy
i.s good and the character IS easy to read or,
. m%eagqﬁ Fhatrithm FRETRGEF AT GlRtraaEr: andnbih Fhatecser

49, it 10 was conflrned that the character quality is
quahp‘i)b\ﬂeﬁj extirepeby pPepr oWt hgndicakesi phet t theofwidih (or

character and making the character nore easily
degeasladif atmese¢oghi zhdl chapdatanr yisngapodw (dwe thin) and

character fattening process of this enbodi nent.

5 thEUSKAEIJRETE quiall 1WaS1i6 pddF Mech "t Radithees Mage: tORe walith
the 15 character 1Is suff|C|entIy hi gh and no :

. (Offe‘%%%%at : h‘EHEéﬁ) ASt "BYe &, %ﬁlegr om Eif%tt“l% b W8S (o

oun aracter qua eterio es | t he
font @nze [ 0.S S .S ecaus |n the ¢
enbfly ol anighlBss FRrt i d duratedE AT e g BBl 3R
of the dots fornming the character are 20 extrenely.
-thﬁa??%ﬁ9cﬁﬁﬁjH?h@aEMaF%CY%ﬁdfQﬁtﬁ?ﬁPﬁ@lﬁ?ocess woul d
deformthe character_when the dots are added. |t was
conf i r rednomathexevayeatigupopsefitecsbogn imel Eharkiot éit
fatteni ng process ar.e obtained when the font size is B
10 wapotontSimredythatethe2&hadddicaglqupllaity papenprsvatsedhaseby
t'he recordi ng WO 2007/ 052781 PCT/ JP2006/ 322060 -107
improving the visibility of the character and making the
character more easily readable of_recognizable by carrying out
the character fattening process of this embodiment .
Furthermore, it was_confirméd that ﬁhe'image tone of the
15 character is sﬁfficiently high and no feathering occurs.

As may be seen from FIG. 48, it was found that . the
character quality'deteriorates if the font size is too small.
This is because, in the case of the font size that is too
small, the intervals of the dots forming the character are
20 extremely narrow, and the character fattening process would
deform the character when the dots are added. It was
confirmed that extremely good effects of the character
fattening process are obtained when the font size is 8 points

Or greater.

25 Although plain paper is used as the recording




mediumin the description given above, it is also
possible to apply the present invention to other

recordi ng nmedi a such as coat ed. paper, gIoss& or
WO 3UE! ed paper and OHP films, and obtain $CHIP06/322060

effects. It is also possible to selectively 5 carry

out the character fattenngTQrocess (or not carry out .

.the character fattening process) depending on the : .
melind Di tHeewsdirigtiedi ghvertiestnere,i titi Sspassbbpessible to

realize a character having an optimumw dth (or

apHeY! €6 Yrdmiednlend €L NED NG YUY 1R OMIGhE 4081 4HA@F as
. ~of "fatness) of the character 10 on the recordi ng

cof e ek, ey’ BE CREMIEECS Binck BRL Dl FEBhe ] ope

bl eedi ng. uneasi |y occurs., Furt hernore, _althou t he
OGRS SNt it 1t B dRe TR enEo e ect tvely
scanni ng direction and. 300. dpi.in the 15 sub scannin
5 cagryeeet oihq iharacsercbat BpRing JBPHFS) (PR nAE @oUe oU
described case, it is of course possible to obtain
thei ohémactdf datsentieg proaessg ddperclimgachetbe akindwet
resol utions such as 400 dpi x 200 dpi and 300 dpi x
redb8dtpg .medBhfn.dotedcapei eriofpddEibie $of genlNge tae
character portion 20 increases as the resolution

chRESOPES HAVEIg aANEptifumt SRILION (oS tRIgreasSer BRaNNSs)
beconmes nore ‘conspicuous. - For this réason, the

de%@g&}t LV QR kS rgSJ;: 2&%@%% ic?f@aitl%%@.ls? Bg 8¢ Character i

e Tesolutio _ ativel'y Tow, "an
e L ERCE ERER

PCT/ JP2006/ 322060 : :
easily occurs and on the recording on which the feathering or
bleeding:uneasily 6ccurs.

Furthermore, althocugh the characters were printed
at 600 dpi.in the main scanhing-direction and 300 dpi in the
15 sub scanning direction (that is, 600 dpi x 300 d_éi) in the
above described case, it is of course p&ssible to obtain
similar effeﬁts wheh printing thé characters at iowef-
resolﬁtions such as 400 dpi x 200 dpi and 300 dpi = 150 dpi.
The dot diameter of the dots forming the character portion
20 increases as the resolution becomes lower, and the step (or
staircase) change becomes more conspicuous. For this reason,
the present invention is similarly applicable to cases where
the resolution is relatively low, and the effects of the

present invention are notable for such relatively low

25 resolutions,




resolution is high in both the main and sub scanni ng
WO 07/82(8ons, such as 600 dpi x 600 dpi, 600 RfpN/IBOKGE3RN60

dpi and 1200 dpi x 1200 dpi, the nunber of dots

form ng the character porié n |s | ar.ge, and 5 the dot.

dianmeter (or dot .size)' For this reason, the

-j agoy | HNehCORRRE CREHES, %&1%M@hcﬁbghwﬁ§§@|&ﬁé‘yﬁ%olutlon
Accordlngly, in the case of the i mage form ng

55 J ABRRYED e By P Ul LB PELTGLAGIDIRS (R a5

i'ng at d

504 ) o8 BPirobod b 1 2O BenaPctedS fi Zﬁﬁﬁﬁﬂt pi.

process is carried out and a normal node 'in which no
,th%ﬁumﬁ@ﬁépffQPFénf%@“BKbé@@SCﬁéraéﬁﬁFlE@F%&Rn ifhdagge, and
sel ect- the one of the.two nodes dependi ng on the
5 the ek utiiametelexor dotdesicrd)ptisosmallll bEoyittels ofeagon, the
process 15 which switches between the node in which

jaddie iEhaicactehspi aidenidty sucbcsghi gesaltit fishout and
the normal node i.n which no character fattening

AcESQE8RA y,S iRAERE Eth SIlor dORENAEAE 8Armihe SHHARLR" having.
si ze, the character type and the i mage Ttesolution, by

= LA 0P EL G B0 UG gﬁatﬂl@wég a2 for

I nrn ess ween node -

t hat carrl s.,out t ter tteni ng process

re Sty f—ﬁepr%ﬁa%%ﬁ b8 RS Bl B
and t he |na e resol ution, and the normal node t hat

10 impprssingotthea F?%‘Hﬁpﬂwé:%l%oé(éfﬂéra Page e rf'ﬁupﬁ s,
25-1n the process shown in FIG 50, the character ‘WD

ch200 /<05 28t eRCHg IP2OTBY82206@rried out and a normal mode

in which.no character fatteﬁing ﬁrocess is carried out, and to
select.the one of the two modes dependiné orl the resolution.
.Next, a description Qill be given of a process
15 which switches between the mode in which the character
fattening process is carried out and the no;mal mede in- which
no character fattening proceés is carried oﬁt, depeﬂding on
the character size, the character type and the image
resolution, by referring to FIG. 50. FIG. 50 ié a flow chart
20 for explaining this process of switching between the mode that
carries out the character fattening process depending on the
character size, the character type and the image resolution,
and the normal mode that does not carry out the character
fattening process.

25 In the process shown in FIG. 50, the character

-108 on the other hand, in the case where the S
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-109 fattening process is carried out when the

character size of the black character is 8 points or

greater, the character type of the black character is
WO 2H3/0R378tho t ypeface, and the image resol uti BETAP2006822060

bl ack character is, 600 dpi x 300 dpi or less. 5 O

course, the Judglng conditiqgns related to the

character .size, the chaﬂggter type and the inmage

S
rabSoplil gt ok cagpan ot i i Ehpk e i o

enfoh R SRS 9 oy BLECK LRIt ol 308 oo

deci des whet her or not the character ize i s ornts .
of gthe T RARICPATRCERE dBCHRS cttmfét%rttvpe?ﬁcehea%te agage
is YES, a step 553 deci des whether or hot the
regphitiarerof yihe ikl acke chenapberypef 6Re dok t h0Uetrisioon less.
result- in the step S53 is YES, a step S54. deci des
Ofwbetisr, drthengtudptieglSondbigesns s lattiedntof thaecharacter
character is 600 dpi x 300 dpi or lower. If the

_sideri sh@ncHAsdtler Aypbhanstae Sihdes r¥ES1uaish ere b
carries out the, character fattening process described

coéPQ@%oQHT tnll%e%tt *&Sftﬂéé‘é’ shdwil NG, §g¢l s5pn result is NO -
I'n one of the steps S51 through Sb4 or, after the

step 555, ro e fo sel ect.i

or swt chjr:rrtgﬁo éngt %ée}?%e der& | c%’gta‘ﬁgx'cha? a{ler n&e

fatteni ng pr carried aqu nmode.in which the
characketots aa?’ ngE?r%%erf he WE) "ﬁ‘% dREgE R ntSHh o the’

character fattening-process is carried out (node 25 in

stemi Thl ries Dok ad6tsPaPe? sdriuidie s eherbeprgobnnefethe
character WD 2007/052781 PCT/ JP2006/ 322060

 character size is B points or greater.  If the decision result

in the step $52 is YES, a step 553 decides'whether or not the
character type is the Mincho typeface IIf-tHe decision'result
lln the step 853 is YES a step S54. dec1des whether or. not the
image resolution of ‘the charactet'is 600 dpi x 300 dpi or
lower. If the decision result in the etep S54 is-YES, a step
S55 carries.out'the character fattening proeess described
above. on the other hand, if the decision result is NO in one
of the steps S51 through S54 or, after the step.SSS, the
ptocess ends.

Therefore, by selecting or switching between the
mode in which the character fattening process is carried out
(mode in which the black dots are added) and the normal mode
in which no character fattening process is carried out (mode

in which no black dots are added) depending on the character




-110 size, the character type and the inmage
resolution, it is possible to obtain a high PPM

WO 2007f05278i t hout requiring an unnecessarily hpghvaPr2006/322060
processi ng speed even when obtaining-a high
t hr oughput . 5 1n addition, by preparing a plurality
of . ki nds of - reference patt ans dependi ng on the

Sligcleﬂzeatah%a(: brSt g) hﬂehqmgggtgggop a,t%én & she

‘ar acter cha I ng rac

ndi ng on .t ncl i t he oontour
pofitie ke PRERancfhet dred (oeel® uElndve, e ing eh
optim ze the character fattening.process.and obtain a
unmﬁ@ﬁsacﬁ}aw 5 9BhRFREe BT LNOTIHPEERAPEER cYhemt g iiing a high
process/ may be changed by changing the position where
thxdwghputage dots are added and/ or. changi ng the size of
the i mage dots that are added. . 15 Although the
5 char act erIrf akddentog, PbYoRsparingdasplibetiey dBtieRisNg
the character portion in the description given’

refSFSi (Ha%te'rhs' SePéndaty o4 ROSSERLLiI Q1 S MdAdpe) of

fatten a graphic image by the character fattening

thé’r@o"rﬁ:%% %ﬁ)x@% ﬁaéfytﬁ@ Ui atc%rChéﬁéCéﬁniﬁ{#e&'“ on

Ccess | So carries out the

] out the ja correct.ion, .
-chac%ﬁcﬁ%fs ¥pifla Rtpens A BR) FE T %eéi@lqattlioe of
possible to fatten the character and nake the
the RATHQUET PRECECOBAST | §e clielcE cindlt ekdgiraitile 25 .

W t hout greatly .deteriorating the processing speed, by
10 optimigley the 208740627 58atRCHiNR2006£892060d obtain a high-

quality character. The.cheracterAfattening process-may be
changed by changiné the position Qhere the image dots are
added end/or chenging the size of the image dots'that are
added. | |

15 - Although the_character'fattening process is
described as fattening'the character portion in the
description éiven_heretOfore, it is of.course possible to
similerly fatten a graphic image by the character fattening
process.

20 By carrying out the character fattening process
which also carries out the jaggy correction or, by carrying
out the jaggy correction which also carries out the character
fattening process, it is possible to fatten the character and
make the character more easily readable and recognizable

25 without greatly deteriorating the processing speed, by simply
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111 increasing the number of reference patterns used.

FIGS. 51A and 51B are diagrans for explaining the

jaggy correction with and wi thout the character
wofRenrosrisng process. FIG 51A shows a case WheC®/.Jpruog/322060

the jaggy correction is made, by adding the 5 dots

i ndi cated by the hatching to snpothen portion having

the .step change On t heldilher hand, FIG 51B shows a

ase mher rection nd t he ch

ingBetatihg i oUEatt SehiTriler drtloms hethe cullis-ona

this second enbodinment. In FIG 51B, the step change

.an?s5§?nﬁﬁQu9%9$rﬁyma38Fn%x3¥ﬁ9QﬂﬂQ5tﬂ?13ﬁHBBaF%Hr%SI%QREW1th

hat chi ng, and the character portion is fattened by '
andddi piputhdhdorchairadgient £ igninege ppogesshat EREngp Ik shows a
the portion having no step change. In the imge
cagerwhage apiar ahes jabgy htsrmsdiadinTdet madeheby esdditionghe
" head is a piezoelectric head using a 15 piezoelectric

do@éeﬂﬁﬁﬁcaﬂé&“@9eEhea§a9§§£ﬁ¢kﬁﬂjéﬁ@@%ﬁentBSrti&EQHéUﬂﬂb the

d may' of course be a thernmal head which uses. an

,st%#egﬁ%r&é herpl LGORYAL S RILE! GARnt 5t1§ ?h&% Lheddknere

iImborling. Int e ca e or 1
thél S48 Ho e B8 st aBhe g sﬂgﬁuﬂéféﬁée“és are
i gnal waveform as descrlbed above ‘and it is

-Caﬁéé%qi P 1 ASdd) [5AS GAFRaOFr hBAF| BRCPMAGIIDAH eme - In FIG.

ot her hand, in thé case of the thermal head, the
51BpzEhesstem dsanger an gemoothereechiyh addasat ghe adebst is

possible to print an imge having a high resol ution
indicatdd @y dpeectiat2hidbe shd fidreemhatrbetanl pbeatiean is

descri bed wth WO 2007/052781 PCT/JP2006/322060
fattened by adding the dots indicated by the cross hatching to
the portion having no step change;

In the image forming apparatue.of'fhis embodiment,

the recording head ié a pie?oelectric.head using a
éiezoelectric element. However, ae-desc;ibed above, the
recording head may 'of course be a thermal head wﬁich‘uses‘an
electro-thermal cqn?e;sion element to ‘eject the ink drop by
film boiling. In the case of therpiezoelectric head, the ink
drops having different sizes can be ejected depehding on the
driving signal waveform, as described above, and it is
possible to easily form a gradation image. On the other hand,
in the case of the thermal head, the nozzles can be arranged
at a high density, and it is possible to print an image having

a high resolution at a high speed.

The different thermal heads described with




-112 reference to FIGS 26A and 26B and FIG. 27 in
conjunction with the first enbodinent are simlarly

wo pmakb®si n this second enbodi nent. Ther ef or epct/li®®o06/322060
second enbodi nent carries out the 5 character
fattening process with resgect to the bl ack
character, while the firstlénmbodi nent .described above

refELLAES « O Hrat" 2 BRAURAE AR LA L0 0P DS ee S inakion with

r éspec charac

clains t benefit of Japane 10 Patent plications
Wi D CIDPRRTOTEI BHe TEHGE Y2 159868 Encthis second

No. 2005- 321621 filed Novenber. 4; 2005, in the
embeghiide Patent Office, the disclosures of which are

hereby incorporated by reference. Further, the

present Theeetfbon, i shinoteddm eetlotiomedd cdheisss out the

enbodi nents, but various variations and nodi fications

5 chamsete Tadeewt hioptoCenatithy rikpart heo Saap® eyt he
present invention. 20 25 -113- CLAIM5S 1. An inmage

ch&F 98551 61 Bt PRE FOFsORHE o%t]l ge&a&&%@ ab%eUEEIPXes

an i mage form ng appar at us forns an |nage

out eﬁ'loer @hg%ﬁpg?ggugégyen%gq dﬁgtofgrefsg:]ﬁnggh p%eeéeo# %ﬁd tge white

_ch£’9§c %rreund porti on. of the

This épplieation claims the benefit of Japanese
10 Patent Applicatione N9.2065—321550 filed November 4, 2005 and
No.2005—321621 filed Novemter 4, 2005, in the Japanese Patent
Offlce, the dlsclosures of whlch are hereby 1ncorporated by
reference.
Further, the present invention is not limited to
15 . these embodiments, but various vatiatione and modificattons'
may be made without départing from the ecope of the present

invention.
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i mage; and addi ng i mage dots to the background portion
adjacent to the inmage portion to fatten the inage
portion by a fattening process if the background
portion is a first color -atilker than yellowor is a
second col or fornmed by two or nore colors, wherein

pi xel positions where the inmage dots are added to the
background portion are determ ned by carrying out a
pattern matchi ng between_a wi ndow havi ng a
predeternined size and t¥ef¥dling a target pixel and
reference patterns having the predeterm ned size, by
noving the window relative to the inage, and the

i mage dots are bl ank dots formng the imge portion,

t he _backgr.ound portion.are forned by the ink .dots,

o [ChA ATGEE PCEE IR e BECHEHIDE SEPer s inghginage

i mage processing nmethod as clained in claiml1, wherein
data tive iuvregédwietrs itnfrate diverEdde dppe ddtershadkighofidms an

portion have a size identical to the inmage dots

; n i QN [ f - :
nage e TR AR RN Tk G, TR T e
are ink dots formng the inmage portion, the
dropsya QegPddrfd W6rti on are formed by the blank dots, and
the target pixel is an ink dot or a blank dot. 4. The
i magedpter ess inggargbhotdorasrel ai betkgrouad addncidn of the
conprising: replacing i mage dots of the inmage portion
imagegya%%_inage dot having a different size, in a
vicinity of a boundary between

adding image dots to the background portion adjacent to
the image portion to fatten the image portion by a fattening
process 1f the background portion is a first color other than
yellow or is a second color formed by two or more colors,

wherein pixel positions where the image dots are added
to the background portion are determined by cafrying out a
pattern matching between a window having a predetermined size
and including a target pixel and reference patterns having the
predetermined size, by moving the window relative to the image,
and

the image dots are blank dots forming the image
portion, the background portion are formed by the ink dots,

and the target pixel is a blank dot.




the i mage portion and the background portion, by a
jaggy correction. 5. The inmage processing nethod as
claimed in claim 3 or 4, wherein the i mge dots that
are added to the backgroundtportion or, the image
dots that replace the image dots of the inmage
portion, have a size smaller than the inmage dots
form ng the image portion and include one or a
plurality of different sizes. -115- 6. An inmge
pr ocessihey iapEer atsseconiprg sidigiod acordranlmgaarin claim
configured to generate the image data according to

1, whdieinBge: peeRs sddtds tdiot@f e dNe ofhe | iy dud®
5. 7. An image form ng apparatus conprising: a part

port CHNHLM ed 410, d eceive dIRas, data ifrﬁegdl% the d ing the
processi ng apparatus of claim®6; and a recor |ngrhea

imagéf?4§§%%$ﬁ to eject ink drops onto a recording medi um
t orman i mage thereon in response to the inage
data. 8. An image form ng apparatus conprising: a
recordi ng head configured eject ink drops onto a
recording nmediumto forman image thereon in response
to iPmadgdl® dafagealrd oE ORI msgm%mighaemetﬂom claim
generate the inage data, wherein the control part

1, whegigrl dés iangum tdadenfampuried tdofjudiperraimg ndge ipergd on
and a background portion of the inmge; and

portion, the background portion are formed by the blank dots,

and the target pixel is an ink dot or a blank dot.

4. The image processing method as claimed in claim
3, comprising:

replacing image dots of the image portion by an image dot
having a different size, in a vicinity of a boundary between
the image portion and the background portion, by a jaggy

correction.

5. The image processing method as claimed in claim
3 or 4, wherein the image dots that are added to the
background portion or, the image dots that replace the image
dots of the image portion, have a size smaller than the image
dots forming the image portion and include one or a plurality

of different sizes.




a part configured to add i mage dots to the background
portion adjacent to the inmage portion to fatten the

i mage portion by a fattening process only during a
predet er m ned node, whereild5- an operation node is
switched to the predetermned node if the background
portion is a first color other than vyellowor is a

secgndaeoliarn gfeo lprrb@eksys itheo a@balmﬁ:@ sC gﬂgmg&;i sl@.in)ﬁe I

p05|t| n r ts are _a t ne

bacﬁgr%u% F%IOH gpg?%gggﬁ %ﬁegeﬁfr %ﬁr&%ﬁglgﬁgeadata
accongdmnge ity tﬁﬁ@t dvagyg Petowesss laonwimeddwchad rgivaone of claims
1 to Bredeterm ned size and including a target pixel and

reference patterns having the predeterm ned size, by

noving the window relative to the i mage; and the inmage

dot§.ame bhagk dotrsmiher Bbpgruhes nﬁ@@@rlmh@i on, the

backg d rt| r forned by .t he i dot_s, d .
the t BRgE: BRrantRet B ShREGaE thite Y SriEomas tmese
procefgrimongrappatatus fasleolia medanat cl ai m 8, wherein the

I rmger@eb%dtlh t hake @@%qgheebh%o %3%%@ QuRd d%'p%' Bﬁto a

gve a sjze identical tq the inmage formng t
recoﬁdﬁQ@emﬁ kO fOITTRE ﬁﬁﬁ@@ F@@ﬁﬁﬁﬁléﬁbéﬁéﬁﬁ§5§sto the
imageCldaiteed in cIa|n19 wherein the image dots are ink

dots formng the image portion, the background
portion are fornmed by the blank dots, and the target
pi x8l- Ps amagek fgomioy arbkarkudgotomptisthg:i mage

forpgl Rg-BRRARAt HeadS coh2iFBdetNeject ink drops onto a
recording medium to form an image thereon in response to image
data; and

a control part configured to generate the image data,

wherein the control part comprises:

a part configured to judge an image portion and
a background portion of the image; and
a part configured to add image dots to the

background portion adjacent tc the image portion to fatten the
image portion by a fattening process only during a
predetermined mode,

wherein:

an operation mode is switched tc the predetermined
mode 1f the background portion is a first color other than
yellow or is a second color formed by two or more colors;

pixel positions where the image dots are added to the
background portion are determined by carrying out a pattern
matching between a window having a predetermined size and
including a target pixel and reference patterns having the
predetermined size, by moving the window relative to the image;
and

the image dots are blank dots forming the image
portion, the background portion are formed by the ink dots,
and the target pixel is a blank dot.




claim 10, wherein the control part conprise a part 777

configured to replace inmage dots of the inmage portion
by an inmage dot having a different size, in a
vicinity of a boundary bethMgen the inage portion and
t he background portion, by a jaggy correction. 12.
The image form ng apparatus as clained in claim10 or
11, 9heTken itthegéndgetibh g thata ase vadded ta ditked in
~background portion or, the inmage dots that replace the
clain fhgevhegistis: dtha Hendgemgko tporithiadn, a teaveddeditze tEml | er
than the image dots form ng the image paortion and
backqrunh@Gitd By Y5 & 8438 lc%ﬁntdiqaflegfémtfsq Agage Hotg

Ccomuyt er.-r eadabl e .program for causing a conputer to
formit YR ﬁ§b§q§%

lma 1IOTIY. . H
geherate | 2 for use by an inmage form ng

apparatus which forns an i mage on a recordi ng nedi um

by ink dots fornmed by ejected ink drops, conprising:

a pnacedure Gausy B fiden CORPUERSa b tiuldgsaR 1iBPEd in

-117- portion and a background portion of the inmage;
claimard avhprmededurte dausjengidire acenpuilerddies attd-nimage dotisnage

to the background portion adjacent to the inmage
portigsyt ity the dmoemad ko rhivage qsoridmredyoya thet tdirdg dots,

rocess if the background portion is a first color

and e A 1%dn BigiQloworl s Shdott Golorordféd by two

or nore colors, wherein pixel positions where the

i mage dots are added to the background portion are

det qrm nedeby peak £YIERG PUL o8 o AL L LM JT8E ChiAg, et ween,
a wi ndow having a predetermned size and including a
claint drgetwhigivedhn amé rRirereNCcepat s AV gdhe configured
to replace image dots of the image portion by an image dot
having a different size, in a vicinity of a boundary between

the image portion and the background portion, by a jaggy

correction.

12. The image forming apparatus as claimed in
claim 10 or 11, wherein the image dots that are added to the
background portion or, the image dots that replace the image
dots of the image portion, have a size smaller than the image
dots forming the image portion and include one or a plurality

of different sizes.

13. A computer-readable program for causing a
computer to generate image data for use by an image forming
apparatus which forms an image on a recording medium by ink
dots formed by ejected ink drops, comprising:

a procedure causing the computer to judge an image




pr edet er m ned szé, by nbving'the mﬁndOMIreIativé'fol'”'H”“WMWM$$WMML

the image, and the imge dots are blank dots form ng
the i mage portion, the background portion are forned
by the ink dots, and theltid~get pixel is a blank dot.

portion and a background portion of the image; and

a procedure causing the computer to add image dots to the
background portion adjacent to the image portion to fatten the
image portion by a fattening process if the background portion
is a first color other than yellow or is a second color formed
by two or more colors,

wherein pixel positions where the image dots are added
to the background portion are determined by carrying out a
pattern matching between a window having a predetermined size
and including a target pixel and reference patterns having the
predetermined size, by moving the window relative to the image,
and

the image dots are blank dots forming the image
portion, the background portion are formed by the ink dots,

and the target pixel is a blank dot.




