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DESCRI PTI ON | MAGE PROCESSI NG METHOD, COVPUTER- READABLE
PROGRAM | MAGE PROCESSI NG APPARATUS, | MAGE FORM NG
WARBARZTRIS AND | MAGE FORM NG SYSTEM TECHNI CAL PO EIIR0TdB22060
present invention generally relates to imge S
processi ng net hods, conputer-readabl e prograns, inmage
processi ng apparatuses, imhge formi ng apparatuses and
i mage form ng systens, rticularly to an
I mage processing nethodﬁﬁgﬁﬁﬁﬁggggprocessing
apparatus, an image form ng apparatus and an inmage
formng systemthat are suited for inkjet recording
(or printing) , and to a conputer-readabl e program
WhIMAGE: RROSE S THGnHETROD t S RHUYTEROBEARBKBRE afRG IMAGE
processi ng net hod. BACKGROUND ART As inmage form ng
apPPRECEEFINGS ACRARATPS | NINAGE, HORMIENGI ARPARAEN S tANDE IMAGE
copyi ng - apparatuses and multi-function peripherals (or
conposite appar at uses) ramirRg sherdmincti ons of the
printer, facsiml|e apparatus and copyi ng appar at us,
~there are the so-called ink-jet recording apparatuses
whi ch use an ink-jet recording head, for exanple. The

T' ﬁ;l. i di ng-apparatus nmakes an inmage formation
: medi um byejecting ink fromthe ink-jet
recordi ng head onto the recordi ng nedqium Ihe to imac
" recor di ng TR&IIRFASRARY BBV PRpE™ IR GFLahgs to 1mage
sui tabl e recording sheet onto which the ink other
processing methods, computer-readable programs, image
brocessing épparatusesh image forming apparatuses and image
forming systems, and more particularly to an image processing
method, an image processing apparatus, an image forming
apparatus and an image forming system that are suited for ink-
jet recording -(or printing), and to a éomputef—readable
program which causes a computer toICarry_out such an image
processing method.

i

BACKGROUND ART

As image forming apparatuses such as printers,
facsimile apparatuses, copying apparatuses and multi-function
peripherals (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



10

15

20

25

l'iquids may be adhered. The inmage formation includes
various kinds of recording and printing of characters,

wo pg®es27and/ or phot ographs . In the ink-jet repor/a#2005/322060
apparatuses may be categorized into a serial type and
a line type. The serial type ink-jet recording
apparatus noves a carriage2which is nounted with the

recording . head in a in_scanning.direction, and forns
g R0 d 2O CPECHTATIG A8GPRRLPRaTe S Shed’ Hhe
intermttently transported in a direction = - ' ,
TeReTENY @Edii: o The FREGF HegnRrAdU8i Pa¥toPaPRfe PHReI1Im
type ink-jet recording apparatus has a |ine type
or ey divigardad reharding whedtdedtai whieh pthe dink ptoer
nozzles arranged in a line, and forns the inmage on the
1igendsindy mediadierbat iThd riaagpotrbedatom ddidlerteisomarious
perpendi-cular to a direction in which the nozzles of
kihes | dherdoR@ingCcandi peidieat are cabrasgess, Regdyedl asd/or
of whether the i'nk-jet recording apparatus is the

' e or the l.ine type, the image is forned on
p?éié?%%%%ﬁing medi um by arranging dots in a matrix

arrangenent, nanely,.in the i_n scanni di rectiaon
(or the o FeaPRORnKEIGhi T o SEPALEbISThA Y he
%%ge recordi ng head are arranged) and the direction-in
CoRrePriand Aetor i AGTHRYI tHRS $NCr andpBRt B¥PTor Hhif serial
reason,  particularly when recording a character image
tgpe t rkrmformgiceg divedi appandiaisdoryesat aapabbiagfuenicheis .
portion of the character increase or decrease in
mounted with the recording head in a main scanning direction,

and forms the image on the recording medium that is~

intermittently.trahsported in a direction perpendicular to the

main scanning direction._ The line type ink-jet recording

apparatus has a line type recording head that is provided with

" a-plurality of nozzles arranged in & line, and forms the image

on.the recording medium that is transported in a direqtion
perpendicular to a aireétion in which the nozzles.of.the line
type recording head are arranged.

Regardless of whether the ink-jet recérding
apparatus is the serial type or the line 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

is transported.
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steps according to the resolution. Consequently, the
dots appear jaggy to the human eyes, and it may not be
w@omgiokd7el t o obtain a sufficiently high picturBCT/JP2006/322060

quality. In addition, the ink-jet recording enploys

the ink which is a liquid. Particularly when the inmage

is recorded on plain paper3-picture quality )
deteriorations peculiar to the ink-jet recording, such

as col or T GAUSI EFFTTY GPIAGULAELE, VHeH ariay "5t o

the image, light resistance of the image, ink drying
Characi@redmagiec opf FRe nef ARGt Befsvnc)the fdahhéti /g of
characters, and col or bl eeding at col or boundari es,
olbkmpre Idors poctoas. ofbtlep\cderaghen dncrgashpr decygdse in
to carry out a high-speed recording with respect to
stdiss plaidtdiapeto thei sesxiutdrel.y dbhbéequirntlyy daver fiots
out the .recording while satisfying all of these

aﬁﬁ@ila“j]taec%dysttioc§h§éhh&ﬁa@fécy%§, bhe Rtchayensiald tpossWbih to

respect 10 the picture quality deterioration caused by

i & RBaaE RpET CATT o I 03 15455 pr opoces a

s St TR B L e

to this proposed snoothing nethod, the contour is .
whheht Herfed igpichan§RAGL Gbkar ivn WRRRAERE r PRI fSrgeorded .on

number of gradation’levels. For this reason, although
phathi gieperac Qicsugesgoal Hingadaribsat tans Zegtulirer to the
inkfﬂet reédrding, sugh.as colorireproducibility_of the image,
dUrability of the image,-light'resistance_of the image;'ink
drying characteristic (fixing chafacteristid),,featherihg of
chéracters, and-color bleediﬁg at color boﬁndéries, become
conspicuous. Moreover, when an attempt is made to ca;rylout a
high-speed recording'with respectlto the plain paper, it is
extremely difficult to carry out the recording while
satisfying all of.tﬁese‘characteristids'which'affect the
picture quality.

With respect to the picture quality déterioration
caused by the jaggy described above, a Japanese Laid—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
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snoot hi ng process is extrenely conplex and requires a
| ong processing tine. A s a result, this proposed

waeemenki7ay net hod is unsuited for application POT/ITEREE322060

form ng apparatuses that require a high throughput,
such as the recent ink-jet recording apparatuses. Wth
regard to the picture quatéty deterioration caused by

t he feat [ wh f i he i t | ai
oA L IELROUASE, (0 TRyl TBOELE0 L5 RhALT ronson,

carbon black or the Iike as the col oring agent nmay be

b
aligwrghor PAEDLECBFERTREDFMRENBPTi fEP Aperteaii 25%ac ERGr

usi ng the dye-based ink. Unlike dye, the pignent has
smpoFuingb iplrictg s& 01 fae ek renddiyc €omphex prdrerr Ui afo AmaPng
m xed with a di spersing agent and subjected to a
pEb S iSicoR imeoceRs & ordwurlm,athdasepropised suwatihinkgemethod
pi gment -is stably dispersed. in water. However, since
1§ henhiig@nteokaspdl i Bkt Bdis & d Nabgdesonaled ,apgaratuses that
i npossible to conpletely elimnate the feathering when
rL GO LAING 4 &B%Bgﬁwtpas%n alheneCreatAing f dagunent
using an application software, there are situations
where a charac%er I'S enphasi zed by using.a character
TR TH 1% 3PRARAIYE®Eor a color close to white) with
respect to a backgrqound that is black ior anot her L
" col or ot h&HHhZRIRKAL BO ofNG R CNEFaGER; L £V SrHerioggeRon -
a character will hereinafter be referred to as a white,
caheecddnerthEhdeahhesinharhan dondng ER9etBRge NIy &dceplain
of a character which is in black (or another col or
papder 4 harymehitt-Basedt ek using an organic pigment, .carbon

black or the like as the  coloring agent may be used “for the

recording on the plain paper, in place of using the dye-based

ink. Unlike dyé, the pigment has nq solﬁbiliﬁy 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 pigment is Stably.dispersed in water.

H@wevér,vsinée the pigmentébased ink also includes
water, it is impossible to completely eliminate the feathering
when recording on the plain paper.

When creating a document using an applicatibn
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.



10

© 15

20

25

background color) with respect to the background that
is white (or a color close to white) . Wen recording
w0 b@7nki78e2 character on the ink-jet recordi ng BEPar@0aR2060
using the ink, the ink bl eeds, causing the ink of the '
bl ack portion to bleed into the white . character
portion. As a resul t, the-White character nay becone
thin .or por an, of the white,ch ter
T o PRRPEEERI 419 T Sen CRSRAGE S (e T St
is small or, the character is_thin such as a M nc

.W?yﬁeﬂétéflFﬂéckeﬁaén%%oﬁﬁ??(EOlPﬁeOHE?Br?EﬁW(ﬂP%ﬂe Pﬁethe

character to beconme nore conspicuous . A simlar

bae kit @mcdalced o cui 8h wirspeastipltas tipngaakeraund ttdiatbys white
using a character which is in black (or another col or

(ot hercdlitan clbiseetor whiiee hackgr ound-col or) w th respect
to a background that is white (or a color close to

white) . Soeh acebanass ernaviuitkernbnatter be taf ankedet
to as a black character. The bl ack character is a

%&_&!ﬁ@ %@/’%’T%&E eélﬁaetw@u & ctaﬁéagﬁﬁrm@d%&%ulg%n? the

a gener al obj ect of the presen

1Bg ﬂigﬁénggggggé%g%%%rto'E%%?d h%hng ne&hcg% character

i TTRQE processi ng apparatu
ohRge, 1l 19, agRat 2 ue_ and | Tmgel oL 0g SYSLEM By o,
~nore specific ob%ect of the present invention is
a portion of the ite character may be deformed.
Particularly in a case where the character is small or, the
character is thin such as e Mincho typeface, the tendency is
for the deformation of the character to beceme more_
conspicuous.

A similarhproblem aleo occurs when‘emphasizing a
character by ﬁsihg a'character'which is- in black:(or another
color other than white or the background color) with respect
to a hackgrohnd that is'White (or a color clcse to white).
Such a character will hereinafter be referred to as a black

character. The black character is a reverse character of the

white character.

DISCLOSURE OF THE INVENTION

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

image processing apparatus, image forming apparatus and image



to provide an inmage form ng nethod, conputer-readable
program inmage processing apparatus, image form ng
wappansa7es and i mage form ng system whi ch canPCTipIr208#322060
the quality of the white character or the black
character. Still another object of the present
invention is to provide anétmage processing nethod for
enerating i mage data for use n,j r_Hi
SR R e e gk EnS ot SRSk, are
by ink dots fornmed by ejected ink drops, conprising
SyRREASRE%RN i mage portion and a background portion of
the i mage; and adding inmage dots to the background
portion adj acent SP@lelei%ﬁg?@tp@lft tha present dpvemeion is
i mage portion by a fattening process, depending on at
tbegsiviane «0f imagbafantiig sictdodf, thepubegerqraiatilenpragram,
character type of the image portion, a resolution of
5  ihdGe igRAR RN afpasdthd, CGolle Fbribegbastgfaind and image

portion. A further object of the present invention is

féﬁnﬁ%?@ﬁ%eﬂﬂ uﬁggﬁ PLOCESSHING 2RRALAL USL § WP gﬂi@e

con | “part "configured to generatethe i'mage dat
ER GRSt AP BBFERT LN Tor egent 1 nventi on Ts to
Cont | gur odPig i EEFDEE] SR ia {PRORFERETT HHgETIon 15 to
processi ngappar at us  descri bed above; and a recording
phewiide orf iig\aged Procefeing infthpdoperogeBe @ b ridiagg data
mediumto forman inage thereon in response to the
10 fbﬂa@secbyzhn image forming apparatus which forms an image on
a recording medium by ink AOtS'formed by ejected ink dréps,
comprising judging an imagelportibn and a background portion
of.the-image; ahd adding image dots to tﬁelbaékgrqund portion
adjacent to_the image portibn to.fatten the image ﬁortion by a
15 ° fattening process, depending on af'least one of a character |
size of the image portion, a character type Qf the-imagé
portion, a fesolutién.of the image portion, énd a.coior of the
background portion.
A further object of the present invention is to
20 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 invenfion is to

provide an image forming apparatus comprising a part

25 configured to receive image data from the image processing



Still another object of the present invention is to
provi de an i nage form ng apparatus conprising a

wo ewanshi7ag head configured ej ect ink drops ontBCHEJIP2006/322060
recording mediumto forman i mage thereon in response
to image data; and a control part configured to
generate the image data, wherein the control part
conpr,ises, a part .configur to ] .an . e 1]

a %Ipaaubsacq{egsr%&%’&dpsg Y%’n agrf%"t, éle %%%géﬁq&a% a cpc%&{fgh?@d to
configured to add inage dots to the background portion

e hckHt FEPSheNFRRGeIPTNET Y MEIH BR I iGthgdade
portion by a fattening process only during a

therelen eimmusspomsgetoAtherinpde gsitact of the present
invention is to provide a conputer-readabl e program
for causi gtidlcampuher ¢bojgEnerfattbel prgeentat nfartigse is to
by an i nage form ng apparatus which forns an i nage on

5 plovE8Orsh Ngndmrdifeimbigi Afpaleiin s eompdi byng] £ci@abrdikg head

drops, - conprising a procedure causing the conputer to

chHEfS ALY | RAk! HPBp&ht® RAGKILRHNHg PREAH 8 +f fh an
I mage; and a procedure causing the conputer to add
.image_dots ta th kgr rtj_on.adj acen tih

R0 5L DEBBEAT KRR U0, 2HhaCE o B

fatteni ng process, dependjng on at |east one of a _ -
CEREISEES 9 AETGFaF fie M Borian, VASERY attero Ty pe]
of the inmmge portion, a resolution of the inage ,
Ppott COTRT LERF @ Earsr corfiwerashdieg gl porimafe @addon and
objects and further features of the present invention
10 awbhtkdpeowapparcertiobr o the fruideywiang depart egonfigured to
description when read in:conjunction with the :
288COoNPPNYddtE to the background portion adjacent to the image
portion to fatten the image portion by a fattening process
only during a predetermined mode.
A further object.of the present inVention is to
15 - provide'a computer—readable program for causing a computer to
generate imege 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 portion and a background portion of
20 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 resolution of the image

25 portion, and a color of the background portion.
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drawi ngs. BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is

a side view, in partial cross section, show ng a
warwaosase of a mechani smpart of an inmage f ormiT/IRp006/322060

apparatus whi ch out puts i nage data generated by an

I mage processing nmethod in a first enbodi ment of the

present invention; FIG 2-Bs a plan view showi ng an

i mport ant rt of .the mec i.sm part of the image

foF i ng. stk BIERERAh RrCher TopPlrts ot T pregent
~sectional view of a recording head of the imge.
1nvenE IRy aigdr REudPBRBRRT i ir 9B Ehel TPAkewing girfadled

| ongi tudi nal direction of an ink chanber; FIG 4 is a
desosiptsient iwheal repdwinfceiBnatdondWagh kel afcanpanying

i mage form ng apparatus shown in FIG 1 taken in a
ddaweedd.on along a shorter side of the ink chanber;

" FIG 5 i.s a system bl ock di agram generally showi ng a
control part of the inmage form ng apparatus shown in
FIG 1.; FIG 6 is a system bl ock di agram show ng a

] tféﬁ'{ a t ol part shown in FIG 5

B,EE%:—'?GD 7 iﬁgogli ggrga?sm%&; drivi ng signal wavef orm
gener ated hy. a_dr.i ving,wavef or m.generator of the pri.nt
control pdric -sHows an#‘fl%y%e"f’ ﬁg’Gpa§%il§£ac¥?sfrsl nsgeDCtlon’
chart for explaining driving signals selected fromthe

SEPYRAIG sﬁtgﬁﬁlélt%v@%o‘?n’i‘?@‘%r@a?“} pary ot an image formirg

apparatué which 6utputs image data generatéd by an image
processing methéd ih a first embédiment of the preéent
invention;

FIG. 2 is a plaaniew showing an'iﬁportant part of
thé mechanism pért of the image forming appafétus shown in FIG.
.1; |

FIG. 3 is a cross sectibnal,view of a recording
head of the image forming apparatus shown in.FIG. 1 taken .
along é longitudinai directidn of an ink chamber;.

| 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



small ink drop, a nmediumink drop, a large ink drop

and a mcro drive; FIG 9 is a diagram for explaining
w@2arisi7ag si gnal wavef or m dependi ng on an i nkPCT/JP2006/322060

viscosity, FIG 10 is .a system bl ock di agram show ng '

an image forming systemin the first enbodi ment of the

present. invention; FIG 119s a system bl ock d| agram

sho the im ocessi apparatus in t
WG SEPerahEanBht o RIS MVCERE 99 PP g Ehf
show ng a vvhlte character that is forned by a -
.Pébfh%a‘?ql‘stéﬁle?éﬁﬁl ghoyp @n G5 &4 di agr am showi ng dot s
of an inportant part on an enlarged scale, for
expl ai ni ngdliGhe 8whbt @ thairgtdranthdori gpr@h@m%;ﬁnweng
conpari son exanple; FIG 14 is a diagram showi ng a
simd Bs Gedreatiear frbat the dorwniedy sy geal ryavefont @ realize a
character fattening process in the first enbodi nent of

5 sﬁlg'?l P18 &itop, N¥eRtlon TG, & 2adbaol @ Ghiang a
dots of an inportant part on an enlarged scale, for

n€&PL ai i g the white character that is formed by
carrying out the character fatteningprocess; FIG 16

5,2 0L ShON N okl A0 \IRICHRON PR B ssgnan
-wéﬁ%gégénﬁlggédﬁﬂgtggraﬁhfﬁfq$fgeggiigen'ng process in-
| FIG. 10 1s a system block dlagrém showing an image

10 forming system in the_first emboaiment of the presént

invention; |

FIG. 11 is a systém blﬁck diagram showing the image
précessing appafatus in the image forminélsysfem shown in FIG.
10;

15 : FIG. 12 is a diagram showing a white character that

is formed by a comparison example;

fIG. 13 is_a'diagram showihg'dots.of 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 white 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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first enbodi ment of the present invention; FIG 17 is
"a diagram for explaining a window size used for a

w@adovesa1snat ching; FIG 18 is a diagramfor exptEIF200E322060

a 3 3 window size; FIG 19 is a flow chart for

expl ai ning the character fattening process; FIGS. 20A

t hrough 20C are di agrans fa&P-expl ai ni ng- reference

Eatter_ns of the 3 3 window size used in the character
PYAtE¥Hi ng process; FIGS. 21A and 21B are diagrans for

expl ai ni ngF[the ‘use of the reference patterns shown in

FI GS. 20A Big-od§hisce; dREsm SIRWRB0HEERS 22D ap ¢mportant
~diagrans for explaining reference patterns of the 55
parndow & anlaggddi acabe, cier ssirdailhangedi wel g cdegacter

FI GS. 23A and 23B are diagrans for explaining the use
tphtthe fameebgyeapather nshatemwer fakk&Sing 28 rddwsaudin the

22D; FIG 24 is a diagram show ng evaluation results
FVEP Sshb¥inidreub rChBE ast&feddtitrRinRgoRt ocess; FIG 25

is a flowchart for explaining a process of sw tching
- petveen a gde 1hhak GaK1 L85 o ! RGpIUBRAL O [ALARA 1 2

process depending on t aracter , aracter
t%ge and r'est%I ution ﬁmd a node that does not carry
ugGe e TRAAEEEr MAEFEERT g process: FIG 26A and 26B

respecti vel are a perspective
: P Ff&. 18 i P P

is'.a diagram for explaining a 3 x 3 window
size;
FIG. 19lis_alflow chart for 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 fattening_process}

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

FIGS.'22A 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 process of

switching between a mode that carries out the character



view and a cross sectional view for explaining another
structure of the recording head; FIG 27 is a cross
waemrosatal view for explaining still another SPETILR20062322060
of the recording head; FIG 28 is a diagramshow ng a
bl ack character that is formed by a comparison
exanple; FIG 29 is a di agtdm showi ng dots of an .
i mportant part on an enl arged,scale, for explainin
T PTDAGF SCTRr AT KO FBRnEOS byt el PasRCteT
exanple; FIG 30 is a_diagramshow ng a bl ack
tybriranst gieseREELPR, fante TRfec &PATI AGCDH RO AFdYalliEr the
fattening process in the second enbodi ment of the
chaneser ifavérhiog; pFdc@ss31 i s a di agram show ng dots
of an inportant part on an enl arged scale, for
expl ai ni ngrriche 2bhagkd ches actsgrecthiatliysateramgeedspective
carrying out the character fattening process; FIG 32

5 vidw i a0 awsEose e Ph A Nivig.A rWirndep) sigendisedther a
pattern matching; FIG 33 is a diagramfor explaining

sl 0wl 2gc FLGG $hdcs a flow chart for
expraini ng thecharacter” fatteni ng process; FIGS. 35A
through 35C are_diagrans for explaining reference . .
patterns dEf%Gt'hg731§ i LY sﬁeé%ll%@g Vge‘f'h O%heé{rpggtlg%ng
fatteni ng process; ' .
'still another structure of the recording head;

| FIG. é8 is a diagram showing a.black character that
10 is formed by a comparisén example;

FIG. 29 is a diagram showing dots of an important
part on an enlafged scale, for explaining the black character
that is_fo;med by the comparison eXample}

FIG. 30 ié a diagram shoﬁing a black character that

15 is formed by éarfying out a character fattening process in the
second.embodimeht of the present invention;

FIG. 31 is‘ahdiagram 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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FI GS. 36A and 36B are diagrans for explaining the use
of the reference patterns shown in FIGS. 35A through

w@2o7/057@ 37 is a flow chart for explaining aPoL/menos/322060

character fattening process; FIGS. 38A through 38E are
di agrams for explaining reference patterns of the 9 ¢
3 vvi ndow size used in the-Elaracter fattening process;
GS. 3 and 39B are di agrans for explaining the use
C%@raﬁ%‘r PéF&H&%gp%ﬁ%eﬁ% shown in FIGS. 35A through
35C, FIG 40 is_a_diagramfor explaining a character
fattening Fﬂﬁ@ee%Au%li”F@“ﬁ’ 3 BT PafyFIEIRT Q1 Sxplpiaing
41 is a diagram for explaining a character fattening
refacess psitngrassef otk jJaggy vondecdt sbre Wed i ths a
di agram for explaining a character fattening process
chSHAtE e tﬂaltﬂ;@njlaggyrmggctl on;, FIG 43 is a di agram
for explaining a character fattenl ng process using a

fourth jaggysconkgcih@MedlfBe #absasdia8ramBiAhing the
expl ai n| ng a character fattening process using a fifth

uéé‘ %,a{% ce. %&te‘&%é Srdwil i‘Hrﬁf&éor%ﬁ@h@oﬂbﬁ%sc;

arac g process u5|ng a sixth jaggy

2‘82?22%2?“%%?3&46 '3 BB N 5% RN fprner

correction; FIG 47 |s a d| agramfor expl ai ni ng a

'Cbﬁéﬁ%ﬁﬁrerfaftétepéﬁgn@r‘b??ﬁ:%ss usi ng an ei ghth jaggy

correction; :
FIGS. 38A through 38E are dlagrams for explalnlng

reference patterns of_the 9 x 3 window size used in the
chéracter fattening procesg;

FIGS. 3§A and 39B are diagrams fér.explainiﬁg the
usé of the refefence'patterns shown in FiGS.'éSA 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 précess,uéing"a second jaggy correétion; |

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

FIG. 43 1is 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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WO 29995081 r ect i ons;

FIG 48 is a flow chart for explaining the character
fatteni ng processes using the fifth through eighth

FIG 49 is a di agram show mgr/Jr2006/322060
evaluation results with and w thout character

fattening process; FIG 50 is a flow chart for .
expl ai ning a 'process of swiBchi ng bet ween a node that -
carries out_th charac er fat rocess de end

on the chardct grﬁ $P 28, ’caf%‘?aéll: &r Fngaéﬂbn?easo ﬁ%r

and a node that does not carry qut the character

fattemHih PLCesEsYSIRAEP MOSIHIAGAY ST eFe Wiagr ans

for explaining the jaggy correction with and w thout
t he char adil&. fdt tendndiagrgedor. eBRESTINVDDE F@Raracter .
CARRYI NG OQUT THE | NVENTION [ First Enbodinment] In a

fhteshimnhndicseat using hen priegemt jegyentoorect forgn i mage

to be formed on a recording nediumincludes a white

character gy chgi $si 8 Phbd eHiired /e @5(?%915&(5 ahehi te,
a fattening process is carried out to fatten the white

cFRBREEL Rt nogBl s S0 cocbackes aundgn ighen

The white’ character isin white or a color close to
IRBPY COTHRF T SBe the col or of the recording medi um
itself or, the color that is forned on the recordin
" nmedi um as HDadé é81 8r1aHrAYHENIAGRI ?H@ Lt ony Ws“gﬁé

bl ank dots to the
with and without character fattening process;

FIG. 50 is;a.flow chart for explaining a process of
switching between a mode that carries out thelcharadter
fattening pfocess depending on the_charactef size, character
tyée and resOlufion, and a mode thét does ﬁotTcar:y out the
character fattening process; ana |

FIGS. 51A and 51B are diégrams for explaining the
jaggy correetion with end witheut the character fattening '

process.

BEST MODE FOR CARRYING OUT 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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background portion includes replacing the dots of the
background portion by the blank dots. Dots in a
w@eoorpksy of the character may be in two or nBCEJIP2006/322060
colors. It is preferable to judge whether or not a dot
Is to be added wth the blank dot based on a pattern
mat chi ng between an m n whélow whi ch includes a target
pi xel and a predeternined pattern. In.this case, the
QAT Oﬁ?HFBEi RRe i SIS Sappl i ed to the
background portion of the inmage, and the blank dot is
added depdhgi nibp ehaxaafiar ¢F tReWhite Ph Fnadvnglose to
Furthernore, it is preferable that a selection or
wisini ¢ ,C leinalg magry bbet hadeo et wderthe mederdinq hmeaticen tihgelf or,
bl ank dots and a node whi ch does not add the bl ank
tiotsolothehsel est Formed @Ewithehiragobeinganedinen taso anbdes
may be nade dependi ng on the character size, the color
cgiof.h,e 9oLSigh Ribhe Pesipheny oF the shatacddrs tohehe
Ind of character and the résolution of the i mage .
Accor dj thLS. [; It LS SS$d
b%&e%%og{n@ﬁég%ﬁgédll ngﬂgc?éom t éL aﬁ%@ég?%ﬁné %or%tflt gcr111 et hat
woul dot herwi se thin the ite character, -and thus
PG RAEY IPé’rgilEPu]P% Hbeall?vﬁi?kofm?ﬁe white character. A

description wll now be given of this first enbodi nent
of the pr&$&st iPndeReTEIe Lo theaChasRF ¢t iMaY e 0 two
be given of an inmage form ng apparatus which outputs
or more colors. . .

It is préferéble to judge whgther.or not a dot is
to be added with the blank dot based on a patﬁern matching
between an m x.n window which includes a tafgét pixel and a
predetermined péttern. In_tﬁis caSe, the bat£ern'matchiﬁg is
preferably applied to the background pdrtion_df the image, and
the blank dot is added dgpending on a result of the pattern '
matching.

Furthérm&re,.it is preferable thaf 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 kind.of character and the resolution of the
image.

According to this embodiment, it is possible to

prevent the bleeding from the background portion that would



i mage data generated by an image processing nethod in
this first enbodi nent of the present invention, by
wo edognsi7eag to FIGS. 1 and 2 . FIG 1 is a si deP@i/arep0d/322060
partial cross section, showng a structure of a
mechani sm part of the inmage formi ng apparatus which
outputs the inage data gengbated by the imge
processing .nethod ip this first enbqdjment, of the
oPIEERE (B ERBNN R P SEs G701 SR | BWSEWERG
an inportant part of the nmechanismpart of the image
piotwinguadiavaplstsown ish FHRGACEer - The i mage formi.ng
apparatus shown in FIG 1 has a guide rod 1 and a
gui de rai IA Bescwhpthoh ovim guicde beeghees @f oviidgedirst
between right and left side plates (not shown) , and

cRbPROEdNnta FakhbageeSent) hvErtIh.f I E@kS’t 514 daddoriipian
mai n scanning direction. The carriage 3 is driven by a

r [ I r,
> RREPLR o defrl, A R R

as.t.o scan | na Cann t h
lm@ SR P ey 1k G E%a?“gﬁorh%hn%%a&ﬁs
7c, 7n1and 7k, .formed by corres ndlng nk-
ST L S R i S v e
magenta (M and bl ack (K) inks, are prOV|ded on
FiGcak rargh@-3 Wibh & P Ut atidey V&Y, nkN ePEE N OB es
thereof - arranged in"a direction-perpendicular to the
seat horsc atniwiggdir ettuocmrdhef iankechevt sprpawz Kifedhef image
the recordi ng heads 7y, 7c, 7mand 7k face down in
10 fb&hlind a ﬁﬁlétﬂ@twhheh\butébts Mh@ndegen&&targensnambddby

downwards in FIG 1 . Since the recording

the image processlng method in this first embodiment of the

present invention,'and FIG._Z is é_plan view showing an

important part éf the mechanism part of ﬁhé'iﬁage_forming |

Iapparatus shown in FIG. 1.

- 15 : : The image’ forming apparatus shown in FIG. 1 has a
guide rod 1 and a guide rail 2, which form guide members
provided betﬁeen'riéhtiénd left side plates (not shown), and
suppoft a carriage 3 in a manner freely slidable in a main
scanning direction. The carriage 3 is driven by.a main scan

20 motor 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, 7c¢, 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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heads 7y, 7c, 7mand 7k basically have the sane

structure, a description wll hereinafter be given
wowdaonosEspect to a recordi ng head 7 when not rEfEIF20060322060

to a specific color of the ink. A pressure generating

means of the ink- jet head forming the recordi ng head

7 is made up of a piezoele&ﬁric actuator such as a

R TR FETR sRBRTLTALAD ks

heati n reS|stor that utilizes phase change caused
apyange %ﬂnq|4%§GSFlPﬁeP??ﬂ?DQ%QH%éﬁetﬁeﬁﬁ?ym%&mcﬁFannlng
actuator that utilizes a netal phase change caused by
dar¢enperat Uthe drengdestioanneretes oof dthe raygtiog heads 7y,
that utilizes an electrostatic force, and generates a
781 e3B Wl thatface degni fedrli® d),ecb. theti tkefYomdt e and K
ink ejection nozzle. O course, it is not essential to

1RkOViHe abdiudependaatas ecormidlg iheadihcéotheagdrdritiing
color,. and the four recording heads 7 may be forned by

hgggsléya'féL” AN bgglé%%lJ“ﬁ% uraﬁltygﬂ¥ éﬁﬁfkture, a

nozz FOMIth I's made up
ection noz for_epectin the nk of _a Iur it
bR I BorSRIEETS Mo dher 9hcPneesafet atSOe ’
wi t hrespect to each of the_ recording heads 7. of the-
TEEPFREMHMRAY 'cUPEP. NTher SRAFTAK t8 poSEERAELE cRPIF & the
main tank (or an ink cartridge, not shown) via an ink
iskpply tube 9 , and receives the supply of the ink of
the correspondi ng color fromthe main tank.
A pressure generating means of the ink-jet head

forming the recording head 7 is made up of a piezoelectric
actuator such as a.piezoeleqfric element, a thermal actuator
which uses an-eiectro—thermal conversion élement such as a
heatiﬁg reéistor that utilizes a phase'chahge"caused by_film
boiling of the ink, a shape memory alloy actuator that
utilizes a metal phase change ;aused 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 inks of a plurality of colors.

A sub-tank 8 is mounted on the carriage 3 with



10

- 15

20

25

On the other hand, recording nedia 12, such as paper

and film are stacked on a spring-|oaded nedi a
wa@cksatgl part 11 of a nedia supply cassette 1BCDIP200#322060

i ke, and are supplied by a nmedia supply part. The

medi a supply part includes a cresentic roller (or

medi.um supply roller) 13 whieh separates and supplles

the recording nedia 12, one b rom the nedi
resRRK: g of thagrer ﬁ gdoﬂ .Céhfrespondlng
confronts the nedlun1supply roIIer 13 and is nade of a
coboer i dlhehaubngankl Br e euureqtedesp 8fMaip ctanth. (open ink
separation pad 14 is urged towards the nedlun1supply
capt t tdgd,3.nothehoendr diamgmedikusupRlyuppbe edl, faranaoeives
medi a supply part is transported under the recording
_tﬁ@a%fly dfn tordenkt of rewd i reepbndihg a6SPOFf t£10m the main
recordi ng nmedium 12, a transport belt 21, a counter
cLQkler 22, a transport gui de -23, a push nenber 24 and
a push. roIIer 25 are provided The transport belt 21

(transports the recordi pg, ediimAZ LIALALS 15 such as

el ectrosta y a hereon he “coun e?

22 i's provided to transport the recor
PAREERGS Siigpl i9&6 FFB%%&%.S&’%G&??E‘%%&E m?ﬁjlaﬁ f%acmg
gui de 15, between the counter roller 22 and the
peranshort saledizl SUPREY reaamysiitie @i @8 PBeglikRs aite are
recordi ng nmedi um 12 "which is supplied approximtely in
stihpl ved thya ndidiecsipply upawetr.d dheeoefdn) suppH @ark to
turn by approximately. 90 degrees in a direction al ong
ihhevdeans pordsdiglitc 2biledheopusiiimmrsepp2y o6 bsr )t ne which

push roller 25 towards the transport belt 21.

separates and supplies the recording media 12, one by one,
from_the.media.staeking part 11, and a separation pad 14 which
cohfronts the medium supply roller 13 ana iS'hade of a
material having a large coefficient ef'frictien. The
separation pad 14 is urged towards.the‘medium supply roller 13.

The recording medium 12 supplied from the media

supply parf is tranepqrﬁed under the reCordiﬁg heads.7. In
order to realize such a transport of the recordiﬁg medium 12,

a transport belt 21, a counter roller 22, a traﬁsport 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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Moreover, a charging roller 26 is provided as a

charging neans for charging a top (or outer) surface
w@boowlos278r ansport belt 21. The transport belt PAT/IE2006/322060

formed by an endless belt that is provided across a

transport roller 27 and a tension roller 28. A sub

scan notor 31 rotates the—lBansport roller 27 via a

timng belt 32?Snd atimng ro

CEATHES LA 2ondubitt W esprinnd pedfof it Sdep is

direction (or sub scanning direction) indicated by an
suppbied mpprgxipatehy gin ddiawieséicad ASrepiblamepryiRrs

back (or inner) surface side of the transport belt 21,
datect jpoyi tino'I€or Lespomdimdpyt @pprokimgeeIvrif niygrr@ngomn a

of the recording heads 7 . The charging roller 26 is

daréanged adlong RRSI transpertc erilacll heThopossh fnemeaf 24
the transport belt 21 and rotates to follow the

uf%ééz W ';ﬁ%h‘“%%?ﬂ@?t 29f L& dy aRSPerhnbsbit HelA A .
own 1n , aslit disk 34 is mounted on a shaft

Moreé'\pdrégra(ao%gg n@orefferz?ZGq] Fgf)§§8(§<9ra§5a 'éhar ing means |

rovi one or ap |ty of slits t he

sllt di sk’ 34. The slit 34 t _ 35 f

£ BRAFARE o AEP 48T PUTERST RBF L% Todis SRerirar: ot 21
is provided to eject the recordln% nmedi um 12 t hat. has
been subj &”teed:rtaﬁspﬁél;e}é%%%?r?g Iy TeRBefelbBr it P HERF Pelt

. The nmedia eject part includes a separation claw 51
that tepareatidegl sheosecariianpneadi gmlierf2omnde tension
transport belt 21, a nmedia eject rollers 52 and 53,
rabled T8di & ejubckchnayobdr 31 whitaheshehe| ecdregport roller
recording nmedia 12 are stacked.
27 via a timing belt 32 and a timing roller 33, so as to
circulate the transport belt 21 ih a belt transport direction
(or sub scanning direction) indicated by'an arrow in FIG. 2.
A guide member 29 is provided on a back (or inner) surface
side of the transport belt 21, at a'position corresponding to
an 1mage formlng région of the recordlng heads 7. - The
charglng roller 26 is arranged at a p081tlon to contact the
top surface 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



A dupl ex nedia supply unit 61 is detachably provided

on a rear part of the imge form ng apparatus . The
waleprese7sedi a supply unit 61 reverses (or turnBCDYE20)6/322060

the recording nmedium 12 that is fed back by a reverse

circul ation novenent of the transport belt 21, and

supplies the reversed recot@rng nmedi um 12 again

bet ween the counter roller 22_and_the transport
regor %&’é’mﬁ?’?nr%ﬁ:@é?q %aear bdovef en%%‘% thi %%6%:315%
~arranged at a position corresponding to a . : ,
ipghides Gr FERGIREGPRCHRY ofe ISrdECPRIghinG tdw ivpceréing

) along the main scanning direction of the carriage 3
medilive T2 dover yheethamspntbdelécdler 8 Bediargs inct Aelipss 52

i nk-jet nozzles of the recording heads 7 in a ,
ah@Ccs3 dahle ashatita dhect ecamesy wachhicls kb & jedtedes

caps 57 .for capping each of the nozzle surfaces of the

5 ré€SAIHIPGdBAII27are At .l ade 58 for wiping the
nozzl e surfaces of the recording heads 7 , and an ink

recei ving Pp%{d#)l%% ha6: £ egei gmgta'eeh%é §é%cfrﬁ%lf om
t he nozzl es of the ,recor%%%lwhea s 7 when a b ankyjirnk
ejection i's made to_renpve the inks having the '
OFREFSRET i G668 PYTArt BTy ONP SEnEoRGENAl SEacus - The
ej ectionfromthe nozzles frombeing interfered hy %he .
dipkex HeRA iy SURBLYnERERseH TAEESSS Y OT | Ut G¥Rigethe -
form ng apparatus having the structure described ,
rabove@ing mediegoldi hhatets afad back beparsgershirculation
supplied one by one fromthe nedia supply part, and
10 mbhement,of the transport belt 21, and supplies the reversed
recording medium 12 again between the cOunter-roller 22 and
the transport belt 21.
As shown in FIG. 2, a recovery meCHanism 56 1is
arranged at a position corresponding-td a non-recording region
+ 15 on one side (right side in FIG. 2) along the main scanning
direction of the carriége 3ﬂ The .recovery mechanism_56-
recovers and maintains the ink-jet noZzles of the recording
heads 7 in a recordable state.
The recovery mechanism 56 includes caps 57 for
20 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

25 the increased viscosity and prevent the normal ink ejection
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supplied recording nmedium 12 is gui ded approxi mately

vertically in FIG 1 by the guide 15. The recording
wore@7om742 i s then transported between the traPCPOrA06/322060

belt 21 and the ' counter roller 22, and the tip end

of the recording nmedium 12 is guided by the transport

gui de 23. The recordi ng neddum 12 i s pushed agai nst

the transport belt 21 by th sh roller 25, .so,that
PRt AN Sd FER T T ARE T E0r oY NP B P Eairg the
~changed by approximately 90 degrees. In this state, an
inpcre@sed,ylieggeitkii ch alternately repeats a positive

polarity and a negative polarity is applied froman A

. C . bias Isuppeyipage forminghempprabushkaing dgihegstructure

roller 26 under a control of a control part (not
dssemimedmaibekrew the beedestimicdhaedliat 22 . a ddesepamateld and
~part, including the A .C . bias supply part, will be
sdsSEIdPeshe BlebneArsSoR 1S Wddiat BEpbDP Saird ac@dknkhe

transport belt 21 is charged by the alternating

ch i vol t, : o L b §aqa i ich
R s R B i e s FA

alternately repeated at. predeterm ned w dths j.n the.. :
varl A e g BiPect: Bh id (e dmepored b eorshihe fdiom 12
_scanni ng drrection%.. When t he recordiqg'nediun112 hs.
igUpHAN &0 RPeTERECRBFRRN tThendBEPEPBEF V" 4h&nd the

recording medium 12°i s adhered on the transport belt
c@intyr etcddierogfat hndf ohe £ ipTieadr e€okte nEedridiing rpdium 12

adhered on the transport belt 21 is transported in the
18UpusEanNbynghei teahbporbygutite @3 culhei oecomlienemedofm 12

the transport belt 21. . :
is pushed against the transport belt 21 by the push ‘roller 25,

so that the transport direction of the recording medium 12 is-
changed by appréximately 90 degrees.

| In this state, aﬁ A.C. voitage which alternatgly
repeats a positiVe polarity and a.hegative polarity is appliéd
from an A.C. bias supply part (not shown) tolthe chargihg
roller 26 under a.céntrdl of a control part (not shown) which
will Ee described later. The control 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 polarity 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
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on ¢ dinggsepatabebh ehdyy edegtrRetrbter HRE T ec TG ng

By driving the recordi ng heads 7 dependi ng on an i nmage
signal while noving the carriage 3 in forward and

WO ewensEspat hs (goi ng and returning paths) al opgr/aree0s/322060

mai n scanning direction, the ink drops are ejected on
the stationary recording medium 12 to record oné 1ine.
The recording medium 12 is2then transported by a '

predet ermi ned amount in the sub scanning.directi,on_t
Chakad HRESRERE PFhb. 2 ndrien FPEEO U Ag IS nd Brhgred
rear end of the recording nmedium 12 |s detecte t he
medium 12 is ejected onto the media eject tray 54. In
réderdiage metiandipl eshexsbrai thewhirahsperoriislt ddgds on
both sides of the recording nedium 12, the transport -

+bahdpdds 16l khul aiBdsdantitg ceverstodibeciiionrirenation
the recording on the one side of the recordi ng nmedi um

m&gerﬁexﬁ:gﬂ Q%eo;trghgpé%oﬁgéﬂﬂ"@lmadi um 12 that is

recor irst) ends. The recording medium 12 bearing

the recorded j§ ) ' h i :
the dupt et S BapBrS e A e gEh  PacEth B chOan
_turned, over as .to record the inage.on t he %}%%5

) . SQ .
I5HGR BYIe “PedsT BPREP A URCE2 100 Res st Aot Brvas
therecording medium 12 that is recorded second) . The
reegrse b thec dioaiing ARdi xRSuEning RGANA) sHRY ddh&adBen
the counter roller 22 and the transport . belt 21, and a
stamhirgy cbinteraglions therimd duepst @rer anepoed etheche
recording medium 12 simlarly -as descri bed above and
st ot 1660ffl ddwwridingemeai trihel Ditheresbdd, ofie 1ine. The
recording medium 12 is then transported by a predetermined
amount in the sub scanning direction to record the next line.
When a recording end signal or a rear end of the recording
medium 12 is detected, the recordingioperatioh ends, and the
recorded recording medium 12 is ejected onto the media eject
tray 54.

In the case of a duplex reéording'which records
images on both sides of the recording medium 12, the transport
belt 21 is circulated in the reverse direction when the
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

other side of the recording medium 12 (the side of the
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the recording nedium 12. The recordi ng nmedi um 12

bearing the images on both sides thereof is ejected
wonioo/osd1el medi a eject tray 54. In a recordi ng BCEMNY6/322060

state, the carriage 3 is noved towards the recovery '

mechani sm 55, and the nozzle surfaces of the recording

heads 7 are capped by the-2&ps 57 so that the nozzles

S R R A R SR R

a recovery operation is made tqo suck the inks fromthe

- reeefing ifedin® dfate PRl TURPLiSCoP8ENgeRelR crunter

capped by the caps 57, so as to eject the air bubbles
rahtlet 22 iarics thavitngnshert neeldagdd wendcastiypinghgantrol is
recovery operation also renoves the inks adhered on

chhei @zalte tsurfranepoot the resaddinggmbdads Y2 byimilginiy as
cl ean the nozzle surface by the wi per blade 58. The

dbbapked dkargiRe binantwhigBoi s Y ahdedohothbecadridlide of
printing operation may be carried out before the start

. 0P . . _ .
eBhoHIEPLESR LR, epe B0 o R, R GECD! diiring ene
1 nk-jet hq%$cteris &; of .the r.ec

rdi ng, heads 7 .. :
HRBSES P RN yEesn EREFFObet i SEetar PHES) RS, TR iect
that forms the recording head 7 , by referring to
trpES?43 and 4 . FIG 3 is a cross sectional view of
the recording head 7 of the i mage form ng apparatus
shown in FIiGa Trecekdindl shgndby agrigitttudithal car¥&29¢ oh is .
of an ink chamber, and FIG 4'is a cross sectiona
meirew bbwdids reeordicogebgadechafismh&S, mage the nozzle
surfaces of 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 due to drying of.the.inks. In
addition, a recovery operation is méde'to sudk the inks from
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 ‘increased viécosity. 'This recovery operation
also removes the inks adhered on the nozzle surfaces of the
recording heads 7 by wiping clean the nozzle surface by the
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.

Next, a description will be given of the ink-jet
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form ng apparatus shown in FIG 1 taken in a direction

al ong a shorter side of the ink chanber, that is, in a
wa@l2oogos378n i n whi ch the nozzl es of the recordi Pgr/neack/322060

are arranged. The ink-jet head form ng the recarding

head 7 has a flow passage plate 101 that is formed by .

subjecting a single crystak3silicon substrate to an

néh T oeme ‘ﬁ’E'@Sg’%%f%ﬁar&ﬁ&easu?fZ%ﬁ'%% A rcs. 3

passage plate 101 and is formed_by nic

. ardt ekt r dfl&r-ni3ngs an@r%ﬁﬁuﬁﬁﬂﬁéoﬁﬁét@1263°¥rﬁﬁe|¥?qg6ﬁ&§6 head

on an upper surface of the flow passage plate 101. A -
7 s¢acked istagec foreingdepparadfust Bbowhown pakSagle takenealong a
101, the vibration plate 102 and the nozzle plate 103
1666 MBuchi ¥z digceoBhNd £ adr dmkpahamper 10and MEIG. 4 is a
comuni cates to a nozzle 104 for ejecting the ink, an

ctH¥s Cé@d@%a@@lbw ¥hi ol the REeSgURBad ST asM et athaga
connDn I nk chanber 108 for supplying the ink to the

k. chanb t
SO0 Y5 (R SOBBECAER i gl -

t th k nb 108. The
SRRt PPy R Gr Setiater Hoahdrjaetion in

provided to apply pressure to the ink_within the
whike Heiberozedesbp L dererirInF Himg Prefal i 3F° A Eid 0L

In this enbodi ment, an el ectro-mechani cal conversion

el ement iéﬂusé@kasethbe@$@@@mn@ggéhéra?cﬁgdxnguhﬁadTﬁehaS a

el ectro-nechani cal conversion el enment includes two
frowspdssfaghedet Yp& phez o eetrmed blyemen] sctlitly (a)r$|1ylgle

one row shown in FIG 4), and
crystal silicon substrate to an anisotropic etchlng, for
example, . a vibration plate 102 that is bonded on a lower
surface of the flow passage plate 101 and is formed by nickel
electroforming, and a nozzle plate 103 that ié bonded on an
upper surface of the flow passage plate 101. A stacked
structure made up of the flow passage plate 101, the vibration
plate 102 and the nozzle plate 103 formé a nozzle
communication passage 105 that communicates to a nozzle 104
for ejecting the ink, an ink chamber 106 in which the pressure
is generated, a common ink chamber 108 for supplying 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 to the ink within the ink
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a base substrate 122 on which the piezoelectric

el ements 121 are bonded and fixed. A support part 123
wo sooposersded bet ween two adj acent pi ezoel ect ri BCT/JP2006/322060

el ements 121. The support parts 123 are forned by

parts that are nade simultaneously as the

pi ezoel ectric elenents 12424hen a pi ezoel ectric

el emen er. i.s_divided into_the piezoel ri .
A1 O5 57 Hy FORBLL path ¢ edehagn e TAT ity vain shés

is applied to these parts that divide the

epheisandet e SéPEREATISRIFTECALN £ENY RES B Aamsdty iie used
el enents 121, these parts becone the support parts

ad 2%he Prespugeogenerat neineanst.s The atectommeasthedicsla
flexible printed circuit (FPC) cable 126 that is

comeE Sidrnietllemandr i ncheded ot trofrsobf shivaeRed thipes
driving.circuit may be fornmed by an integrated circuit

pl{éfderectia PenRBRES 12000 bhenrel shewyidd atigen4), and
plate 102 is bonded to a frane menber 130. Recesses

ag%%%%ggﬁ%%%a%epﬁ?gtSﬁt&ﬁgbﬁxyﬂé %%éz@@ﬂe égﬁéxgﬂgﬂénEEKIZl

are tormed in the frame ne 130. The
enetratjon part 131 accommodates, .t act uat or. n'% '
PR ot GRRAB5t ek o SRR 0T o &7 ehb s A g toen
the base substrate 122, An ink suggly hole 132 for - .
teapitiacRet P SEARIEFE ¢ RIS Pde to t AR GHRRPIMPATES:
chanber- 108 is also formed in the franme: nenber 130.
1P3ramxdimpimed biyephrasetmntsse redei simadeangously as the
thernosetting resin such as an epoxy resin or, a
phetyphemdiene lemehi s el 2 hnthdrs o priredebyctinj@ctlicment member
nol di ng. Recesses and hol es that becone the nozzle
is divided into the piezoelectric elements 121 by these parts.
Since no.driving voltage is applied to these parts that divide
the piezoelectric element member into the piéioelédtric
elements 121, these parts bécome the support parts 123.

The piezoelectric elements 121 are connected to a
flexible printed circuit (FPC) cable 126 that is mounted with
a driving circuit (not shown). This driving circuit may be
formed by an integrated circuit (IC).

The peripheral edge portion of the vibration plate
102 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
accommodates the actuator unit that is formed by the

piezoelectric elements 121 and the base substrate 122. An ink

supply hole 132 for supplying the ink from the outside to the
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comuni cati on passages 105 and the ink chanbers 106

are fornmed in a crystal face (110) of the single
w@eossd78si | i con substrate that forns the fl ow@HRIERAE#322060

plate 101 by an ani sotropic etching using an al kaline '

et chant such as a potassi.um hydroxi de. (KOH) sol ution.

However, it is possible us@>materials other than the

single cgrystal siljcon supstrate, such_as st ai nl ess
comeh e o Bt S RaTEe §8 ToS) Frateirgrs, 130-
The vibration plate 102 is nmade .of a nickel .nmetal ,
Fpragxanmia, itdef srape B ectibfisr REAg, of i desmssetting
However, it is of course possible to use other
ranierswadls afsolant kpoxybreasimropl & polpgpheryibenaissuidiigle, and
pl ates and conposite nmenbers which are conbi nati ons of
iBet@ime by @secplhahesoldivey pi ezoel ectric el enents 121
and the.support parts 123 are bonded on the vibration

plate 102 yrakeadhasi ¥81esnthdthecbaretREMBEs 21130 i s
further bonded thereon by an adhesive. The nozzles 104

X | tslgg a thgn%l;c?tt%elg%kl EI &FS &€ formed

c§#§%£%%%ﬁﬁg%?1 e ?ng chanbers 100, anagﬁ%ve a di anet er

.of approximately g- n1go appr.oxi.mat el 3@ m. The ‘
1Ro2z ’gyiﬁaa?t 2163 (iji Ogoﬂ etbh%rF‘W ©f FS%%B% s%%qelcpqnate

101 by anadhesi ve. The nozzle plate 103 is made up of .
sHPabyte Trovtnifegmsefber fHeWeastsageneiare 01 by an
predeterm ned | ayer fornmed on the surface of the

anoget xoior mteimgnbeing atel alkediiye eépbihensudthyas a

that is fornmed on the predeterm ned | ayer. The

pptezeaie dydroxdkdengROH L 2401t faor.nedobyvar, it is possible
use materials other than the single crystal silicon ‘substrate,
such as a stainless steel substrate and a photoconductiﬁe
resin substrate.

The vibration plate 102 is made of a nickel metal
plate that is.formed'by.electfoformingf for example. Howevér,
it .is of course poésibie to use other materials for the

¢ - : ' ' ) ' '

\ . . . . '
vibration plate 102, such as metal plates and 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 thereon 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 um to approximately 30 pm. The

nozzle plate 103 is bonded on the flow passage plate 101 by an
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stacked type piezoelectric element (PZT) having
pi ezoel ectric materials 151 and internal el ectrodes
wdadz7nkeast are alternately stacked. The inter naPCT/JP2006/322060
el ectrodes 152 that are alternately drawn out on
different end surfaces of the piezoelectric el enent
1%1 are respectively connezéed to an individua
el ectrode 153 and, a l ectro e 154 The pressure
aqRe s i ed ?on?ﬁéﬁ?ré?%gnﬁ% tRe™PRk ernfgé fy orming
causi ng the .pi ezoel ectric el enent 121 haV|n
memeen dlasiet pifcachatd antd Freds3erpineft 1aver d‘%lf"’@ﬁipﬁﬁdfihe
which in turn causes the volune of the ink chanber 106
stof &xgparfd thednopnie abyrmikgveesberi t and alvarqiogspslléent
to apply the pressure to the ink within the ink
1&perhelatl Q6 Byreedsongiderpidereehenedi taydement 121
havi ng a pi ezoel ectric constant of d31 to contract and

expand. | Rpaddi bboB cORE: ¢ QW aferPi €206k ectdieeymant s
121 nmey be provided on a S|ngle base substrate 122. In

Cké&] Ki}ﬂée %Ilgggg%gél%/r I C I'égnﬁzjtrt]:{ l{%%?; contr actptl%QOeleCtrlC

| oweri.ng the dr|V|n vo e e
mmametsﬂ o Lo ¢ aiilerchar E pucontzapnacely
As aresult, the vibration plate 102 is Iomered to-
staekedse Tie 1p5PERBL ?LIHEqARE dRANDBAT 13765 SHrRREtRAK
flows into the ink chanber 106. Thereafter, when the
ddawni o \aol Wagéeapnt i ent tornfesesi efothecpiezoadiesiant
121 is increased so as to expand the piezoelectric
etbesent1 22 hrenrasgécerté bn dannslited tbeah ayretisridual
form ng- the piezoelectric elenment 121 are stacked,

el Ber¥hdY atgornBl at 8odfizn | S1tafd@eds4. The pressure is

applied to the ink within the ink chamber 106 by causing the

piezoelectric eiement 121 having a'piezoelectfic constant of’
d33 to contract and.expand,.whieh in-tdrn causes the volume of
the ink chamber 106 to expand and.centract. However, it is
also possibie to apply the pressure to the ink within the ink
chamber 106 by causing the piezoelectric eleﬁent 121 having a
piezoelectric constant of d31 to contract and expand. In
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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in a direction of the nozzle 104 and the volune of the

i nk chanber 106 is reduced. Consequently, the pressure
wo 300appd78ed to the ink within the ink chanber H@ﬁJPzamziszzom

the ink drop is eject fromthe nozzle 104. By

returning the voltage that is applied to the

pi ezoel ectric elenment 121-2d-t he reference potential,

the vibration plate 10 r tu ns i ts.initi

theysink Owﬁn&ngﬂe thet g88xpéﬁagfigﬂﬁgheW5Fn the

a negative pressure therein. In this state, the i ? S
dtivingl ValtegeharPhke@ Hetridie P6ZPPORTEHRES COMRTEA Y |5r 11

chanber 108. After the vibration of an ink nmeniscus :
ihsredsme st ashéonezpired 10k ddeapslantrse aplanends 12dhén a
driving voltage is applied to the piezoelectric
deleserin 121 whakht BRe Nbager sk cajrdatl ohe Fhez ovettduact iof
driving-the recording head 7 is not linmted to that

cUeschd bed aheveraaREd) hend Rk Hxanbar p186e ceop e REe rmed

to contract and expand dependi ng on the manner in

lg‘“p%fé‘l%ehqec i yieng) 8 9{9 2} evef o +Har ¢ SxamP! & ﬂh% ink

"he p|ezoe rlc elenent 121 Next
descri pt

n wl given of the.con art of th '
gt P apbead, S G e »E—‘?stfu%e N &pp1ied
5 is a system bl ock di agram generally ShOMAng

teohhe olnlf)élflttl"dp the imagda®iah g Cappafatd Js‘i‘ﬁ)\/\?dfqpnls
FIG 1. A control part 200 shown in FIG 5 has a CPU

e2édt f Drorc driter oloizizdg 16Bé. entire i mage formng

apparatus, a ROM 202 for storing prograns to be

execut ed by theuCRUngdlthandobidwgr that is applied to the
piezoeleétric element 121 to the reference potential, the
vibration plate 102 returns to ité,initial.positibn, and the
ink chamber 106‘expands to generate a neéafiVé pressure
“therein. In this state, the ink is filled into the ink
Cchamber 106 from the common ink chamber 108. After the
vibration of an ink mehiscﬁs‘surface at the nozzle 104 decays
and stabilizés,.the.driVing voltage is.appliéd.to-the-
piezoelectric element 121 for the next ink ejection.

The method of driving the recording héad 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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fixed data, a RAM 203 for tenporarily storing inmage

data and the like, a rewitable nonvolatile nenory 204
wo 200785081 ng data even while the power of the POEIR006/322060

form ng apparatus is OFF, and an application specific

integrated circuit (ASIC) 205. The ASIC 205 carries

out -various signal processidgs with respect to the

i mage data, inage processing such as._rearrangi ng.the

Flfrage it SYARETHPOREE AR 0T CERBAE . bRebat g the control
signals for controlling the entire_ imge form ng

papparfatie iTegec SATRONT RRRALEGY SaF8BWRakN AL G ntler f ace
(I/F) for exchanging data and signals with a host unit
(not showd corarpii parto2@@ cthopar tin2@IGt hathasma @Res 231
data transfer nmeans for driving and controlling the

£62CO61H M 1herds hé andi fe dimiagen g oway a§osppaeNaIst ian®@OM 202
nmeans for generating a driving signal waveform a head

fgf:it %Lecgrjirg_:f ip\r%orgrlaﬁ)s 208pd A xlivddn @yt Rger €60 H NGirE3dSer

at- are nted on the carriage 3 , a notor driving

arh 220, fo LhybRg ERE ORI, A6A0 BLAL s AN dd1%tUWb and
‘fgé"?\% %%ﬁ!r K1, a%B%.% . |é\bs sup|3»IT§/3 parto? or
supplying'the A .C.. bias voltage to the.chargi . _
thel L BFE a8 T LEADLApRETERRE DUCP O PFY OO pat T 2B ige data
I nputting various sensor detectionsignals, such as the
edened¢hin Wigravert péntlenchtrde {OFT8Pg 2BPATRIEES En P
detection signal froma tenperature sensor 215 that
addt ext spp hiecanivinr sprenfic eirpmgntamed. cAncoper A$HEH 205.
panel 214 including an input device and a display
THeVASEC r EFpesirinielsy oher vanpaid igignand pdbsps symary with
necessary - :
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 aléo has an interface (I/F)
for exchanging data ahd signals with a host unit (not shown),
a print control_part 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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informati on of the inmage form ng apparatus is
connected to the control part 200. The host unit that

w0 soocos1ect ed to the control part 200 nmay be fPRCTERRO®/322060
an information processing apparatus such as a persona
conmputer, an inmage readi ng apparatus such as an i nage
scanner, and -an i mge pick2®-apparatus (or inmaging

appar at us) . such_as digital camera._The inmm dat a
S%ﬁﬁ?%%ﬁ;SP%PeaFrBﬁ?t$&??§%ﬁ°qjﬁﬂﬁnﬁisrEﬁ%ﬂwﬁﬂféﬁ%ﬁ:ﬁgnsors 43
host interface 206 via a cable and/or a network. The
amP 3P eEndnat Befecheor oIl FAPM 20bSPReERL WiR] sensor 215
interprets the print data (or recording data) within a
thec efitieat shuhbeenthatnmenti ricimpead twre hi At pdredtion panel
interface 206, and based on the interpreted print
20t gl nASEE 2RPutadét R Quid bheisprepsdsyidaage
processi-ng such as rearrangi ng of the i mage data. The

sing such as rearranging of tf a
T R T i R

i?-é%ﬁéé%%%lo%t%ke gﬂé?ggf%fﬁfkdj%%%a9§€gsff@ é&ﬁﬂgqyéhngo the
€ I nage are generate y aprinter driver of the

host wunit. ;5 print control part 207 transfers the
C??ﬁﬁﬁ%(ﬂﬁﬁi %rhe head driver 208 in the form of

serial data. The printcontrol part 207 also transfers .

to the hedthedhiopsr UpHB Bt ahfsONNEFEER BRdtharcptrol part

signal that are required to transfer the i mage data
20004y beakferited byaasf enfeidtiione proaksgiep arpayasus such

signal s (mask 'signals) and the like. In addition, the
al(SfDé]arﬁSeeﬁmiaﬂmcoﬁ@ﬁteEQ?aﬂl nhawtereaddngi tpbatacenaluady as an

A : :

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 control part 200 reads and
interprets the priﬁt déta (or recording data) within_a
reception buffer that is included within the host interface
206, and based on the interpreted print data, the ASIC 205
carries out the necessary image processing such as 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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converter (not shown) for subjecting a pattern data of

the driving signal stored in the ROM 202 to a DA
w@ewwessson, a driving wavef orm generator (notPGHhorm)6/322060

that is formed by a current anplifier or the |ike, and

a driving waveform sel ecti ng means (not shown) for

selecting the driving sigrab-waveformto the supplied

to the head driver 208. The driving signal wavefgrm
CORBECE PaFENnEPdt BHSDYE IS IHT O SHEr BPAP F 11 VBT Ziﬁda

supplied to the head driver 208 is nmade up of a single
tdansfery Quickeapdr Lately sigal fthat arpl ueaprirgd gro transfer

driving pulses (driving signals) . The head driver 208
tRel ftdde/ elataappbi s haké hehalrtirensgeel dafinitesucmkasirop

t he piezoelectric elenent 121 descri bed above that
CORPES At EyrAN seNRBEX $0greilest dride thekldkep fimmddikion, the

correspondi ng recording head 7 , the driving signa
ok P11 Ah 408 QLivl 867 SLEIAlIBL LT BRAt oL and REPI (157)

romthe print control part 207 based on the inage

dat a_ft hat,6 are inpu erially t bh t
Cgﬂﬁeﬁﬁﬁﬁnvltosé gniin%?o “ %féi? o%d%%EE%g%dgﬁ%ifﬁg?he

is to be driven. In this state, it is p ible to.,form
QHY S0 o G S PEPENET st SO A0 £6 8 PAA gePitite Sions @

(large ink drop) , a nmediumdot (nediumink drop) and.
dagwihy wote (IMEBENERRTGF off)ot pWae| EBRT nds thrrd Wng
“pulses formng the driving signal waveformthat is
canppht edingla ftilker beatherliler, 2081 allieigPyy2@dveform

cal cul ates a driv!hg out put value (control value) with
sk@8pefhg tedrite (ABENsE6WN) NMEdOrsel ecthagetdhe driving signal
waveform to the supplied to the head driver 208. ThHe driving
signal waveform that is generated by the print .control part
207 and supplied to the head driver 208 is made up of a single
driving pulse -(driving signal) or a plﬁrality'of driving
pulses (driving Signals),

The head driver 208 selectively applieS'to.the"

driving element, such as the piezoeledtric element 121'
described above that generates an energy to eject the ink drop
from the corresponding recording head 7, the driving 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. 1In 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
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on a speed detection value and a position detection

val ue obtai ned by sanpling the detection signal (pulse
wa2mnasist r om t he encoder sensor 43 that for nsP@H&EP2006/322060

| i near encoder and a speed target value and a position

target val ue obtained froma prestored speed and -

posi-tion profile. The CPU-201 drives the main scan

nmotor 4 via the tor drlvln% art 210 based an the
T bl TG SR R e b8 b et g BaL ses

motor 4 . Simlarly, the CPU 201 cal cul ates a _dr|V|n%

forming the geivénat poynadalMpseigirth thaspeetsyrpkied §gpthe
scan notor 31, based on a speed detection value and a

heasidriorexde08ct i on val .ue obtai ned by sanpling the
detection signal (pulse signal) fromthe encoder

sensor 35 MrkatphopiE EAEcUiwY acdedeng anat puts pedde
target value and a position target val ue obtained from

@or’?tfféf Qf A eIPEEnaRds RAsi tiPrhRr ghkhescdhanddd? 201pased

drives-the sub scan notor 31 via the notor dr|V|ng

of L o5 BRI 98 ?gl&gl%q\gat gj%sqrcgwae%@wn hde

e Su Scan ho escrlptlon Wi

glven f t he r|nt cont t 207 a d headnal from

F3i/eed 308 aﬁ@ tBPef?? %E R Saana §%
systen1b|ock di agram showi ng the pri nt control part - .
the7ertodaie seaerol Spahat FhERG LATERE SBCORs 3ofn

in FIG 6 , the print control part 207 includes a -
speedi targwy ofadum geder aqreFit3Ph ftarggenealee eptaided from a
outputting the driving signal waveform (common dri vi ng
pSkghatedvastrfedr mhdt pasitsod qyrefd ley aTheuCBUi 201 afrives the
driving pul ses (driving signals) within one print :
mRShI 9dan AW A dataat fRESE®or driving part 210 based on the
calculated driving output value for the main scan motor 4.
Similarly, the CPU 201 calculates a driving éﬁtput value
(control value) with respect to the sub scan motor 31, based
on a speed detection value and a position detection value
obtained by‘sampliﬁg the detection signal (pulse_signal)-from
the encoder sensor 35 that forms the rotary encoder and a
speed target value and a'position target value obtained from a
prestored speed and position profile. The CPU 201 drives the
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

control part 207 and the head driver 208, by referring to FIG.

6. FIG. 6 is a system block diagram showing the print control

part 207 of the control part 200 shown in FIG. 5.
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ipekedes a rdaqaréflpgowatf%f%r%ggﬁﬁ‘e|r

part 302 for outputting a 2-bit inmage data (gradation
signal having a level 0 or 1 ) according to the
w@eionbsa1gl | mage (or recording inmage) , the cl op&r/JP2006/322060
signal, the latch signal, and ink drop control sidgnals
MO through MB. Each of the i nk drop control S|gnals MO
through M3 is a 2-bit S|gn32 that instructs openlng or

I f I h h
208, whi S BHAE A st e Q%#eaﬁ@“g'in 2?5%*25%‘1‘3 bae LP}??

Each of the ink drop control nal s _MO_t hr ough
aYer ¢ N %?%t%e)n%attﬁng and
respect to the waveformto be sel ected and nmakes a
otitamst it Heo daivong| siana) GRFeEpame) copmen rdsipdag ségnal
t he waveform not to be sel ected, depending on the
wBvéfbrperded ok tbemedrvpra dﬂju\tiaﬂgtyi gfiatir ivadref gruhses
The head driver 208 includes a shift register 311 for

HPPVIﬁérghéﬁﬁistr@E§ﬁ§ﬁ ShOGciber pehibl, choekd @itd thensfer

serlal I mege data (gradation data haV|ng 2 bits per

p%{:?ggﬁ’% )%%{\%{pﬂﬁg?ﬂﬁa tfa&\. %Ena rEa‘EQZ(gf‘a(ﬁﬂl% s:.gnal

ing eac i st value of the
se to he | at

shift register 311 [ es

ha¥Lde? ‘Se]f & an&gd? q?ﬂé-‘ggrtgdg Foh U4 € n%“r}’l%ne t

i nk drop control S|gnals MO throu%h M3and out$ tt|g§d K
rgeebdbed rigwas),, AhPeGePCk ¥l 3Ther SRTERNTEITF g in

| evel of a Ioglc | evel voltage signal that is output
dippneotier ae coidmal8180athrdgiddtoded result into a

| evel at which the analog switch 315 is operable, and

t he analogEédmtdﬂ1t&k51hhadrmg orinod] lsednadst e tﬂnnugb M3

or open (ON or

is a 2-bit signal that instructs opening or c1051nq of an
analog switch 315 within the head driver 208, which forms a
sWitching meané, for each ink drop. Each of the ink drop
control signals MO through'MB makes a transition to a high
level (ON state) with respect to the waveform to be selected
and makes a transition to a low level (OFF state) with respect
to the waveform not to be selected, depending on .the 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 contrcl signals MO through M3
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OFF) state in response to the output of the decoder

313 that is received via the level shifter 314. The
waoml/ose78wi t ch 316 is connected to the sel ectiBCI/JP2006/322060

el ectrode (individual el ectrode) 153 of each

pi ezoel ectric element 121 to input the comon driving

signal waveform fromthe dBBvi ng wavef orm gener at or

301. Accordingly, by turni the anal og, switch 315 ON
SRR 99 EErRNEE TR oradBrEbn Rt ST L Tog
serially transferred fromthe data transfer part 302
candertingiecdeyelr efupt ledig leyeduvplhtage ovd Iel ddeddés
313 in response to the ink drop control signals MO
otibpotighrdvB the peeddeer Blhexs dhevidegodednagsily rintp ehéevel
conmmon driving signal waveform passes through the
a@N@h Oéh stid Ghaddy, shathi 315 iis spleeabid, and tiee analog
applied to the piezoelectric elenent 121. Next, a

sPeschi Ptd oA lils Bengiyele®frd had BEoHagobYoddie (ONRGR
orm ng apparatus. The ink drop which is ejected from

ob R REEGE YRR, 2 e R Lo PR dpustay o
1) FECFEISR MGHERE. (SHFY B S IHd i grent). 6wt 5%
orgreater; (c2) First Wetting Agent; (c3) Second . ,
Wt ting AR anedep SR GEN 38 ganicenasrieft to (g selection
Ani on or Noni on Baséd Surface Active Agent; _
electrode (individual electrode) 153 of each piezoelectric
element 121 to input phé common ariving signal wavéform from
the driving waveform generétor'BOl. Accqrdingly, by tufning
the analog switch 315 ON depending_on the image data
(gradation data) that is serially transférfed:from the data
transfer part 302 and the decoded reéult.that'is output from
the decoder 313 in response to thé ink,drop Cont;ol signals MO
thréugh 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)-(cl0).

(cl) Pigment (Self-Dispersing Pigment), 6 wt.% or
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(c6) Polyole or dycol Ether, Carbon Nunber 8 or
Greater; (c7) Emulsion; (c8) Preservative; (c9) pH

wadjoassizeag Agent; and (cl O Pure Water. |n ot heeT/Iwe068322060

the pignment (cl) is used as the coloring agent for the
recordi ng, and the solvent (c4) is used as an
essential conponent to deeB8Apose and di sperse the
pignment (cl) . In addition, the first and second
INeEtFhy agents (c2) and (c3) , the surface active
agentﬁ%cS) , the emulsion (c7), the preservative (c8)
and tlgd) pHigftu¥ersgnagleentc9) are added as -
additives. The first and second wetting agents (c2)
and ((€3) &erandx@eticangrBgento effectively utilize the
characteristics of each of the first and second -
wet t i (Rg)ageiltis1eCdrgandc (8S)ventgnd.- to facilitate
vi scosity adjustnment. A nore detail ed description will

now be.sgi Vel 8f 8afBnebnt BEs&PNalire@nh el paeRdent ;
(cl)-(cl g) of the ink. The pignent (cl) is not

limtedt %éala%;l%: oGUERLELI Al ERG (GHEEE lo.An

i nor gani'c “pi or gani ¢ 'pi gnent . I nor gani c
gigneng may be selected fromtitani um oxide, iron
GogfHBT 4nd carbon bl ack. The carbon bl ack may be
produced by known nethods such as the- contact nethod,.
t he f@ﬂﬁaé&@ﬁﬂ%%m and the thermal nethod. On the
ot her hand, the ' :

{(c8) Preservative;

(c9) pH AdjustinglAgent; and
(cl0) Pure Water.
in other words, .the piément (cl)'is used as the
coloring agent for the recording, and thé solﬁent (c4) is used
as an essential component tb deéompdse'and diéperse the
pigment (cl).. In addition, the first and second wetting
agénts (c2) and (c3), the surface active agent (95), the
emulsion (c75, 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
utilize the characteristics of each of the first and second
wetting agents (c2) and (c3), and to facilitate viscosity
adjustment.
A more detailed description will now be given of

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

The pigment (cl) is not limited to a particular
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organi c pignent may be selected fromazo pignents,

pol ycyclic pignments, chelating pignents, nitro
wW@e@mest7sy nitroso pigments, and aniline pi gnePCEIER00322060

as aniline black. The.-azo pignments may include azo

| akes, insoluble azo pigments, condensation azo

pignents and chelating az®>pi gnents. The polycyclic

ment s | ude t al ocyani ne, ment
s TP P e e e LABRE AT S HOH G Bl 87 grganlc
qui nacridon pignents, di oxazine plgnents th|0|nd
.pmrgafém s Thies sNABERMEH @ IGTGRENTEY ﬁdsalﬁqfc?anfﬁ&moﬁétamum
pi gnents. The chel ating pignents may include basic
oxid atiimog pikgdenasd arekrbasi $lelksl at The @ighmmnidackf mapebe
above described pignents, the ink used in this _
pESHQEdTRRL kpoRhenathoddhasich geodhaf Eomidat wdthodat ehe
The grai-n dianeter of the pignent is preferably in a

£ HetRoBO AR £Re 1GhdPHa)l @REHRBLE OF efe AUnérlhARH, the
or and nost preferably 16 urn or less. The

ess, 0.
amunt of t | t i :
oSG bl SR U, s LD v
and nor referabl range o %to, 12 w..%
DL o AL A SR PET Rt T e P E o, athgse. bidhents,
i nkused in this enbodi nent are as follows. The blagk .
apAl e Nea P iBBCEEF eBHEY 3% GhiddPBoR1BF4c ksThecaze Plgments
pi gnent- bl ack 7 ) such as furnace bl ack, |anpbl ack,
may etndlerwe bizackabes, ciramsiblel ack, phementss s emdgnsation
copper, iron (C | . pignment black 11) and titanium
afXisiegmerts, and chelating azo pigments. . The polycyclic

pigments may include phtalocyahine pigments, perylene pigments,
perinone plgments, anthraquinone plgments, qulnacrldon
pigments, dioxazine pigments, tthlndlgo plgments,

isoindrinone pigments, and quinophthardne pigments. The

'chelatihg pigﬁents may include basic chelating pigments and

acid chelating pigménts.

of thé.agove‘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
0.05 um to 10 um, and more preferably 1 um or less, and most
preferably 0.16 um or less. The amount of pigment within the
ink, as the coloring agent, is preferably in a range of 6 wt.%

to 20 wt.%, and more preferably in a range of 8 wt.% to 12

o\°

wt.

Particular examples of the pigments within the ink
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organi c pignents such as aniline black (C. | . pignment
bl ack 1). Col or pignents may be selected fromC . | .
wer@mestsyel |l ows 1 (fast yellow G, 3, 12 (di BZDJIP2006/322060
yel l ow AAA), 13, 14, 17, 24, 34, 35, 37, 42 (yellow
iron oxide), 53, 55, 81, 83 (diazo yellow HR), 95, 97,
98, - 100, 101, 104, 108, 160%6- 110 117, 120, 138 and
153, . C i gnent _or anges 1 13, 16 17, 36, 43
uged Jslthes effg bﬁ“@%rﬂ“’r%& ffl oys. 5, 17, 22

(brilliant fast scarlet), 23, 31, 38 48 2 (pernanent
red 2B (Bdhe bigck PHEReRNGIRY PSd SeRerEsy) from: carbon
(permanent red 2B (Sr)), 48:4 (permanent red 2B (WMh)),
bl8chs B2 X. @3gmen67b11ac(1bﬂ)l Isugiht asafninacéB)lado: 1,
63:1, 63:2, 54:1, 81 (rhodam ne 6G | ake), 83, 88, 101

.1&5@@9@&1« 4t y188e BOSck 14 (Padmenbledk, ,ndtdls Elkh as
122 (qU|nacr|gﬁn magenta) , 123, 146, 149, 166, 168,

cc}gﬁe _7gror1176 ¥78p1 dként ]kﬁl%cklaq 384, + 208n Ang c&]l%,:l%cand

nent V|olets 1 rhodan1ne | ake), 3,

Of%%?%ﬁ: o%agcgrhc—*fnﬁces %uch ﬁ)s B&fg[ﬁg& Igi%&élécs ’pljg%\ent black 1).

(phtal ocyanine blue E), 16, .17:1, 5 6Q. and 631 and
o ooy BagReThs Aay be selgtted 2R % 1o Amene
36. O course, other |gnents may be used, such as _-
ygihews pl ghiasts Ylﬁ?é\lPHg the3s % dCdagP YRELBY gt (For 14/
exanpl e, carbon) processed by a resin or-the like so as
17p &, AB4pesi B7e #A Weeklow dmprprsddssedSpi ghent&l, 83
having the surface of- the pignent (for exanple,
(aanbenye Bl dirgi, t B5a Bunces oriado,grioap $0d¢h 888 suldnndlo,
group and carboxyl group so as to be dispersible in:
18t efzp, 138 and 153, C. I. pigment oranges 5, 13, 16, 17, 36,
43 and 51, C. I. pigment reds 1, 2, 3, 5, 17, 22 (brilliant
fast scarlet), 23, 31, 38, 48:2 (pé;manent red 2B (Ba)), 48:2
(permanent red 2B (Ca)), 48:3 (permanent red 2B (Sr)), 48:4
(permanent red 2B (Mn)), 49:1, 52:2, 53:1, 57:1 (brilliant
carmine 6Bf, 60:1,'63:1, 63:2, 54:1; 81 (rhodamine 6G.lake),
83, 88, 101 (rouge), 104, 105, 106, 108 (cadmium red), 112,
114, 122 (quinacridon magenta), 123, 146, 149, 166, 168, 170,
172, 177, 178, 179, 185, 190, 193, 209 and 219, C. I. pigment
violets 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. I.
pigment greens 1, 4, 7, 8, 10, 17, 18 and 36.

Of course, other pigments may be used, such as

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



The pignment may al so be encapsul ated within
m crocapsul es so as to be dispersible in water. The
whbmeksi7eak used in this enbodi nent preferably PeDIRdEs322060
as the pignment, a pignment dispersant which is obtained
by dispersing the pigment wwthin a water nmediumby a .
di spersing agent. The di spgVsing agent is preferably a
known di spersant._which is useg to aﬁ%ust a kno
CRFRARINPTACESSPLaRY . @ THeS it FeFiEnt1Ray Pt 3 &%d
from polyacrylic acid, polynethacrylate, acrylic
.dbgpersidyl@ dni WRLRE, copd|BARSES SEANPLIBRRY St Hny the
(acid) ester copolymer, acrylic acidacrylic (acid)
sat kytestfertheopabpentr (fot yaxamplaer ghrleonkiatded with a
copol ymer, styrene-nethacrylic acid copol yner, ,
£eh¥t BRRACIGHOup 8atH- asr bl foreagirdipabky| estlssxyl group so
copol yner, styrenenethacrylic acid-acrylic (acid)

5 a8l KYIeStaIsfeORebYBRIn Bivdene- -nmethyl styrene-acrylic
acl d copolyner-acrylic (acid) al kylester copol yner,
styrene- iI'¢c..acid..c I eV 0 I
napht hal gﬁlleh-eengﬂl [ S‘chﬁgyc%po fr?eﬁ?%vpﬁbl ated wlthln
acet at e- et hyl ene copo] r, vinyl acetate-fatty acid

mWﬁ?f@%‘i"ﬁﬁ%ﬁ@ @Bpggyﬁéﬁl%ﬁ%ﬁﬁ%&@efgt,‘é@%“f eic acid
ester copol yner, vinyl acetatecraotonic acid copol yner,.

“and vinyl Hetdeskadpll peedditidds gRePIIPENt Hergifrably:
used. in this enbodi ment, the weight average nol ecul ar
inelgles ofas Hése pdgpehyner Pisngntetldsrpryanth whighdes of
3,000 to 50,000, and nore preferably in a range of

10 obt80fed L BYiIPRrsand thstpiynedfrar alifthinna awaeegenaafium by a

7,000 to '

dispersing agent. The dispersing agent is preferably a known
dispersant which is used to,adjusf_a known-pigment dispersant.
.The.aispersant may be sélectea'frbﬁ polyacrylic
acid, polymethacrylate, acrylic acid;aérylonifrile copolymer,
15 wvinyl acetate¥acrylic (acid) esterICOpolymer, acrylic acid—'
acrylic (acid) alleeéfer copo;ymner, styrene—ac:ylic.acid'
copolymner, ;tyréne;methacrylic acid dopolymér, styrene—
acrylic acid-acrylic (acid) alkylester copolymer, styrene-
methacrylic acid-acrylic (acid) alkylester copolymer, 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 crotonic acid copolymer, and vinyl acetate-acrylic acid



15, 000. The anmpbunt of the di spersing agent may be

added wthin an appropriate range such that the
w@e@mes7si s stably di sper sed and ot her desi rabP(er/JP2006/322060

effects are not lost. The dispersing agent is

preferably in a range of 1:0.06 to 1:3, and nore

preferably in a range of 438-125 to 1:3. The pignent

used as the coloring agent anounts to 6 wt. %to 20
CQROLlWASHth respect to the total wt. @6of the ink, and

the grain diameter is in a range of 0,05 mmto 0.16_mm

In addi tiroihet RBKpRgp@ritn it 1g SPRPLEmEnft Hilke walght

by the di spersing agent, and the di spersing agent used
aVSrageanMmGMleGUWaigUtsp@ﬁsﬁﬁg agenlyhews nigg preferably in

nol ecul ar weight in a range of 5,000 to 100, 000. The
aPt&hdl & wloiony tbs50 PPo®yethdvieret heeSetaibl e iof gamatige of

sol vent includes at |east one kind of pyrrolidone

5 586 val I3e, Oo@ndaﬂérﬂwb%|ﬁéﬂér%b@yr 18l & desese W 17,000 to
regard to t first and second wetting agents (02) and

el it eaghitls ros B HSLHETL ALyl erning

n the’i I um the case
of the |nk used in this enb or exa
W B B h g SURBILE B r GRS S AL By BETTERY For okeY
pur poses of making the ink have desired pro ertle
dpepeesrd mpdOFNgg 8eEhERik eHRFtSnBFEVENY f ¥
di ssolution. A-plurality of such sol uble organic
d$speesirsy regerite ini pedfeddely ilrse anogseednd: Geldf itieg 123,
agents (c2) and (c3) .and the sol ubl e organic sol vent
10 ah@dhor@ypherereibagt ed &roangolothydoi.¢2al tohdi 3. such as
et hyl ene glycol, diethyl.ene glycol, _
The pigment used as the coloring agent amounts to 6

he

wt.% to 20 wt.% with respect to the total wt.% of the ink, and
the grain diameter is in a range of_O.QSEﬁm'te 0;16 pm. In
.addition, the -pigment is dispersed within water by the

15 dispersing agent, and the dispersing agent used is a
macromolecular dispersing agent having a molecular weight. in a
range of 5,000 to,iO0,000. The picture quality is iﬁproved
when.the soluble drganic solvent includes at least one kind of
pyrrolidone derivative, and particularly 2-pyrrolidone.

20 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

25 making the ink have desired properties, preventing drying of



triethylne glycol, propylene glycol, dipropylene
gl ycol, tripropylene glycol, tetraethylene glycol,
weooylosatel gl ycol , pol yet hyl ene gl ycol , polypropynmammnzﬂmo
glycol, 1 ,5-pentanediol, 1 ,6- hexanedlol gl ycerol, 1
, 2 ,b-haxanetriol, 1, 2 ,4- butanetrlol 1 , 2
, 3-butanetriol, and petrioB9-The first -and second

mettlng a ents d 3 nd.t he sol ubl e .qorgani.c
B I 20 A T B S
al cohol al kyl ethers such as ethylene glycol nonoet hyl
seiwde oxgRpRensohYSet Bsh&SulyKeEt her,  dj et hyl ene.
gl ycol nononet hyl ether, diethylene egcoI nonoet hyl
et her, diéhhyfénetg&w@cﬁeQﬂndawﬁﬁyﬂnet&mﬁnts (c2) and (c3)
tetraethyl ene glycol nonomethyl ether, and propyl ene
afd o sneeehylgehhersolfemtf i(cd) aay Isecmidoredt frgm
agents (c2) and (c3) and the sol ubl e organi c sol vent

5 &gﬁﬁe ydBY- 313enbessel.ent 84 Efﬁ?lemi YIRHI1G @1'1@Qh9h.eﬁéyblycol

rs such as ethyl ene glyc nDnophenyI et her,

MR RS e g

solvent al so_be Iected fro
C T GRO o R g FER Y SRy T cg&xﬁ%i;”u&aexysl&éﬁ% gavgol,
p rrolidone, N-nethyl-2-pyrrolidogne, o
: Y& X%QHQZHQVCQ pype%quﬂﬁﬁ;nelglycol 1, 5-pentanediol,
, 3-di met hyl i mi dazol i di none, e-caprol actam and
1, Gritgxagleaidodne glyThaoti r 9t 2afdhasensicr 19t t ing 4gé‘>hltt§netrlol
(c2) and (c3) and the sol uble organic solvent (c4) ’
10 1; ppy-wltsmdie isel eah@dpétinlam des such as formani.de,
N—wethyl formam de, and N, N-di net hyl
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 ethyleﬁe glycol
monoethyl ether, ethylene glycol monobutyl ether, diethylene
15 glycol monomethyl ether, diethylene glycol monoethyl ether,'
diethylene glycol monebutyl ether, tetraethylene glycol
monomethyl ether},and_pfopylene glycol monoethyl ether.
The first and second wetting agents (c2) and (c3)
and the soluble organic solvent (c4) may also be selected from
20 polyhydric alcochol aryl ethers such as ethylene glycol
monophenyl ether, and ethylene glycol 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-

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



formam de . The first and second wetting agents (c2)

and (c3) and the soluble organic solvent (c4) nmay al so
wheogmbmst ed from ami nes such as nonoet hanol aP€TER2006/322060

di et hanol am ne, reiethanol am ne, nonoethyl am ne,

diethyl am ne, and triethyl amne., The first and

second wetting agents (c2y4@nd (c3) and the sol uble

organj ¢ solvent (c4 a) so.be.selected fro
PREF LTt d i A RO 200 LBEPST e GRolactan, and
sul f oxi de, sul fol ane, and- thiodiethanol, propylene
yohubwirdtastoagd et hyl ne carbonate. O the above
descri bed organi c solvents, diethylene glycol,
t hi odi et hahal fipstyentiy$esmndyWwedtsing0agewos (c2) and (c3)
trienthyl ene glycol, glycerol, 1, 2, 6-hexanetriol,
add 2:Ke dultuet birghnipeisiwaint 4 cd)--pent ahedid ,selected from
2-pyrrolidone, and Nmrethyl- 2-pyrrolidon are

5 aﬂ?{?éé_%&{ I Roehehabl & winadiihesensal ¥eNtsnday a-difethyl
' effect. of obtaining satisfactory dissolution an
fgregﬁgaéng deterioration of the ink ejection
FRhEFECt e st c. O her preferable wetting agents

i nctude sugar._.Sugars may incl ude .pol ysaccha Q&es such .,
as rmnosaggl?arqlﬁé,%d_?ggcﬁ%%?r?%é”,ed%ﬁglgo%%%g%cf:% rige (©3)
(i ncluding trisaccharide and tetrasaccharide) , and- -
‘apelefler atp il csgenifesmbiNt f(Gidt BaY, 2P oRe, S8hRAGEE, from
ar abi nose, gal actose, maltose, cellobiose, |actose,
amicessych raghaionsethanol ratins,r iddesharpeé amine, reiethanol
pol ysacchari des are used to refer to sugars in-a broad
10 af@A&FL,monoethyl amine, diethyl amine, and triethyl amine.

The first and second wetting agents (c2)"and (c3)
and the soluble organic solvent (c4) may also be selected from
suifur—containing compounds such aé_dimethyl Sulfoxide,
sulfolane, and thiodiethanol, propylené carboﬁate, and ethylne.

15 carbonate.

Of the above described organic solvents; diethylene
glyceol, thiodiethanol,. polyethylene glycol 200-600,
trienthylene glycol, glyéerol, 1, 2, 6-hexanetriol, 1,2,4-
butanetriol, petriol, 1,5-pentanediol, 2-pyrrolidone, and N-

20 methyl-2-pyrrolidon are particularly preferable since these
solvents have the effect of obtaining satisfactory dissolution
and preventing deterioration of the ink ejection
characteristic.

Other preferable wetting agents include sugar.

25 Sugars may include polysaccharides such as monosaccharide,
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and may include naturally existing materials such as

a- cyclodextrine and cellulose. In addition,
walenresa7sves of these sugars nmay i ncl ude reducPCIER0¢322060

(for exanple, sugar alcohol (general fornmula HOCH 2 '

(CHH) nCH2COH (where n is an integer from2 to 5 ) of

t he -above descri bed sugars4lsugar oxide (for exanple, :

al donic acid and uronic acid),, amno.acid, and thio
aferaeh g APBORGT ST GAT I8 AaPgLBR o &r ) Foapgide and

may include maltitol and sorbit. The sugar content
terrasacalpride) coAPBsPEFERY AR Yo GdEPEBl yNRNQ@S§rarfgaicePse,

0.1 m.%to 40 mt.% and nore preferably in a range of
ribssev .¥pltase30ankbifoTde galrdcioseacmaybosgente(lsB)oise,

not limted to a particular kind. For exanple, anionic
188tb86L Adrose, ageshaldye pearseimedttedriosm The

pol yoxyet hyl ene al kyl et her acetate salt,
pg9g§§¥ henzeesukl gBkg 861 bAA tro lsaghyt 8814 15@da sense,

and pol yoxyethyl ene al kyl ether sulfate salt. For

exanpl e, nonj_oni : C i : y st ed
P pol YO Rt Rl L o e mBaBRt e R il ©

al kyl ester, pol yoxyethyl ene sorbitane fatty-acid
C@%?é@?f&ﬁ?ﬁ?f@@h§?iﬁgpéf%y1fehyl et her,

polyoxyet2¥Iene.akaIanine, and po%yoxyethylene -
" al kyl ami deln BRslizBepe destYabites nlf 488S8cErIRIHIg¥ s -

may be used independently or, a mixture-of two or nore
isultdeeradidivg aggats (foy ¢rampised sughe sledhel (general

tension of the ink used in this . .
formula HOCH, (CHH),CH,OH (where n is an integer from 2 to 5) of

the above described sugars; sugar oxide (for example, aldonic
acid.and-uronic.acid), amino acid; and thio acid. Sugaf
_alcohol_is.particularly preferable; and ﬁay iéclude maltitol
and sorbit. | |

The sugar content withiﬂ'the in composition is

preferably in a raﬁge of 0.1 wt.% to 40 wt.%, and more

o\

prefe;ably in a fange.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
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

alkylester, polyoxyethylene sorbitane fatty-acid ester,
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enbodi nent corresponds to an index indicating the

perneability of the ink with respect to the recording
w@2apens278hi s surface tension indicates a dynanPCT/JP2006/322060

surface tension wthin a short tine of one second or

less fromthe tinme when the ink surface is forned, and

is different froma statied48urface tension which is

d in saturation fime. A k had of .
PRBEHALIY 1ERE By KART Ok ieE ERCY OV oI T ol S prid kvlamine,

second or | ess may be enpl oyed, inc]uding a nethod

apd sk et hy 1gapantkel amide-opdRepabene 5ibgd shriace

No. 63-31237. In this enbodinment, a Wl helny type '
asusperdehts aby berbtsed iretepieonentaguet ngr gl pmenofi swo
enpl oyed to neasure the dynam c surface tension. The
oBURdBE s rdasiecoact svpr feiablimaydBemlibed2 or | ess, and
more preferably 35 ml/m2 or less, so as to obtain
satisfact o fdhtirRgeChaR 8l eldfSttne aRE dE¥dNth this
characteristic. Wth regard to the polyole or glyco
i bon nur 8.0 r ‘94
e I e S o
olubility in a range of Q.1 wt.%to 4.5 w.%w.thin '
OhatER ¢ HETErRPRT o o P AP BIaHARE 1 o THE FHETCe
at a proportion of 0.1 w.%to 10.0 w.% w th respect .
tepsife istigatesi ghelypinihesysfiaceatsngipRsytthin a short
thewetting characteristic of the ink with respect to
tihe dbanagesicadent Les$npravddie dadei vhemstonink mygface
by the present inventors that 'ink ejection stability
ianfofmefueney ist dhiffetgnarerach evedievsur fiden ttdresion
anmount of polyol and/or glycol ether added is small.
whOEn EXSMY £ il 19058 LA ¢ YorWaS .. 2Ynaknown methdd of

measuring the dynamic surface tension within one second or

less may be employed, including a method proPésed_in a

Japanese Laid-Open Patent Applicatidn No.63—31237. In this
embodiment,_a_Wiihelmy type suspenaéd plate surface ténsion'
measuring eduipmenﬁ is'employed to measure the dynamic éurface
tensiqn. The surfaee\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 glycol ether (cé6)
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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2Q0C for 2-ethyl-1,3-hexanediol, and the solubility
was 2. 0% at 25C for 2 ,2 ,4-trinmethyl-I,

w@2pensdasedi ol . The penetrant havi ng the sol ubP¢T/8B20067322060
the range of 0.1 wt. %to 4.5 w. %wthin water at '
25C has an advantage in that the perneability is
extrenely high although thé3solubility is |ow. Hence,

it is possible to, _prod an_ink.having an extrene .

W GRSy oatITRY EHER pERER T o hdyengeating
the solubility in the range of 0.1 w.%to 4.5 wt.%

elgneiith iwatepravedsERE th Stafe FOR5LTRAE PRI PIESREr
surface active agents. It is preferable that the ink

imesttdns tthias eénbod]eehion staddddtii andtfreequanay efability
(c7), such as resin ermulsion. The resin enul sion

afefas dve daeveRuEEO Nt it \dnmegintabér pbhyd heardidr rylyesl
phase and a resin conponents in the di sperse phase.

ether TRRIJY GRMRRARENL | fot NS AMpIRET $Re PHEBEL B P&ias 4.2% at
selected fromacrylic resin, vinyl acetate resin,

28I TENEILAAR0E Beli i, GBLOLRDSSE BRIty vas 2.0%

I'c [ 94

acry -styrene f esi n, ut adi'ene resin, and st ene

resin. Préferahly, . the resin conponent {n the ink
aﬁhfi{bi%;rugea’lﬁ¥Fﬁ?§€h¥&£;£%i?ﬁg%F§e§¥%%poIyner havi ng
bot h ahydrophilic part and a hydrophobic part. In - .

" addi tion, % REGGhIERE AR d‘1¥*§n§9él=1bb%l hell ddis range of
conmponent is not limted as long as the enmulsion is .
Of brwieck tichd .§r atn¥dvabeirervaterpasf 8paBl Haapn advaatapg 1in
150 nmor less, and nore preferably in a range of 5 nm

thet 1Kk permeability is extremely high although the.

solubility is low. Hence, it is possible to produce an ink

having an extremely high permeability by combining the

peﬁetrant haviné the solubility in'the rsnge'of Okl wt.% to
4.5 wt.% within water at 25°C with other solvents and/or other
surface active agents.

It is preferable that the ink used in this
embodiment is addedeith the emulsion'(c7), éuch 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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The resin enul sion may be obtained by mxing the resin

grains into water, in some cases together with a
waoenasesact i ve agent. For exanple, acrylic reB(ETYJlmOO6/322060

styrene-acrylic resin enulsion may be obtained by

m xing (meta) acrylic (acid) ester and/or styrene to

wat er, in sone cases togethér wWth a surface active

The m xtur he resin conmponent, and
R PRt P8 AgurEE TGt BRBbry T e Hrigof
approximately 10:1 to approximately 5:1. If the

aburdugie thet iveiagdhemeseld foddenseSanerReReRthiis not
range, the emulsion is difficult to obtain. On the
1thiesd heend,onigt aiss thadesiksiyire ifsoformed s utle crraigt m@meter
agent used to exceed this range, because there is a
itk epeenciagr spbeowanetel ©si ancerandssheapemmadi ity
of the |nk to deteriorate in such a case. The ratio of
ptk8fe 4851 %PbCEahéeU§§d5a§anﬁ1@@Sﬂﬁrse phase
conpone t of the énul sion and the water is preferably

|n a rang
o r oo ARl B G Y Hénwg‘c?aﬁéé“%? ik
to 200 wt . @6mnth rg gect to 100 w res# é% Ng ¢ _
rRelh RIS IS MAER del%tif’r“éenéaa?@rsy PESTRST ur ace_
emul sions call ed M croge -1002 and M croge
aEL 5V AIRstth prF@du@t‘aﬁﬁg%s)ach%}ﬁdfcaéﬁﬁf‘-@do’éyswm‘acryllc
Paint Co., Ltd., acrylic resin enulsion: called BonCoat -
rd8fd eérp:bs:iiucc"t ma'nrb)e nhhairzed Unediby nBaimekpporctylidc (acid)
Chem cal Industry.- Limted, styrene-acrylic resin
e6tbt Sidy oaldtgaenBonCoatt &A54 i pomduchsaaneygether with a
manuf actured by Dai Ni ppon Ink Chem cal Industry

shiPht&dhctive agent. The mixture ratio of the resin

component and the surface active égent is preferably in a
raﬁge of approXimately 10:1 to épprqxima£eiy'5:1. If the
surface active agent used does not amount to this range, the
emulsion is difficult to obtain. bn the other hand, it is
undesirable for the surface active agent used to_exceed'this
range, because theré is a tendency for the-wéter 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



styrene-acrylic resin enul sion called SAE-1014

(product nanme) nanufactured by N ppon Zeon Conpany
waeowrosxiglt and acrylic resin enul sion call ed Sap®i/me2006/322060

SK-200 (product nane) manufactured by -Sai den Chem ca

Conmpany Limted. The ink .used in this.enbodi nent

preferably includes the re4bn emnul sion having the

resin component in ar of 0.1 . %to 4 . % of
(B ISR RIS Pt ey oenPY. FhRRRR dRiptalo-o, £50-
25 wt. %of the_ ink. The resin _enul sion has .

agrkissinepinnemadsiony Gid esyFregatt ngPehalRadiGts npEs)
and has the effects of suppressing the penetration of

- mamef axgiuareidnyc baponEproraich kpCorni cay Itdudtin Agmatethe
col oring component on the recordi ng nmedi um such as
sP@Rste-ddryaddi keoin drpenidmgatiethBok@sut @4 54esiptoduct
ermul sion, a coating is formed on the recordi ng medi um

5  n3fe ASndRAdRLO¥E bbepheshspancerof dhenilaorndedst Ppgdeimited,
against friction. The ink used in this enbodi nent my

K . j (c8 ' dj j
sggxg%r?e,—a%%\gqlgr ?33{}{ aéﬁ\%l%la%, )cia%ﬁggngﬂ@—ﬂﬂ@ {I:Lfg)tdu%g name)

and “pur e Wwat er dititonto
col ori ng agent £CI€ ol vent c@) and, surface acti.ve L
maRRTC TR RasHPRS ZR & FBR AR B fid aCtYLLE resin
preservative (or anti-nold agent) (c8) may be sel ected
e byd o diaddede Apdb ekt @ 00 @GRS br bafie), manufactured by
2-pyridinethiol-I-sodi um oxi de, "sodi um benzoate, and
SspdemrheeritcadhCompahenolmitad.arbitrary material nmay be
used for the pH : ‘ :
10 The ink used in this embodiment preferably includes
the resin emulsion having the reésin component in a range of
0.1 wt.% to 40-Wt.% of the ink, and more préferabiy in a range
of 1 wt.% to 25 wt.% of the ink.
The  resin emulsion has viscésity—ihcreasing and
© 15 aggregafing characteristics, and has the effects of
suppreséing.the penétrétion of the coloring component and
promoting the fiking of the coloring component on the
recording medium such as paper. In addition, depending on the
kind of resin emulsion, a coating is formed on the 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 (c4)

25 and surface active agent (c5) described above.
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adjusting agent, as long as it is possible to adjust

the pH to seven or greater w thout introducing
waeaessr7abl e ef fects on the ink. For exanple, peEIRRBI6/322060

adj usting agent nay be selected from anm nes such as '

di et hanol am ne and triethanol am n, hydroxi des of

al kal i ne netal elenents sdéh-as |ithium hydroxide,

sodi um hydr oxi de and pot assi um_hydr.oxi de, ammoni um
Pyl o 0 Fo15EaP RSy SR Ok G6 Sy dieg) goent)
phosphoni um hydr oxi de, and_carbonates such as [t hium
. (c8r bomathe sedertad cBFPBNIAE Whdehyrasarei o FATR
‘For exanple, a chelating reagent may be sel ected from
setbytenetipgmiidénsbli ol 1 -stodbavecatide, nfed s dtingpate, and
triacetate, hydroxyethyl ethylenedi am ne sodi um

sbai @ PetachaoebpieRSE. tri ani ne sodi um pent oacet at e,
and uram | sodium di acetate. For exanple, the

corrosi on Ar[‘@r%iﬁ%r?ﬁﬁﬂa@@rﬁﬂ eple el nesuashs s ot e,
|

sodi um t hi osul fate, odi gl ycolic acid anmoni um

aPLRELLE ragégl?c‘agagpglﬁ%@g?%hf&é&;;qgﬂig%is&slep@&@ﬁ%g_wgyeom to

_n| ; n _ mmnlumn!trl
SLELTL00 L1 0k Lo OE! b S s9SLe e, PLOETUAL s on
glycol ether (c6) wth carbon numher 8 or greater, zind od
thReipkr e Her éxapele)y thetPH LhiosdilngeaB8n ooty P IFe1ect
fol |l ow ng advant ageous effects (El) -(E6) even when
frbm azei:rmsalisn@h ssnddetbangl a?lmr{?a@@d triethanol amin,
hydroxides of alkaline,ﬁetal elements such as lithium
hydroxide, sodium hydroxide and'potassium hydroxide; ammonium
hydroxidé, quaterﬁary ammornium hyaroxide, quaternary
phosphonium hydfokide, and carbonates suéﬁ as lithium
carbonate, sodium cérbonate'and potéssium carbonate.

For ekample,.a chelatiné'reagent may be selected
from ethylehediamiﬁe Sédium tetrpacetate, nitro sodium
triacetate, hydrbxyéthyi ethylenediaminé sodium triaéetate,
eiethylene triamine sodium pentocacetate, 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
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(El') Good color tone (sufficient color generation and

color reproducibility) ; (E2) H gh image tone; (E3)
webharpspscture quality free of feathering phenpemErmos/322060

and col or bl eedi ng phenonenon in the characters and

i mage; (E4) Image having .little ink penetrating

phenonmenon to the other sté#lé-of the recordi ng nmedi um

and applicab to_dupl ex_ r.ecording; (E5) Hgh.n
(G e e PERPE 9RO T het 67T o1 Bt ope g yeol
for high-speed recordi ng;, and (E6) H gh ruggedi zed
CEheF a@r i“@ttihccéﬁéﬂn"a%‘-“g?eg‘hg-lo sPEE] %’é' a‘i‘f’g‘gJ Spure water
resi stance of the imge. Therefore, it is possible to
(gi@kt |3t iimprossibhe toegetaisnéhecépbioyin@radvantiageous
color reproducibility, feathering, color bleeding,
efliBgtex (FEQor(@engechandudrertist irecotrdxhggi € headec tegr ipdiiio
and the-like, to thereby realize a high picture
pgyéatity. Next, a description will be given of
preferable driving signal waveforns to be used for the

i nks Crd.. : e : rdiRg it .
F|G.‘gﬁﬁs‘§9§?§§?§%5ﬁ3§?ngﬁgﬁ¥F%s?ﬁgegﬁgna.e%%%ﬂ%é?hfnd

nerated by .the.driving waveform generator 301 of the
cgf?ﬁtr?ﬁﬁﬁ4a§ﬁ%ﬁzﬁgy£07 shown in FIG 6., and FIG 8 is
a timng chart for explaining driving signals selected

| fronﬂ@ﬁg dHigh AgagrghaMCivaveformto realize (a) a '

smal | ink drop, (b) a nediumink drop, (C% a large ink
: (E3) Sharp picture.quality free of feathering phenomenon

and color bleeding phenomenon in the characters and image;

(E4) Image having~li£tle'ink penetrating phendmenén to
the other side. of the recording médium and.épblicable to
duplex ;ecordiné;-

(E5) High ink drying characteristic (fixing
characteristic) suited for high-speed recording; and

(E6) High ruggedized characteristic such as light -
resistance and water resistance of the image;

Therefore, it is possible to greatly improve the
image tone, color generation, color reproducibility,
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

above, by réferring to FIGS. 7 and 8. FIG. 7 is a diagram



10

© 15

20

25

drop and (d) a mcro drive. The driving waveform
generator 301 generates a driving signal (driving
waegnas27eavef orm) nade up of eight driving pul BEBJI006/322060
t hrough P8 shown in FIG 7 within one print period -
(one driving period) . Each of the driving pul ses Pl
through P8 is fornmed by a-4#veformelenent that falls
froma reference potential Ve and a waveform,el enen
SRHANS % 8 LARPE) LT A1 TTRE AT eF RGBT e s Sigding
used, of the driving pulses Pl. through P8, are . ,
wae kure gegepakarnd0 bt HéS ml&Foﬁoe‘gﬁ?hﬁa%ﬁ Pl shepp in
through M3 fromthe data transfer part 302. A .
FI®t ent iaald WIGE Bhésdditdmiggpehests spreekplaiHag driving
waveform el enent that falls fromthe reference
sPoi£TY il e edaizen tihe qriieziogl edtnat edenBorm 2] reelize
- contract. and consequently expand the volunme of the ink

(&hairhgr; 1506 nkOarbpe pbhes reandm the gessnt (@ av 1efrgthenk

driving pul se fornmed by the waveform el enment that

dﬁ‘ﬁe%bég?gr atﬂlgcggl brf@uses the piezoelectric el ement

and and consequently contract the vol une of

the ink N%q}nber.l%'. Dependi ng._on _the i dr o tral

signal s. %P&&é’ﬁn%w?‘?%%ﬁ%g}e@ae gtgFagé% e‘#ergeaér:at%ﬁo%

the driving pulsePl is selected as sFo’vvn in Fl %1 8 %%)
dpketng oriEneg t(REI¥HRP| ST MGy Lo | Mgde ) U Qhg&taht”

driving pul ses P4 through P6 are selected as shown in
dFiGng qud)sash&d tbraualy Rhehasm dm FAR- dF opt{iredion® print

dot) , the driving pul ses- P2 through P8 are sel ected
pasishopnd rifivGng8peyivdien fEmahi g the daiygind ruldespPl
through P8 is formed 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 Pl through P8, are selected depending on the ink drop
control signals MO through M3 from the data trapsfer part 302.

A potential V of the driving pulse formed by the

waveform element that falls from the reference potential Ve
causes the piezoelectric element 121 to contract and
consequently expand the volume of the ink chamber 106. On the
other 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



10

15

20

25

(large dot) , and the driving pulse P2 is selected as
shown in FIG 8 (d) when nmaking a mcro drive that
woRMrmsEsl t he neni scus surface at the nozzl e 19d1/JP2006/322060
without ejecting the ink fromthe nozzle 104 . The
- driving signal waveform fornmed by the selected driving.
pul se ar pul ses is applied4Po the piezoelectric

el ement. 121 of the recordi ad 7., en-form.ng th
ool crRlSHES 65, SBORr St AT i) B BETRd ro L
'nozzle 104 in response to the drivin 'B | se ‘P4, a '
islcdrrp i (Anaddoplots - ef e t B IRG Qélﬁréﬁge %J'ot]?ﬁ@'lgﬂ iRA. Age
pul se P5, and a third ink drop is ejected in response
sébetted drs \EhoynpahsEIF6, 8 o then fhemingsthe Hreslighn ink
third ink drops are conbined during flight into a.
dsbpglediim dorp ,t hat . dateng helisesoPdi hiyroegth ups kxe | f
a natural vibration period of the ink chanber 106

skibated Sas tdMOWRr 88SBEE, ChaMDaen FodRnayethdy1dkge ifnk drop

Is preferable that an interval between the ink

(S%—E&é Iocﬁ)cgl)tflm@n?ﬁghgf d'ﬁ?@i'ﬁ'%i NG pYl 36S<Bfe P2 isl‘inown in

' rrving ses P4 and P5 both fall to

the‘g éto | evel .and _then rises. For . this_ T 0 if . o
Fifie BN M bR B2 aRL070 118 5pRe SRREE Dot LimTenisous
| evel and then rises, the ink drap velocit% becgﬂPs- 5
SHBEARE G- AP may zdevit 8 eV ThAHT IFIIesh ARGt RBsTRY ofF Bt the
the ink drops of other sizes. Hence, the driving pul se
npézie hidle tThef alriviogasienal wavgiterm harmedebyotitoom

| evel (that is, the potential drop is made smaller) so
sasetbed aditice i euaskl oof phhesared sppd isdr facehat t he
nozzl e 104 and to suppress the increase of .the ink -
p9E2BeYEEOEId Yel@inent 121 of the recording head 7.

When forming the medium ink drop, a.first ink drop
is ejected from the nozzle 104 in response to'the driving
pulse P4, a second ink drop is ejected'in resbonse to the
driving-pulse-P5; and a third ink drop'is ejected in response
to the driving pulée Pé, so that the first through third ink
drops are combined duriﬁg flight into a single ink drop that
lands the recording mediﬁm 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 um. The driving pulses P4 and P5 both fall to the bottom
level and then rises. For this reason, i1f the driving pulse

P6 also falls to the same bottom level and then rises, the ink

drop velocity becomes too high and may deviate from the
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third ink drop. However, the potential to which the
driving pulse P6 rises after the fall is not reduced,
W@ 2008852781 obt ai n t he necessary ink drop vol unePCt1/aP2006/322060
ot her words, when the driving signal waveformis nade
up of a plurality of driving pulses, the last pulse is
made to fall by a relatiV€5®~snnJI potential drop, so
as_to make the inpk drop. v Ioc t onsi.ve to e
langingpprsétier .05 V1S 1w 588%%? é? U nghence' the

position of the ink drop with respect to the |anding

dpigging onlee Phels madn dps f8flotRer $F%s hlﬂ%’@rdFPé‘PnE;he

pul' se P2 vibrates the neniscus surface at the nozzle
bdifbmilielveldit (ehattisg tthee potlentiain ¢he nigy Maglel Gralder), so
as to prevent the neniscus surface fromdrying. In the

 A910fb reeRIcdi BEer @i DIbE the deniEngs pshseade? dts thpphbedle

to the recording head 7 to realize the mcro drive. In

1@4’%d R, smspyébglgtﬁ@lﬁa&réa\ébngfpﬂhéelrﬁe AoPRe1etitheor
driving pulses when formng the large ink drop, it is

-t}rlJos I bl ggPShOﬁ&g@véPe e élo@.gn&e.g%ogo mcfl’ﬁ"’?:l 'e29r§v1ng

ecordlng 1naddition y set |ng t

|nterv bet we the ink ejection timn
P%?%ir@%&%eégg’? e i 1580 EETEE g g¥go optain
denot es the natural vi bration perlod |t IS possible .
the neresspEyt inkcfeeR V&S0l une of the ink drop that
is ejected in response to the driving pulse P3. In
ot her wor ds, ohesuperdspodiany thise dpi €584 rel griddy aEiveAorm is
of the ink chanber 106 caused by the vibration:-period
m@dle tlie off iavipblgrality of driving pulses, the last pulse is

made to fall by a relatively small potential drop, $o as to
make the ink drop'velocity résponéive to the last‘pulsé
reiatively low énd match the landing posifion-of the ink drop
with respect to the,landing'positioﬁ of the ink drops-of other
sizes.

The driVing'pulse P2 vibrates the meniscus.surface
at the nozzle 104,Qithoﬁt 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 apblied to the
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

ink ejection timings of the driving pulses P2 and P3 to 2Tc %
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pul se P2 to the expansion of the ink chanmber 106
caused by the driving pulse P3, it is possible to
wo pwresesel t he vol une of the ink drop ej ected i PCT/JP2006/322060
response-to the driving pulse P3 follow ng the driving
pul se P2, when conpared to the case where the ink drop
iﬁ ej ected Zogely in respeb%e to the driving pul se P3.
The require riving signal waveformdiffers depending.
Och e \ieEodrt SEBP e he- ThIEAALEr AR REFYAOT PP mders
form ng apparatus of this enmbodinent, different.
pdssiblry 51 drakefRacef bregeane thcovrduaew hthe sigdedrop that
the difference ink viscosities. FIG 9 is a diagram '
iboejeatpidaiim mgsphesdrtitie simivdhgwavéser i3 dependithgr
on the ink viscosity. As shown in FIG 9 , a driving
w8882 byvaRieatiMpbBEhgatiesl dnessudet FeBrathen i st prieyiidéd
with respect to the ink viscosity of 5 nPa-s, a
cggllnl\féf]gl(% RIseKGT PR ¢ 11H AalRd pRY 184 SEF | thé ide ving
provided with respect to the ink viscosity of 10
a- s nd .a driving.signal .eform indi.c
ofhge a2 Bhas Frbe rohroh hh S RIS F e y e
vi scosity -of 20 nPa-s. The,.ink viscosit - be j udge
OF i B8 R A Br attr SSGRPSCIUF B CRECeNper it (Y@ dte of the
sensor 215. Hence, the CPU 201 may judge -the ink )
ipksdbep 181 43R 3R TREPPRIPratiice dgdvéngegubse F3 following
“thetenperature sensor 215, and sel ect the driving
thegdal vivey gfudrsm P8, bwhes ecorfipaomad lve phevided wireng rdie ink
signal waveforms based on the ink viscosity. In other
dwepdss éw-thd \Wolglpul serasgpdrage tos thet drevandg vielyse P3.
smal | when the ink viscosity is small, "and the .
- The required driving signal waveform differs

depending on the viscosity of the-ink. Accordingly, in the
image fprming abpératus of this émbodimeﬁf, different driving
signal waveforms are.providéd with fespect to the difference
ink viscosities. FIG. 9 isa diagram for explaining the
driving signal waveéform depending on the ink viscosity. . As
shown in FIG. 9, a driving signal waveform iﬁdicated by a
dottea line is provided with respéct to the ink viscosity of 5
mPa+s, 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



driving pulse voltage is set relatively |large when the
ink viscosity is large, so that the velocity and
wooloams27ef the ink drop that is ejected from tPer/JrP2006/322060
recording head 7 are maintained approximately constant
regardl ess of the ink viscosity (or- tenperature) In
addition, a peak val ue of-%he dr|V|ng pul se P2 |s

sel ect ed dependin nth Kk oSty so that it is '
CTRMIANTD SOTPBF At kor FSrnLechs Lher FhLE (el weVeform

ejecting the ink drop. By using the driving signa
todhefurad tham FhefRFoRBAdY dHE1a0I Giarp pulawsfomms based on

described above, it is possible to control the time it '
thakask frsceadhyof the |arge, mediumand small ink

drops to land on the recording nmedium12. For this

reason, even dchekhgotdse seritiRengnsuesectoraget dist set

differs for the large, nediumand small ink drops, it

5 rgfgiro{@eclr?p%g@l@ fhiQ %%rﬂ@‘%‘ls@%sﬁ@?y @ré&ﬁallne@p@mtﬁed

rops’ and at approxi mate the same

gggllcr%g% (F);:?ulosr(]a tvlg tgegoiglggc [)% Ial'&%réré e when the lnk

"on wrI""beé given e pr CeSSIng
appar atus,‘and the i.nm forn1 a ratu cri bed
VBV Wi HEFger npP e Vt%ﬁogggxn%%(? er2 %‘fuétbed | ghe ink -
program according to the present i nvention which
dremsivata icorjecsrdt bese dilie HEOrRAgE BRaR el lRy Madnikadned
according to the present invention for outputting the
apecox et d lyngenbyanherégmgtl efsor wifnghappak at scosifyG (or
10 is a system bl ock di agram showi ng an i mage form ng
10 t&Mséemuire)t.he Thi ratiiendodiaedakofvallbe pf eslentdriving pulse
P2 is selected depending on the ink viscosity so that it is
possible. to vibrate the meniscus surface without ejecting the
ink drop.
By using the driving signel'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 lapd 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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i nvention, which is fornmed by the inage processing
apparatus according to the present invention and the

WO 207/05281 r ecor di ng apparatus (ink-jet printerpCt/or200a1322060

the i mage form ng apparatus of the present invention.

The inmage formng system (or printer system) shown in

FIG. 10 has one or a plurabBty of inage-processing

a ar at uses 400 %onl one sh Flgi 1q%b;r9nd an__.
5@ rREEr PEP Tt 658?5 tRy B herggesen

|nage processi ng apparatus 400 is forned a persona

invepuiey fopcpusPut énqautkfee rEcOreRE HPAPE L}?ﬁémb@y iggge

i mage processing apparatuses 400 are connected to the
fonmkinetagparates.500 via a predeterm ned interface or

network. FIG 11 is a system bl ock di agram show ng the

i mage progEssi N9 appar aysiserd @l dck thegramgehdwimy Y image

' system shown in FIG 10. A's shown in FIG 11, the

AGRSS 1A+ BRPAL A Ui hastac EPthd Prankirgh i s
f%%ﬁ%&%ted to é ROM 402 and a R&M 4OSOV|a aq%Ls i he

14\9§?t1TJ}1€ WC?ﬁOng@grﬁlQ@ﬁéMh%O%mg EML Ao OBIDS 1y %@%atus

or ade uni ornme C stora

a at us "usi ng di sk .ar .an i .
- GERr A op T B B e, afegytig%\rjdnak%\]n%o Fecording
moni t or 405 such as anLCD and a CRT, are connected to .

apPRIMULS | (K468 Prankehr RITENG 88 TRRST g

readi ng- unit (not shown) for reading a recording
appaiaims wh the amespnt cavelitsioni-s al so connected to

the bus line 409. A predeterni-ned interface (externa

I/ F) 407 fTie cormenifoaning swstem netrwprknsexchsystdrie shown

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

apparatus 400 is formed by a personai computer (PC) or the

like. The one or plurality of image processing apparatuses'

400 are connected to the ink-jet printer 500 via a
predeterminea 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
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Internet and for conmunicating with an external
equi pnent such as an USB, is also connected to the bus
wo 20ve/08081 The storage unit 406 of the i mage pPOLEER®IEER2060
apparatus 400 stores an i nage processi.ng program
i ncl udi ng the conputer-readabl e program according to
the present invention. Th+S4+mage processing program
is read fromthe recordi ng nedi urrhb {Lhe readi ng unit
LeP , ardvih Sdde @i Soﬁn‘ﬁ%?%grtk’ &hén Hé RSttt @ and
installed into-the storage unit 406. By installing
_prédetérmigediotesspag- prdgreadingt 8Nt he (8¢%r shwrunitor
406, the inage processing apparatus 400 can operate to
reéading autrddeerdimggeedi ot ensimgs desoptbedl hétSunderlso
Thi s i mage processing program may be designed to
cOREEAE & it aheORREALEAY SYBL €M pPBHeteFHihb@r IAYxface
this inmage processing programnmay for a portion of a
<éQ€§thf 2hA isgat iR ﬁ%ﬁm&tiﬁ!aev&gagen@f@&ﬁé%m as the
net hod according to the present i'nvention nmay be
execut ed i -he ink-_jet i nt.er, _but i 1 owl_ng
TRREEPT O ash T P Ehelid ot aPo bt PapdE bt suen
that the ink-jet printer itself does not_ h t he
apuRet Yoy ofS Gerver SPPRECTRG tcﬁ)tth&agf‘ér lPﬁa@?s to be
actual ly recorded in response to a print instructjon
whi ch i nstThetsdgiredei ngibf4h afrdge omPapei REPERSS1INg
(recording) of -.characters. In other words, it is
appsuaeds f410 tdereak enoimeggs \emicessé nghprognam ragdluding the
processing is'carried out by the printer driver that
cbipetbedaadias spirbyaae atddidirdeo Thgeppesess sim@gntion.
apparatus 400 which forns the host unit, in response
Th@stbﬁa§g'ﬂgocessing program is read from the recording

medium by the reading unit ér, déwnloaded.via a network such -
as.the.Internef, and installed into_the éforage unit 406. By
installing this imagé processing prdgram ihtd the storage unit
406, the image processing apparaﬁus'400 can operate to carry
out the imdge procéssihgs described hereunder. This ;mage
processing program ﬁay be designed to operaté in an operating
system (0OS). Furthermore, this ihage processing program may
for a portion of a specific application softwaré.

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

recorded in response to a print instruction which instructs



instruction fromthe application software or the |ike

that is executed by the image processing apparatus 400
W@ edee/ofost unit) , so as to generate the recorBCTIEP2006/322060

I mage data (printing image data) of the nulti-Ievel

dot pattern that can be autput by the ink-jet printer

500, and the recording |nagé data is rasterized and

transferred tq the ink- rinter ich recor
DB S oA qaee: 8ot Rb TS TG FGaTaaPE) . Rordiaracters.
particularly, i-n the inmage processing_ apparatus. 400,
Iphethertards of tf #énﬁﬁﬁ@n%pﬁ%&tﬁ%ﬁa&? BhbefaRygRienice that
system instructing the plotting of inmge or the
anetoagk myafessiagacsecsrried tatpdvatheypsinter drpiver that
plotting data nmenory. For exanple, such an instruction
1 BB¥mbEdddd tdL B ofitivh rehei plosh titen,imsiget brooessliagy eppafratus
fatness) and the shape of the line to be recorded or,

5 4bBevhoot £ Sirke taRdhBasi 1h oM, ofn thepeharaebeths Gobmt
recorded) . Such an instruction is witten in a

5&93&@{&} %donPfthgt ha?ges\@ on Tg@fﬂ\%&%r HELERD Thal dric is

enporarily ‘store ep(nung tarmmnyls
a rasterizer S

interpreted b conve i d ol .
HBEGF e QY dERE S 1P e aeeBIARRE= S 1 14 (Y ke unit),
|nstructed position, wdth (or degree of fatness) and.
sphes| FReINIRECEDE FREPEILHE RIS GetPoAPEHREIRE image
the recording of thé line. In the case where the
danst rafttlom nuistirderelt Het reridiimghet che bhapualrwy by the
the instruction is converted into a recordi ng dot
10 1@&L§etnprihﬁﬁxxﬂomanaad mhéhré¢mrdﬂng|1mageddpb5|i$on
size and the |ike obtained by calling contour
rasterized and transferred to the ink-jet printer 500 which
" records (prints) and outputs the rasterized data.
More particularly, in the image prbcessing
apparatus 400,- the instruction from thé application or
15 operating system, instructing the plotting of image or the
recording of characters, is temporarily stored in a plotting
data memory. For example, such an instruction may be written
with the position, width'(orldegree of fatness) and the shape
of the line to be recorded or, the font, size and position of
20 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

25 instructed position, width (or degree of fatness) and the like
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i nformation of the corresponding character from font
outline data prestored in the i nage processing

wappansa7es 400 (the host unit) . In the case WhET/&P200#322060

instruction instructs.the recording of the inage data,
the image data is converted as it is into the '
recordLn? dot pattern. Thebeafter, the recording dot
_pattern (or inmage data), is subjected.t i nege _ ..
1 B PR Ry WERG SoLE ot S Re SPFEeRtHa: P heaRraing of
this case, the-imge processing apparatus 400 re ard%
T che

‘the binerogdmalthPatepeeRare Bes L8SEEREE #Phgl RIS

and rasterizes the recording dot pattern into the
reastdiriged daeachBoacesanpile insgrhphgen pkoceyviargedagnto
be a Y correction or a color managenent process (CW)

af pecarliiigd ideg pheteshoin @cdwmidaherewptbctiss Sutrased
di ther nethod or an error diffusion nethod, a

pB2ckaEOUNG ALGhAr tnel i M AEHE HRH0BES Sal Bl ik QS ROUrO
‘restrict the total amount of ink, or the |ike. The

. terized da i ' :
1hESEEI A8 it Rel LRRALADML AR PALLELE) 2o ofbid dftine

rasterized ta nenory 1s tr erred to t
rinter 500 vi.a %ge Interface. A.description w W '
dggagpg%ﬁpqﬁeqiﬁa. 8S§m%gefgﬁqqsﬁs&8gtﬁgpg ?ﬁ%ﬁvﬂdd (y%e host -

character, by referring to FIG 12 and thesubsequent.
upiglr esIn ARG cesej Whgrdi BrF ASHOREAGRal IRt Fects the

character that is formed by a conparison exanple which
rdoesding «farthe dmegehdathartity dmapgt dahrngs proreied as it
and FIG 13 is a .diagramshowing dots of an inportant
ipathtOntlan wdoxidded doalpatfam.explaining the white
character that is forned: by :

'.Theréafter, the recording dot pattern (or image

data) is subjected to an image processing and.stored in a
rasterized data memory. In this caSe, the image processing
apparatus 400 regards an orthogonal lattice as a basic
recording position, and rasterizes the recording dot pattern
into the rasterized data. For example, the image processing
may be a vy correction or a color management process (CMM) for
adjusting the color, a halftone process such as a dither
method or an error diffusion method, a background (color)
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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this conparison exanple. As shown in FIG 13, the
resolution of the image in the sub scanning direction

WO 2003082768pi , for exanple, and is the sanme as tPeT/neped/ 122060
pitch. The resolution of the imge in.the nmain
scanning direction is 600 dpi, for exanple, which is
two tines the resolution +h7the sub scanni ng

di rection._,For th conv n|ence Fl G o]
S hABI0 GHEoB T w4 d o RaPaEPERT g iing 3 Bheve
circul ar marks, and shows background portions by white
charaghien thatkds TRrReddahd PEP2RSSPRKSHIYY-9 hpdoes
the black circular marks, to thereby formthe whi t e
nchacactyeoutThbe qia@Jeanttﬂn ifatsepfinghprogess @ ddfer 13 is
and the background portions are illustrated simlarly
al @i &@edn ehoRi 6. ddbs dB,ar? Qhpdrtanghp26C, or? by e21Brged
22A through 22D, 23A and 23B which will be described

st &I -fodl RGP 1ENAI HESHhAIt|IOR d RERECHBE NtISSANY Tdrmed by
direction is two tines that in the sub scanning -

tgigeggﬂ Sdﬁoeggﬁ l%n the nmain scanning direction
COrres to one in the sub scanning dlrectlon

U O L6 S8l SO £758 ELSu 18 310U B frpge in

mai n scan WPett en arge
two tinmes the scale of the sub scannlng dlrectlon and

tbﬁesﬁlﬁF%@uﬁl%‘éﬁ%ﬁrhg’oq 30 [dBrs APE $XFIRIGareg 15 the

simlarly in each of the figures which will be
semgcas otk Irmzede PLGh14 The aagiodgitannspbviiny @age da the
character that is fornmed by carrying out the character
mb &kt etdiginey edesstiont hs s600 rdpti efboderemplef wiieh is two
present invention, and FIG 15 is
times the resolution in the sub scanning direction. - For the
sake of convenience, FIG..13 shows image portions of the white
character by black circular marks, and sﬁows Background '
portions by white circular marks. This means that no ink drop
lands on the black 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, Z21A, 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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a di agram showi ng dots of an inportant part on an
enl arged scale, for explaining the white character
wo bav/0sssf or med by carrying out the character PEL/IE006/1322060
process. A's shown in FIG 15, one large ink drop
(large dot) Dp is added i.n the main scanning direction
W th respect to each dot {5mﬂ|cated by the bl ack

circular mark) _formn ortion of_ the ite
SErReHoRe: SBackytSHRER TS (LB LBA0Y | oD G (e Lhgutes
(right side in FIG 15) opposite to the S|de (left
wisicle wil 1IFb@, des¥r Ha¢dc 1.0 the dot (indicated by the
white circular mark) form ng the background portion,
and one | ange i1Akidrapdidarage sthow)n@pa i shietethanacttke that
sub scanning direction with respect to each dot

1§ 1 Ay o Bwrk Qn | qek tHe Glhatcosr kjaftymimy driveess in
I mage portfion o e white character background

t@%tﬁ%@%ﬂbloggﬁgﬁg of EHEE predent! QM\@énﬁ&? 'a!’htf'E@G 15 is

opposite to the side (dpper side in

adj acent t.he d cat h I
Hgiigr%Qnéﬁqmjnghg %3 gr%ﬂu%? p5?¥P£ Sa%Q én éH %?a?g
t he -boundary _of the dots form t he ba roun
SE@%%ndﬁ”hﬁ&pﬂﬁénaﬁgst?%wwﬁ%ﬁf rﬁﬁF?E gprmFﬁeby
dots formi ng the background portion decrease by an
canoyimng thee ddtes dhagrigchgrt et Vining ciacsster PscFBayesin FIG.
by the characterfattening process. Accordingly, even

15§ o ldmek inkkdbopn hargeneidsackgr danadgest tirorthe main

bl eeds, the bl eedi ng does not -appear conspicuous to

sE&gn Twyman yves oandi theredpder aharaehedoni [indiojatappegr the
def orned because the white character is fattened. In

.bQ%gfrcf¥H&¥%r thexpi ebihEnfUdld a8t OBt WW IS the white

aracter

character background portion and located on ‘the side (rlght
side in FIG. 155 opposite to the side_(léff Side in FIG. 15)
adjacent to thé dot (indicated by thé-White circular mark)
forming the background portion, and'one largé ink drop (largé
dot) Dp 1is added in the sub scanning direction with respect - to
each dot (inaicatedlby;ﬁhe 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
side (upper side in fIG. 15) adjacent to the dot (indicated by
the white circular mark) forming the background 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



i mproved by the character fattening process. FIG 16

is a diagram show ng dots of an inportant part on an
wenoanspss scal e, for explaining a white char acrEr/Jr2oed/322060

is formed by another character fattening process in

the first enbodi ment of the present invention. FIG 16

shows a case where the res®?ution is “hi gh, nanely 600

i.n the main scannin dlrectlon ap d_.60Q dpi |n t
%ﬁﬁ?%ﬂﬁ%ﬂﬂrﬁﬁeaFrecgﬁ%ﬁféﬁqg%IM 8as% P noi FE&fmlng
two | arge i-nk draops (Iar oﬁ % &F and 2 are

_tla@d&fh%quﬁéi RAF hIQR dnRSTS d h&cPieRd que%a@a apgear
each dot (indicated by the black circul ar mark)

cémspi pushéoi rhgehwoan jeyesofanchshahvhbte araracder will not
background portion and | ocated on the side (right side

appedd Qefinedppesatise tithd héhisiedehbrattesi e fiatteh€d. In
15) adjacent to the dot (indicated by the white

o@héﬁ UlgadTaik): borphRg dha ikackgr enadwROEd | braatdrt we
[arge ink drops (large dots) Dp2 are added in the sub

dot di cat ed
SR A fff“é?“%?l% RES8Re> T rmge por (1 on

of the whi acter back roul ort| n and t

on the S|d%§% g&e? SsP i oféﬁ oppg3| g Ilq%%O%qant

side (upper side in FIG 16 ad acent to the 4@?
PRFARE aﬁrbcfﬂ&@reﬁémﬁ&?%efc.@%ﬁép REPRDIT BrHRITF (hgracter

background portion. As a result, at the boundary of

~ thae ot fp msdmbyg anaehen K TAEte TpSRELBR1 B PEARESGotle the
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forming the white character, the dots fornming the
fbﬁ@tgﬁmunﬂﬂ@mmtbﬁntﬂecpﬁaﬁﬁmbﬁnannamnunt FIe. ddt shows a

form ng the white character increases by the character
case where the resolution is high, namely, 600 dpi in the main
scanning direction and 600 dpi in the sub scanning direction.
In.this case, as shown in FIG. 16, two lérge‘ink drops (large
dots) Dpl and Dp2 are added in the main scanning direction

with respect to each dot (indicated 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. 15) 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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fattening process. Accordingly, even if the black ink
form ng the background portion bl eeds, the bl eeding
Wwa@lo®s/0mTI81 appear conspi cuous to the human eyesPEnaP2E322060
white character will not appear deforned because.the
white character is fattened. In other. words, the _
chtuLe qual ity of the whté@-character 'is inproved by
the character fatteping prqocess ..ln the case wher
VR (OETORATS) M Tha VedlREKBROBRS dTigF xoe | AR 2

drop (dot) in both the main and sub scanning direction

remyltnotatf Aheehoundaini dle WIraratrefoRying Hifo Ackerarnd

is sufficient to elimnate the bl eeding of the black
po1ii droramidn g hehdobackormoinm ther whohet phdracten) adendots
the white character. But by adding two ink drops
£6HRte) tHe bRidhgkbendBboriaint siekreaasnbygariarenintonse dots
it is possible to fatten the white character by an

f?ﬁgﬂﬁ gf: tHiseSHEEESE M R r@lisBknBY echdeckl epdicry of

ink formng the background portion that is

adj acent to the whit er \t . t-h - Qf :
AT et Sor bRt AR e L PRl %n Fpzming

N T AR S e S

portion is approxi mately constant regardl ess of :

comep EBBIUR iton thenhifen ct¥Rs anghdhet WB1GF dEhpaitadeyrdd ot
of fatness) of the white character when one dot is

appkebad def dootel bbeanaéntkﬂuWHiﬂﬁ sbamarher di ¢ eatitened. 1In
changes depending on the resolution. Hence, by

oEh&nGidKd heheuphetuoé @lod i tho dfe taddedite ¢Herawter is
and sub scanning directions with respect to the '

improved by the character fattening process. '

In the case where the resolution is high, the
addition of only one ink drop (dot) in both the main and sub
scanning direction may not fatten the white character by an
amount that is sufficient to eliminate the bleeding of the
black ink fbrming the background portion that is adjacent to
the white character. But by adding two ink drops (dots) in
both the main and sub scanning directions, it is possible to
fatten the white character by an amount that is sufficient 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 forming the white

character, the amount of bleeding of the black ink forming the

background portion is approximately constant regardless of the



I mage portion formng the white character, it becones
possible to record white characters having

wapprosxisat el y the sane picture quality regar dP@BsP2066/322060
the resolution. Next, a nore detail ed description wll
be given on the character fattening process with
respect to the white charaéler. As one method of

t he Iar dot, on .t he r| ht el side and _on
el s LGP PHRSTdEth £ 5% ﬁ%’ft‘?%‘rrereo% ng
the white character t he pattern rratchln IS sujted
farrpsheopdihet Wi toi SRR BICIEH MRy OBEt P hel prasidess 1g¢ both
a high speed. FIG 17 is a diagramfor explaining a
thne Molim siree subedcionindgedigatdonsnehengag. dm@dlm on the
shows an m n wi ndow havi ng m pi xel s arranged
réssivoidal | Heand, Nbpi dedisyiary ahgedunbeti ofil dots Ito beeadded
foll owi ng description, it is assuned for the sake of

5 1ﬁ%‘1¥@%£ﬂ'@%n@"%ﬁb%caﬂnﬁ@ difte cMindeWMistE eréspdat ta 8he

, t hat is, m= 3 as shown in FIG 18. FIG
r.
1%1% %ﬂﬁ?ﬁ&n&ﬁévgﬁope %%%&%&%&%e% \_Nﬂ.f]dpé\f:&ﬁéeg;/30551ble

t he r, dr| re The bi.t dat
t?nﬂ?g SaTis heearErH nyome Ahreo e tERY he sanea,
i ndi catin the fontdata IS subjected to 't he pattern
PHEERRE a1 Whitegastleds Qf idGwi6SSLPFBER- above, for
each bit. A description will be given of the pattern
mat chi ng pPrestdess, mphat detailerk dasmrdptépns aﬂgrﬁ’%@iven on
process, carried out by the printer driver 101A, by
10 thef eharagrdw fltGenlfg ptéEedd with respect to the white

character.
| As one method of,adding the large dot on the right
or.left.side ana on the lower side'ef_the dotiin che image
portion forming the white character,.the.pattérn matching is
15 suited from the point of view of carrying out-the process at a
high speed.' FIG. 17 is a diag;am for explaining a window 'size
used for the pattera matching. FIG. 17'showe an m x n window
having m pixels arranged horizontally and n pixels arranged
vertically. In the following description, it is assumed for
20 the 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



is a flow chart for explaining the character fattening
process (pattern matching process) . First, a step S

W@ edas/05278ar get pixel to a start of the font daPer/JrR006/322060
step S2 acquires the bit-map data of the font data
corresponding to the wi ndow, by using the target pixel
as tge_center of the w ndea2-Hence, the acquired bit
map data cqrresponds, to the data unting to 3 X =

48201 SPRIPELFHFS IS (RAFLEF T OPEFBL Gt AP & the
mat chi ng by conparing the acquired bit-map data

windev alescefibedeabedei rEr RRCA) Pakd a predet ermi ned
-reference data (reference pattern) ' which is set in

advance amddescuspdion et the divankofotke pattegn atching -

deci des whether or not the conpared patterns match.
prb€ed 0083: adyanpeschiractdreffalteninghereesdsi aarried out
result i.n the step S4 is YES, and the process advances

5 bklootﬁerﬁJﬁ%t%‘} hibhe d6cA S daswktingncb herst em S4 Fs. 19

e step S5 generates the | arge blank dot data for

.t he rget _pi-xel as. ace: t )
T e R
drop in this particular case) . The process advances

(PRt ton fta N6 9aPrEFERR) step S5 . The step S6 noves to

a next target pixel. In addition, a step S7.decides

whet her orFiFsit t Re SEGPgBE $R5@I2 it9TORE BABCHItQ#A ptart of
The process returns to the step S2 if the decision
thesfibiit idattshe &t epeB7SEsad@imss dbet bitepamtdatre of the
10 font data cdrresponding-to the window, by using the target
pixel as the center of theawindOW. Hénce, thé acquired.bit—
map data Eorresponds'to the data émounting.to-B x 3 =9 dots.
Theréafter, a step S3 ca;ries.out'a pattern
matching by comparing the acquired bit¥map data (paftern.of
15 the acqﬁired daté) and a predeterﬁined reference data
(reference patternf which is set in advance and is used to add
the blank dofs. A étep‘s4 decides whether of not the compared
patterns match. The process advahces to a step S5 if the
decision result in the step S4 is YES, and the pfocess
20 ad&ances to a step S6 if the decision result in the step S4 is
NO.
The step S5 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
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pattern matching until the end of data. On the other
hand, the process ends if the decision result in the
weL@p/0R781 s YES. The process shown in FIG 19 melJr20ez322060
one pixel as a l-byte'data or, a 1-bit. data. Wen
treating one pixel as a 1-byte data, 9 bytes are ,
required to represent datat®amounting to 9 dots. On the
ot her hand, when treating one pixel as a 1- bit data,
tBRISESP es are required to represent data amounting
to 9 dots. Hence, the anmbunt of data to be processed
is small WHeh S§88 pPxBPVES %3 SatEdtab289%t PP %%at a, I
and the required nmenory capacity can be reduced and
atiiet rrocessitep Spedecides bidthgropsdnph tie stangat pixel is
FI GS. 20A through 20C are diagrans for expl aining
thef efiene® qeatat.er Theoprodes 8 Rtwirndonostze sisem $h itthehe
character fattening process, and FIGS. 21A and 21B are
6t g1 s Q1 texpl *hB1 §ep Ne7 Use NOf, tBeasetereftent the
patterns shown in FIGS. 20A through 20C. Wen the

pRPLLAN BB kg1 TBfle Md Nog eaRact b the dallr daka,

using the reference patterns shown
[n FIGS. Zogﬁrw.u 5?3?0 . the state, of tge dot s : o
thRCPERISFS St BRF WRGHT TG & SHRel “Bositi BreR o ddt YES:
position) 45 ofthe font data as a target pixel becones
“as shown i TREFIREOCEEA SAAWN it dH&s, 1ohBaVefEpRhcane pixel. as
pattern shown in FIG 20C. Hence, in this case, the
adbtbytee sdatfa tdre wakgeit piated. 4%hes tephhied ®Re Lhiednies a
data, as shown in FIG 21B. Simlarly, when the w ndow
1oy esaty, cnéypiesebhréorequired to represent data amounting
to 9 dots. On the other-hénd,'when treating one pixel as a 1-
bit data, only 2 bytes are required to represent data
améunting to 9 dots. Hence, the amount of data to be
proéessed is small when onefpixel is treated as a 1-bit data,
and the required'memOry capacity car be reduced and the
processing épeed can be improved in this case.

FIGS. 20A through 20C are diagrams for explaining
reference patterns of the 3 x 3 window size used in the
character fattening process, and FIGS. 21A and 21B are
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

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



dot) to the right in FIG 21A the state of the dots
i ncluded in the wi ndow Whaving a pixel position (or
waledo7pssst i on) 47 of the font data as the tar getT/pir2ed/322060
mat ches the reference pattern shown in FIG 20A '
Hence, in this case, the dot data of the target pixel
47 i.s replaced by a bl ank-@&ta. Because the white
character is being recorded, the dots added taq t
L1 SR GO RS a0] LRI 10 Ate PAGPESST =S e d@ FiC. 213,
character are not recorded (that is, are blank data) .
amhamatgdhesr shengeferentamatders, shRENpip nflGatZC. Hence,
represented by "255" is changed to "0" representing :
i hehid ardsel,f thhedot i datrealoff die darget spiepk eeritsedepyaced
"0" (blank) or "255" (print data) as in the case of
b e Widmieptdat as Jhewprimtridat alpepr esented by "1" is
changed.to "0" representing the blank if the original
font data d;gF se e Wndol! aNkdves byl oddPidilel (or
dat a) as igﬁﬁlﬁggggéew%%qb%ar@nggr bi {ﬁl evel )i;dat a.p| 't (
IS, possible.to fatt t whi cter i Nt
A0 TargE GaElTaThehi ng, B THE FOREoaat o Tt by uded
.the data indicating the ] arge dqots generated by .the '
Dot IR I RGVLRR 1 e e @GTEERE Bt -Hp KRR OB, 47
the font data of the original binary data ("0" or "1"),
ofinthe heordi Wty @&t hlpe oraxget pigedf mphehgpptie dierense
the case of the binary data) . Next, a description

- pattérbesigiwennofIa. catk. witaree,efior hte paseerthe got data
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the 5 5 window size are used to fatten the white
o€ heR@ct £fgdty pARedm@UNL s COSplRafRENGyNg bbaRk didtss. by

Because the white character is being reccrded, the

dots added to the blank portion adjacent to ‘the dots of the

white character.are not reqorded (that ié, are blank data).
When generating the.blank déta, the brinﬁ data represented by
"255". is changed to "O" representihg the blank if the original
font data is represénted by "0" (blank) or "255" (print data)
as in the caée of_tﬁe bit-map data. The priﬁt data |
represented by "1" is changed to "O" representing the blank if
the original font data is represented by "O" (blénk) or "1V
(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

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



referring to FIGS. 22A through 22D and FIGS. 23A and

23B. FIGS. 22A through 22D are diagrans for explaining
wo edoes218e patterns of the 5 x 5 wi ndow si ze UBETIIP2006/322060

the character fattening process, and FIGS. 23A and 23B

are diagrans for explaining the use of the reference

patterns shovvn in FIGS 2265t hr ough 22D. Wien the

patter de respect_to the.fo
s%oﬁ*Fr I% E rﬁﬁgdto\rﬂ‘rﬂg Qépe‘?gnc%aspeaﬁfg?cnlg g%ngg
in FIGS - 22A through 22D, the state of the dots
dat®l.uded in a wi ndow W having a pi xel position (or .dot
position) 45 of the font data as a target pixel
becones adleshiowa desctiptizeawiasdbaagihes atha case where
reference pattern shown in FIG 23B. Hence, in this
ré8Sndd@atetreat af ofhd e xt &r gehdpwxelzelmies usepl doeflatten
by a blank data, as shown in FIG 23B. Simlarly, a

5 tﬂ@rvgﬁ.ttemc)ﬁ%lraégeksb%e&{ %?r%@nQYC@rbéaﬁéﬁmﬂjﬂ{gﬁl tesizndotBe by
reference pattern shown iIn FIG 22A, a target pixel 47

réa?]i %dE‘%s g%%n@g%r ngnah?nr,@f IRNGRd 238,

I d y atarget pi xel 48|s

repl ace at a the reference

shown in Eylé% H&E%LM} ?&bg,artehgligamps éﬁalnmg
vicinity of the contour ortionof the white chara ter .

referengs addesyst ak ‘bTPean':ﬁ A HInAPW feZ¢ eitiknde the

patterns of the 3 3 w ndow size are used in the
clodver ctrtre rf ftaenénynpr peesbs Sich FLRE - c4dk ISR Rae
pi xel position D47 shown in FIG 23A is the target

10 dpagedms tdeer mpuemnlp@rtthe)ms@f otEhehahreEenémreaq.tae:rterns

becones outside the
shown in FIGS. 22A through 22D."

When the pattern matching is made with respect to
the font data shown in FIG. 23A using the reference patterns
shoWn in FIGS.- 22A through 22D, the state of the dots included

15 in a window W having a pixel position (or dot position) 45 of
the font data_as a‘target pixel becomes as shown in FIG. 233,
and matches the reference pattern shown in FIG. 23B. ‘Hence,
in this case, the dot data of the target pixel 45 is replaced
by a blank data, as shown in FIG. 23B.

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 shown 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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wi ndow Wand it is not possible to detect the
character portion. But when the w ndow sizes of the
wo edognsa18e patterns and the wi ndow Ware bot h BCBIR2004/322060
IS possible to detect .the character portion and add
the bl ank dot at the pixel position D47. In other
words, by increasing the weadow size of the reference
patterns and the window W, it becones possible to-
of ofee wihdir et kBaRARBRF S HISRIRCE6t BY t bNBePLrfte Fater
course, the wi ndow sizes of the reference patterns and,
t he wi ndoifwthee ragerénes traftegnshedetesdri bedviaslove size
and may be deterni ned depending on the extent to which
at8eus@pliac ementhhpather hi strdendaoigs precess hin nede caise where
whet her or not the processing time is quick enough to
+HOPSI T hde iBhi BhTNghsReath F3ecause ibecmimuntgedf pixel,
data to.be conpared by the pattern matchi ng process

thQC%gﬁ%%ﬁ% %%m%ﬁ%nmﬁgdgwés$ﬁ§¥% Ahat-herLef BEERE outside the

patierns a e w ndow Wincrease, the tine required

to. carry out, .the pattern tchin roce [ as
WERESR PR Stz a6 BPCt Re PR RLaoBaPForIE AR AneT

wi ndow Wi ncrease. .Hence, fromthe pojnt _of view of
PPEELRR ng BiHe HEdc 688 HENdehe 1 58S PE BBSi Febr R dmPatherns
wi ndow si zes of the reference patterns and the w ndow,
aWdatlee siiaidow @h atrkebothed hank, itthdsnpabeibbt otdetest the
the vicinity of the contour portion to be replaced by
chheabtankdation andetdd ntimedlank ketpatct the pikdl ppsdtion
the character, that is, the extent to which the

pdef or patdae ofydride , Whit enchedficierheswindbe &g @fedhe
Therefore, it is necessary to determ ne the optinum:

r@k@ggwée patterns and the window W, it becomes possible to

cope with the number of blank dots to be added.

of cbursé, the window sizes of.thetreférence
patterns and the window W afe not lihited 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 whether-or
not the procéssihg fime"is quick enough to cope with the
printing speed. Because the amouﬁt of data to be compared by
the pattern matching pfocess 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-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



sizes of the wi ndow and the reference pattern based on
the processing speed and the picture quality of the

wa@baraster . Accordi ng to experinents conduct edP@JIr2aes/322060
present inventors, it .was found that a sufficient
i nprovenent of the picture quality of the character
canfbe.obtained even by addVng 4 bl ank dots or, nore
preferably 6 blapk dots, cause.in, the_.case of .the

Doy & e SPPEEA°T ROt el i TS NS BT HertS THRE9 Eggy
between the adjacent dots is reduced by the spreading

Pertiofe tionke FEPLACPAUNE tha biaskafebst bRifeiqratingd by the
sufficient inprovenent of the processing speed can be

phbt@eephalang thathe chaxaafieut tbat10s PPNterexfresdt &0 which
i s obtainable. Thus, the wi ndow size is preferably set

the deforkatdbnl essthbabheraliresacherdes ecs itmn infpricved6
dots. The font data added with the blank dots at the

5 TRLAMORON tiiton s(hBaksiSry the Hdalesmohet Re baskignon id ndow

Sortlpn replaced by the blank dots) in the nanner
escr a p t aj r ' t

R e B e et oA P 4 h &
icture quality of -the character (that is,, th

oBhcesting et 69 HAS Budira Srelpileot st Eharacter.
nozzl es/ col orNozzl e pitch = 84 nn1(correspondiq9

300 dpi) IAREGERESOF Bt PERRT BN tpicOPALERED MY nthe
scanni ng direction, 300 dpi in the sub scanning :

idvertoion iDowaSi feundathet inlsudidgieng7improverantuef the
ink drop = 60 m”m,, : '

10 picture quality of the character can be obtained even by

to- .
present

adding 4 blank dots or, more preferably 6 blaﬁk dots, because
in the cése of the above describéd ink used in this embodiment,
thé jaggy befweén the adjacent dots is réduced by the
spreading of the ink; Furthermére,'it'was.aléo found-that a

15 sufficient imprOVement of the prédeSsing speed can be obtained,
and that a throughput of 10 PPM or greater is obtainable.--
Thus,.the 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 dofs at the

20 biank 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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Smal|' ink drop = 40 nm Character: MS M ncho typeface,
Font size = 6 , 10, 12, 20, 30, 50 & 80 points
waeprasesent Met hod: Using reference patterns Pemwinregos/322060
the 5 5 wi ndow size shown in FIGS. 22A through 22D
Printing Method: Path nunber (nunmber of scans form ng
11line) =1, No interlactbg-Paper: Plain paper (Type

6200 d . d_b i coh A
rd, G 2HoPER B Seh am ot G B0 SRR e 0D oL

wth and w thout the character fattening process of ,

_ thi s IeagedReemtutisy ©RE dRii dustRAP4ct §FaBn2RE. diFection,
FIG 24, "xx" indicates that the character is deforned
and the character qual30fydps &xthhargiup seenpning direction
indicates that the wdth (or degree of fatness) of the
char @etesiis: natdrye (ovk tirop)=adtl jinhe char act er
quality is poor, "D' indicates that the width (or

degree of fatneggyigh ife &y acker phs slightly narrow
(or thin) , "o" indicates that the character quality

~is good and the acteryls, ea read or

recognize.Fron1§ﬁgf£v%%€é?#§h rE?uP@s shown in FIG
24, it was _confi that .the_character quality is
i mpr Si?éaéc*f?ﬁér em&% GPERR Y sibility of the
character and making the character nnrg Q%asil%qq Sy

readabl e or recBgRFzabFR Dyocdlryilhg oUt tihve Thdr £& gPints

fatteni ng process of this enbodi nent. _
Replacement Method: Using reference patterns having the

5 x 5 window size shown in FIGS. ZZA
ﬁhrough 22D |
. Printing Method: Pathinumbér (number bf-scahs forming
1 line) = 1, No inferiacihg
Paper: Plain paper (Type 6200.(product name) )
‘manufactured by Ricoﬁ Company, Ltd.

FIG. 24 is a diagram showing evaluation results
with and witﬁout thé character fattening proéess of this
embodiment, for the various charaéter sizes. In FiG. 24, "xx"
indicates that the character is deformed and the-character
quality 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 that the width
(or degree of fatness) of the character is slightly narrow (or
thin), "o" indicates that the character quality is good and

the character is easy to read or recognize.
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Furthernore, it was confirned that the imge tone of

the character is sufficiently high and no feathering
wo@ewmans27sA s may be seen fromFI G 24, it was POIRL006/322060

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 snmat69-the intervals of the dots

form ng the character_are extrenely narrow, and tg .
characterEFSWtEH?n%V%}%%%gglﬁﬁﬁggtéeF?ﬁWﬁt%ﬁa%¥%r gVeFt
when the dots are added. It was confirnmed that

waxtemfdlrpmegobhatf thetchagfaaties anat kY efs fHmrsyiesy thereby
process are obtained when the font size is 8 points or

ifpeatierg tAkt hasgbi pl @y mopaper charaseer saand @ kiegotdieng
mediumin the description given above, it is also

cROsshtlre oReapRbY1§ NeediBSRNbri R¥EBEhOra e By &arrying out
recordi ng nmedi a such as coated paper, glossy or

tﬁfjéﬂg¥gé@érp§Q€E?ﬁfﬁ oddds™r @RS oBhah iy | ar
e I't SO % I

fects. IS a ssible to selectively carry out

the character fatteni pr ) e
FRRDGRTEE 1 At HAP e b RSy TR ep e R h Yo R her

recordi ng medi um Hence, it is possible to realize a
Ch#e H@lerl ShAWT AGCARN bhY i AR @Rdt RO( bFA LT HY gecurs-

fat ness) depending on the wdth (or degree of fatness) .
~of the chd@sadesr bensede Ferordihg2deditinyad® flinch thyé the

feathering or bleeding easily occurs and on the

checactdmgyual iwki detehiofatasherfi ngeofonht estingiuiersisipll .

occurs. Furthernore, although the characters were
Tﬁiérﬁéﬂbecause, in the case of the font size that is too
small, the intervals of the dots forming the character are
extremely narrow, and the chéracter fatteniﬁg proéess wbuld
deform the charécter when the dots'are added.. It was
confirmed that extremely goéd effecté'df the éharacter
fattening process are obtained when'the'font'size is 8 pointé
or greater.'

Althoughlplain paper is used as tﬁe recording
medium in the description giveﬁ above, 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)



at 300 dpi in both the main and sub scanning
directions or, at 600 dpi in both the main and sub

W@ e@nnsatgl di rections in the above descri bed caBeT/JR2004/322060
of course possible to obtain simlar effects when
printing the characters at other resolutions. Ih’
addition, the resolutions-70-the mai n and sub scanni ng

directions may differ, such as 6Q0 dpi in th in '
dererhififg B HE8t FAAtRNEPBHRFIRSE P Fﬁgn‘%aw s%éﬁma%g?haracter
direction, 400 dpi in the nmain scanning direction and
on(Qthelptedardihg BaBiveaemiy i téet Eeathartnowr diesdang
the main scanning direction and 150 dpi in the sub
esshhyiowrudisr @eotli on. the recquiisigoloa wbiobt he fdatilearing or
effects when printing the characters with the

b[g@g&ﬂgidﬁaasﬁngtodbﬁfgr in the miin and sub scanning
directions. On the other hand, in the case where the

5 reso'utic”Fdf%h%§Qog@i’_iﬁﬁoﬁﬁﬁ“ﬂ%eﬁch@?gckgﬁé!Wéﬁénﬂ}inted
the main and sub scanning ditections, the white -
h Q%er.na~ c % f : '
SERSHACkEr SPARRCOTE 185 Ao W LRUEN B0 gtk gtenls or, o
deforped, i f _on dOt,ébIa k (n%# is.added in the main -
60 aTRE b s DR AGCTR SRt PSS UH (S5 2PBAPECHL T oC TR rdene
gortion formng the white character. For this reason, |
appBet MRSGUined 68S¢i et of S | $HIRHLFG PRESERL? aled etbtain
quality, it is preferable to provide a node in which
sthelehaffdass Waehepr bgt procdss dheregreredabwtham a
nornmal node in which no character fattening process is
10 r@@b[ﬁﬁibﬂuu, Iandddieise) ethe thesomde ofependiing noairt ed sub
resol ution. ‘ . ' _ . :
scanning directions may differ, such as 600 dpi in the main
scanning direction and 300 dpi in'the sub scanning direction,
400 dpi in the main scanning direction and 400 dpi in the sub
scanning direction, and 300 dpi in the main scanning direction
15 and 150 dpi in the sub scanning direction. It is possible to
obtain similar effeécts when printing the characters with the
resolutions that differ in the main and sub écanning
directions.
On the other hand, in the case where the resolution
20 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

25 portion forming the white character. For this reascon, from
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Next, a description wll be given of a process which
swi tches between the node in which the character
WO 200705078y process is carried out and the nor nedT/aredes/322060
in which no character .fattening process is carried
out, depending on the character size, the character
type, the inmage resol utionylthe color of the
eri pheral dots in the periphery of the white
gﬁaP%&RQHOf IAGvt Ré FWR%PV%RH|ﬁ§ﬁéFP?ﬁ@cF%rFq%§l¥Ey EtGLs
25 is a flow chart for explaining this process of
psefecdbhlm teeworadehe medie irhathichr thescharadtter fattening
character fattening process depending on the character
psbzess the whatiadt entt yped, a triernt=ds abodei on @bl e ldhseacter
and the normal node that does not carry out the

fSB@éﬁPﬁ@rprfo@etsgnh59c9f9£&§souﬂ N anldie tBr 96 88St St JdR
FIG 25, the character fattenlng process is carried

dgﬂén&ﬂﬁgcﬁh%hgh§ggggg{ Size of the white character is

pornts or greater e character type of the white
character js . the ncho typefa and t he
resol ut of e RREF P LI Wi, RLSabRE, S Tarprnss s
pi 'in both the main and sub scannlng directions. O

WEéGFs@“‘%%ﬁ BEGHRED CERRITGFhs Ty @PAFBAItRS §ipracter

character size, the character type and the i mage :
frbtehing ramessofscoarstehot mndegheone sk midenin which
FIG 25. In FIG 25, a step SI| decides whether or not
nbhehehartant datitenanghptecedmriactoarribll dre, déspesidimg .on
result in the step Sl is YES, a step S12 decides

thBetheFa dle M@l ZbhetEhacRet it i 2€pes 8hEOiMige qresolutlon,
greater. If the deC|S|on resul t
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 floQ'ghart fof explaining ﬁhis process.of SQitching between
the mode that carries out tﬁe characfef fattehing brocess
depending on the character size, the character type, the
resolution énd the'like, and thelnormal mode.that does not -
carry_out thé charaéter‘fattening procéss.

In the process shown iﬁ FIG.'25, the character
fattening process is carried out when the characfer 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 related to the character size, the

character type and the image resolution are of course not
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in the step X12 is YES, a step S13 deci des whet her or

not the character type is the Mncho typeface. If the
walewresosl result in the step X13 is YES, a st epCBirR2006/322060

deci des whether or not the inmage resolution of the

character i's other than 150 dpi in both the main and

sub .scanning directions. +72the decision result in the

step X14 is YES, a step S15 rries out the character
13t tehi bRy thoseesBOWRs i%%%-gﬁbve. On the other hand

if the decision result is NOin one of the steps SI|

t hrough SHq ¢i1G.akberatdieentdd Se5ideRevipthas Lemgs. the

In addition, if the color of the peripheral dots in
chheaqern plery wofitehehavadtechadldctbe desisimn sesmid in the

color or nore, that is, the ink drops of two or nore

sE€6b O3Bl are YgjsgChestap tdn 7 ekpdelest @hetRePi xelnot the
corresponding to the peripheral dot, it is possible to

CRAFE Y Mg 110e 1GN3r 861K s Tl IBRIRG rPr OEESEn M ddt f8SREEksult
to the white character because the feathering or

1§l £601 DG ITOrS GASLEY OLCUS, I SHEN; B CAR0 LT, GONESE: the

har er enf ng process may arrie
with respect tO'tHe white character when.the, ., | -
CRAERGH ST Bor el Ghe| BLAGH e By 6t s haviig deiTigReresult
first (or prinary% col or such as bl ack, magenta and
igydpe s%eR e 3siiAghBSf |2 sttqroSldr dRai§ss cardiriad Mngot the
t he background portion is yellow, it is possible not
image aregolouti onhef chlae acharadtant ési pgher otless MG kipi in
respect to the white character because the background
bbtsetie becionmesdc eas pscatmisng Riisvehiansaself 1thedtdeeision
words, the node in which: the character fattening
rBEQLESH IthLakkbedl puls angh t he s‘%‘ébr@hS carries out the
character fattening process described above. On the other
hand, if the decision result is NO in one of the steps S11
through S14 or, after the step S15, the process ends. -

In addition, if the color of the peripheral dots in
the periphery of the white character has the second color -or
more, that is, the ink drops of two or more colors are ejected
with respect to one pixel corresponding to the 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
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node in which no character fattening process is

carried out may be selected (or sw tched) dependi ng on
wo bm7osd78r of the peripheral dots in the peri pher/§P2066/322060

the white character. Therefore, by selecting or

swi t chi ng between the node in which the character

fatteni ng process is carrtéd-out (nmode in which the

bl ank dots are added) and the normal node in _which.no
O b Gt PRCRERPG R Ooss s TRPTPae St S AR pRe not
whi ch no bl ank dots are added) ,dependi ng on, the
tehermct utsithe, chaBagil SAEENLPFePTPRRST Hhdgd respect to
resolution and the color of the peripheral dots, it is
tpesdiitie dharebtarnbacalisgh thRMVbegkpuound t Hoigl fr dggiomeag
an unnecessarily high processing speed even when

cOREi Ridie dnhisgBht &reaghputin bthehewbrage fioy modg in which
apparatus of this enbodiment, the recording head is a

£ R AL LAY Gaheadi N§i pibdd 880@keet &4 Cowl &RNthe normal
However, as described above, the recordi ng head may of

nSQYT € h8 & %%e&ggk?gé@@- mt%ﬁia@e reeegé gfyfg ;ﬁ%@&ﬁaht

conversion el'ene to eject the i'nk dro

boiling.. I'n th case.ofe%se i ezoel-ectri heag: th
MR ICTHER HGEdrY BT SIFECOCRA BB eciagr Of the

dependi ng on the driving, signal waveform  as descri bed
papbRkeraindqts 18pbhei PR RIETYaSEl FReoY R &8 IRAFRGTER -
“image. On the other hand, in the case of the therm

head, the Thezefesecahy beekagtamgedraswatahihg dwigieep, the

and it is possible to. print an inmge having a high
mb&s ol nitvtdichatthe bhghasipeedatAetdngr ppotess wid Icadreied out

given of different therm

(mode in which the blank dots are added) and the normal mode
in which no character fattening process is .carried out (mode
in.which no blank dots .are added) depending on the character
size, - the character type, the image-fesolutioﬁ and the color
of the peripheral dots, it is possible to obtain a high PPM -
output without requiring an unnecessarily high processing
speed even when obtaining a high throughput.

In the image forming apparatus of this embodiment,

the recording head is a piezoelectric head using a
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. In the case of the piezoelectric head, the ink

drops having different sizes can be ejected depending on the

driving signal waveform, as described above, and it is
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heads, by referring t o FIGS. 26A and 26B and FIG 27.

FIG 26A and 26B respectively are a perspective view
w@em7a508Dss sectional view for explai ni ng anop¢EIP2006/322060

structure of the recording head, nanely, an edge

shooter type thermal head. The edge shooter type

t hermal head shown in FlI GS7426A and 26B- has a stacked ,

stryucture nmade.up_of a subsirate 5 an ink-J et
ORHEHOL GO BPaer Mo BERR PP Ml E AR RDer OB fpgper hand.
fornms side walls of flow passages 503 and nozzl es 504,
innthe da5e Mfatees68e }tec?\fjergitehﬁoiz? %° PR dffedrzge9ed

In FIG 26B, the illustration of electrodes of the S
at nkj letgterimngy tyenendt gt bappssiet sownrent tafe image having

recording signal (or ink-jet signal) is applied and
athegh | terstinatiionn aof aahpylotepetadon | ayer which is

provi ded on the ink-jet energy generating body 501 if

necessary,n alescibtied (o1l thie FHakn 6F aopFentencterhal
s indicated by a one-dot chain line 507 in FIG 26B

h%%\?\s’a 'r gé;, { %&@ﬁ%@akghhéé omghenty owspasgagss 503 .

e nozzl'e 504 in this edge shooter type
t her mal hﬁ%g; I a-sta% where the ink_fro ' .
chanber ( 'sﬁ%ﬁhf??i % %?ﬁ?%%ﬁ%%eégsggaeggggféég%tlve
recording signal is applied tao the i kTEet ener :
vhENCRT | T gy SSOTIORaL (VR o GHBLSLHGRT SHRRIIET
The ink- jet energy generated fromthe ink- jet energy
sgenetane mf Bd¢y r5oeratng kprdhaargkyw BRI adgheSHART type
passage 503 at the upper portion (ink-jet energy
thetmay hpead. oMheokdybeshoktey etypenehgymgénieead i stpwrody
501, and as a result, the ink drop is ejected fromthe
rRegz! 26H5Qhd 26B has a stacked structure made up of a
substrate 502, an ink-jet energy generating body 501, a wall
member 505 that forms side walls of flow passages 503 and
nozzles 504, and a top plate 506 that covers the flow passages
503. In FIG. 26B, the illustration of electrodes of the ink-
jet energy generating body 501 to which the recording signal
(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 for the sake of
convenience. As indicated by a one-dot chain line 507 in FIG.
26B, the ink flows straight from the flow passage 503 towards
the nozzle 504 in this edge shooter type thermal head.
In a state where the ink from an ink chamber (not

shown) fills the flow passage 503, a recording signal is

applied to the ink-jet energy generating body 501 via the
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In the case of the edge shooter type thermal head, it

is possible to formthe various parts of the head
wezdaoresesy small with a high precision, and thECTIoR2ROER2060

can be nmade small and a | arge nunber of nozzles can be

formed with ease. Accordingly, the edge shooter type

thermal head is suited for7pass production. On the

ot her han here are-| i.t .s.to increasing the
P B ook SRy R LS8, BRSFEPS Bk iy, from che
the ink- jet. speed of the ink drop, In addition, air
.wksrmﬁfeser@fr@Ygsﬁ@Pa%wwm% SOfeaPhR GREFNE Kk within the
el ectro-thermal conversion el enent generates heat, but
fibtwe wHgsdnsbsI08s atohhe aeppath@ertient émpbrm@r@edtmp@ctmg
Hence, -the so-call ed cavitation phenomenon occurs in
pYhE Toh )t E ithle- ipRt ] ebesgyr gerenatrbngnhodydpCH0i,s and as a
gradual Iy danaged by the shock of the air bubbles

Gk $PPPEaAHd NGk BrbBei¥i & didas Erohenknkoz2 B4 SEr gy
generating body 501, thereby nmaking the serviceable

[i7e of the sdge shaoter iy Asddan lte?eé‘?pée&k?éfxﬁé%' Yead,

ShOFt S a cross sect ona VI ew

Ialqr%%lf?t |tlgl glanot e%o‘?ate]{l%ui?gtg%trg let%e:;%er ddTe%tremely ) '

S|de shoot er tgpe t hermal head shown in FIG 27 has
S8R hE K S 3 (dGtr BrREHRIY NhSEsPPAELSS193N &if made” small

i nk-jet-energy generating body 511, a flow passage -
ahdr ai ke gremyeoe315ft harz fer mansidge fmmﬁé with gassw

passage 513, and a nozzle plate 516 having a nozzle
ABddrdinmgIit,Gtha7 edybeshbdikst rtatbdeorthefmell eb¢addes wfitele for

i nk-j et energy generating body 511 to which the
mk 8§ Op fbdetSicgNal ohothéNkthdethand, there are limits to
increasing the. response fregquency 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 témpératu:e drops. Hence, the so-called -
cavitation phenomenon occurs in which the ink-jet energy
generating body 501 is gradually damaged 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 sectional 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
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signal) is applied and the illustration of a
protection |layer which is provided on the ink-jet
we@o@rgy27gener ati ng body 511 if necessary, are POT/IR2005/322060
for the -sake of convenience. As indicated by a one-dot
chain line 517 in FIG 27, the direction in which the
ink flows towards an ink--jé&t energy acting portion
within the flow passage 513 is per?endic lar tq.a
SR 19 0PN RBERE 15 708t APRER A hRoe e P F10W

this side shooter type thermal head. In this side

passagerfarygegt nembat hEadhathdosmer gyde rem thef @k flow

jet energy generating body 511 can be converted node
peédadgd 9113,y ahd wheotplemliaire &flét heving armpezied SlHe In
ki netic energy of the ejected ink drop. In addition,

rE@e IENIHS 11§ sk et P68 bHW bt rob¥st B LK SuUpplet, energy
" due to the structure of the side shooter type thernal

i f i L de or nikSe
SR TIEIFR, Sl e i hoPia ey bem pacdrssoc

_ n a heating elenent is use
he, i nk-

for ..et, energy er.ating hod er
stieell Ge SREIUER E)Retther TS RaCBant o TP TG o tayes
so-cal | ed cavitation phenongnon in which the, ink-jet ;
whieh gis qHRSHAech§rbbhy 1RKGIed GReFYY dgRRGE/C HRA tapdly 211 1t
shock of the air bubbles disappearing in-the vicinity,
nefessmink-gust ogistgy fehekhr istkepedy ConHeBt #RES worts,

in the .case of the side shooter type thermal head,
inbesatde mi ra bukbkbes ghaim aniche &40hinh&8IG0z2T e B,

the air bubbles communicate to the atnosphere and the
d$e8LE 864 1 QN waficht RBeak hk bElhl £ s llde ds0ah henk-efge ratar

drop will not occur, to thereby nmke the :

acting po;tion within the flow passage 513 is perpendicular to
a center axis of an aperturé forming the noZile 514 in'this
side shooter tfpe thermallhead.

In this side shooter typé-theimél‘head, the energy
from the ink-jet energy generatiﬂq body 511 can be converted
mode efficiently to 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 effectiﬁe
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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serviceable |ife of the side shooter type thermal head

relatively long. In the enbodi nent descri bed
wherehsd78r e, the i nage processi ng appar at us i SPCESIR2QNEI22060

so that the printer driver formng the o

conput er -readabl e program according to the present

i nvention executes the inmagé processi ng nethod

~according to the present invention,, Howev ‘t.he ima
LRKr it TRBGYr GERSTT LM PRy bepPEITUAIP T THedRE Saoe
for executing the inmage processina net hod accqrdin%bags

of Hehpradsienshpavent F e YHeraddi FPef; Yihen Sthi &r bu

possible to provide within the i mage form ng appar at us
gaow app ireachohhspeeizfie S eghat adrchyklRles (GRggpicate to
whi ch executes the imge processing nmethod according
the it gpresentninyeati®itricidoandtErbedi e rinjbbillesn due to
creating a docunment by an application software and

£ QU P Id G trRe gdes BT AdtoBciir], Megeth@FéByiGnake the
apparatus such as an ink-jet recording apparatus (or
Lokl et Rr jRtar )t & el MROSe DYh S AN GG
S%E{;lsé,:eafthlge flgtg? %ge%]@% a%lﬁ{/é,msa{lto{%r Se t % font) that iIs
SEecjfied’b t he application software is.converted by
RN N ] i%on software or a printer driverinto the
character data fornmed by the dots to be output from, .
Hepreridingmace

the i mage Forthicngrappirerusdesaritrds NEasE?

on the application software or the printer driver, the
pwbdedsiroy apegretusf is ademisylechisor hhaghbhackernteradriger
out put may becone narrow (or thin) . It may

forming the computer-readable program according to the present
invention executes the imaée pfOcessing”method according to
the present invention. Howeﬁer, the image. forming appératus
itéelf'may be pfovided with means for execﬁtiﬁg-the image
processing method according'to the pfeéeﬁt invention. In
addition, it ié also'possible to provide within the image
forming appératus an application. specific integrated circuit
(ASIC) whichlexeCutés 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 image 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
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be regarded that, when form ng the contour portion of
the true type font, it is inpossible to truly

WO e@rosh1ee t he character contour dependi ng on PEEIP2006/322060

printing resolution. In addition, the wdth (or degree
of fatness) of the character is relatively wde (or

fat) in the case of the GoBtc typeface, but is
,relativel narrOM/ hi n e e of the nch
155 oF B ENAA CHER oL oy TPt HEn oL TR gie@ et From

fatness) of the character depends on the character

thgptmagriaiisgr epBekatWhen t he docunent is created in

the M ncho typeface, there are cases where it is
desi rabl e Tro tditspoesehedependient oni theaapypetation software
having a wwdth (or degree of fatness) that is w der

ok 0tné gt Eiderseravet thkevidih cloar deteee nof efLasdds) of the
readabl e or recogni zable. In such cases, there is a

?59 essy thale fiat berput hrﬁa3$ F};?é‘ddcldeegta??@%a%ﬁrtl’ﬂﬁi Ng at may
ace or boldface function of the appllcatlon

bgo{,évvarged %lfl %ﬂfeé?foﬁgﬂﬁqah%r é::p‘;‘tgéa%t ;ﬁ&?td fﬂ%he true

process” using the ace
dots

har act Iy, fattened
CERRLPSLET 4 COUERLDK L LIS, SEECAL LS, Snagcrer

a character having a width (or degree of fatness) that.
cpytepeaienaniding ent theobf 1Hel v iTgPRANTeRRAr act er, and

if the process is carried out with respect to all of

t he char aclrerasgidiittibing the dbduneintr, debgedoefinbatness)a of
whol e may becone difficult to read. Accordingly, a
teesenapidtdr Wid Irenawibel gi wate ofora faegond *ehtté)odasrmrdf the
of the present invention which can inprove.

Gothic typeface, but is relatively narrow (or thin) “in the
case of the Mincho typeface. In other words, the width (or
degree of fatnessf of the character depends on the character
type. For this reason, when the document is Created in'the
Mincho typeface,'there are cases where it is desirable to
output the document with a typeface having a width (or degree
of fatness) that is wider (of fatter) so as to make the
character more easily readable or recognizable.

In such cases, there is a process that fattens the
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 is converted into a character

having a width (or degree of fatness) that is clearly
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the picture quality by slightly fattening the inmage

when the output inmage is too thin. In this second
wendodsatent of the present invention, if an i nBgBEIR2004822060

fornmed on a recording nediumis too thin, a fattening

process is carried out to fatten the i mage by addi ng

dots to a bl ank background7pertion that is adjacent

-to dots form the jmage. It is preferaple that the .
O] HEREeh o TSP ECTHE § SRTESEBEL efioL pritbds ocess 1s

character image which is in black or a color other
caheied althadkdr sappeedl et alduch &8ewRheragrerhevighisr the

"of the recording nedium In this case, if the imge

dbourhent ortted doTumeetr esoadwhglereth yinbegmieudds facblacko read.

character which is in black or a color other than

~white, foracvorBhglyf &addeiitgiPhoGess how OsE Igie’rodt a
to fatten the black character by adding inage dots to

s@f@ﬁ@: eupd Qﬁétﬁf@kéﬂ%aﬁn&%nkﬂoﬂhﬁﬁfbﬂ"cé% G@@bve
chosglggk Ckgsaa?g |sTagJacent to |nag: dpgs_forr1ng
e . .
ehe oL SR UGy Pha THE o5 o Lot s cuidhgReh the

mediumitself or, a color other than a color that is
OPBPWed PG HE L8PoFBH Ry medi um as a base color. In
addi tion,the addi ng of the inage dots to the bl ank

backgr oundiTpditiiso ferarf uerkod@ntc Py thRePEPBFIRE datvention,

of the blank background portion by the imge dots. It
ifsaprbfayabice beo fputige embmtismordingomedidotis staqm thén, a

added wth the i nage dot based on a pattern matching
fattening process is carried out to fatten the image.by adding
dots to a blank-background:portion that is adjacent“to'dots
forming the image. |

It ié preferablg that the imagé that is subjected

to the fattening process is a characfer imageiwhich is ip
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 to‘be forﬁed 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'fo fatten the
black 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 is in black or, a color other than the color of the

recording medium itself or, a color other than a color that is

formed on the recording medium as a base color. In addition,
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between an mn w ndow whi ch includes a target pixe

and a predeterm ned pattern. In this case, the pattern
woradocks21gl i s preferably applied to the blank beckgroumn?2060

portion of the imge, and the inage dot is added.

depending on a result of the pattern matching. It is

preferable that the i mage-88t (or black dot) that is

t@%ga[le d:lgigz I'ke | ggxge?eacci oq__rbd t%t r&)'lgﬁk 1? %}?%foqln%{ 'p\ég‘lt)_{on

tern

carried out u3|ng t he e dot of rtlon
.1aﬁhu<t€h% IRRRc1iagt the %aen 1961 Bic b ata”%gﬁﬁ’q ogod
the target pixel, so as to add the i nage dot having
poheicmdhy Bhezemdepeﬁ@tﬁg on the result of the pattern
mat chi ng. The i mage dots that are added may have a
plurality of isi peefelablditso chsige Whetbezeonfnethe dot is
i mge dots that are added may be different dependi ng

£8Mpk heqdere viinat ikaB (Rsgs!| @pe)odfed be BOPABLErPaEtctiing
of the image. Furthernore, it is preferable that a

-b\%ﬁ %rtx %g 20 $WM L GRLR Gk ScP oS IRIR sPEt Weehe and a

t he i mage dots and a node mhlcﬁ does not ,
e im ts e. case of .the -
PFﬁg‘a‘éer%%eogaag%ﬁ B o n 11}1 sc%anse’bec%‘we %Jg?%ﬁ?tn%rtc s
be made dependi.n t aracter size,.the |nd
oBFTeRaP it 1P Lid ttﬁe%f“%g&]r B e Hore, BRSSP S e
forning apparatus of this enbodiment outputs the img e
inage, gemérdiedmgget Heti MgeddndcepsnAgnaePhodl BISWH @f the

enbodi nent. The i-mage form ng apparatus is
pattern matching.

It is preferable that the image dot (or black dot)
that is added to the blank background portiéﬁ has a relatively
small size. In‘addition, the pettern matchihé may be carried
out using the image dot of the image pertion end the blank dot
of the blank baekground portion aslthe'target pixel, so as ﬁo
add the image dot having the small size depending on the
result of the pattefn_métching. |

.The image dots that are added may have a plurality
of sizes. In this case, the size of the image dets 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



provided with a recordi ng head havi ng pressure
generating neans for generating an energy that applies
wpemsesa7el to a pressure chanber to which a nozedBIH2006/322060
ej ecting an ink drop comruni cates, and driving
wavef orm generating neans for generating a driving
signal waveform having a p8urality of driving pul ses
wi thin one recording period (or intf']n eri'od) for
LR iMAdRS Ry PPeB3Hf eIRANAG kY bhsneharacar E&6r dithg
head. The drivi-ng signal waveform has the plurality of
kind whgharasesrt ad bhe rpadatagnseft B¢ ¥gdaral ity
of ink drops ejected in response to the plurality of
driving pursemageefoomingedpphuraitng DIEi ghisienlmodiment
single ink drop that |ands the recordi ng nedi um
ot e IHAY 8magt HAEa Pheneddtan of dhevinggdybrrsddiay
are selected, the last driving pul se makes the ink-jet
' [ ' el atyv 0 iépégaq. S 4
m%?lggéjooggrrett :esn e?lﬁgggﬁg%i' bg%iegggﬁgg 3’8?’%?’2% adj acag%:s tl 8
t he, i e dots fornm.ng the | y ] -
PEQT TR i AECRTLEs Mac Tevargy et SbPd:f ihssaping
driving signal waveformis _s%l SO t-hit t he ink drgp-s
MEARF nEP i FFETSRENgi 3RO dDhpAPBxi iRt RIS I HE $&né
position on the recording nmedium Inaddition, it is. .
ppesferabthamteat tohehdeh @ mpzalgndlorwaierbi g | 3t | inde siraP -
wavef orm el ement that causes the volunme of the
cpimessike: eharner dirdoving aralesioras genedraihng heearshifsgus.
towards the pressure chanber, -and a wavef orm el enent
gthatacauses dlieivgl sngnef dheupandetdngr esglumality of
chanber to contract. The: :

driving pulses within one recording period (or printing
period) for driving the pressure éenerating'ﬁeans'of the
recording head.‘ The driving signal'waveform'has the plurality
of driving pulses that are selected-éo'that a.plurality of ink
drops' ejected in'response to the plurality of driving pulses
are combined during fiight intp a single ink drop that lands
the recordiné mediuﬁ., Furthermore, of the plurality of
driving pulses that are selected, the last driving pulse makes
the ink-jet speed of the ink drop relatively low; The image
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

approximately the same position on the recording medium. 1In
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wavef orm el enent that causes the volunme of the

pressure chanber to expand, forned by the |ast driving
w@eiog®sosl the plurality of driving pul ses, mayP¢EIR0E5/322060

relatively low voltage so that the ink-jet speed

becones relatively low O the plurality of driving

pul ses that are output wit®hdn one recording period, it

ref er bIeth di.ff n rrbln s_.of two _or

ﬁlif%r Wi \} ng® pBF%%eS s écg'l éct 561 ¢ %%%%%flr%na&nvaefom

recording signal. Furthernore, it is preferable tha
InGlidns @ W@‘@%ﬁ%l el emAt¥to ket ERHARS gh?n‘ﬁq]dmlfﬁl afi hge

pul se that vibrates the nmeniscus w thout ejecting the
predkesurophimbart he expurdiseg dsesa. dravwt B nafsiscust tpyards

preferable for the relationship of the mcro driving
tipell e At et BRatbéyj nendu savetfoch Edéhens timtbeassel the

that the volume of the ink drop ejected fromthe

v BGR dNG HaeadphAdE@ SPRNER O chlfbBE CE® cbnttdig .pulrhe
and the follow ng dr|V| ng pulse is large relative to a

wgégfofé@%ﬁ%m%ﬂtﬂk %—{age Qh%ukz%ﬁuﬂée%dﬁ?etﬁk%s%@r\é' ng

I'S pre era at the driving signal
vvaveform a d ur, e [Tlt-%gn
P LS §‘% §St%%r%er| Vi ng pullggg’f g?'{? %gp %f the
i nk drop, a driving pul sefor formn mal | in dro
Ph‘ﬁHaJEJHéY @it AE1HANGi A ?ﬁﬁ'sé“ayl\/gﬁé@vgrref?ﬁl‘(ﬁ]syc |t§'gltage
of the ink is preferably in arange of 5 nPa-s to 20
soPehal, thecdndirigtt speed SPeammsd FeRetivelyslqbssible to

i mprove the picture quality of the image such as a
charact er Of the plurality of driving pulses that are output

within one recording period, it 'is preferable that different

combinations of two or more driving pulses.are selectable

depending on thé recording signal. Furthefmére, it is
preferable that the driving.signal wévéform includes a-micro
driving pulse.that vibrates the meﬁiscus without_ejecting the
ink.drop frbm the récording head. In this case,_it is
preferable fér 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
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

driving pulse for forming a large ink drop, a driving pulse
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I mage, by slightly fattening the i mage when the out put
image is too thin so as to inprove the readability and
wo ewogsi7gnbi ity of the character or the |ike, PQKJIP2006/322060

addi ng the imge dots at suitable positions in the
bl ank background portion. Moreover, a. high-resolution .
i mage can be formed at a hBgh speed, particularly when

t he_recording head,ejects t [ by.filmboilin
TR PP nd B S STb e eriSC b i i Bule.

enbodi nent of the present invention. First, a
MRt itHE WiLPLOBtYi VerFt e 1P nREBIFERM ngin @ Tange of

apparatus whi ch out puts i nage data generated by the
5imigyes grocdssiPagsmet hod in this second enbodi nent of

the present invention. The basic structure and

oper at i-on Adcdrdd ngnagetfiios mmigpddpeatat us b pdssible to

second enbodi ment are the sane as those of the imge
iﬁ%ﬂ%@ GrRPRARue ghat b@ﬁfdﬂ $theehadenenth descs idiedacter

above in conjunction with FIGS. 1 through 11, and a

- riati : : ; : e [ ;
1&??%,régw%ﬂ}dﬂ%ﬁgﬁ9%?@@%in&“%ﬂ@“1h%%@ wReHeBRE | AR image

gl v f a process of fattening the i mage,
.such a bl ack character referri to G 28 and
l?hﬁogﬁggghﬁ%hﬁsf%Su%%%Fo$§@§%§§%F§aélg?5 r%ﬁ%homﬁng a
bl ack, character that is formed b conpari son anpl
TRAEPEM ZRfSL ot Ofafh§ SRRTIHE T ﬁ’éfrv 53{%&5?& t Wi %nglnrgp the

process, and FIG 29 is a diagram show ng dots of an
inagordelit Parguisabin eeshiged dealtee Poankxpraranavgd

the black character that is fornmed by this conparison
pexahmh £. Moreover, a high-resolution image can be formed at a

high speed, particularly when the recording head ejects the

ink by film boiling."

A deécription wili now be givéﬂ Oftthis second
embodiment of the pfesent invention..¢Firs£, a descriptipn
will be given'of'the image forming'apparatus which outputs
image data generatéd by the image processing_method in this
second embodiment,of thé.present invention. .The basic
étructure and operation of fhe imége forming apparatus of this_
second embodiment are the same as those of the iﬁage forming
apéaratus 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

to FIG. 28 and the subsequent figures. FIG. 28 is a diagram
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As shown in FIG 29, the resolution of the image in

the sub scanning direction is 300 dpi, for exanple,
wa@em7is278he sane as the nozzle pitch. The resobat/ie06$22060

the image in the main scanning direction is 600 dpi

for exanple, which is two tines the resolution in the .

sub- scanning direction. Fo¥4the sake of convenience,

FIG_ 29 Q [ e portions .qof -the bl.ack . b
SBTRE & Ptk CHAPRS Sl iindde TRATRGr B0 BOFALISE Dy

white circular marks. This neans that the ink drop
-examrike ofhidhe dBRECROE| ?%Eﬁyaro%ﬂli@, chararkt ebyA ¥ M Ehe

bl ack character. The inage portions of the black

prheeset emdaidGt hddbiank i ghewpogt deohs f @n important
illustrated simlarly in each of FIGS. 30, 31, 35A

paht apghard3=01a36Ad 368 e 381t kixplglin38E, tI3OA1RB9B ché@acter
through-47, 51A and 51B which will be described |ater.

tIPhACEs thaRs B UEhO8 Ednddre S8 BxSRBNBI Ng direction is
two tines that in the sub scanning direction, two dots

in the maig seanni ng E"té.eféé,mtr%g%f%@ee;d_oﬁ%p%éﬂq&nage in

in the sub scanning direction, t for the sake of
conveni ence,, Fl G, 29 shows_ t i, N npj ir i .
CBR AR HRERG g‘ﬁge‘éﬁf%? ged 3{6(;% & l’tﬁgngsg}t(%%)géda%gdo? S the
the sub scanning direction, and the main_and sub Lo
SgRAMMT N YiNOEEL FoRs GRe i TTUSESRLEG4PH Psrﬁﬁi%ﬁﬂa@&cﬁn the
of the figures which will be described later. FIG 30
man as e rGirEMAs He e hgn al Bl @k diar derepxemRiei WhHighhdg two
by carrying out the character fattening process in
tihés Seeamnbdnitddnneént tiod duie speeseny- dineentoron, Faxdthe
FIG 31 is a diagramshow ng dots of an inportant part
sQQea@faﬂhﬁkgﬁ@nce, FIG. 29 shows image portions of the black
character by black circular marks, and shows background
portions by white circular_marké. This means that the ink
drop lands on the black circular marks, to théreby form the
black charactér.' The image portiohs of the black characterl
and the blank background portions are illustrated similarly in
each of FIGS. 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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scale, for explaining the black character that is
formed by carrying out the character fattening

w@e@emssslt A s shown in FIG 30, one |large ink BEDDP2006/322060

(large dot) Dp is added in the nain scanning direction
with respect to each dot (indicated by the white
circular mark) form ng theBbtank background portion

=GB o PR Sradrel & PUSr e E I BoP SRogriRee Later-
to the dot ndi cated b the bI ack CI rcul ar r k

form ng tﬁé% ﬁ&elﬁo?t‘iﬂéﬁlﬁ“ SROVBRECR }Eh%?)ég%")ac&ﬁ& that
one large ink drop (large dot) Dp is added in the sub
isciommeaty byl cecriydngwbeh Fhes pdaracsesatat eoning mHacaEedin
by the white circular mark) form ng the bl ank

thie kgganmil epboti nanandf | deatpetsentt hevendeor,| cwet FiiGde 31
in FIG 30) opposite to the side (upper side in FIG

1303 @HpENshbeihBeddes &f ndi Gapedtbiittperblackan enlarged
circul ar mark) formng the inmage portion formng the

géfé:k WS nlétlgstﬁe Nesti chdtrabher bonndaly Qfrrdddeny

ots' form t e ank background portion and the dots

CBF%:H‘%&CLE; t un& a%g%fc%(f‘t ggttéﬁﬁegdggrsoce%r m n t I%ﬁown in FiG.

‘ f portion decreas an anoun

ots form ng the bl ack charact |ncre b
3eha?%%tjearrq@atlt‘§nfiﬁ@pp o%’é%%dc e |F:t'°‘u‘Fl %a?‘?t’i?"eof“aln
the bl ack characteris inproved by the character:

stanning i ecsdess viknemetts te §RaYr dat s hfirpifst y the
of an inportant part on an enlarged scale, for

whekpé ativag e bleakk ¢hzmamy erhe rbétanﬂ(sbaokmum roystileer and
character fattening process in the second enbodi nent
18Eatde® ¢ egRNisiidavert gpn. sfdd5in3 FISh088) acpposite to the

side (left side in FIG. 30) adjacent to the dot (indicated by

the black circular mark) forming the image portion 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 portion 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) forming 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 quality of the black character
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case where the resolution is relatively high, nanely,
600 dpi in the main scanning direction, and the

wo emoelosa7son is relatively | ow, nanely, 300 dpiPCTIR20e5/322060
sub scanning direction. In this case, as shown in FIG
31, one large ink drop (large dot) Dpi is added in the
mai n scanning direction wr8h-respect to each dot

(indicated.b he white circular .par ing the
l%|am<rq5'£&&%aha P3?13% S L dg%%é?o#g si de
(right side in:FIG 31) opposite to the sid | ef t
side in FIEGG-38} aaj'%c%-}ﬁg & HeVd8e %?T']%li. taéh Fporkant
bl ack circular mark) formng the image portion of the
pbttcin creadeegedande bhe famdiexmlieAR10E op Prash whagecrer
Dpmis added in the sub scanning direction with
thespestfdrmedably dnbtlfenditcataed ey fahbeming epmigessl an the
mark) form ng the bl ank background portion and | ocated

s@BRohd Ceri S8 rehe e E féwgoiéseﬂ'tai_n%ht@@@osi tES t B1t BRows a
side (upper side in FI 31) adj acent to the dot

chLpdicated fy r*eE,St'LEJg?@Féﬁf lan Jaapkh i §or maehe 600 dpi-

I'nage portion o character. AS a result,

.the boundary of .the . dots formn E E' - ackground
1Botie d??la{ho‘yctaﬁéuagt dLEor MYy 't‘_i'hng]1 E): §c L%ﬁgftg% e?i,s t he

dots form ng the bl ank_backgraound portgon decreasg by .
rghabhvRit e 6@F§1Vor%@%d#Fhéij§8ksu scanning direction.
characterincreases by the character fatteningcfrocess,
Ianthifecarieot @se shouni iy BIG+ e bloagk Larae abtlerdiap (large

i mproved by the character fattening process. Since the
dbamgep! orgriaegieappar ahesmain tdianremgodii rent ieanwiftdy mespect
the |l arge, nmediumand small ink drops (or '
to each dot (indicated by the white circular mark) forming the
blank background pbrtion and located on the side (righf side
in FIG. 31) opposite to the side (left side in FIG. 31)
adjacent to the dot (indicated by the black circular mark)
forming the image portion of the black character, and one
medium ink drop (médiﬁm dot) Dpm is added in the sub scanning
direction with respect to each dot (indicated by the white
circular mark) forming the blank background portion and
located on the side (lower side in FIG. 31) opposite to the
side (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 portion

decrease by an amount the dots forming the black character
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| arge, nmediumand small dots) , it is of course

possible to add a small ink drop in place of the
wore@rom78nk drop. By changi ng the size of the PCRIRRO@E322060

(that is, the dot size) depending on the resolution as

shown in FIG 31, it is possible to suitably fatten

the bl ack character even T&’a case where the

.resolution is relatiyv t ' it f. 1k
D o P R bReary el g PR B Y e bRBeure
character. Next, a re detai,led description wiill be
TR G (e BhaFRCEAT AT orih g TBF SRS TP 108gaEEeT
to the black character. A s one nethod of adding the
fareuinbtoregeshe right or left side and on the | ower
side of the dot in the image portion formng the bl ack
char acter ,Sitnve patt tnagerafiaming iappsuates ¢f drhishe
poi nt of view of carrying.out the process at a high

eftbS@rerf! Gand3Zok ohdi Bgfadn feidienphaiinsmgl B Mikndawps (or
size used for the pattern matching. FIG 32 shows an m

.1%?;@6 ndovy hayisng - BRi xehsc & r anged Ber bgepidldossAmdento add

!s arranged vertically. In the follow ng

L

e"W ndow si ze | that is,
m= 3 and n = 3 as shown in FI ﬁﬁ%..FgGJSS is.a., ._ -

* di agram f &Y EPFRGEAPNEDE het & PTniThGow,Ei FE°P Tﬁté“%toﬁts’ the
data is devel oped into the bit-map data by the printer |
de| vbre) sismepdiey OnThee biesqiay g8 45| AEPkar s ke 31, 1t

dots formng the font. The bit-map data, indicating
isheo$aitbl elatca suiisablipj Eatieeh ttdet bd apkt ChanaptRTHVRR iR 2
units of the : '
case where the resolution is relatively low and the ‘addition
of the large dot would excessively fatten the black character.

Next, a more detailed déscription'will_be given on
the character fattening proéess with respect to the blaqk
character.

As one method of adding the large dot on the right
or left side and on the lower side of'the dot in the image
portion forming the black character, the pattern matching is
suited from the point of view of carrying out the 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. 1In 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.



wi ndow W descri bed above, for each bit. A description
wi Il be given of the pattern nmatchi ng process, that

WO 30070kschar act er fatteni ng process, carried BCL/JERP06/322060
the printer driver 101A, by referring to FIG 34. FIG
34 is a flow chart for explaining.the.character
fattening process (pattern8fatching process) . First,

ste 21 sets a target nj t t f t.he font
3%‘3%%.?@%%%&%%5%%5%&1 s 2. Bad BaS SR Ton
ata corresponding to the wi ndow W, usi ng, t he
target pixgte 5?“?%QaE%n%%rg%ﬁéiQRgéaﬁﬁgémFQVhg¥%ﬁﬂﬁg data by
the acquired bit map data corresponds to the data
theopmintry tdrizes £sofewaze) Thdheapibrimag dakp igpycates the
carries out a pattern matching by conparing the
dacsuf ety ttherfodat a Tipathicr-magf dahe, atndicatindattiie font
and a predeterm ned reference data (reference pattern)
5 b chid ssgffedtRdadyatre parttdrh weedhiagadd bt daifs tha
step S24 deci des whether or not the conpared patterns

wIBLGR 1 THE IBRES BN ANESS darikep S25 if the |
ecision result in the step S24 is YES, and the

P OCE IS DT e o

gn tge step e step generate

ot data (or the pediumdot data) for the target L
DEpRerSs Soals i FOB ST N Ide BSENAAE PRPYET iSRS out
the large dot (or the nediumdot) . The process
bidvhacesinten Weigespl &b, BY giefidie 180epoSEEs- THe stidF: 34

S26 noves to a next target pixel. In ,
10 is a flow chart for explaining the character fattening process

(pattern matching process).

First, a step SZl-sets.a target. pixel to a start of
the font data. ‘A step 522lacquires the Eif—map data of the
font data corresppnding to the windoﬁ W, by uéing the target
- 15 pixel as the Center of the window W. Hence, thé_acquired bit—

map data corresponds to the data amounting to 3 x‘3 = 9 dots.
Thereaftér, a step S23 carries out a pattern

matching by comparing the acquired bit-map data (pattern of

the acquired data) and a predetermined referenceldata

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 S24 is YES, and the process

advances to a step S26 if the decision result in the step S24

25 is NO.



10

- 15

20

25

addition, a step S27 deci des whether or not the target
pi xel is the end of data. The process returns to the

waet@p/08281 i f the decision result in the step SPTT/IER006322060

so as to repeat the pattern matching until the end of
data. On the other hand, the process ends if the
decision result in the step2S27 is YES. The process

h in FLG 34 tr eat i 1- b d
o' Lol et B IR, P sl d e (RS ene

data, 9 bytes are required to represent data amunti rg%e
I

medign fints dada)t RRT ob AR rtARIRT, PWfEh t PRART NP diiPIFicRe

as a 1- bit data, only 2 bytes are required to :
doeprisehe tdaigatapbyel by the Jagdgesdokefiet, theaneginineot) .

of data to be processed is small when one pixel is
Thé et @tk AS adivhnket tatthe artebpt ISR 6r eftier etheresmepy S25.

capacity can be reduced and the processing speed can

be inproveghd kbl 826a86ved|tES.a doAtt haoyeh Shéewar e In

di agrans for explaining reference patterns of the 3 3

Si Se n [ t [ :

2Ll S1# Skpedah 39)%9&1&;13&%%@ b3t heel il PIDGRSS pixel

are diagrans for explaining the

.use of the referenc atterns shown in_FIL.GS, 35A .
1 TERHBSE SREn ¢ KRS TS HeCRPRGE P Made ok (72 1
respect tothe font data shown in FlG__36A usi ntq the - .
thef de@htiehaese s 1BhbW F5PHFISES. 185K01 PO S5ECRERE the
state of the dots included in a wi ndow W havi ngi]a
pptetn pustiahiog otidotheoenid iagndass . of Ophehe opttherathand,
as a target pixel becones as shown in FIG 36A, and
tHat phesesheendd drfenbe pattieion sheswlt nrFltBe 3§€p S27 is YES.
Hence, ; : '
The process shown in FIG. 34 may treat one pixel as

a l-byte data or, a 1-bit data. When treating oné pixel as a

l-byte data, 9 Eytes are rgquired tq represenf data amounting
to 9 dots. On- the other hand, when fréating one pixel 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 when‘one pixel is t:eated.as a 1l-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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in this case, the blank data of the target pixel 45 is
replaced by a dot data (inmge dot data), as shown in

wWo-b@7/0268 Sinilarly, when the wi ndow W noves ByT/airee06/322060

pi xel (or dot) to the right in FIG 36A, the state of
the dots included in the wi ndow Whaving a pixel :
position (or dot positiony2d7 of the font data as the

b s Rt AR T G CRECSRRG EL ROl opferns

suhyin ke S5 FRF ORI fhar ke SPFE BRI HF 1 dBgLuded.

the dots added to the bl ank background portion

imcg aclrfiow & hieginet 3 BixeheasiiddRNcHEF ageerPegiEion) 45 of
recorded (that is, are inmage dot data) . Wen

tgentorat idefat ke dotadaetl,pided reicomedata skpwresianttdé.byp oA,
"0" is changed to "255" representing the i mage dot '

afdtmatdhddarer irgiraabnéontattaira ishowapiaSEDNG edB3wy. " Bence,
(blank) or "255" (print data) as in the case of the

1R R @R LA a4 nENe1 Bk Nba At raRr %&@géed;tapyei' f'5 ii%

changed to "1" representing the inmage dot data if the

e8! Anllatacls (Lemesan el by "0z (a0 ¥1G. 68,

i pr i as”i € case 0 fnary
KRGO AL EREN TR G .
dots depending on the font data fornmed by the data '

dphdi tatthry Biwdt dngEldet 36%yerideatsédtpy of heRp At prcluded
matching (in the case of the bit-map data) or, the
ifiohhe dairsdwf WIMananhn91XQﬁrnﬂs¢td@na(QrodobrpositiOp) 47
of the font data as the tafget'pixel matches ﬁhe reference
pattern shown in FIG. 35A. ,Hence; in this case, the blank
data of the taréet pixel 47 is repiaced by a'aot data (imagé
dot data). |

Because the black character ‘is being recorded, the
dots added to the blank background portion adjacent to the
dots of the Elack,cﬁaraéter are recorded (thét ié,'are image
dot data). . When generating the dét data, the print data
represented by "0" is changed to "255" 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 prinf 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.
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"1") and the binary data ("0" or "1") of the small
dots (in the case of the binary data) . It is assuned

wo eoFhE381 36A and 36B that the large dot is adnkeﬂmzn%/szz%o
the sub scanning direction as in the case shown in
FIG 30. However, when addi ng the nedium dot (or small
dot) in the sub scanni ng d?lecti on and -addi ng the

| arge dot |nthe mai n. scan direction as .in the
case showtt rSpPessaile ttrPerEaé:%g ﬁg g?‘f]ér‘fﬁaré’rcéer Py,

created i ndependently for the sub scannlng di rection
priRt e thei ﬁ%éﬁnh@ﬁg}“@ﬁlﬂ%ﬂroﬁmaﬂﬁ t Rplss Gprendipg on the

pattern matching is nade simlarly as described above
féor ddtm fmirmesichpnting dhteedinddsagsnagtihd el axdee dotse

patterns for the main scanning direction and for the

gSHEr SRy G hei pettéom msioig nighd inet ke erase paft thélenbdit-map
for the.sub scanning direction, so as to add (repl ace

bl anksk Q)Sng08§t§36/f ﬂﬂuéjlofxﬁ%'iﬁﬁl Bigesy dkve.("8" o

escrl ption will be gi ven of anot her character

v-iaiteqfk%e%qggﬁe&mgh 15 Q Caf iy €8 £ Ol o A AG0%ots (in

rection w Spéect to a step’'(or staircase)
/} E math of addi ng the smal |, medi um or
tp%r?fesed& ttc?et &l8f¥e ‘?ﬁ' el ow t he dot for ni ng t he
bl ack character,the pattern matching process i

conveni entlf /st ﬁﬁ?‘-‘{“ﬁé Pr IS PPadBngol h@%t@ec&ﬁrge

be carried out at a high speed. The wi ndow si ze used
dboris heldeat tier theraschi sepprioesy riestapn as tHatthes cage

pixels in the horizontal direction and n pixels in the
sMewh | Dl P .1 SOL.i ORowBuér Mwheterc aiddiinggt belt médisung aggy (or
small dot) in the sub scanﬁing'direction and adding*the.large
dot in tﬁe main scanning diﬁectidn as in the casé shown in FIG.
31, the.referenée'patterns are created indepeﬁdently for the
.sub scanning direction and the main écanning direction.. In
this case, thé.pattern matching ié'made similarly as described
above for the main ‘scanning direction using the ;eférence-
patterns for the'main_sdanning direction and.for the.sub
scanning direction using the reference patterns for the sub
scanning direction, so as to add (replace the blénks) by dots
having different sizes.

Next, a description will be given of another

character fattening process 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

dot to the side or below the dot forming the black character,
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correction with respect to an oblique line that is
close to a direction parallel to the main scanning
walerogosa7en and not carrying out the jaggy corrBCI/IRm06/322060
with respect to an oblique line that is close to a
direction parallel to the sub scanning direction, m
and n take different val ue22-In other words, ﬁ]IS set
to a e value so that a.transition pojnt %E
thg e&?t(t&r PaFFRARE) PLIfFe i CPRESBLFR ud oSl EREsgrocess
to the horizontal |ine and bl anks (bl ank dots) in the
ofjadding the €hts ermMRS (GOF1SE AEtcah bk sBeed -
the other hand, since it is unnecessary to detect the
wi/mdbmisti)zeoﬁlseﬁefbratﬂsé tpait gyoi metohingepseegsschsnge i ns .
the oblique line close to the vertical |ine need not
tR& ded eed @dxelsi $nSehe i Rkl dareetidm drid $1 pixels in
partlcular case, the window size mn = 9 3 by setting
Yé&éﬂﬂéﬂqdiréctlgﬁca R ivhed EEQE?QH@réué(Hhe jaggy
exp arning this other character fattening process
whi ¢ rel t | 0 t |
A Rt VR E e BRa e SRR R R 97T o o
corres ondi n e n FIG 34 are de ted b
aSEELERRY B ath R, e Tl YoaRadef Tt PER b bt B
wll be onttted In FIG 37, a step S32 is provided. .
CRBEYREh Qe thEe§3IGY 1CRRE TP é{ﬁaharete%cts@ jag oblique
provided in place of the step S25 shown in FIG 34.
1The thtap iS3Z1deei Hesa whitdwiricor paseliad targw gibxelcanning
is blank data. The process advances to the step S26 if
di hectsi sinomnbesuk bké ndifeeirap v&3dess N d@her words, m

is set to a large value so that a transition point of ﬁhe step
(or staircase) change in the obliéue'line eloee to the
hofizontal line.and blanks.(blank dots) in the vieinity of
this transition point can be detected." On the other hand,
since it is.unheCessary to detect-the vicinity of the
transition point of the step change in the oblique-line close
to the vertical_line need noﬁ be detected, n'is set to a small
Qalue; In this particular case, the window sizem x n = 9 x 3
by setting m = 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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t he ot her hand, the process advances to the step S22
if the decision result in the step S32 is YES, and the
WG L@p/ 08221 acqui res the bit-nmap data anmounti ng POI/EP2806322060
27 dots. The step S23 carries out the.pattern matching
by conparing the acquired bit-map data (pattern of the
acquired data) and a prede®@rmnined reference data
(reference pattern) which is_set in advan nd
sed 1o add ERE sRAl 15 (ke o dpl BEGVLAES e, chfe
smal | dots. The step S35 generates the snml| dot data
steps t37d taadgBR2pi xed 2 strals B8 AepPERELGR: idviPlgcet RE the
target pixel by the smal | dot. The process advances to
stde S1eEho26 aht BEIGt h#t st aheS35epTh82 pleciedss sthewhernor
FIG 37 may treat one pixel as a 1-byte data or, a
ndt b&ﬁe dahyetVBeRel I At NGhIORR LRI XeirhaSpﬂ)deélytain@autas to
- 27 bytes are required to represent data anounting to

tﬁz Q[gépS sdz@ tfh%h t et han rodhi8R theahd NG GNes I X8l N8S  on

y 4 bytes are required to represent

.tggt% APy 'ng b8 Blodols - dnces Lhecauonl, o 091 pe

en one plxe reate
a l- b|t data and the required ry c cit a e
deeHRidY %ﬁ?dlltthénp%%e%*s%qgs%éég‘%ggnyﬁ%g pﬂ%%%lfeeé’ %89

this case. Next, a description will be given of ,
apaeiess e BAENGapr deles AR IONEY Baf r3 €3 ?obtdqtﬁe The
jaggy correction, by referring to FIGS. 38A through
s88ﬁ5$ﬂﬁidanﬁseSSQAtahueSﬁﬁitéﬁnaaatBBAnghme@ﬁmpﬁﬁin@réhe

di agrans for explaining reference patterns of the 9 3
abhioevy Yizemapedata (Hetehdt adt @he acquired data) and a

predetermined reference data (reference pattern) which is set
in advance and. is used to add the small dots or replace the
blénk by the small dots. The step S35 generates 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 S26 after the step S35.

The procéss shown iﬁ FIG. 37 may freat-one-pixel as
a l-byte data or, a l-bit data. When treating one pixel as a
1-byte data, 27 bytes are required to represent data amounting
to 27 dots. On the cther 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 l-bit data,
and the required memory capacity can be reduced and the

processing speed can be improved in this case.
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“matehing Hrqg&Tce WO AL AR

fattening process, and FIGS. 39A and 39B are di agrans
for explaining the use of the reference patterns shown

WO 000381 35A t hrough 35C. Wien the pattern naeChIrgod/322060

made with respect to the font data shown in FIG 39A
using the reference patterns shown in FIGS. 38A
t hrough 38E, the state of Qﬁe dots included in a

w ndow W Vlng agy #g t&f%l %%L QQEnpgfl éQté%%

of the fo at§ as & comes
FIG  39A, and ma ches t£ reference pgﬁtern shomn in
Y (R IHhEUS| BiR 4RI sforaRetion,
target pixel 45 is replaced by a dot data indicating a
b nEETe TG & SHERn §RARG OEE S8Enan EL6ReclSAtmt 39B.

generating the dot data for the small dot (small ink
FiGep)38A tirerqughnB88latacr déjaeserd ddrbgxpbainsng heafperence
to "255" representing the i mage dot data if the

pREEEHARI off GiMe Bakasi §ihepw eSEY ety ih0thé btrakictr
" 255" (print data) as in the case of the bit-map data,

eéeﬁ{rg% changed pLipt regsa é'%tSS;na 39BhgPe @PAGEAES By

representing the smal| dot, for exanple, and

ek rrntt:ata reBreﬁﬁnt de Hc"p %t%?ﬁ@ggﬁo ﬁ’fﬁ-FIGs
KBEp DAL DT PP

|nage%o he orrgrna

data is represented by "0" (blank) or "1" (prlnt data)
338 Phrewh e of bi-nary (or bilevel) data, and the
changed print data "1" is then replaced by data

repr esent iWRen Hées partegptmakching ksl Bpdfanhkh respect to
Al ternatively, when processing the binary data "0" and
thé" fast data shown in FIG. 39A using the reference patterns

shown in FIGS. 38A.through\38E;'the state of ﬁhe dots included
in a window W having a pixel position (or dot positionf 45 of’
the font data as a target pikel becomes as shown in FIG. 39A,
and matches the reference pattern shewh in FIG. 38A. Hence,
in this case, the blank_data of the‘target pixel 45 is
replaced by a dot data'indicating a small dot, as shown in' FIG.
39B. |

In this case, when generating the dot data for the
small dot (small ink drop), the print data represented by "0O"
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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they are, a separate nenory having the sane size as
the font data is provided for the print data
wo epresest i ng the small dot, and the print datBCT/$P28e1/322060
to "1" with respect to the pixel position within this
separate nmenory representing the small dot. Therefore,.
it is possible to fatten tRe—black character by
recording the font.data_far by the data -
APE ST e RELEIRTT IO oRen st aPbES TR b0t o
mat chi ng and the data representing the large dots in _ .
(pkank) rax "dasdPsint pgata iy tp%ecf"ﬁﬁtoﬁ I nd Pi-
by the binary data ("0" and "1") representing the
leval) dittas and the ohargerhipwintadptionl"” dbs atierorepdgced
"1") in the latter case. By using the 9 x 3 w ndow
bgi d&td ofedrhsenithdowt Mé asth T lhelatefier ensemphit enarsen.t
is possible to judge whether or not to replace the
i et phaofveh bl ankndptechded Die BRdvahbey dheatr@nsddd on" as
point by the small image dot. If all of the dots (both
tg%zg r@,ln?a :é&g&aggt ﬁém@f’fﬂaﬁgﬁ{g‘j%ﬂea§aﬁgesi§égfé the font

s possible to judge Whether or not to

I t he. f.4 dot i,ncl udi t he .hl '
ohERL S Sot B4 Fogt o B9 bOEh B ADR PR o,
the smal |l image dot. The 4 dots .before and after the .
apflahke (R oRRE 18 PEbItRed by e TSRBPFT n%%ete}beotplxel :

because the transition point falls outside the w ndow
PY¢itien pikdlimasilsi sAPdEREe fiEfianYoAFPDES At QG theo gmad 1
the target pixel, in which case the transition point
doannoThduese fitetegctiedis| possdete ttw dddtehetbeanbladchegemracter
dot even at the pixel position De, the 9 3 w ndow size
ppeedsot@ihe theedoher data formed by the data representing the
small 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 ("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 size 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
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the wi ndow Wand the reference patterns. In other

wor ds, by increasing the wi ndow sizes of the wi ndow W
w@z705esr ef erence patterns, it becones possi bPET/IR2006/322060

detect the transition.point of the oblique |line close

to the horizontal or vertical line, and to add the

smal | i mage dot dependi ng-9%f~the inclination of the

~oblique line, so as to opti.nze th i cfur juay_i of
i O eEe e et oy et RetIE nE T i Hhe
reference patterns and the w ndow Ware not |imted .
wingdeye Wddcpi BéychbRettigh (99 BeSHEt R hilfeduéd nd?hé 1s
on the extent to which the replacenent to the inage
thottaiget pibel aie wWnihweastether thapsihiopmedadsicagnot be
time is quick enough to cope with the printing speed.
dBesatst t e apunt tofadihtthe Gradlcompge etbtbyeveme at the
pattern.matching process increases as the w ndow si zes

pPfel Bodifignenee PRe terNs3 anddohe sizadavedy it easeed for
the time required to carry out the pattern matching

tg%t £58.u %P%ﬁQSQﬁe?f%égygﬁﬁéﬂﬁgﬂtgggge of the reference

tterns and the w ndow Wincrease. Hence, fromthe
poi nt of vi ew of reducing the pr [ i |t sl
desirabl e §F%Fﬁewaf§%bm1 j%ﬂg%eo%iﬁﬁegg%f¥§5§§g£SlZ%s ot
atterns and the window Ware small. On the otherhand,.
thpevinptsel GRddbhe FREGIRNGA AATTEY S thePITAMR BOG10Le
point to be replaced by the image dots is determ ned
tbydetechpitdteutaanaatiey pintheicicacbétaeptHinfeflispe to
the jaggy correction.. Therefore, it is necessary to
tHet lesrd 2vn idle capveruical ndove,sianels tof adtethve et \Wimage
the reference : '
dot depending on the inclination of the oblique line, so as to
optimize the picture quality of the oblique line.’

Of course, the window sizes of the reference
patterns and the window W are not limited to those described
above, and may be determined depending on the extent to which
the replacement to the image dots is to be made and whether or
not the processing time is quick enough to cope with the
printing speed. Because the amount of data to be compared by
the pattern matching process increases as the window 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 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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patterns based 'on the processing speed and the
picture quality of the character. According to

wexpensatent s conducted by the present inventorBCT/IR2086322060

found that a sufficient inprovenent of the picture
quality of the character .can be obtained even by
gddLng_4 i mge dots or, mo?é-preferably 6 inmage dots,
ecayse in the case of the,ab ; ri i n |
il b OUTRER: oL ] ddby BePAGb T he adi e Torioh
i s reduced by _the i nk.  Furt.hernpre,

di f h
DOEnts Hes5oPAGRRS IRALIE SHERrCHERT 1R oo PY; Fae

processi ng speed can be obtained, and that a
pléwotgyomalist ©6 PP rarpdsare PLL31pge Pyt J2BRys,
the wi ndow size is preferably set to m= 13 or greater
cohedcteimahl eThehefded ectti drs ofecelseadydbe sdétrentimenting
scanning direction and n = 3 in the sub scanning
oft IREh ivBhdoNexti zed @EsEd plinaidwiil bndetlye viesf exfenaieher
character fatteni ng processes using other jaggy
G By - . didgFls d48né sl Alire lit
P i}%{%%hrgué%%eigﬁ%ﬁé%ﬁgﬁ; ggfr%??ions usedqﬁﬁﬁﬁlcsgua Y
t hrqugh 47 use two kinds of image dot -sizes,
© ﬁB%?yéﬁl %§£§§éll dot and the mediumdot, in place of
the sma dot that |'s added in.the | ' L
~correct i offESEHBEd AR HIFE A §85§gg¥%?f?%rE§ﬁ present
‘nunber of dots.- In FIGS. 40 through 47, the actual dot
iprertoysepdr aBsoRoBRd t WA tn NI CAGNRCERRTIBISNT o1 the
600 dpi in the main scanning direction and 300 dpi in
plbeusebysclmy of theechamantel Ganddei ebbadhedyreiart &y
expl ai ning a character ' . '
adding 4 image dots or, more preferably 6 image dots, because

in the case of the above described ink used in this embodiment,

'thé jaggy between the adjacent dots is reduced by the

spreading of the ink. Furthermore,- it was alSo found that a
sufficient improvement of the prodeSsing 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 greater

that enables 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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fattening process using a first jaggy correction. FIG

40 shows a case where 1 snmall inmage dot is added to 1
whbanksaet before the transition point, at thePEi/XE006/322060

positions D61 and D71. FIG 41 is a di agram for

expl aining a character fattening process using a’

second j aggy correction. & 41 shovvs a case where 1

rredlum e dot and 1 s : ed.to 2
%ﬁo@%ﬁ@fo?’é&t%&q’?r idtlifg% B0 nrf‘, aefrt e 99tRel 1P
p ositions D61 and D71 for the nmedium] rrage dots. and at
FiGe. p‘l@(éilhry%@bt AdnstisREMR DSt Bi tEhe (35RA FrRAYatipRget two
dots. FIG 42 is a diagramfor explaining a character
miehd Eny regljprcenesdots) nigg 0hided faggire cer e cdesmingl G
42 shows a case where 1 nediuminmage dot and 2 smal |
di pBgEi sotand@neoadgedin otk Bhanlscdahsnyedorecttiven.
transition point, at the pixel positions D61 and D71

for the 'TBadfdJmmnﬁgead@iasgpam flr tRE1RLNEhg ROEHdreRS er
D59, D60, Dr2 and D73 for the small image dots. FIG

fa§ten1ng | Aglam 9£n§h Jaggtngogggh@5§fé8EL&@tt%&bn940

process S|ng a tour ction 43 shows
a case where 2

|um e dots_ and 2 I '
Horect CIRmEHers 3 Bk JRE boford FReSd rsnd BhaRs dot
poi nt, at the pixel p03|t|ons D60, D61, D71 and D7 ,
bpgPre HenarddianditARGePAb 'y did R PhESH RePiikdis iR sand.
D58, D59, D73 and D74 for the small inmmge dots. FIG
D44.is a diagram for explaining a character

FIG. 41 is a-diagram for explaining a character
fattenlng process using a ;econd jaggy correctlon FIG. 41
shows a case where 1 medium image dot and 1 small image dot
are added to 2 blank dots before the transition point, at the
pixel positions D6l and D71 for.the-medium image dots and at
the pixel positions D60 and D70 fér'the small image dots.

FIG. 42 is a diagram fbr explaining a character
fattening process_uéing‘a third jaggy correcfion.. FiG. 42
shows a case where 1 medium image.dot and 2 small image dots
are added to 3 biank dots before the transition point, at the
pixel positions D61 and D71 for the medium image dots and at
the pixel positions D59, D60, D72 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



fattening process using a fifth jaggy correction. FIG

44 shows a case where 4 small inmage dots are added to
wd2iasikesdot s before the transition point at tPeT/pr2ed 322060

positions D58 through D61 and D71 through D74, and 1

medi um i mage dot replaces 1 inmage dot after the

transition point at the pt%et positions D62 and D70.

FI G, 45 i ' I ni .
g OpRoBLEaK LRy 25 L KO AgEy Lor L FEORt P the

45 shows a case where 4 s i mage _dots are added to

mal |
Pie PIE1Ea0eSHBEGr Do he Flasdft Pdf FOF ntheaMmaHepiRage
positions D58 through D61 and D71 through D74, and 2
dotediand iavagbedpisel eppsidd opsi Pafe B89Ps RAfY en g4 for the
transition point at the pixel positions D62, D63, D69
sl RageFldots46 is a diagram for explaining a
character fattening process using a seventh jaggy

correctionerchl @4 46 showsyrant e WRplgidisg®l IcHarageer
dots are added to 4 bl ank dots before the transition

f?ﬁ%}{uigrﬁ?t S;J}?cégﬁgsgiﬁ% td;0n%, ggég_t,hagyg&% ang1e7144

um i nma ots and 1 snall image

dot repl ace i_mage - d after the-transiti i nt
SRR & >€:té5'|Se]o(‘.S’g‘l'elrleo%S,SIE%I@’I,5 D6A° B@gga%’agl%%é%cg&o?%e%%gﬂ
iurn i mage dots and. at the pixel positio D62 and D
Sty RFOIAe FRADSL HS BORata PhE SPRRt dgiipgs 08
expl ai ning a character fattening process usjing an
 tigkath QElg@ndc7letbraigh M7, 4ndshoRRIBIR aSRARELE 4
smal | i mage dots are added to ‘4 bl ank
replaces 1 image dot after the transition point at the pixel

positions D62 and D70.

| FIG. 45 is a diagram for explaininé,a character
faftening proceés'using a sixth jaggy cofréction.  FIG. 45
éhoWs a case where 4 small image dotéjare added to 4 blank
dots before the transitipn point ét'the,pixel poSitions D58
through D61 and D71 through D74, and 2 medium image dots
replace 2 imége doté after tHe transition point at tﬁe 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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. thaa?

dots before the transition point at the pixel
positions D58 through D61 and D71 through D74, and 2

wored7osm78nage dots and 2 small image dots repl BCEIPR006/322060

i mge dots after the transition point at the pixel
positions D64, D65, D67 and D68 for the nediuminmage
dots and at the pixel posiifBns D62, D63, D69 and D70

for the smal] .im f s A
m%‘gjr%dr?ao%e 'CJSOtgaf-"rl e%g é% \Té]?{?el sgégﬁgf‘o Igg%or &0 for
showi %%ea step- (or staircase) change, and the

rimage 8RRy process is carried out with
respect to other portions of the character and the
adj acent bFHnk 4ladRgroShee s thaghn exPdeRnaBIt AechAsadter
position (dot position) De in FIG 39A, using the

faetenong opatdser nsshgwan i ei gHtB j38Ay forreganple .FIBhed7

present -i nventors created characters using the first

shBkoUghc i Headg¥ms DI I B recate badeabayes Hantk
eval uated the inprovenent in the readability and

_daggozg@f&la@'ﬂﬂet %ﬁﬂglwsnlwﬁ{s@@tc L&‘B'és?%él oﬁoéb@ldr@gma

e created characters a resul it was found

frf%;‘ﬁ %]g aondf 6%?72 E%H%?J?ans ?%r?%gtgfnt%gﬁ‘a ?ﬁg?e:é:tdott% @nd 2-

2 or nore image dosform aracter ortlon
SPRLE nEmRIR SV trﬁ’Q eh&r %\c:tr%‘?ggef ﬁocteqnl %geﬁr %s%%@%%d\%

in FIGS. 45 through 47. On the other hand, from
ppdhhtabithe aeixel PReipioresity RoFeedd’t ABd cPg? a%qrerthe

fattening process shown in FIG 40 has the fastest
mpdouesshage sheed andndtt biee ppioeds giosg tdpeedD62, D63, D69 and

D70 for the small image -dots.-

Therefore, the jaggy correction is. carried out with

respect to a portion showing a Step (or stairCasé} change, and

the character fattening proéess is éarriéd.ouf with respect to
other pbrtioné of the character aﬁd'the adjacent'blank
background portion} such as.the pixel position (dot position)
De in FIG. 39A, uSiﬁg_the reference pattern éhown-in FIG. 38A,:
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 Jjaggy 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 point and to correct 2 or more image dots forming
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fakervien RREes8R§ebhpieln |

beconmes sl ower for the character fattening processes
shown in FIGS. 41 through 47 in this order. One reason
wo evo7oksdi f f erence in the processing speeds iBCT/2006/322060
because the character fattening processes shown in
FI GS. 40 through 43 carry out the pattern natching
only when the target pixetlP&-the bl ank dot, but the
character fatteping processes shown in_ FlGS. 44
O QARG CEP T RPEY L8 EheiTpaEe EASRaP ENFIG T 3655 ont
data, that is, when the taaggt pi xel is the blank dot
GShe 4PnBlECYHHR .41 n ot her
words, it is possible to create the font data in which
t he j aggy Qrorthecpibari sambdezom &hki ghinpeedl Wievwadd rige
the small inmage dot only with respect to the blank
pPOEdiHihg Isperddi then churaepéaciagerilng tdrecessgehdeh in FIG.
by the small inmage dot, it is possible to create the
460 s dated AaR telkCBrbhes AU, €6 hH OFhd SpFEEles AlngA speed
hi gh 'speed, but this is undesirable when carrying out
- at [ : . : her :
R e e R
nupber. of " required,reference patterns_increases for
F?ﬁ%‘d&%ﬂﬁHF@@%féﬁtéﬂi%@l%ﬁﬁ%ggkesggﬁoﬁﬁa??P . Mo
through 47 in this order. For exanple, a reference . .
dphfersnns addhei BRAFESIRGTRSSES: 65) Ghgk: tPRCRSRS AP |
bl ank dot in addition to the reference patterns
chegaired fiattehdnghpracesses ahcemi #g PrGEes40 sHowgn 43
FIG 40 when carrying out the-character fattening
carogess: dmempaitiebhGnaddhiray reeflgr @hes padteargets pixel is
further required to judge the first inage dot -
the blank dot, but the character fattening processes shown in

FIGS. 44 through 47 carry out the pattern matching for all
font data, that is, when the target pixel is the blank dot and

when the target pixel is the image dot. In other Words, it is

- possible to create the font data in which the jaggy correction

is made at a high speed by adding the small imagg-dot only 
with respect to the blank poition. In addition by réplacing
only £he image dot by the small image dot, it-is possible to
create the font data in which the jaggy correctibn is made at
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.

40 through 47 in this order. For example, a reference pattern
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form ng the character portion when carrying out the
character fattening process shown in FIG 44, and a

wo efoensa1se pattern is still further required teCT/iRME/322060

the second image dot form ng the character portion
when carrying out the character fattening process
shown in FIG 45. Accordi ngP¥¢;- the nunber of reference

LBEAEIG S Rl ghat e LRETSR: o 855520 1

character fattening processes shown in FIGS. 40

 addibigh 47 the gRISTBRERPAHaENFeARineq| i Hrrghargcter

expl ai ning the character fattening processes using the
fattehind mapessi ghonn; érg.g@ICcorZJrOee'gE@ngarmim @uiyghe
those steps that are the same as those correspondi ng
cBhepsten fAtBendhgapeodess gstadwed iy FilBe $apeared Bvmmce
nunerals, and a description thereof will be omtted.

pabeeshal Ach 8 nkat teghnge@rasensgehews Eirkt Gnade dot
carries out the pattern matching with respect to both

. fg%u% 2{8“% @aﬁ)ﬂa@:@e?ngoﬁ@oﬂ ;mﬁ'xe%rrtr Qggt g@@ SERmAacter

acqul it-map data o fon

corresponding to the win wW,, b sSi.n he [ get ;
BPRERTES kb eoP By R relin oAt orgrcaropft Betern is
acquired bit-map data corresponds to the data .
shiplnf g0 BWiredrtgoiwdqs (e wiergad sheee |t fprming
The step S23 carri€s out a pattern matching by

tbenpharagt ath@caddenr ehehi camgp Macat( §aet eharattehe

acqui red data) and a.predeterm ned reference data

fareéri vnoer patstse shpwnhichF1G. st. | Acadvdnoelnandtlies number
used to add the small or small and nedi um i mage dots

oEorébéréﬁéﬁﬂﬁdﬁﬂéin@rreqﬁired-for the judgement increases and
the number of pattern matchings increases_for the character

fattening procésses shown in FIGS. 40 through 47 in this order.i

FIG. 48 is a flow chart for éxplaining the

- character fattening processes usiﬁg the fifth through eighth

jaggy corrections.” In FIG. 48;_those steps that are the same
as those cofresponding 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 out 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
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to replace the i mage dots by the nedi um or nmedi um and

small image dots. |If the decision result in the step
W®E2007/027%ES, the step S45 generates the smal | POL/JIRMAOGE322060

or, the nediumdot data or, the nediumdot data and

the small dot data for the target pixel, so as to add

or replace the dot of the-t@Bget pixel by the small or

nmedi um dot. The process shown in . 48 may treat on
i YNGR FLESDYE 0 dat e ori e SEB; B2 daFaE FARRP Y GaPRRGEE

one pixel as a 1l-byte data, 27 bytes are required to
maegtiage iy GamﬁaémnmﬁhgaQ%llﬁddéf—ETmm d#He otpgitern of

hand, when treating one pixel as a 1-bit data, only 4
thytesydred dguif esnd ca remdesennidatd arafmendangate 27

dots. Hence, the anpunt of data to be processed is

(SaBd berthena@Rerp) xghidls 14 eaftednasdeadediindlata,usaddto add
the required nmenory capacity can be reduced and the

tRL 0&@%%& SREeY SRN heyipriawed bBtshis ©as&1ddk WS or

case, en generating the dot data for the small and

medi um dot s (snall d rg%gi m i --g{nog ) the Rd Yeai1
'taaf%plﬁra}scp%' gi‘gn%lé‘ag%yggbﬁ 1% 2 angéé 0 fi&%ql | 2
representing the inage dot data,if the origi f.ont,_ .
inage 4L S-epr éséﬁ?egggjysj’% ﬁ”gﬁk}no he %gp( ilia YEs,

data) as in the case of the bit-mpdata, and the _ .
‘thhasirrl SHS wengseses 285 smalilheety 8pFacedr byheidtedivgsdot

representing the small dot or data "170" representing
dthe oeditim degdiuhodoexdatd enchrdiet hwaptidet ddata for the

represented by "0" is changed to "1" representing the
thigge pholeldatsa kb tbeaad i@ nalplhest tHat dot sof the target

represented by "0" = : ' _
pixel by the small or medium dot.

The process showﬁ in FIG. 48 may treat one pixel as
a l-byte data oi, a 1l-bit data. When treétiné one pixel as a
1-byte data, 27 bytes are fequired to.represent data 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 doté. 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.
In this case, when generating the dot data for the

small and medium dots (small and medium ink drops), the print
data represented by "O0" 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
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(blank) or "1" (print data) as in the case of binary
(or bilevel) data, and the changed print data "1" is

wo ben/osepl aced by data representing the smal | BOL/JE006/322060
data representing the mediumdot in a simlar manner.
Al ternatively, when processing the binary .data "0" and
"1" as they are, a separaféOfignmory having the same

Lze t.he f ta..l vj d for .t rj
R e
represehting the nedi uymdot...and.the print, a is set

pE R O AP hasdbedta, b R Rt 8 BEER WETh  one
separate menory representing the small dot and the
rpprageriaing ithesgedign qot »i §9¥ crepede  t endnkhpiRint data
position within the other separate nenory representing
repeesenfednigot"0"Ther ehanged ito i"d "paeprpbent ong dthenmage
the bl ack character and realize oblique lines in which
dbbedheggyf ithec @rigdheall, foyt rdexmor disngepheséoned dag d'0"
formed by the data representing the small and nedi um

(QQéﬁkga&@ﬁ&Pedﬁﬁﬁn%haa@att@%nuﬂ&k@hbageaaﬂ bheaBat @r bi-

representing the large dots in the first case or, by

16562 ‘ia?@ar thed ‘%%te."@ﬁéﬁﬂéé’r%q}tbﬁig:%? nBir 08s Ye il &dpidiced

'epresenting the s the font dat

forned by the hi.nary. data i"O" and ".1') representin
By EhR T IR %Soetf’gﬁln&nﬁh?h%m%  iRacbiRgRyF Sht e%%\?%”(gg ghe

and "1") in the latter case. The font data added to
meREUB| 4k Hack FriEuRaT pBRERSh: (HACTRS IV REY dotRen

replacing the blanks of the blank background portion)
pracehein@rivies tdewewi BetaabhdVeandarid 'r @5l 4BFKHgaThe 3 Rgparate

portion by the nmediumdots or nediumand
memory having the same size as:the font data is provided for
the print data representing the small dot and for the print
data representing'the medium 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 repfesenting the medium dot. Therefore, it is
possible to fatten the black character and realize oblique
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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- 80 oi nts Jaggy Correctjon thaod: A s_sho in FIGS.
(abat hDudghies 2opsi HFP%@CNEWQ% b%&flﬁsnaﬁbgfe%%r of

smal | dots where necessary, were printed on plain
paper using the ink- jet head under the follow ng

wa@oendiosi7ens, and the picture quality of the cheetEIrR2006/322060

(that is, the character quality) was eval uated. Head:
384 nozzles/color Nozzle pitch = 84 um (corresponding
to 300 dpi) Il mage Resol ut réR>-600 dpi i-n the main

N igeGhHORy n 300, dpie inthe 8WBe sCanni ng
féﬁ?e@%?’gng t% |hze: Eargg@[l{enk grop = 87 um Mediumink

8,2 540, AR 580 LD B0 SR I rrvson

scans formng 1 line) =1, No interlacing Paper:
bRERgrowmparortippe 6200h¢ pranait dears)bed &ctanded

by Ri coh Conpany, Ltd. FIG 49 is a diagram show ng
repdhcitd arhe dsagespurt homndy witehoetitinedeharac terdium and
fattening process of thisenbodinent , for the various
sRRAT 384 HERS nekBskhly, 4% re printadi 6atBBaimaiagdre using
character is defornmed and the character quality is

tgét EEE—EJ %’ RS un¥er! E?%C%mﬁﬂ?ﬁt cbRei M gL e, (Bd the

egree of fatness) of e character is narrow (or

Dbkt Al {15, S2ERE! ShaSHELAL Vi drRePRE) t.ﬂQ'cmdAcccae =

quality)'was evaluated.
Head: 384 nozz}eé/coldr
Nozzle pitch}= 84 um (corresponding'tQ,BOO dpi)
Image Resolution: 600.dpi ih.the main-scanning directiqn,
300 ldpi'in;the sub scanning direction
. Dot Size; Large ink.drop = 871ﬁm,
"Medium ink drop.= 60 pm,
Small ink drop = 40 pﬁ
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



(or degree of fatness) of the character is slightly
narrow (or thin) , "o" indicates that the character
wa@e@7iosy78i s good and the character is easy to PERIP2006/322060
recogni ze. Fromthe evaluation results shown in FIG
49 , it was confirmed that the character quality is
i nproved, thereby inproving®fhe visibility of the , ,
har act er d nakip C easj —_—
e@%%%?@’o%ﬁeggan?’gﬁ%@% b({/}%{:%r%%%%ngg %ﬁ?' t ﬁierj‘)é Hadter =
fattening process of this enbodinent. Furthernmgre, it
LPRRCERT | RaEheFRCTomge EETBrt: ARd cHir ddiEparer
sufficiently high and no feathering occurs. As may be
qeebhty rigmeNtcemedy Peofas’ ¥ oundicA&ESt heakehactigith (or
qual ity deteriorates if the font size is too small
ddfree i of Medamese,) bl the desmaifert he hantrowi e tihdin)i end
too small, the intervals of the dots form ng the
5 tBBaEREERIt QuUeNEEeNES Ypdr F ow" anditheesheactitte width
fatteni ng process woul d deformthe character when the

_ (gﬁ %e?f@e agded .+ nbksyvass Y I SHBG kbat 1 §XET £4ml W 9R%Gow (or

cts of the character fattening process are

bt ai ned, when the f si.ze i Ln . qQreater.
tBEb R precatgst hie SUEE diit gl Ml PLe 0768 WEod ana
t he descri tLonﬁgiven abq%ﬁ is al.so possible to.

ERBpFYARHE G éSe SVnE%n{?Y ’QifﬁﬁﬂﬁgplF%COrding media -
such as coated paper, glossy or cal endered paper and
OHP fi | s, Fram thist 8VALYak PArreFylést §hOVR i1 BiGo 49, it
possible to selectively carry-out the character
10 wéattemﬁimmqﬂ(mha$stberch@maqtﬂnqqu@aﬂty is improved, thereby
improving the visibility of the character and making the
character more easily readable or recognizable by carrying out
the character fattening process of this embodiment .
.Furthermore, it was confirmed that the image tone of the
15 character is Sufficiently high ana no feathering occurs.

As may be seen from FIG. 49, it was found that.the
character qualityldeteriorates if the'font size is too small.
This is because, in the case of the font size.thatfis too
small, the intervals of the dots forming the chatacter 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
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the character fattening process) depending on the kind

of recording nedium Hence, it is possible to realize
w@2mhasdast er havi ng an opti num w dth (or degr eBCDIP2006/322060

fatness) depending on the width (or degree of fatness)

of the character on the recordlng medi um on which the

feat hering or bl eedi ng east occurs and on t he '

cordi ng,aon which f er, or.ple

m%%@ﬁ?g' gu tﬁSFﬁﬁt%{Igﬁ éﬁw geéha?ac er's mg%%%ibhg to

prlnted at 600 d in the main . scanning directjon an
 BrepRRt sBv R g GLPEC: PORCTRH Tecidpageh as

dpi 300 dpi) in the above described case, it is of

cedled @aReTsi HLeSEy obt@A kendaradapapereend QRfilns, and
printing the characters at | ower resolutions such as

ot e inPQ@ rdpif fantds 30 Wpis E3Godpbssihke dot sfilmestioely
of the dots form ng the character portion increases as

chhey rasolite eRabgeosestd y@iingapdothesstep faf carry out
staircase) change becones nore conspi cuous. For this

+hEaSMhadths RLESERind VEMdD) iIRpehAiharby appldisabbe

to cases where the resolution is relatively |ow, and

the ef fect f th S a £ for
regertr feteny |Eeib et .%@%ﬁ?ﬁetﬁtﬁ%f%n

the case mhere the resol utio h in bo h the |n
chitr SRy SN GP PP BERFD L S 2 TG 0e m?

600 dpi- 1200 dpi and 1200 dpi x 1200 dpi, the nunber
deperibing fa5r hegWiAED c hef AeEe et |faﬁn?§st aﬁ%etheaﬁ@aracter

the dot dianeter (or dot size) is small. For this
onels®meddmwling medium on which the feathering or bleeding

easily occurs and on the recording on which the feathering or
bleedingiuneasily eccurs.

Furthermore, although the characters were printed
at 600 dpi-in the main scanhingldirection and 300 dpi in the
sub scanning direction (that is, COO dpi x 300 qbi) in the
above described case, it is of course pessible to obtain
similar effeets wheh printing the characters at iower.
resoletions such as 400 dpi x 200 dpi and 300 dpi x 150 dpi.
The dot diameter of the dots forming the character portion
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

resolutions.
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jaggy is not conspicuous at such high resolutions.
Accordingly, in the case of the imge formng

wappansa7es having a plurality of printing nodeBCT/ar2006/322060
printing at different resolutions, it.is preferable
fromthe point of view of inproving the throughput to
provi de a node in whi ch théngharacter fattening
process is ri Qut I |
character ¥h t%lh Beﬁr%%g(gs%rg%gh}?ﬁae gu??em{h re%%luuon
sel ect the one: of t he two nodes dependi

15 IR ROMeERe BATRSE pTo pngeggf%w%qs,alsuch as

process which switches between the node in which the _

6ehadmt t’er6Foatdpéni RGO pepEessl40) davir pad 8400 st thel 200 dpi,

normal- node in which no character fattening process is
tharmimskouif, ddepefidimin@nthdeharacaerepostzen idhelarge, and

character type and the image resolution, by referring

the &bG dBbhetrG (080dbs @iid)0W hamall 1f or Fexptigd fim@son, the
this process of sw tching between the node that

| t [ endi n
_39%\5{{ hgcrﬁsg dhepihasast et atd enighg rege%@%ﬁ@ph s

acter sl ze, the character type and

ALIBREAEEP) U] O 2005 5P 0 W U 0AL £85I, navins
h Fl G 50 th h f
Frsytin iR e

white character is 8 points or greater, the character
regpbuipionshe i1 d6kPERAPERR S from ﬁélelvpﬁéﬁé o petercof

and the image resol ution of the black character i s
ifpfodipng X IZ0Ghapugbput ess . prvictsures @edehén | wihth g:he

conditions related to the character
character fattening process is carried out and a normal mode
in which no character fattening process is carried out, and to
select the one.of the two modes depending or the resolution.

Next, a description will be given of a process

which switches between the mode in which the character
fattening process is carried out and the normal moede in-which
no character fattening proceés is carried out, depending on
the character size, the character type and the image
resolution, by referring to FIG. 50. FIG. 50 is a flow chart
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.

In the process shown in FIG. 50, the character



size, the character type and the inage resolution are

of course not limted to those shown in FIG 50. In
wWo-b@87/05081 a step S51 deci des whet her or not t hBCT/JP2006/322060

character is a black character. If the decision result

in the step S51 is YES, a step S52 deci des whet her or

not the character si ze |s é 90|nts or greater. If the

&r o racter type 'S
ncho ty ef ac I £ t e deC|s|on res th
t%’%s e%argc Epies %%Jat&eewgeﬁﬁtrmgﬂsﬁwﬁer type
|nage resolution of the character is 600 dpi 300 dpi

ofrthewkack fchagacgeti 55 orhe d§maho ﬁYPﬁéag?eparS’Séfches image
YES, a step S55 carries out the character fattening
rpsobesisondestt rilse d lalokv ehafactée 8 M0 himid, x iF00t i or less.
decision result is NOin one of the steps S51 through
5 085do@rse Aftey juldgiatepoitddt ide rerlacedstentlise character
Therefore, by selecting or swi tching between the node

- shBe Whiieh értzﬁ»ae%&a@?ﬁé $3d 1o NGhaREO0EBES 118 SAlddeL b
out (node 1 n which e bl ack dots are added) and the-

cHQFDR! qﬁnk%eghtBhtaﬁs&hﬁ{ Iack gtegbng process is

CarrT et ich no ots are added)

he mas Foadto o STEERS' S dobtoRRo BR e OF mc%ﬂ'dche

PPM out put w thout requiring an unnecessarily hig
ChPBRELST i shddckyERTRErEobt ditnithg deRigHoR hIFQﬁPglI'Fp&P the

. In addition, by preparing a plurality of kinds of
10 step S51 is YES, a step S52 decides whether or not the

 character size is 8 points or greater. If the decisioo result

in the step §52 is YES, a step 853 decides'whether or not the
character type is the Mincho typeface IIf-tHe decision'result
in the step S53 is YES, a step S54. dec1des whether or. not the

15 image resolution’ of the character'is 600 dpi x 300 dpi or
lower. If the decision result in the step S54 is-YES, a step
S55 carries.out'the character fattening process 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

20 process 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

25 in which no black dots are added) depending on the character
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reference patterns depending on the inclination (or

sl ope) of the contour portion of the character, and
w@b@ngsargli t he character fatteni ng process depePdi/nRRoEI322060

the inclination of the contour portion of the

character, it is possible to optim ze the character

fattening process and obtath%a hi ghquality character.

siTgee, %ﬁ%ﬁ%&@&t @g%@g?nrgar gﬁ}%ﬁgmlggégpssg ged is

chahging the positi e dots ar€ adde

d/ h [ th ' the i dots_that: .
oGHHRLS A% UGG AeP L S G PAEL BALAGLbr BECEE g 2

descri bed as fattening the character portion in the _
uBRSeSFSRY Gy GilgBnPReretdIRg SPaed PYCBf Woehr et Higsididhrehigh
to simlarly fatten a graphic imge by the character
thadweghputy process. By carrying out. the character
fatteni ng process which also carries out the jaggy
correcti ormrpraddiy iear r gy ngrepirinye aj adgyaltoty est ildmds of
whi ch al so carries out the character fattening '
rREOEESS ddttle:nRO88HBAEIAP Jratthenihheishel @et BSr &ldpe) of
make the ‘character nore easily readabl e and
c ' I .t hot ri t]
BRI B bisiEy ShETR, ShE Koy ohe
of refere patterns used, FIGS. 51A and 51B are. - .
Bt e T DI BPaPAPRET (PISRgpIc0Pr B DR 1A 18g OF
wi t hout- t he character fattening process: FIG 51A
tBR ovRN P Wa RO TSP Obn T t?ﬁ?ﬁ%é%i%lcéFréEtP%§F4§99n£9e,
by addi ng the : -
optimize the charactei.fattening.process.end obtain a high-

guality character. The.cheracter_fattening process-may be
changed by changiné the position Qhere the image dots are
added and/or chenging the size of the image dots'that are
added. |

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.

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

without greatly deteriorating the processing speed, by simply
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dots indicated by the hatching to snoothen portion

havi ng the step change. On the other hand, FIG 51B
wWGEbmwesascase where the jaggy correction and tPEr/JrP2006/322060

character fattening process are carried out, as in the

case of this second enbodinent. In FIG 51B, the step

change i s snoothened by addihg the dots indicated by

_the_hat ching, he, ch ion is_f b
SR ¢ PRoP UMD R i f By e Dar bEe Rt EH ng HLgor hEM™

portion having. no step change. In the, inmage formn

appparhiare GHapRrEs ehbbdd ,nlflﬂetp@cb"f‘gﬁ%gcqwtilgna‘“’ith

pi ezoel ectric head using a piezoelectric el enent. '
ardvevdroutaghdesberbete alfaidening peeoeds ng ficad Sy shpws a
course be a thermal head which uses an el ectro-thernal
cEShwWHeieOndlye nRat jaggej autredte onnk s dnage bybyf iddding the
" boiling. In the case of the piezoelectric head, the

dbik ﬂ{c_ﬁﬂz%tfé@vbggtﬂéfﬁ&i&[ﬂngSitbe%m@@ﬂhSﬁ $beeidd having the
dependi ng on the driving signal waveform as descri bed

,S?%\é%a@git | ol ?Rggéﬁm & drfy, easklysigr &ré%tsieolmhere

he o and, 1n the case of the therma

head, the:- nozzles can.be arranged at _.a_high densit -
ehe s aqdy ERTEEFERn T P el A LA S IR are
resolution-at a high speed. The, different thernal
CaeaRE d3dor ia&ed“vvitgﬁr cpefeftet it HTEND S MSBB- ang® FIG-
FIG 27.in conjunction with the first enbodi nent are -
58Bni the IStapsgbbagenis hwroatdened bibaddbpptithe dots
Therefore, this second enbodi mrent carries out the
indicated by the hatching, and the character portion is

fattehed by adding the doté indicated by the.cross hatching té
the portion'having no step qhange;

In the image forming apparatué.of'fhis embodiment,
.the recording head ié a piezoeleﬁtricvhead gsing a
piezoelectric element. .However, éé-desc;ibed above, the
recording head may of course be a_thermal head which_uses.an
electro—therﬁal cqn?e;sion elemeﬁt to'ejeét the ink drop by
film Eoiling. in the case of the'piezoelectric 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



character fattening process with respect to the bl ack

character, while the first enbodi nent descri bed above
wa@200ri0essput the character fattening process wWeTIP2006/322060

respect to the white character. This application

clainms the benefit of Japanese Patent Applications No.

2005- 321550 filed Novenber142; 2005 and No. |

- 1 fil.ed v , €.y :
BEPRATON 3ot SRR ar otk of W el At wien
| ncorparated hy reference.. Further he, present.
PR T S TOATHERE] AFE G AL GoBREB G ot Srond
various variations and nodifications may be nmade
eRPPREWRdeparting from the scope of the present
invention.CLAIM5S 1 . An inmge processing nethod for
gener at i nChemegerdat ahisrsesamndempedimage ¢armiem out the
apparatus which forns an i mage on a recordi ng medi um
5 chyradterdtas thepimgdpbyces eotiath irrlspdeopse Cloabliaikng:
judging an i mage portion and a background portion of

chhgadt@ge yhiakd caddEngst e dalehtt ebbLibag kA darries
portion adjacent to the imge portion to fatten the

PEadfe DR e R R LAY SR R, FERERL M ARhnaee

haracter type of the inage portion, a resolution of
-Cﬁﬁ5a$ﬁﬂ§e portion, and a col or of the background

This épplication claims the benefit of Japanese

10 Patent Applicationé NQ.2065—32155O filed November 4, 2005 and
No.2005-321621 filed Novemﬁer 4, 2005, in the Japanese Patent
Office, ﬁhe discloéures of thch ére hereby‘incorporatéd by
reference.

Further, the present invention is not limited to

15 . these embodiments, but various vafiations and quifications'

may be made without departing from the gcope of the present

invention.
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portion. 2 . The 'image processing nethod as cl ai ned
inclaiml , wherein pixel positions where the inage
waledaos/052761 added to the background portion are PCT/JP2006/322060
determi ned by carrying out a pattern matchi ng between
a W ndow having a predeterm ned size and including a
target pixel and referencelpatterns having the
predet erm ned size, by nnv%g% &ge wi ndow rel ative to
the image. 3 . The inmge p %ssing nmet hod as cl ai ned
inclaim2 , wherein the inmage dots are bl ank dots
form ng the image portion, the background portion are
formed by the ink dots,and the target pixel is a blank
dot. 4 . The Amdmapgeop¥setrineermesiodsier agensrdting image
claim3 , wherein the imge dots that are added to the
dbeskgpoud pyr thohmhgy ef ermsirze aipgenttoal which hibrimsage
- dots formng the inmage portion. 5 . The inage
1 REQEESS I NG JRIrBedgane sl @h B dink eb@EMEErmedfy @ijedtld ink
i mage .dots are ink dots formng the image portion, the

gr : i.on are fornmed by the blank dots, and
d?ﬁé&‘ é’%ﬁgb?n%% .

tar pirxel is an ink dot or a blank dot. 6 . The

i mge processing nethod _as _clained in claimb . -

conprjiugﬁﬁﬁg ?%p&é\%ﬁ%éx’lrﬂfﬁﬁé’ 8¢ s g?a?q?%rquﬁgggoﬁgrl??o%f the .
by an image dot having a different size, in a vicinity
1BRg%’ Wthdary between the ‘i nage portion and the

background portion, by a jaggy correction. .
adding image dots to the background portion adjacent to

the_image pOrtign to faften the image portion.by a fattening
proceés( depending oﬁ at léast-one of a character size'bf the
image poftibn,_a character ﬁype of the image'portion, a
resolution of the image portion, and a color of the background

portion.

‘2. The image processing method as claimed in claim
1, wherein bixel'poéitions where the image dots are added to
the b;ckground portion are determined by carrying out a
pattern matching between a window having a predefermined size
aﬁd including a target pixel and reference patterns having the

predetermined size, by moving the window relative to the image.

3. The image processing method as claimed in claim
2, wherein the image dots are blank dots forming the image

portion, the background portion are formed by the ink dots,
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confi gur ed5 to ﬁdd

7 . The image processing nethod as clained in claim5
or 6 , wherein the imge dots that are added to the

whamkgsosnd portion or, the inage dots that reptEBIER00EE22060

i mage dots of the image portion, have.a size snaller
than the image dots form n% t he i mage portion and
include one or a pluralityléf-different sizes.8 . An

e, Processi ppar at sing: a control part
con?hgureroget opggﬁgrg? 3 }ﬁgar?}?m% ‘data according to the
i mage processing nethod of any one of clains 1 to 7 .
9 . An image form ng apparatus conprisi ng: a part
configured to receive inmage data fromthe inmage
pr ocessi nd apFaratiagss PEPEFHREY MErgod ﬁ‘éc‘é%%ﬂf?ﬁjj Hépglaim
configured to eject ink drops onto a recordi ng nmedi um

3t owheredrarthendgegehdoesnthat raxspaasiedt ot biee i brgjground

data. 10.. An image form ng apparatus conprising: a

pbetosal mgzeh eadigenfidght £dakjecttHenkmdgepdo st fomning the
recording nediumto forman i nage thereon in response

ikQgkNBEe- dat.a; and a control part ‘configured to

generate the i mage data, wherein the control part
conprises: a part configured to judge an.image portion
and a background portion of the inmage; and a part

maggepggégsélnélkethod as claimed in claim

2, wherein the image dots are ink dots forming the image
portion,_the backgfound portion are formed by the blank dots,

and the target pixel is an ink dot or a blank dot.

6. The image processing methed as claimed in claim
5, 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 pertion_aﬁd_the backgreund portion, by a jaggy

correction.

7. The image processing method as claimed in claim
5 or 6, 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.
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background portion adjacent to the image portion to
fatten the image portion by a fattening process only

walewo7nsp7al predet er mi ned node. 11. The i mage f orPETIgP2006/322060

apparatus as clainmed jn claim10, wherein an operation
node is switched to the predeterm ned node dependi ng
on at |least one of a charatleér size of ‘the imge
portion, a character type of the imge portion, a
resol uti on of the image portion, and a color of the
background, portion. 12 . The . mage form ng_apparatus
as clai med i n0 aA'APE 1P AHT TP %P?@Faghgj??@ﬁ SR e
the i mage dots are added to the background pqrtion are
det ePnCRBBCBY RErY \ioRFigUred patIRerae hiend™seewdar? |
a w ndow having a predeterm ned size and including a
ateoydingitcelthendmpgé epeoess pard eetbodaof ngny hene of claims
predeterm ned size, by noving the window relative to
1the 7mage. 13. The immge forni ng apparatus as clai med
in claim1l2, wherein the inmage dots are bl ank dot's
formng the image portion, the background portion are

" forned by the ink dots, and the target pixel is a

bl ank dot., 14 ] ' ragt ..cl.ai med

in claim 193', \megggﬂé??gﬁ%e@%%t%%ﬁ%at%g € added to

t he background_portipn have a size_ ide %@c% to,the, _

| ag@ GOLE POPETAF She G Bor LIBHE THtaragoT g8 image

form ng apparatus as clainmed in claim12, wherein the
Praeges it SRnegatiR 86tS1a ¥t Mingithe

a recording head éonfigured to eject ink drops onto a
recording medium to form an image thereon in response to the

image data.

10.. An image forming apparatus comprising:
a recording head configured.eject.ink drop; 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 to the image portion to fatten the
image portion by a fattening process only during a

predetermined mode.
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i mage portion, the background portion are fornmed by
the blank dots, and the target pixel is an ink dot or

w@2dbasksdot . 16. The i nmage form ng apparat us BGT/JP2006/322060

claimed in claim15, wherein the control part conprise
a part configured to replace i mage dots of the inmage
portion by an image dot halifig a different size, in a
vicinity of a boundary between the inage portion and
t he background portion, by a jaggy correction. 17. The
i mage fornm ng apparatus EE&CJ&inEd in clainmlf pr(}ﬁ,
wherein t el nBg€ dB8eee t A 1% 2XB3EqTES Ehesta1med 1n
background portion or, the image dots that replace the
clatmel Gotvhegfeinheni apgeapintt imade Havewatehod <rdiieer
than the image dots formng the i mage portion and
pragétstenionel aode pgepeadiny aof ati fleasentngigksa draster
conput er - readabl e program for causing a conputer to
s@sBesatend nﬁ&%edeQtf_@xﬁ, Us ecHr st eirmagpe f OF Nty image
apparatus which fornms an i mage on a recordi ng nmedi um
pBYr 1K dots Jariednby s e RCt thddloodt9BE, SRAPL I RIRE o the
procedure causing the conputer t0 judge an
[ eportion . and a. background portion of the inage;
bﬁgggﬁ %W%égﬁﬁﬁgnCausing.the conputer to add i mage dots
to the background portion adjacent to the imge

- portion to fatten the image portion by a fattening

process, depending on at |east one of a character size
of the i pdie dmage EAERERG APRATEE VST 2aBhela Higfk 1n
portion, a resolution of the inmage portion, and a

claim 11, wherein pixel positions where the image dots are
added to the_background.portion-are determined by carrying out
a pattern matching between é 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.

13. Thevimage forming apparatus és claimed in
claim 12, wherein 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.

14. The image forming apparatus as claimed in
claim 13, wherein the image dots that are added to the
background portion have a size identical to the image dots

forming the image portion.
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col or of the background portion. 19. The
conmput er -readabl e program as claimed in claim 18,
wob@re5218t he | mage dots are bl ank dots form ngP(tTYﬂ’2006/322060
i mge portion, the background portion are formed by
the ink dots, and the target_pixel is a blank dot. 20.
The conputer-readable progtahtas claimed in claim18, |
wherein the image dots are ink dots forming the image
portion, the background portion are fornmed by the

| ank

D 2Nk G0t St ANt Enk 8L IS iR a8 8005 "Es O a e i
bl ank dot.

claim 12, wherein the image dots are ink dots forming the

image portion, the background portion are formed by the blank

dots, and the target pixel is an ink dot or a blank dot.

'16. The imagé forming apparatus' as claimed in
.claim 15, wherein thé;control part comprise a part configured
to replabe image dotélof the image portion'by an image dot
haying a diffefent'sizé, in a Vicinity of'a boundary between
the image-po:tion and the background portion,'by a jaggy

correction.

17. The:image forming apparatus as claimed in
claim 15 or 16, wherein the image-dots,that are added to the
background portion or, the imége dots that replace the image
dots of the.image.pbrtion, have a size_smallér than fhe image
dots forming the image portion and include one or a plurality

of different sizes.

18. 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
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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, depending on at least

one of a character size of the image portion, a character type

of the image portion, .a resolution of the image portion, and a

color

claim
image

dots,

claim
image

dots,

of the background portion,

19. The computer—readable program as claimed in
18, wherein the_iﬁage dots are blank dots forming the
portion, the background portion are formed by.the. ink

and the target pixel is a blank dot.

20. The computer-readable program as claimed in
18, wherein the image dots are ink dots forming the
portion, the ‘background portion are formed by the blank

and the target pixel is an ink dot or a blank dot.



