-1 DESCRI PTI ON THRESHOLD VALUE MATRI X CREATI NG METHOD, | MAGE QUTPUT SYSTEM
STORAGE MEDI UM GRADATI ON REPRODUCI NG METHOD, THRESHOLD VALUE 5 MATRI X,

| MAGE PROEBSSIPE6NVETHOD, | MAGE PROCESSI NG APPARATUS, | MABETE®RN9IRES
APPARATUS AND PRI NTER DRI VER TECHNI CAL FI ELD The present invention
generally relates to 10 threshold value matri x creating nethods, inmage

out put” systens, storage nedia, gradation reproducing nethods, threshold

value matrixes, image processing Ltage processing appar at uses,
i mage form ng apparatuses and prin?gﬁﬂg%ﬁ3g# and nore particularly to a

t hreshol'd value matrix which is 15 used for quantizing a multi-|level (or

mul ti-valued) inage data into three or nore valued data in order to
represent halftone by ON and OFF states of a plurality of kinds of dots
havi ng di f TERESHOISI 7&ALURIi FAERBht CRONEENGr METHAThanE¥RGE 0PUTRYT ePBRHTEMsi zes
and tones or |um nances. 20 BACKGROUND ART The nethods of creating a

hal ft one i negerAyE avESI Wt abRADIEYBND MEFRESIUCINGaANEFJEOB| alTHRESMO LAt EyLIE zed
into two types, nanmely, the dither nmethod and the error diffusion (or 25

scat t erig) yapkHPd. 1Mk6r dbhheEsFBIMOMRTROY| I e8ndrT ekatkyeidc aBranmtts,
amount of conputing process, and is capable of carrying

IMAGE FORMING APPARATUS AND PRINTER DRIVER

HNT FIELD
The present invention generally relates to
10 thresholdvvalue matrix creating methods, image output systems,
storage media, gradation reproducing methods, threshold value
matrixes, image processing methods, image proéessing
apparatuses, image forming apparatuses and printer drivers,
and more particularly to a threshold value matrix which is
15 used for guantizing a multi-level (or muiti—valﬁed) image data
into three or more valued data in order to represent halftone |
by QN and OFF states of a plurality of kinds of dots having
different sizes, different tones or luminances, or different
sizes and tqnes or luminances.
20
BAQKSRQUND ART
The methods of creating a halftone image by a
digital'image processing can generally be categorized into two
types, namely, the dither method and the error difquion (or

25 scattering) method. The dither method requires a relatively



out a high-speed processing. Hence, the dither nethod is suited for a case
where the picture quality is in a lowto nediumrange, but requires
measur es wWo ob@243aken with respect 5 to the noire. On the echarodwnzs the
error diffusion nmethod requires a relatively |large anmount of computing
process when conpared to the dither nethod, and it is difficult to realize
a hi gh-speed processing. Thus, the er4x»r diffusion method is suited for a
case where the picture quality is high. 10 Accordingly, both the djther

met hod and Sfigd lepPerEndi ¢ uemit M6t R6AChave %@%éﬁ%é§§§¢%ﬁdoéi§%HVéﬁﬁhges,
and are selectively used depending on the application, nanely, the
structure cfutamr highgepead putocgssangt usHandet hehkididhefr maiched isrmage which
is to be processed. 15 Hal ftone processi ng net hods have al so been

proposed, Jiteh iFBeOkpPEsSE erlidie ateapt agese f @rilres ief ihhe Ubwhes net hod
and the error diffusion nethod. Generally, these halftone processing

met hods ar g ofitan LeLer red: taRs AleEMIReK MBt0takdth@iEM 86868 met hod

and the bl ue noi se mask nethod. These 20 hal ftone processing nethods are

closer to the._ dither_pethod, . an re hnigue i : { ffusion
type na%ri%x’g%' arison ﬁ%ﬁﬂgﬁeégﬁ% ap%§8fokﬂﬁégﬁggégﬂf§g§58¥ﬁé mask

nmet hod uses a threshol d_value matri x havipg freqguency characteristic

(bl ue noi sé—"e(CENl)re?Sacﬁﬁ}%E%%?]iﬁégiaEPeV\ﬁWEHnFsog o?(?f’é‘gﬂsltﬁ’ig)éiwofcﬁﬁﬁﬂ e

hi gh-frequency -3 conponents and excl udes the jOMFIrqquenc¥ conponent s.

Al t hough t eerBiness konebha odl tlera meddlede ofpar £ 5 obs mBtHggulitt tpsrealize

a high-speed processing. Thus, the error diffusion method is
suited for a case where the picture quality is high.

10 Accordingly, both the dither method and the error diffusion
method have advantages and disadvantages, and are selectively
used dependiﬁg on the application, namely, the structure of an
image output apparatus and the kind of target image which is
to be processed.

15 Halftone processing methods have also been proposed,
which incorporate the advantages features of the dither method
and fhe error diffusion method. Generally, these halftone
processing methods are often réferred to as the FM mask method,
the FM screen method and the blue noise mask method. ‘These

20 halftone processing methods are closer to the dither method,
and are technigues which employ the diffusion type matrix
comparison methoq similarly to the Bayer type.

The FM mask method uses a threshold value matrix
having a frequency characteristic (blue noise (BN)

25 characteristic) which is formed solely from the high-frequency



possi bl e to make i nconspi cuous the periodic property of the |owfrequency
conponents which are observed in the case of the 5 Bayer type dither and

t he dot cwowmesmesseti on type dither. As a result, the FM nmesh/Jret(vozb has a
hi gh resi stance against the mpire, and can obtain a resolution
characteristic conparable to that obtained by the error diffusion nethod.
For-this reason, the FM mask net hod +3-considered promsing in the 10 .
field of printing. A nethod of creating an ideal FM nask was proposed in a
Japanese PRIMOIE t562p429%C et dittfy HO¥tRPIUBROHISIW IR Hod, a

conpl etely random (white noise) dot pattern is subjected to a Fourier
transform Altheigdd the AMfinkskrmdtehdchdgs d5masBNcehpazici@y imsithed, ahdl ihen
subjected to an inverse Fourier transformto obtain the ideal FM mask. On

t he ot her hssykimagmebhadkel inpéhsbzdutmst htenpskiodhs praEasgdobytReber t
U ichney, "The Void-And-C uster Method For Dither Array Generation”, SPIE,

Vol . 1913. jTh}-sriiRResed célpsRiMad (apldnazes obherv@s ki Dy HeorRaE! Bg enyoi d
portion where the dotS are sparse and a cluster portion where the dots are

dense and carsyi g, oul@,dat 114 051 QARLLARLBALD, O {155k, DT 0Rosed

met hods "use m pattern as the 1nitral pattern. nce, a conputation
result 25 which is, finally obtained. assunes different value each tine.
WD 03/ 02836 PETI I PGS/ 65‘7?%51549“%1*”&%%&1% 6n! l?ﬁeF%SJr%taePCper SOPRRFEN tRat an
extrenely long conputation tine is required depending on the nmask_size,
because it M&iFocasshrgnt sPhake a Festlitidenr FRgr# bR attic comparable

to that obtained by the error diffusion method. For this
reason, the FM mask method is considered promising in the
10 field of printing.

A method of creating an ideal FM mask was proposed
in a Japanese Patent No.2622429. According to this proposed
method, a completely random (white noise) dot pattern is
subjecfed to a Fourier transform, filtered by a filter having

15 a BN characteristic, and then subjected to an inverse Fourier
transform to obtain the ideal FM mask.

On the other hand, a method of optimizing the mask
was ?roposed by Robert Ulichney, "The Void—-And-Cluster Method
For Dither Array Generation", SPIE, Vol. 1913. This proposed

20 method optimizes the mask by comparing a void portion where
the dots are sparse and a cluster portion where the dots are
dense and carrying out a dot transformation.

Both of these two proposed méthods use a random
pattern as the initial pattern. Hence, a computation result

25 which is finally obtained assumes a different value each time.



irregular distribution state to a uniformdistribution state. 5 A nmethod of
elimnating this problemwas proposed in a Japanese Lai d-Qpen Patent

Appl i cat iwo oBlo28B68B0641. This nethod uses an initial patt@ech/Jrb/emne s
created by an error diffusion process as a starting point. According to
this 'nethod, the designer can arbitrarily control a starting mask 10 which
becones the starting point. For this +%ason, it is possible to secure
recursion of the conputation result b%/L elimnating the acii dfnt al

el ements. 11 &dditieR; ERAER thé PIAPLEMMEI SRt Bt IS E3RBe O ai ned in
the initial state, it 1is not only possible to inprove the quality of the
mask whi ch dpugaftinal Limer eatrafuiped derandbng euddre Réskofpedati on ti ne.
However, according to the successive determ nation which successively
optim zes aeagisadati p atcasddme thr oakthe résttuaiugiant Eromwmch is used
as the starting point, a dot |l|ayout which is next selected becones Iimted

by the dot ;2Q0-dRyaut apattebi i Ghralte det ar thneskn mmdirabekyohedeitn.. Even
if it is assumed that the initial pattern is capable of form ng a perfect

dot Taygut in term o LAe,i8siSANGERInq0LAN Gldidert it BEbHESaq LI S

only applies to the gradation evel at starting point. For the next

gradation |evel 25 which_is ded wi th, or reduced by several . dots wth
respect to MDDSPHIBSES '%?(}fﬁﬁgt-ép%)ﬁjec%lﬁoq é\lfd%tfgot%ﬁ%'do Tayout is
no | onger perfect although a high quality is still obtainable. As the
gradation [%&td1od BE6§r 8Bseditide RIGELTS W%ﬁ?]{l hes gered@d §t ARa§oiRT i s
successi vely accunul ated, and the dot |ayout for the final

diffusion process as a starting point. According to this

method, the designer can arbitrarily control a starting mask

10 which becomes the starting point. For this reason, it is
possible to secure recursion of the computation result by
eliminating the accidental elements. In addition, since the
uniform distribution can be obtained in the initial state, it
is not only possible to improve the quality of the mask which

15 is finally created, but to also reduce the computation time.

However, according to the successive determination

which successively optimizes one gradation at a time from the
initial pattern which is used as the starting point, a dot
layout which is next selected becomes limited by the dot

20 layout pattern which is determined immediately before. Even
if it is assumed that the initial pattern is capable of
forming a perfect dot layout in terms of the resistances to
granularity and texture, this only applies to the gradation
level at the starting point. For tﬁe next gradation level

25 which is added with or reduced by several dots with respect to



5 gradation | evels may becone far fromthe optinumdot layout. FIG 1 is a
di agram showi ng such a quality deterioration of the dot |ayout. The dot

| ayout dewerm3oessbes towards the right side of FIG 1. | nPomrdeo2/a9s26uppress
the quality deterioration of 10 the dot |ayout, various optim zing
functions and dot |ayout search nethods have been proposed. However, these
proposed nethods all enploy the techmfigue which creates the threshold

value matrix by starting froma specific.gradation |evel 1

128/ 2555) é%t? &e cgggw ryt}b%tcgqthﬂr?éfof‘lﬁel ot° 15 0S| ﬁegr?eggeég‘g?g)%—iﬁ{ atine.
For this reason, the problemof accunulating Iimtations caused by the

i medi at el VighecBailagy &F a%flélt]ilor?hté\}é‘labﬂ-énnig%,t%cgraﬁ@tdpﬁs £€4 npr ovenent
can be expected fromthese proposed nethods. In addition, in order to add
an i deal BYR2@uelsseact theseiron ¢ rome thisr pshbeelt vEtud ayeuiti %5 the threshol d
val ue matrix nust have an extrenely | arge size depending on the

resol uti on.sddcasiesllt scofmvaricals ands enecties, lagoutagsorbebn fowad that the
threshol d value matrix nmust have a size of at |east 256x256 with respect

to an i BRggNAMNIGna]1 EESPL Uhd PhetBnl rAR0rdph , tiendbdthensl astofaydie.
threshold value matri x nust be WO 03/028362 PCT/JP02/ 09726 -6 greater for

| ar ger resol utions. V\E?a consl daerd]] r%ﬁ@sh@ﬁﬁngtg\%h the. exi E,i ng diffusion

type dither matrix that is” genera use as”a size of 4x4"to 16x16, the
LI eohol o valu s JIRhiLx L8 B4 BTy Laroe. cRut aben e IBLLL Ko becares S
towards the right side of FIG. 1.
In order to suppress the quality deterioration of
10 the dot léyout, various optimizing functions and dot layout
search methods have been proposed. However, these proposed
methods all employ the technigue which creates the threshold
value matrix by starting from a specific gradation level
(1/2555 or 128/2555) and successively obtaining the dot
15 ©position one dot at a time. For this reason, the problem of
accumulating limitations caused by the immediately preceding
gradation level remains, and no drastic improvement can be
expected from these proposed methods.
In addition, in order to add an ideal BN
20 characterigtic to the threshold valué matrix, the threshold
value matrix must have an extremely large size depending on
the resolution. From results of various researches, it has
been found that the threshold value matrix must have a size of
at least 256x256 with respect to an image having a resolution

25 of 600 dpi, and the size of the threshold value matrix must be



form ng apparatus which enploys the dither nethod which enables the

hi gh- speed processing. The | oad of the conputation process required to
create thworma®ts3bn particul ar beconmes too | arge. 10 Recem®CIrygpol/ovazse

form ng apparatuses such as printers have begun enploying a nethod of
representing halftone by ON and OFF states of two or nore kinds of dots
havi ng different sizes, different tones-or |um nances, or different sizes
and tones or |um nances. According to such a 15 halftone representation
net hod, it dzeatezedear yarecpreprnlertdongresHBrE vattidarind £heof#eSpondi ng
to~each kind of dot, and to quantize the nultilevel inage data to three or
nor e val uedtheadatthe 281iBkSChCBURRGPNT HEpENVEMA¢ ONnd triixs thagemner al obj ect of
the present invention to provide a novel and useful threshold value matrix

creating mgihed]1MagedoNipul Sied &R 4SUOLaUB6RES) WHe Ghaedhbla value
reproduci ng net hod, threshold value matrix, image processing 25 nethod,

i mage processi p ' or iR a D3/L28862
PCT/ JP02/ 09 Gﬂ-g%%%n%kg%?ﬁ?leﬁr/ ri véer, 'ﬁ:u?] yﬁ?@h{%ﬁ%@bl er?s descri bed above

are elipmnated. A.nore_specifi.c object..of..the present_.invention i to
pr ovi de@a (R eSHST \F}%Fgg’nﬁ rl?(?(coc:rAregatCill%gflﬁ%?ﬁoéga(ﬁ##ﬂ; cgcr gge&r{% T um
which can efficiently create the threshol value matrix for representing

d
hal ft one w6 GRPGLAFTE yWIhlCh GURARY SoEResEAERST J1e 9 UPAFIty of ki nds

of dots.
enables the high-speed processing. The load of the

computation process required to create the mask in particular
becomes too large.

10 Recently, image forming apparatuses such as
printers have begun employing a method of representing
halftone by ON and OFF states of two or more kinds of dots
having different sizes, different tones or luminances, or .
different sizes and tones or luminances. According to such a

15 halftone representation method, it is necessary to prepare a
threshold value matrix corresponding to each kind of dot, and
to quantize the multilevel image data to three or more valued

data.

20 D L RE_QF THE: INVENTION
It is a general object of the present invention to
provide a novel and useful threshold value matrix creating
method, image output system, storage medium, gradation
reproducing method, threshold value matrix, image processing

25 method, image processing apparatus, image forming apparatus



Anot her specific object of the present invention is to provide an inmage
out put system which can realize a high 10 quality halftone representation
usi ng sucwoaswms3eshol d value matrix. Still another speci PCe/Jeiy®@cte of the
present invention is to provide a threshold matrix creating nmethod which
creates a plurality of threshold value matrixes for 15 quanti zi ng
multi-level imge data into three or +ibre valued data in order to
represent hal ftone by ON and OFF states of a lurality . of kinds of dots,
conpri si ng 3% P terage WhAf ch™ lé’}“mtﬁgspﬁo?ﬁ?%% Sd%\}gleﬁea AYout" or der
of the threshold value matrixes for binarizing the nulti-Ilevel inage data
in 20 orderekimimepedsent the hal ftone by ON and OFF states of one kind of
dot; and a second stage which creates each of a plurality of threshold
val ue matrixes for quantbzéngpddietioddjiectevél themge gtatta inveotidom eles or
nore val ued data, according to the threshold value |ayout order determ ned

by 25 the fid Yrostiagea ABeOsELIY Y0 dchaathi esbebgMad uethmotr axd WO 03/ 028362
-8 PCT/ JP02/ 09726 creating nethod of the present invention, a common basic

layout gthreshald yakien! ayouty Aderdrdis s aedy f Of et Pliweakhi¥snofqt hreshol d

value matriXxes, 'so that a consistent diffusion characteristic can be given
Lo Che Var SRants,of (7t So g mnnt echtler ety Db dhorplelsy dPr
the gradation £Yer WASP.QUSM I ANGNNE, U Lindy U |JRYe data.
Another specific object of the present invention is
to provide‘an image output system which can realize a high-
10 quality halftone representation using such a threshold value
matrix.
Stil% another specific object of the present
invention is to provide a threshold matrix creating method
which creates a plurality of threshold value matrixes for
15 quantizing multi-level image data into three or more valued
data in order to represent halftone by ON and OFF states of a
plurality of kinds of dots, comprising a first stage which
determines a threshold value layout order of the threshold
value matrixes for binarizing the multi-level image data in
20 order to represent the halftone by ON and OFF states of one
kind of dot; and a second stage which creates each of a
plurality of threshold value matrixes for quantizing the
multi-level image data into three or more valued data,

according to the threshold value layout order determined by

25 the first stage. According to the threshold value matrix



For this reason, it is possible to prevent the different kinds of dots
frominterfering wwth each other and generating 10 different textures

havi ng diwbeseesséperi od or base. In addition, since the lPayore2/@®rzer of

t he various kinds of dots 1is constant, it is possible to prevent an
unwanted isolated dot from being generated when a | arge dot happens to be
arranged in a gap of the matrix patter& WMoreover, the 15 threshold val ue
| ayout order of the plurality of threshold value nmatrixes can, be optim zed
by the bi- |SFSCiPE BAEYYD dat a-1e WRESR FredReeRptithi ZaCPBR i PRt he dots
havi ng the maxi mum si ze. Hence, by inproving the diffusion characteristic
of the dot saywhitcHthagehehd wrbieniayslzeoader nvist Usgsl FprapfRrE4raHeEY20
granularity, it is possible to simultaneously inprove the granularity of
t he medi umandnseshbldotsl whintdtrdxesl, ess thanspicusisteott Bef fumem eye, to
thereby inprove the granularity of the entire image. In the threshold

val ue mat r i Giaeabi-ngt nBt hod.bd hEve25thi £8 wdAgRgTRY ndBCbBd@ose! ecting
random gradation | evels from W 03/028362 -9 all gradation sections;

deter m gi g, 5 40t ch8yQuteOfediitie S ehiehLed:0f Al I AnaLe! 366 AptnGHe0

optim zing condrtions; determning a ayout of each gradation |evel

bet ween a tarti si de gradation | evel.and an, endi side adation 5

| evel mhicﬁﬁﬁFﬁkfggeX? H?qg%aﬁVﬁFhﬁrFoSWﬁgg%% i?ﬁ%ﬁ%%;%gCSndF %ons based on
optim zed dot |ayouts of the starting side and ending._side gr&dation

| evel s: andﬁﬁﬁkﬁﬂﬁﬁnﬂﬁﬁe%hﬁhen quantizing the multi-level imag ata.

For this reason; it is possible to prevent the different kinds
of dots. from interfering with each other and gene;ating

10 different textures having different period or base. In
addition, since the layout order of the various kinds of dots
is constant, it is possible to prevent an unwanted isolated
dot from being generated when a large dot happens to be
arranged in a gap of the matrix pattern. Moreover, the

15 threshold wvalue la&out order of the plurality of threshold
value matrixes can be optimized by the bi-level (binary) data,‘
which means optimization with the dots having the maximum size.
Hence, by improving the diffusion characteristic of the dots
which have the maximum size and most easily affect the

20 granularity, it is possible to simultaneously improve the
granularity of the medium and small dots which are less
conspicuous to the human eye, to thereby improve the
granularity of the entire image.

In the threshold value matrix creating method, the

25 first stage may include selecting random gradation levels from



threshol d val ue | ayout order of the threshold value matrixes for the

bi nari zati on, based on the determ ned dot |ayout of 10 each gradation

| evel . Acworodiozryé1 o the threshold value matrix creating meTheek/@f26¢ he
present invention, it is possible to suppress the accunulation of the
error - fromthe optimumdot |ayout, by optim zing the dot |ayout at

sel ected gradation |level intervals. Hence, it is possible to avoid quality

15 deterioration of the dot out. which ywoul d r dual Iy occur
dependi ng Gt FE2ERERGR ??FbﬁﬁﬁhtdﬁﬁeF@%%+nng‘f %fg' ﬁ%egeneral FM
screen. In the threshold value matrix creating nethod, the first stage may
i ncl ude carssliesgedugradabiprustavied pEeeEdsng oto P i zdae £ARIEBtGHI zed dot

| ayout of the starting side gradation level in an initial dot |ayout
pattern of ddterending asdde Diadet iodnekekefradmdiaetlevelnbagwvede adot | ayout
of the ending side gradation |evel according to the optim zing

condi ti ons,shagedgonihfegtaddt@n detehaypat apadieiny afider gkh@a?bomadj usti ng
process, while maintaining the dot |ayout of the WO 03/028362 starting

side gradatiQna ghekn AECOLAINGIL BRELAIESNA dne/ditaniBihyX Crealing

met hod of present 1nvention, It is posSible to secure continuity of

t he gradatlonc#g%ghgebggg?u$%%§ E%éfl BBEant the(g§Q%fagEg?tgﬁgR§§ﬂQO

cont our and® present nvent Ion s

rovi de a conputer-readabl e storage ﬁEdIUﬂ]MhICh stores a
P EPendlng side gradatlé% levels; and determlﬁing the

threshold value layout order of the threshold value matrixes
for the binarization, based on the determined dot layout of
10 " each gradation level. According to the threshold value matrix
creating method of the present invention, it is possible to
suppress the accumulation of the error from the optimum dot
layout, by optimizing the dot layout at selected gradation
level intervals. Hence, it is possible to avoid quality
15 deterioration of the dot layout which would otherwise
gradually occur depending on the change in gradationAlevel in
the case of the general FM screen.
In the threshold value matrix creating method, the
‘ first stage may include carrying out an adjusting process to
20 include the optimized dot layout of the starting side
gradation level in an initial dot layout pattern of the ending
. side gradation level; and determining the dot layout of the
ending side gradation level according to the optimizing
conditions, based on the initial dot layout pattern after the

25 adjusting process, while maintaining the dot layout of the



program for causing a conputer to create a plurality of threshold val ue
matrixes for quantizing nulti-level imge data 10 into three or nore val ued
data i n owOes/028362 epresent hal ftone by ON and OFF st at esPefi/Jaoyionzéal ity of
ki nds of dots, where the program conprises a first procedure which causes
the conputer to determne a threshold value | ayout order of the threshold
val ue matri xes for binarizing the nul4i6+4evel inage 15 data in order to
represent the hal ftone by ON and OFF states ﬁ%,one ki nd E dot ;. and a
second pr ocEdFtenst adeevir et s d€Vetne £oRD %Hgf%’ggﬁh% r@i%ﬁhgf a
plurality of threshold value matrixes for quantizing the nulti-level image
data i nto tiwlee metriwrereating mfdthed aécbhdi PEEIY It HEVERTéShol HE Vil ue

| ayout 20 order determ ned by the first procedure. According to the

conput er - r gadatie estor ageunediarm iofuitthreofr esengrada/iginm deyveds, camron basi c
| ayout (threshold value |ayout order) is used for a plurality of threshold

val ue matr iéﬁ%ctﬁ@eig}a&.reﬁel@@ NSl S tRMeradi bh UST Ofs &y @aein@bust &ed can be
given to the-various i nds of 25 dots having the different dot dianeters,

for exagpl &,..8ygR WO 03/028362 -11 PCT/JP02/09726 when the threshol d val ue
matri xeS are sw tched depending on the gradation |evel when quantizing the

mul ti-level imge data. . Anot her. obj.ect the present inventign_.is to
provi de an i mage outp%tf§§gg%ﬁ1 4% §Fn§£§ f?g née%?%%ﬁ%%§gw%?cﬁé
determ nes a threshold val ue | ayout order of a plJurali.t %f t hreshol d
val ue nat r iBE&EYi0er ahCRAPHEPRGERIEEIHA SitoFage| me Hﬁbé“hdétyﬂasi ATBPdRr to
represent the halftone by ON and OFF

program for causing a computer to create a plurality of

threshold value matrixes for quantizing multi—level image data
10 into three or more valued data in order to represent halftone
by ON and OFﬁ states of a pluralify of kinds of dots, where
the program comprises a first procedure which causes the
computer to determine a threshold value layout order of the
threshold value matrixes for binarizing the multi-level image
15 data in order to represent the halftone by ON and OFF states
of one kind of dot; and a second procedure stage which causes
the computer to create each of a plurality of threshold value
matrixes for quantizing the multi-level image data into three
or more valued data, according to the threshold value layout
20 order determined by the first procedure. Accordiﬁg to the
computer-readable storage medium of the present invention, a
common basic layout (threshold value layout order) is used for
a plurality of threshold value matrixes, so that a consistent
diffusion characteristic can be given to the various kinds of

25 dots having the different dot diameters, for example, even



states of one kind of dot; a second section which creates each of a
plurality of threshold value matrixes for quantizing the 10 nulti-I|evel

i mge datwoioameze3three or nore val ued data, according to roeJriwesivol d

val ue | ayout order determned by the first section; and a third section
whi ch-quantizes the nulti-level inmage data into the. three or nore val ued
data in order to represent halftone bytXON and OFF states of a 15 plurality
of kinds of dots, using the threshold value matrix  created bX t he second
section. ACTHRiITHG CHTERBOLFuiRl BuRGE1X65sfEM DL tHE D FEPERTIEAVIhti on, a
common basic |ayout (threshold value |layout order) is used for a plurality
of threshotite wedade timnr Lees] wert kpengicdngi shemuldiif-flgyedningge data.
characteristic can be given to the various kinds of dots haying the
different dot di ametemnsother et ef enenpwheant hintdirtesnolid val ue

matri xes are switched depending on the gradation |evel when quantizing the

mul ti-1evel,iipge dat dnagdhsul RIS RURUECSYSt EMMGBY Mave aestisiet ure- made
up of a 25 "general purpoSe conputer such as a personal conmputer and an -12

i mge fQrm._ng appar.a C [, Nt r r de; =P ely
of an i%ag@v 6?§F%§e%§%3§§t%s€§ﬁ%ﬁggg'&ﬁgugr%% %§£ %gqﬁﬂw§§ggt§é? s§g§%fic
object of the present invention is taq provide,a, gradation, reproducing
ot hod, * 5 ¢ DR Lal QLR TS aE BLBCELEH Tt T AUG Lt hags
processing apparatus, inmage form ng apparatus and printer driver, which
can real i zelmrgmtdadPadropydpr ctureErfgsenty thgehalftone by ON and OFF

states of one kind of dot; a second section which creates each
of a plurality of threshold value matrixes for quantizing the

10 multi-level image daté into three or more valued data,
according to the threshold value layout order determined by
the first section; and a third section which quantizes the
multi-level image data into the three or more valued data in
order to represent halftone by ON and OFF states of a

15 plurality of kinds of dots, using the threshold value matrix
created by the second section. According to the image output
system of the present invention, a common basic layout
(threshold value layout order) is used for a plurality of
threshold value matrixes, so that a consistent diffusion

20 characteristic can be given to the various kinds of dots
having thg different dot diameters, for example, even when the
threshold value matrixes are switched depending on the
gradation level when quantizing the multi-level image data.
The image output system may have a structure made up of a

25 general purpose computer such as a personal computer and an



at a low resolution and/or during a high-speed recording. A further object
of the present invention is to 10 provide a gradation reproduci ng net hod
conpri si Nyo®an3sting a nulti-gradation image into a bi - PETAPI29726

mul ti-level inage data representing each dot by a bi-level or multi-Ievel
representation using a.dither matrix, where the dither matrix has a line
keytone in a predeterm ned direction flgd—at |east 15 sone of tones of the
mul ti-gradation i e, and has_a highpass_filter characteristic at

por {1 o ot A0 EATEHE FPRE Rt GHET SRcloH T e GEAHGFHER Tade
reproduci ng nethod of the present invention, it is possible to suppress
det eri or at iWh Ssfelieofr 88 ol AT ARG ENPPBIEA TR Tt idfuithg BFLIRERE{ i ne
keytone, so 20 that a high picture quality is obtained even during
recording at a | ow r&solltametleard/specathicghbipeedf Ithet peegeratat i on
reproduci ng nethod, a difference inmage of two bi-level images -
correspondi itgrdr@icar iai Botpresidd o beadhther nebréaudimy havkoad, hi ghpass
filter-characteristic 25 In the gradation reproduci ng net hod, power

spect r um WQ03/ 028363, Ped/ 02/ ,09%26 yo1 3rdkst £ Ryt dl, 0k magg! es ot her

than the line keytone in the predetérm ned direction in polar coordinates

due to two-_di ' I ial f ; ' e f ol
Cortain {oTEC U TR APPRES bt A0S PR AE SO S SpPBHLETRg et hod,

the keytone, iy be_a |ine-group keytone. Another object of the present
i nvention i%?%%é&'pWB%FBec%pt?ﬁ d FariaiateT% HSrtiEEn Bt TRy &l ti -

at a low resolution and/or during a high-speed recording.
A further object of £he present invention is to
10 provide a gradation reproducing method comprising converting a
multi-gradation image into a bi-level or multi-level image
data representing each dot by a bi-level or multi-level
representation using a dither matrix, where the dither matrix
has a line keytone in a predetermined direction for at least
15 some of tones of the multi-gradation image, and has a highpass
filter characteristic at portions other than the line keytone.
According to the gradation reproducing method of the present
invention, it is possible to suppress deterioration of the
resolution and improve the continuity of the line keytone, so
20 that a high picture quality is obtained even during recording
at a low resolution and/or a high speed.
In the gradation reproducing method, a difference
image of two bi-level images corresponding to certain tones of
the dither matrix may have a highpass filter -characteristic.

25 In the gradation reproducing method, power spectrum



gradation image into a bi-level or nmulti-level inage data 10 representing
each dot by a bi-level or nulti-level representation, conprising a |line
keyt one iwoOa3fpesseet ermi ned direction for at |east sone ofPCroRres09sic t he
mul ti-gradation image; and a highpass filter characteristic at portions
other ~ than the line keytone According to the threshold value 15 matrix of

the present invention, i's pOSS|bIe~1b—suppress deterioration of the
resol ution and i.nprave t e cont nU| t he keyt o so_that a high
pi cture quaft¥yFi E@H AR eﬁgtP88o h?ngl%ﬁ régoFﬁ?lon

and/ or a high speed In the threshold value matrix, a dlfference i mage 20
of two bi - | BYedetiamgasdc 8i reshbrili Hy Rd2e FRRFALRBIRS e e tWart her matri x
may have a highpass filter characteristic. In addition, power spectrum

di stri buti odsndroricavagdl epaviakr fidmrendyhealyi be keyfcwmiyrsﬂMhiaprédeternined
direction in polar coordinates due to two-di nensional spatial frequency may

be 25 unifesrlassidinedr oFotheadi@idy taresxQf the dither matrix. WO
03/ 028362 -14 PCT/ JP02/ 09726 Further, the keytone may be a |ine-group

keytoneg Still anot herIno%@C&rQéa'Eﬂfh We%%%@hohﬂ&eﬂé’c%'Stﬂé)keQrtQMbde an

i mge proce55|ng met hod conpri sing deconposing a lti-color inmage into a -
plurality ofac3)or &l%%gnents and 5 converting an orlglnal i mage of at
| east one of*¥ h& ol ov goﬁp% s THto a bi-level or multi-Ievel i mge

data representing each dot by a bi-level or nulti-Ievel repr%%entation

using a dither matrix rORREPE Pheedt (HertHrm@rregent invention

provide a threshold value matrix for converting a multi-
gradation image into a bi-level or multi-level image data

10 representing each dot by a bi-level or multi-level
representation, comprising a line keytone in a predetermined‘
direction for at least some of tones of the multi-gradation
image; and a highpass filter characteristic at portions other
than the line keytone. According to the threshold value

15 matrig of the present invention, it is possible to suppress
deterioration of the resolution and improve the continuity of
the line keytone, so thét a high picture quality is obtained
even during recording at a low resolution and/or a high speed.

In the threshold value matrix, a difference image

20 of two bi-level images corresponding to certain tones of the
dither matrix may have a highpass filter characteristic. 1In
addition, power spectrum distributions for angles other than
the line keytone in the predetermined direction in polar
coordinates due to two—dimensional spatial frequency may be

25 uniformly similar for certain tones of the dither matrix.



has a |line keytone in a predetermned direction for at |east 10 sonme of
tones of the nmulti-gradation i mage, and has a highpass filter

char act erwetoBo28362 porti ons other than the |ine keytone. RCTAP@/(9326 0 t he

i mage processing nmethod of the present invention, it is possible to
suppress deterioration of the resolution and inprove the continuity of the
i ne keytone, so 15 that a high pictwiei-quality is obtained even during
recording at a low resolution and/or a_high speed. A further object of the
present | nVEFCHEH i Ehe kePrOE d8YaRei Aadd Proiess iy tapfar at us conprising a
section which deconposes a nulti-color inmage into a plurality of color 20
components; and a sec$tbhl wnathesoobdets ah ord ginesentmigEeptiontis d&st one
of the color conponents into a bi-level or nmulti- |evel inage data
representi pgogach dtitygd ficde@sahgomnethbd i conpMealingedeesentsitngre usi ng a
dither matrix, where the dither matrix has a |ine keytone in a

predet er m ped+dLEeebiOmd Y At beashls pfcdioesopbohBets; and
mul ti-gradation image, and has a 03/ 028362 PCT/ JP02/ 09726 -15 hi ghpass

Lo the SraRAeLkIhCaBl o POILLANS BLBCR e DAMIN, Iddle oc BUL ORS00 O d) 1D
to the inmage procesglng apparatus orf the present i1nvention, It Is possible

to suppress deterioration of . the resolution and.inprove the continuity of
the line kKEMBRBENESHR R AR Qﬁ?ﬁ%ﬂ?lpPEtﬂ?£tﬁU§‘“Fnggggbgﬁgﬁed even during
recording at a | ow resolution and/or a high speed..  Another object of the
present i nvemresantsng cepelbviate ban ai Rageepebces g iagF¥rat us conpri si ng
means for deconposing a nmulti-color image into a plurality of col or
representation using a dither matrix, where the dither matrix

has a line keyfone in a predetermined di;ection for at least

10 some of tones of the multi-—gradation image, and has a highpass
filter characteristic at portions other than the line keytone.
According to the image processing method of the present
invention, it is possible to suppress &eterioration of the
resolution and improve the continuity of the line keytone, so

15 that a high picture quality is obtained even during recording
at a low resolution and/or a high speed.

A further object of the present invention is to
provide an image processing apparatus comprising a section
which decomposes a multi-color image into a plurality of color

20 components; and a section which converts an original image of
at least one of the color components into a bi-level or muiti—
level image data representing each dot by a bi-level or multi-
level representation using a dither matrix, where the dither
matrix has a line keytone in a predetermined ‘direction for at

25 least some of tones of the multi-gradation image, and has a



10 conponents; and nmeans for converting an original inmage of at |east one
of the color conponents into a bi-level or multi- |evel imge data,
representwog@sezsshz dot by a bi-level or nmulti- |evel repre®emijaed/®meusi ng a
dither matrix, where the dither matrix has a |line keytone in a

predeterm ned direction for at' 15 | east sone of tones of the

mul ti-gradation image, and has a highgass filter characteristic at portions

other than the line keytone. According to the jmge processing apparatus
of the pr é’élé?rﬂpaisﬁvéﬁ%i‘:ﬁﬁ,c]il%rar%teﬁd§§ilgl @ttB°§Eﬁ$}Sg§§%ﬁ€t gﬁ?%rgq’? B the
resolution and inprove the continuity of the |line keytone, 20 so that a

hi gh pi ct urkevhieale-t yArsooBing nedl e Angaei Rgoceetigr iapyaat tas | o ¥esol uti on
and/or a high speed. Still another object of the present invention is to
provi de an pregetf anrengiappatiatiss poespbisi hg suplecewpdeitrgiosatidominhi ch
deconposes a nulti-color imge into a plurality 25 of color conponents; a

converting gactiaR1Wekieh §RAVEII RN tWO B3h028362, RET/HBO2A08 726y tckfe
original inmge of at |east one of the color conponents into a bi-Ilevel or

mul ti-legvel,ingge gahggﬁieﬁ%(g?%it 18860 4oL PYi g Rivdneualkipg mul ti-1evel

representation using I'X; ~and an 1 nmagi ng section which forns

an image froma plurality, 5 of dots depending on an output of the
converting %ee‘%ﬁlﬁdg'ﬁ‘,g ffiere  PRet Y trloﬁagpigzo aaéqélq&}} nsé)el?gytone ina

predeterm ned direction for at |east some of tones of the nulti-gradation
i rage, and has a hi ghpassher| eitechafadtsr PEEFR Bt 1P ORs 1SotRer than the

| ine keytone. According to the image form ng 10 apparatus of the present
i nvention, provislepessibheet brewgsies apparatus comprising means for :

decoﬁposing a multi-color image into a plurality of color

10 components; and means for converting an original image of at
least one of the color components into a bi-level or multi-
level image data.representing each dot by a bi-level or multi-
level representation using a dither matrix, where the dither
matrix has a line keytone in a predetermined directioﬁ for at-

15 least some of tones of the multi-gradation image, and has a
highpass filter characteristic at portions other than the line
keytone. According to the image processing apparatus of the
present invention, it is possible to suppress deterioration of
the resolution and improve the continuity of the line keytone,

20 so that a high picture quality is obtained even during
recording at a low resolution and/or a high speed.

Still another object of the present invention is to

provide an image forming apparatus comprising a decomposing
section which decomposes a multi-color image ‘into a plurality

25 of color components; a converting section which converts an



deterioration of the resolution and inprove the continuity of the |line
keytone, so that a high picture quality is obtained even during recording
at a | owweseleasson and/ or a high speed. A further object Pofi/IPiopreesent
invention is to, 15 provide an inmage form ng apparatus conprising
deconposi ng neans for deconposing a nmulti-color image into a plurality. of
col or conponents; converting neans forigonverting an original inmage of at
| east one of the color conmponents into a bi-level or nulti-|evel inmage
data repr esEiIiRgleABRIBOPE KT A 95iSH 78I C20tR? FRAY AOBPERSREDr B-ENtHAt i on
using a dither matrix; and inmaging neans for formng an i mage froma
plurality dii-devel depsniitihglerelaniregepdetaf remreecrpiadt eaghn@ahsly her e
the dither matrix has a |line keytone-in a predeterm ned direction for at
| east sone wif-1teaes of milei Mutdl Hepdtatiobat hagyeysiand a25ikher amdttgiypass
filter characteristic at portions other than WO 03/028362 PCT/ JP02/ 09726

-17 the lingKkeyt apagiAGCOLEE1Kh tihildhe sbpRgead OIHERY raRRakabusrof ity he
present invention, it iS possible to suppress deterioration of the

reSO|Ut%0n %PQkhEPE@%EnEES C%g“éﬂ“gdﬁéugfoftgﬁélé%ﬁ%é@%ﬁh%nch§90£hat a_high

picture qué?lty i's obtarnée even uring recording at "a ow resol ution
and/or a high speed. Ip the ima formn ratus, the_i i_ng. neans

may formt ?rr?agr@eoﬁlﬁﬂ?ﬁﬂ?mﬁg%dﬁ%gﬁaggﬁ%er di'hg Pffggﬁﬁ? nescgl ected
froma group consisting of an ink-jet recording, a thermal transfer

recor di ng, ckgoal etr aphbtayr S5 PEcEPEPRgRT At MRr tdpPEREa b oR he

present invention is to
image, and has a highpass filter characteristic at portions

other than the iine keytdne. According to the image forming

10 apparatus of thé preseﬁt inyention, it is possible to suppress
deterioratioﬁ'of the resolution and improve the continuity of
the line keytone, so that a high picture quality is obtained
even during recording at a low resolution and/or a high speed.

A furtﬁer object of the present invention is to.

15 provide an image forming apparatus comprising decomposing
means for decomposing a multi-color image into a plurality of
color components; con&érting means for converting an original
image of at least one of the color components into a bi-level
or multi-level image data represepting each dot by a bi-level

20 or multi-level representation using a dither matrix; and
imaging means for forming an image from a plurality of dots
depending on an output of the converting means, where the
dither matrix has a line keytone in a predetermined direction
for at least some of tones of the multi-gradation image, and

25 has a highpass filter characteristic at portions other than



provide a printer driver, to be inplenmented in a conputer, for supplying
an output inmage data to an inmage form ng apparatus which forns an i mge
froma plwoaBiesgent dots, conprising 15 deconposi ng neans PLONP®OIHPOSI Ng a
multi-color inage into a plurality of color conponents; and converting
means for converting an original inmage of at |east one of the color
conponents into a bi-level or multi-l-evel inage data representing each dot
by a bi-level or multi-level 20 representation using a dither matrix,_so as
to generat ethtenélnéul“ﬁla'iioﬁl?rag@cd&rél}nﬂh*é?et]il?nelrEﬁQ%é'r%rfP&Pgi PRI He
keytone in a predetermned direction for at |east sonme of tones of the

mul ti - gr addthicopriesage, iaventicon a i gipasssible eko Evmraeseri stic at portions
other than the |line keytone. 25 According to the printer driver of the
present i NneildraBraitl oMb H3HHR2823621RCTHA PARA 08n2fo el 8&he iconpbssity eoft 0
suppress deterioration of the resolution and inprove the continuity of the

l'ine keytong,e 3Qnkhabyache 9hso RitGtULEngYR! b1 ytihSe QhiAliRed i 8VEBLsiddg
recording at a low resolution and/or a high speed. O her objects and

further feature . Lh i nvent i ALl Apparent pf rom .

foll ow P\g é’t%éll I%gg&néegce:%;%?% a%gnﬁggaggls%%%lnﬁnctl orlf \%I Phét heﬂé@d

acconpanyi ng draw ngs. 10 BRI EF DESCRI PTI ON OF THE W NGS_FI . lis a
at

FI G
di agr am showi ng such &%qbAfi15A9%ECEM BPafPBAT3F T he ot Py Bt Feans

may form the.image on a recording medium by a recording
technique selected from a group consisting of an ink-jet
recording, a thermal transfer recording, and

10 electrophotography recording.

Another object of the present invention is to
provide a printer driver, to be implemented in a computer, for
supplying an output image data to an image forming apparatus
which forms an image from a plurality of dots, comprising

15 decomposing means for decomposing a multi—;olor image into a
plurality of color components; and converting means for
converting an original image of at least one of the color
compohents into a bi-level or multi-level image data
representing each dot by a bi-level or multi-level

20 representation using a dither matrix, so as to generate the
output image data, where the dither matrix has a line keytone
in a predetermined direction for at least some of tones of the
multi-gradation image, and has a highpass'filter
characteristic at portions other than the line keytoné.

25 According to the printer driver of the present invention, it



FIG 2 is a flowchart generally showi ng an enbodinment o a threshold val ue
matrix creating method 15 according to the present invention; FIG 3 is a
di agram fwo oaxpi3ei ning a threshold value matrix and a basPCtr/Jszyasm
thereof; FIG 4 is a diagramfor explaining selection of starting side and
endi ng S|de gradation levels; 20 FIG 5 is a diagramfor explaining a dot
pattern introduced by smeeping of an—h&{or di ffusion process; FIG 6 is a
di agram for expl ai ni ng eval uati on val ue utation b an timzation
filter; FIGS PIssiRlgi &gr %WI?%?S%P@%HPH@% appl H&atiesA ug OF gt of the
optlnlzatlon filter; WD 03/028362 -19 PCT/JP02/ 09726 FIGS. 8A, 8B and 8C
are di agr armnﬁmveestpbamnhgmalty alfatthendhnp beydvie alsogiiat a dnbotmt r i x
size and an angle of correction; FIG 9 is a diagramfor explaining an

adj usting Siaeessubhatyi 5s c@mﬂdjerécbuatrebeﬁarm@nrmmﬁdlﬁngaaitom Jowcess for
optim zing the dot |ayout of the ending side gradation level; FIGS. 10A

and | OB ar e, i AQHaH gga/ggpéad rqmgp@;étdl m zed dot | ayouts for the starting
side and ending side gradation levels; 10 FIGS. 11A, 11B and 11C are

di agramg for expl al ni ggy ppbi L 2al 0% GhrlAb POSLELANS At geagatian. | evel s

between"the starting Si'g endi ng si e gradation | evels;

invention will be apparent from the following detailed
description when read in conjunction with the accompanying

drawings.

10 BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram showing such a quality
deterioration of the dot layout;
FIG. 2 is a flow chart generally showing an
embodiment o a threshold value matrix creating method
15 according to the present invention;
FIG. 3 is a diagram for explaining a threshold
value matrix and a basic layout thereof;
FIG. 4 is a diagram for explaining selection of
starting side and ending side gradation levels;
20 FIG. 5 is a diagram for explaining a dot pattern
introduced by sweeping of an error diffusion process;
FIG. 6 is a diagram for explaining evaluation value
computation by an optimization filter;
FIG. 7 is a diagram for explaining an application

25 range of the optimization filter;



FIG 12 is a system bl ock di agram showi ng an i mage form ng apparatus which
represents hal ftone by four-valued 15 data; FIG 13 is a diagramfor

expl ai ni yoasdat3eswi t ching nmethod which is enpl oyed whenPoakipogoaze
gradation representation using |arge, nmediumand snmall dots; FIG 14 is a
di agram showi ng the structure of an 20 enbodi nent of an inmage out put
system according to the present inveAtion; FIG 15 is a diagram show ng
the structure of another enbodi nment oé t he i mage out%ut system.according to
the present inventiont 3% Fes8B16Ad 468 %h Jf%@faﬁlrse afa e @
expl ai ni ng WO 03/ 028362 -20 PCT/JP02/ 09726 dot |ayout patterns which are
used when caipyingshbip ehald: génoracnbiand iMadtiion SpEece’ssd ahdle Pl evel
process; FIGS. 17A, 17B and 17C are diagrans for explaining the systematic
di t her met hedreEtGoni8 is a di agram showi ng a correspondence between size
nodul at ed dots and dither mask; FIGS. 19A, 19B and 19C are di agrans

respectively show ngrihe 4 reshelidgvahugoadgxasihgr ahheddumding medi um
and large dots; 10 FIG 20 is a diagramfor explaining a bi-level error
difoSign %E%ggggugﬁat is carried out before an optimization process for
optimizing the dot layout of the ending side gradation level;
fIGS. 10A and 10B are diagrams for exélaining
optimized dot layouts for the starting side and ending side
gradation levels;

10 FIGS. 11A, 11B and 11C are diagrams for explaining
optimization of dot positions at gradation levels between the
starting side and ending side grédation levels;

FIG. 12 is a system block diagram showing an image
forming apparatus which represents halftone by four-valued

15 data}.

FIG. 13 is a diagram for explaining a dot switching
method which is employed when making a gradation
representation using large, medium and small dots;

FIG. 14 is a diagram showing the structure of an

20 embodiment of an image output system according to the present
invention;

FIG. 15 is a diagram showing the structure of
another embodiment of tﬁe image Qutput system according to the
present invention;

25 FIGS. 16A, 16B and 16C are diagrams for explaining



FIG 21 is a perspective view showing a structure of a first enbodi nent of
the image form ng apparatus according to the present invention; 15 FIG 22
is a sidewoiramesshow ng the structure of the first enbodi memtIpaXoswrive i mage
form ng apparatus; FIG 23 is a disassenbled perspective view of a
recording head; FIG 24 is a cross sectional view of the recording 20 head
al ong a longitudinal direction of an-2a% chanber; FIG 25 is an enlarged

vi ew show glg an inEortant%HPar ,ofh FIG 24; FIG 26 is_a cros secti onal

vi ew of thé&SteddYarhgPahe Sa|W%‘|+§ a25RoPERY Cide-S6F TWHBYI RRC cHifber ; 25

FIG 27 is a plan view showing a nozzle plate of WO_03/028362 -21

PCT/ JP02/ 09E26rEhebieabi ¢ Hepth SF@CeEp AN gkt iy l8yele REBFBER di agr am
generally showing a controller of the ink-jet printer; FIG 29 is a system

bl ock di agram showi ngrFaGelrivimg 173 and to0taod diegtrieos §brt heptainind | er;
FIG 30 is a system bl ock diagram showi ng ahead driving circuit; FIG 31

is atimngrd agsacmbeicexptidmindg@nbhe operation of the driving and
control section; 10 FIG 32 is a system bl ock di agram show ng an

enbodi ngnt of an i magprgr OLESAl N ARBALA! YRCRLEP A rk@pbRBence
between size modulated dots and dither mask;

FIGS. 19A, 19B and 19C are diagrams respectively
showiﬁg the threshold value matrixes for the small, medium and
large dots;

10 FIG. 20 is a diagram for explaining a bi-level
error diffusion technique;

FIG. 21 is a perspective view showing a sfructure
of a first embodiment of the image forming apparatus according
to the present invention;

15 FIG. 22 is a side view showing the structure of the
first embodiment of the image forming apparatus;

FIG. 23 is a disassembled perspective view of a
recording head%

FIG. 24 is a cross sectional view of the recording

20 head along a longitudinal direction of an ink chamber ;

FIG. 25 is an enlarged view showing an important
part of FIG. 24;

FIG. 26 is a cross sectional view of the recording
head along a shorter side of the ink chamber;

25 FIG. 27 is a plan view showing a nozzle plate of



present invention; FIGS. 33A, 33B and 33C are diagrans for explaining a
dot pattern after carrying out a Bayer type dither process 15 and an error
di ffusi orwprosoesss2 Wit h respect to an input image; FIGS. 328TAR/®4B ar e

di agranms for explaining an inmage data after carrying out the Bayer type
dither process wth respect to an input image; FIG 35 is a diagram
showi ng the granularity 20 neasured at2t-one intervals of 10%for the Bayer
type dither pattern and the error diffusion pattern recorded at 300 dpi;
FIG 36 is Halizgpoamirerhexpl ai ning the effects of nmechanical deviations in
the ink-jet printer; FIGS. 37A and 37B are diagrans for explaining 25
interference between FH6.Ba§eis ty prsdismhblopht deagramdyanesahly 0ShoP8E62 - 22
PCT/ JP02/ 09726 nechani cal devi ations' of the ink-jet printer; FIGS. 38A and
38B are' di agraym-doaneexpkatné nohia-j@at priayeut pattern having an inclined
keytone in an enbodi nent of a threshold value matrix according to the

present invention; 5 EhkES. 2394 and39BALE odkag! &FFarh WhiRgakNiAgvide dot
pattern of a line-group keytone uséd in el ectrophotography recording and

the chapge iQ%%E%&%% ch%ES?%%?q%&%%%nk?gfhérFlGS' 40A and 408

ar e- di agr ans" ¥ of explainrng ot patiern of the line-group keytone

applied to ink-jet 10 _recording and the ange .in keytqne .,of th radati on
level ; FIGS. 41A, 41B%&nd341 a?é%ﬂ%&%?rﬁcgoﬁl%%ﬁ‘ i HiHgn9 = feda

driving circuit;
FIG. 31 is a timing diagfam for explaining the
operation of the driving and control section;

10 FIG. 32 is a system block diagram showing an
embodiment of an image processing apparatus according‘to the
present iﬁvention;

FIGS. 33A, 33B and 33C are diagrams for explaining
a dot pattern after carrying out a Bayer type dither process
15 and an error diffusion process with respect to an input image;
FIGS. 34A and 34B are diagrams for explaining an
image data after carrying out the Bayer type dither process
witﬁ respect to an input image;
FIG. 35 is a diagram showing the granularity
20 measured at tone intervals of 10% for the Bayer type dither
pattern and the error diffusion pattern recorded at 300 dpi;
FIG. 36 is a diagram for explaining the effects of
mechanical deviations in the ink-jet printer;
FIGS. 37A and 37B are diagrams for explaining

25 interference between the Bayer type dither pattern and the



t he keytone forned by tiling a dither mask; FIGS. 42A, 42B and-42C are
diagrans for explaining the tiling and the keytone for a case where the
mask has wo@3/0iB6éxiot per gradation |level; FIGS. 43A, 43B aad/J2@Dare
diagrams for explaining the tiling and the keytone for a case where the
mask has two dots per gradation level; FIGS. 44A, 44B and 44C are di agrans
for explaining 20 the tiling and the k&tone for a case where the mask has

three dots pen gradat hggaggygﬁé,o@ %.g gggﬂ;éﬁsq??%c 45D, 45E and 45F are

di agrams for explaining division o STto sub matrixes;

FI GS. 46A and 46B are diagra for explaining 25 matrix patterns having a
line keytone in a predgkggmg@] WY F5P028S69 1293 fd icgRlaPTing PO H09726

FIGS. 47A and 47B are diagrans for explaining a gradation image and a
matrix patt efd¥WavPAGErERURT I IR 61 dricdhned okevtwe tiai Ant embod EnditGo M8 -i's
a diagram for explaining the human visual characteristic; FIGS. 49A and
49B are di agr dgebbpldxphhimimgtEx porbraing otdierhd parsankeyhoaesif; a
matrix pattern having a highpass filter characteristic; 10 FIGS. 50A, 50B,

50C and 50D are di agr arsGé or39explRiznengra @i askhonrdmagp1honiey &y a
matri x having a o
dot pattern of a line-group keytone used in electrophotography
recording and the change in keytone of the gradation level;

FIGS. 40A and 40B are-diagraﬁs for explaining the

dot pattern of the line-group keytone appiied to ink-jet
10 recérding apd the change in keytone of the gradation level;

FIGS. 41A, 41B and 41C are diagrams for explaining»
the keytone formed by tiling a dither mask;

FIGS. 42A, 42B and-42C are diagrams for explaining
the tiling and the keytone for a case where the mask has one

15 dot per gradation level;

FIGS. 43A, 43B and 43C are diagrams for explaining
the tiling and the keytone for a case where the mask has two
dots per gradation level;

FIGS. 44A, 44B and 44C are diagrams for explaining

20 the tiling and the keytone for a case where the mask has three
dots per gradation level;

FIGS. 45A, 45B, 45C, 45D, 45E and 45F are diagrams
for explaining division of a basic matrix into sub matrixes;

FIGS. 46A and 46B are diagrams for explaining

25 matrix patterns having a line keytone in a predetermined



predeterm ned |ine keytone and a highpass filter characteristic at a
portion other than the keytone; FIGS. 51A, 51B, 51C, 51D and 51E are

di agr ans wor3/0dB86expl ai ning a di fference i mage between naPCrdee2/@m26one
tones; FIGS. 52A and 52B are diagrans for explaining a power spectrum

di stribution in polar coordinates of the matrix; FIG 53 is a diagramfor
expl ai ning a power 20 spectrum distribw3on in polar coordinates of a
conventionaly; . Bayer type dither matrix; FIG 54 is a diagram for explaining
a power spectrum diétribution in pol ar coordi nates of a conventi onal
concentration type dither m;ﬁ&ri X; 25 _FIG 55 is a system block diagram
showi ng anot her WD 03/ 5%@%6 5 prgl £3Bpere IBH VTR & BnisERILAERING 2 t he

i mge form ng apparatus according to the present invention, FIG 56 is a
di agr am gen&r@daFisRoinage anther maltrixr pastern thaw nonagdufed nesplappamnat us;
FIG 57 is a diagramgenerally showi ng an el ectrophotography type inmage
form ng appdcat esceFL&in58nes; a di agram generally showi ng a process
cartridge of the el ectrophotography type image form ng apparatus; and
5 FIG. 48 is a diagram for explaining the human
visual Qhéracteriétic;
FIGS. 49A and 49B are diagrams for explaining a

portion, other than a keytone, of a matrix pattern having a

highpass filter characteristic;

10 FIGS. 50A, 50B, 50C and 50D are diagrams for
explaining a gradation image formed by a matrix having a
predetermined line keytone and a highpass filter
characteristic at a portion_other than the keytone;

FIGS. 51A, 51B, 51C, 51D and 51E are diagrams for

15 explaining a difference image between matrixes of some tones;

FIGS. 52A and 52B are diagrams for explaining a
powerAspectrum distribution in polar coordinates of the
matrix;

FIG. 53 is a diagram for explaining a power

20 spectrum distribution in polar coordinates of.a conventional
Bayer type dither matrix;

FIG. 54 is a diagram for explaining a power
spectrum distributiqn in ﬁolar coordinates of a conventional

concentration type dither matrix;

25 FIG. 55 is a system block diagram showing another



FIG 59 is atimng diagramfor explaining a dot size change in the

el ect rophot ography type i nage form ng apparatus. BEST MODE FOR CARRYI NG
OQUT THE IWomEBM283e 15 FIG 2 is a flow chart generally shorCmgPexi9726

enbodi nrent of a threshold value natrix creating nethod according to the
present invention. FIG 3 is a diagramfor explaining threshold val ue
matrix which 'is created by this enbodinent; and a basic |ayout of the
threshold value matrix.. 20 In FIG 2, steps Sl through S5 carr out a
process tcmbpdanent dhsike |i@poet LOTBHIRARRATAES S3CCPRIARG tP ol'® steps S6
and S7 carry out a process to create threshold value nmatrixes 2 3 and 4
shown i n Fio@es8nactoveihiigprt,o the common basic |layout 1. These processes
may be realized by software 25 using a general purpose conputer having a
known structure. A W08/ 028362 a 353 aBcdn IROR4QA726 shivaghamawbhetmalauses t he,
conputer to carry out these processes and a conputer-readabl e storage

redi um whi GhaSLOLES e M o HeRsaRbaLS0u Aks i Thi n the scope of the
pr esent |nverallt|on ﬁy& gs t he Hngtr?gaZ |ssfor the smal|l dot, where 5

_the ton$O| s 0.4 for tPfGn% segrger&tlgg{hlqa(g%&/g\féﬂi;%%@w&gg !igodots t he tone

is 1.4 for the non- segrrentedl mum si Ze t he.
nunber of gradation |evels aIIocated gé the smal | ots is 73/ 255, and the

t hr eshol d \?&IeﬁérPﬁP%F%’Fapl?% oS lf“ﬁgﬁd e IR STat’firx 3 is for the

medi um dot, 10 where the tone is 1.0 for the non-segnented image with 100%
FIG. 58 1s a dlagram generally showing a process

cartridge of the electrophotography type image forming
apparatus; and

10 FIG. 59 is a timing diagram for explaining a dot
size change in the eléctrophotography type image forming

apparatus.

BEST MODE _FQR_CARRYING OUT THE INVENTTION

15 V FIG. 2 is a flow chart generally showing an
embodiment of a threshold value matrix creating method
according to the present invention. FIG. 3 is a diagram for
explaining threshold value matrix which is created by this
embodiment; and a basic layout of the threshold value matrix..

20 In FIG. 2, steps 51 through S5 carry out a process
to create a basic layout 1 shown in FIG. 3. In addition,
steps S6 and S7 carry out a process to create threshold value
matrixes 2, 3 and 4 shown in FIG. 3 according to the common
basic layout 1. These processes may be realized by software

25 using a general purpose computer having a known structure. A



medi um dots, the tone is 1.4 for the non-segnented image with 100% maxi mum
size dots, the nunber of gradation levels allocated for the nediumdots is
109/ 255, wod3wiss361 hreshold value interval is 6.8 Further pPCTheom®vzd X 4 is
for the large 15 dot, where the tone is 1.4 for the non-segnented inage
with 100% | arge dots, the nunber of gradation |evels allocated for the

| arge dots is 73/255, and the threshoiabvalue interval is 4.5. For the
sake of conveni ence, a description will be 20 q%¥en oftgﬁcase where the

hal ftone r&PisEaRt hi6h FRUSRIICTS) CONPRRET CFE ATt W NAPEPRITRSST dots

having different dianeters, nanely, small, nmediumand |arge dots. However,
the presersnd @venmpuhetancadaklousderpaesingdiar (Mhighplisitegesosuelr éat i on of
the threshold value matrix for making the hal ftone 25 representati on using
two or nor eddgida afisdofslhawitignNBh@3502B362f -2 RECEHsHRG2A09F261dh f f er ent
sizes, different tones or |um nances, or different sizes and tones or

| um nances. The process pigt he, stiRPHaSrikhpoughrSd dife Gaaniledot pulhdne
assum ng a case where the halftone is represented by 5 the ON and OFF

states_of 2{1—1% lgo%?; of 82‘51 ebpatyd %Yont—gggllﬂ%%{é@%nigse LARHESB0L ednbys bi -1 evel

data. The eps and pt ck up a pal starting side gradation |evel
256 qr adati B3 e Fors PO b 10 "addP BA-T BURTC0 45 S0 adatton’Tovel 256,
for exanple. The ,
maximum size dots, the number of gradation levels allocated
for the small dots is 73/255, and the threshold value interval
is 4.5. In addition, the matrix 3 is for the medium dot,
10 where the tone is 1.0 for the non-segmented image with 100%
medium dots, the tone is 1.4 for the non-segmented image with
100% maximum size dots, the number of gradation levels
allocated for the medium dots is 109/255, and the threshold
value interval is 6.8 Further, the matrix 4 is for the large
15 dot, where the tone is 1.4 for the non-segmented image with
100% large dots, the number of gfadation levels allocated for
the large dots is 73/255, and the threshoid value interval is
4.5.
For the sake of convenience, a description will be
20 given of a case where the halftone representation is made by
ON and OFF states of three kinds of dots having different
diameters, namely, small, medium and large dots. However, the
present invention can of course be similarly'applied to

creation of the threshold value matrix for making the halftone

25 representation using two or more kinds of dots having



starting side gradation level and the ending side gradation |evel are not
continuous, and a plurality of gradation |levels nust exist between the
starti ng wpdg/o283a2 endi ng side gradation |evels. In additiPcmJPei@7st arti ng
side gradation level is 15 nore on the highlight side than the ending side
gradation |evel. The gradation |evels are picked up fromthe highlight
side towards the shadow side. The steps3 determ nes the dot |ayout for
the starting side and ending side gradation |levels which are_ picked up,
usi ng onl y Gif€ekiend aizast .dffemeatstepss AT t HIBRFTCSS - wPF| dhbvP Rt
described in nore detail, by referring to FIGS. 4 through 11. First, as
shown in Fl€Gzes antl isnassumedirfioentcke. sake of conveni ence that the steps
Si and S2 pick up a gradation level mas the starting side gradation |evel

and a 25 gradation | eygk présSedheenrdiengtspdesyradatigon sbevel caftiad 4 WO
03/ 028362 PCT/JP02/ 09726 -27 is a diagram for explaining selection of the

starting siglg ?an asgﬂﬂkgg Sides Oradatl ehe! BYEESond N sFlieprdseh e pheked up

gradation | eve are 1ndicated by an arrow G., the starting side

(highlight sid i_s . pdicated by t ndEn [ (shad side) is
! ndi cat 8d b@"eE N SRY @ﬁ% %’%%%east ioofﬁgfngvgﬁrslga‘g% @?ﬁ’d?cglgtteggby% ml, me2,
m3, ... and by n, n-1, n-2, n 3 e .step S3 prepares an initia

] . Then, t
dot |ayout b Q9@FanoFePﬁ%§%ﬁ§ﬁ4iQngérgévﬁraﬂ%ﬁﬁon | evel m and 10

determ nes an optim zed dot |ayout by evaluating the initial  dot Ieyout
usi ng an eval uation f Ghet Pbeps S1 and S2 pick up a pair of starting side

gradation level énd ending side gradation level, from a
representable gradation section of 256 gradation levels from a

10 gradation level 0 to a gradation level 256, for example. The
staiting side gradation level and the ending side gradation
level are not continuous, and a plurality of gradation levels
must exist between the starting side and énding side gradation
levels. In addition, the starting side gradation level is

15 more on the highlight side than the ending side gradation
levell The gradation levels are picked up from the highlight
side towards the shadow side. The step S3 determines the dot
layout for the starting side and ending side gradation levels
which are picked up, using only one kind of dot.

20 ‘The steps él through $3 will now be described in
more detail, by referring to FIGS. 4 through 11.

First, as shown in FIG. 4, it is assumed for the

sake of convenience that the steps S1 and S2 pick up a
gradation level m as the starting side gradation level and a

25 gradation level n as the ending side gradation level. FIG. 4



A dot pattern obtained by processing a non- segnented i mage having the
gradation level mby the error diffusion nethod or the existing diffusion
type dithwoogmys3be 15 used as the initial dot |ayout pattecmJIr¥yame espect
to the highlight region (a gradation section fromthe gradation |level 0
to a specific gradation level), the dot pattern which is obtained by
carrying out processing by the existipg-diffusion type dither such as the
Bayer type is nore preferable as the 20 initial dot layout pattern fromthe
poi nt of viléwAoflagieam o FxRAPEPLINGl SRERRH-Y ol $5°dEpRRABY D itdfe and
resolution. However, it is undesirable to use a white noise pattern as the
initial doenbapgusigatdmerdntilbecaesels he ITod&IGf 4t h&hecphpkrdtion process is
extrenely | arge when addi ng the 25 diffusion and conbining the threshold

val ue mat r igxagaanéh Where MO 03/ 028362t KCTHH RO /09626 GL28thakd teg-tamg
adjustnment to maintain continuity of the gradation |evels. Further, a poor

local sol uiiae if:&@sidmt Qlahned ; dulédged I, @Rl Fhaath@ingrogass. The
optim zation proceSs is required because the™ 5 problens peculiar to the

processéng(gﬁégogdgq%gp¥ﬁgjﬁgﬁgﬁggagg%iﬁgyt %1E%gti§5dgﬁ%%§a%8#§jg%._ern

are also re einit out” pattern. i agram

for explaining a dot pattern introduced by s ing of the error

di f fusi on greéeased v gcmiy, §+éapmfg'fornéﬂﬂgggénfoﬁ_io $3$1F5h due to

the sweeping which is a problempeculiar to the error diffusion process. A

dot alignnment -i-n the vertical and horizontal directions observed in the

dot pattern obtained by
' Then, the step S3 prepares an initial dot layout

pattern for the starting side gradation lével m, and
10 determines an optimized dot layout by evaluating the initial
dot layout using an evaluation function.

A dot pattern obtained by processing a non-—
segmented image having the gradation level m by the error
diffusion method or the existing diffusion type dither may be

15 used as the initial dot layout pattern. With respect to the
highlight region (a gradation section from the gradation level
0 to a specific gradation levei), the dot pattern which is
obtained by carrying out processing by the existing diffusion
type dither such as the Bayer type is more preferable as the

20 initial dot layout pattern from the point of view of the
granularity, although it also depends on fhe resolution.
However, it is undesirable to use a white noise pattern as the
initial dot layout pattern, because the load of the
computation process is extremely large when adding the

25 diffusion and combining the threshold value matrixes and when



the Bayer type dither is easily recognized as texture, and the

optim zation process is also required in this case since the 15 dot

al i gnnmentwoayg/o2gsberfere with the main and sub scan oper afcedgowf76he | nage
form ng apparatus to thereby generate banding. Next, the step S3 carries
out the optim zation process with respect to the starting side initial dot
| ayout 20 pattern according to optim-zZigdg conditions. Mre particularly,
with respect to a pattern matrix 11 having a value "1" for the., dpot having
the ON st at®NiRot fe AT EFEICHott AFIBE2pEL E&F M HhdY r?afvitﬁﬁ gredt ™ 0" for
the dot having the OFF state in the initial dot |ayout pattern, each ON
dot is regadradedsas Bupbhenr getbadst lagdlapobption A4 iaes iyl PBE2IReRavi ng a
WO 03/ 028362 PCT/ JP02/ 09726 -29 predetermned size is nultiplied to conpute
an eval uat idurinvakhe, opsimsiwwin dm pElbGes6.. Moreover, the ON and OFF states
of the dots are rearranged so that a total of evaluation values 13

conputed for each of the égfgetzL0lh PeeerBs asMéyuntsd becatparefeto the
Bl ue Noi se (BN) nethod using the Fourier transform this nmethod can

reaLiZeSthﬁnﬁghE%Ez Ehgfig§i £ o%egghﬁﬁrﬁé%ho&qéﬁplgykﬁ @hgﬁagra”]for

expl ai ning "t evatuation val ue conputation by the optimzation filter 12.

In FIG 6, a circul mar k. _indi cated by, a dptted line.10 indicates ithe

t ar get dot‘ﬁﬁ?ﬁﬁ?@ngﬁﬁ thet f%%h%ﬁ§P¥Fxpi€£%ﬁ% a?%éﬂgﬁtfﬁg%ggﬁ%é Titer
12. In addition, an evaluation value for the first target dot is 67 as
shown for tHE évariati 8at vaYUds pptern. FIG. 5 is a di

explaining a dot pattern introduced by sweeping of the error

gram for

diffusion process. In FIG. 5, a gap is formed at a top

10 portion due to the sweeping which is a problem peculiar to the
error diffusion process. A dot alignment in the vertical and
horizontal directions observed in the dot pattern obtained by
the Bayer type dither is easily recognized as texture, and the
optimization process is also required in this case since the

15 dot alignment may interfere with the main and sub scan
operations of the image forming apparatus to thereby generate
banding.

Next, the step S3 carries out the optimization

process with respect to the starting side initial dot layout

20 pattern according to optimizing conditions. More particularly,
with respect to a pattern matrix 11 having a value "1" for the
dot having the ON state in the initial dot layout pattern and
having a vaiue "0" for the dot.having the OFF state in the
initial dot layout pattern, each ON dot is regarded aé a

25 target dot and an optimization filter 12 having a



In FIG 6, the optim zation filter 12 has the same 15 size as a matrix 10
of the initial dot [ayout pattern, in order to sinplify the description.
However, wbe3opi3sa zation filter 12 is actually a circul acTiiPdy®r26as nmay
be seen from FIG 7, having a size smaller than the matrix 10 of the
,initiral dot layout pattern. FIG 7 is a diagramfor 20 explaining an
application range of the optim zation-2%+ter 12. In FIG 7, the target dot
position indicated by a gray  rectangular mark TDP, Further |n FIG 7, the
filter sizePrRRRTERFadias +§ BHLE M 166k (CRi TIFPBHE 13T 92 S T8  det er ni ned
by the following fornmula (1), which changes depending on the 25 nunber of
ON dots. WOaBI€28862hPaN JROPIOO7E6 MBFepver] #he {QreBdmPREngiEBERS 0P £

sel ectabl e dots) - (number of ONdots) } / 7C] 1/2 (1) 5 A weighted

di stri buti oth®fddtie aept rekzabhged f4d tidat dltbsahbdf swcluatian values
obt ai ned by correcting the human' visual characteristic (VTF) about the

target dot @j%&tﬂ@&eéorceaeﬁnéfl@@éIﬁérgEk&edBﬁmaeamﬁé@Ia ghanacheristic
may be approxi mated by the following fornmula (2), where x and y are 10

coordi n%t es; cfrﬁb &(Ej r{% 3: ?ﬁ?? %};J]e %a@%ﬁt m%gh ?o§é1ﬂé)ncﬂé rdig9arded as the
origin, 1 C y2 L denotes an observation
Co. i‘?,é?) (i, (ie%t R e S v
deteriorates . o
simple filtering. FIG. 6 is a diagram for explaining the
evaiuation value computation by the optimization filter 12.
In FIG. 6, a circular mark indicated by a dotted line
10 indicates the target dot position in the pattern matrix 11 and
the optimization filter 12. In addition, an evaluation value
for the first target dot is 67 as shown for the evaluation
values 13.
In FIG. 6, the optimization filter 12 has the same
15 size as a matrix 10 of the initial dot layout pattern, in
order to simplify the description. However, the optimization
filter 12 is actually a circular filter as may be seen from
FIG. 7, having a size smaller than the matrix 10 of the
initial dot layout pattern. FIG. 7 is a diagram for
20 explaining an application range of the optimization filter 12.
In FIG. 7, the target dot position indicated by a gray
rectangular mark TDP. Further, in FIG. 7, the filter size
: (applied-radius r) of the optimization filter 12 is determined

by the following formula (1), which changes depending on the

25 number of ON dots.



for aregion of 1 cycle/mmor less (when f<5.0 in the formula (2)), and if
reflected as it is to the optimzation filter 12, 20 the threshold val ues
may be dewerogiozese2 such that the arrangenent of the dots PSTUBI®MG at ed at
one location even for the dot |ayout in the highlight portion.

Accordingly, in the region of 1 cycle/mmor less, the followng formula
(3) wusing a regression conputation i ss3pplied by-assunm ng that the 25
sensitivity of the VIF increases in this region. In this case, W 03/028362
PCT/ JP02/ 09726 -31 it is possible to create a dot pattern which is nore
suited to the human eye than the dot pattern obtained by the conventional
normal i zed di stribution vidi GRELRYDN PERgR O Felegsabpatd@E® i s based on the
VTF. 5 VTF (x,y) = 1.39408 - 0.3505 x [ld (x2+y2) 1/2}/25.4] (3) As

descri bed above, it is &n@mbérahiémﬁdptshe/ddﬁé to be aligned iniyhe
vertical and horizontal directions as a 10 result of the optim zation
process. In order to avoid such an wundesirable situation, the weighting in
vicinities of 0 degree and 90 degrees, that is, the vertical and

horizontal directionsa ¥weibntRsRAGk rt ButEnt&F 98le A rimiSasehnt S ven:
| arger val ue. 15 FIGS. 8A,(%% and 8Crarg di%granseﬁgg;égﬁlgin%%dﬂﬁﬁﬂap

rel ati onshi p ;of; od | L gayment r | 7€ n.angle o orrection.
In FIGS. 8A <';1Ln(%88%,gdtéhée1gtargea'tﬁ'i O%G%%sF%F%%%ﬁ%%Rfﬁ Fé&?ganﬁyéﬁengvn

circular mark a&d é?e q%%gr dot ROS tions re indicated by black circular
c Efc 1 ( S

marks. As sﬁ%ﬁﬁaln stic about the target dot are arranged
concentrically. The human visual characteristic may be -
approximated by the following formula (2), where x and y are
10 coordinates on the matrix when the target dot position is
regarded as the origin, £ = [znLd(x*+y*)'?1/(180 x 25.4), L

denotes an observation distance (mm) , and d denotes the

resolution (dpi).
15 VIF(x,y) = 5.05exp(-0.138f){(1.0-exp(-0.1f)) (2)

In the VIF, the sensitivity rapidly deteriorates
for a region of 1 cycle/mm or less (when £<5.0 in the formula
(2)), and if reflected as it is to the optimization filter 12,

20 the threshold values may be determined such that the
arrangement of the dots is concentratéd at one location even
for the dot layout in the highlight portion. Accordingly, in
the region of 1 cycle/mm or less, the following formula (3)
using a regression computation is applied by rassuming that the

25 sensitivity of the VTF increases in this region. In this case,



20 even in a case where the dots are arranged at positions deviated by one
or two dots fromthe O-degree line and the 90- degree line, such an

ar rangenmewpD opags3et so be regarded as an alignnent in the PertPeAo7znd

hori zontal directions, depending on the size of the threshold value matrix
whichis created. 25 In order to design a diffusion type threshold val ue
matri x WO 03/ 028362 PCT/JP02/ 09726 -323having irregularity (or randommess),
it may be regarded that a matrix size of at |east 8x8 shown in FIG 8B or
greater is iheceeespiblei heecheab®l et RaEESEN ARV i 15 BIOge §ATRBTI &P
essentially be a Bayer type. As shown in FIG 8C, an angle of 5 view
anount i ng tthe ldotes fyemthhe BhealpeedtiteenandtabredPy dédgr ee |ine, 't hat

is, a range of 14 degrees, is treated as the "vicinities" of the verti cal

and hori zontedvalivieakilonsrmwi i fed efpaativu@ibhewd aglgeinglotogquasisti dhe | n
addition, fromexperinental data, the present 10 inventors found that, if

dots arranggd. Qi Gerneciedboqash @Rl ivage direction (45 degrees or 135
degrees) are m'xed in the pattern in which the dots are randony

scattered, such an arrangenent or connection of the dots in the oblique
directi on becone conspicuous to the human eye as texture. Hence, when 15

creating the initial dot |ayqut patter wei ghted ,.applificati is made
not only in the VFE#%iYﬁééqbﬁgﬁﬁg 0-8d§69§é‘d#%ﬂ§bg%ég?£éé%i ections but
also with respect to the 45-degree direction. Al though-the description
given heretofore applies to the first quadrant having the target dot 20

position as the origin, it is of course possible to carry out
' As described above, it is undesirable for the dots

to be aligned in the vertical and horizontal directions as a

10 result of the optimization process. In order to avoid such an
undesirable situation, the weighting in vicinities of 0 degree
and 90 degrees, that is, the vertical and horizontal
directions, with respect to the target dot, is set to an even
larger value.

15 FIGS. 8A, 8B and 8C are diagrams for explaining a
relationship of dot alignment and matrix size and an angle of

. correction. In FIGS. 8A and 8B, the target dot position is

indicated by a gray circular mark, and the other dot positions
ére indicated by black circular marks. As shown in FIG. 8B,

20 even in a case where the dots are arranged at positions
deviated by one or two dots from the O-degree line and the 90-
degree line, such an arrangement may also be regarded as an
alignment in the vertical and horizontal directions, depending
on the size of the threshold value matrix which is created.

25 In order to design a diffusion type threshold value matrix



simlar processes with respect to the second, third and fourth quadrants,
by appropriately converting the angles depending on the quadrant. In other
wor ds, thwo®3desysre direction nmay be converted into the P8IJHENIEH
direction, the-90-degree 25 direction nmay be converted into the 270-degree
direction, and WD 03/028362 -33 so on. PCT/JP02/ 09726 After optim zing the
starting side matrix in the above des@- bed manner, the ending side dot

| ayout is determned. First, an initial dot |ayout pattern S|nllar to 5
that for tRevefdr %rﬁ@g%wélws (e paPEFN SR anlfoﬁﬁy Faf PERATIYT OdBds & s
carried out after carrying out a‘process of adjusting to the optim zed
starting siderpmt sixe &f Gt ddastaSaBaghawm for B! SBnomgorhetem|ist i ng
process that is carried out before the optim zation process 10 for

opti m zi ng nichesdaty| ayomte of 4xie mandings Stelestgivaddin @ncl.egrl wolid st, an
ending side initial dot |layout pattern 21 (11 ON dots) and an optim zed

starting sidecdetal ayosd apaéaty%&nt %@ ( Bp N ks )irara ccolbi Ngdl. addled of
conbi ned dot |ayout pattern { ON dots, 5 surplus dots), the

P T 280 YLt fngeasT) %%cts Boxg tﬁea@p({lé@erded% 9 5hRe. gl S OtdRr than

t he startlng SO as to ete sur ts one Ot at atime as

i ndi cat ed a pattern 22A, and an endin |de initial dot |ayout pattern
23 (11 ON d’é@é)eemh%ﬁw%h%fdﬂ?sté’drﬁagﬁh%g stlar GPRG§Pde T s* Iceraé%/ﬁde&. '

Finally, the optim zation described 20 above is carried out with respect to
t he dots otther "vhahniptes" of the vertical and horizontal directions

with respect to the target dot position.
In addition,lfrom experimental data, the present

10 inventors foundfthat, if dots arranged or connected in an
oblique direction (45 degrees or 135 degrees) are mixed in the
pattern in which the dots are randomly scattered, such an
arrangement or connection of the dots in the oblique direction
become conspicuous to the human eye as texture. Hence, when

15 creating the initial dot layout pattern, a weighted |
amplification is made not only in the vicinities of the 0-
degree and 90—degreé directions but also with respect to the
45;degree direction. Although the description given
heretofore applies to the first quadranﬁ'having the target dot

20 position as the origin, it is of course possible to carry out
similar processes with respect to the second, third and fourth
quadrants, by appropriately converting the angles depending on
the gquadrant. In other words, the O-degree direction may be
converted into the 180-degree direction, the ‘90-degree

25 direction may be converted into the 270-degree direction, and



starting side dots in the ending side initial dot |layout pattern 23 after
the adjusting process, so as to determ ne the optinmm ending side dot

| ayout. TWe opuegsexse for adjusting the ending side to the PETSPoX@I7y Si de
is as follows. That is, although it is possible WO 03/028362 PCT/JP02/ 09726
-34 to prepare threshold value matri xes having different dot [|ayouts for
each of the gradation levels, the corBizauity of the gradation |levels wll
be lost. Such a loss of continuity nmay generate pseudo contour or texture.
Furt hernor &2 PR-5 i nexpensive image form ng apparatuses, it is difficult,
costwi se, to provide a | arge nunber of threshold value nmatrixes.

Therefore, by constanifyemdinistiingnohehst araiHgng siide magrikelendieng si de
to match the layout, it becones possible to incorporate all gradations

whi ch are faosakl 4edOr 1105 esenicall ehwi thdngnedotddtayeubudfig he t hreshol d
matrix. FIGS. 10A and 10B are diagrans for explaining the optimzed dot

llayouts forgckhenshagti n@llss!’éje aaN4dneRdiNgast denyragati-epn | euglisawhicch are
obt ai ned by the above described process. FIG 10A shows an optim zing m

mask for the starti 919%%?*‘%81& %Eg F%g pJ:%a[f&EW%ntdh% OBbﬂ%ﬁaP&d?l mask for

t he ending Sivda’ Grcal'ar mark 1ndi cat es

the dot existing at the s S|t|on as_t he m nmask fronlthe gstart, a gray
circul ar marRSE 3|&§t%§r¥ﬁ%¥&§&‘ RACER dOBRYTRA © nqklsProﬁe?ﬁe h mask but is
arranged by the adjustnent to the n120 mask, and a circular mark with
vertical stdipesingdteaths aemidet FRPERIPS HIaAGediZs a result of the

opt|mzat|on carried
FIG. 9 is a diagram for explaining the adjusting

process that is carried out before the optimization process
10 for optimizing the dot layout of the ending side gradation
level. First, an ending side initial dot layout pattern 21
(11 ON dots) and an optimized starting side dot layout pattern
20 (8 ON dots) are combined. In a combined dot layout pattern
22 (10 ON dots, 5 surplus dots), the optimization method
15 described above is applied to the dots other than the starting
side dots, sb as to delete surplus dots one dot at a time as
indicated by a pattern 2237, and an ending side initial dot
layout pattern 23 (11 ON dots) which is adjusted to the '
starting side is created. Finally, the optimizatiop described
20 above is carried out with respect to the dots other than the
" starting side dots in the ending side initial dot layout
pattern 23 after the adjusting process, so as to determine the
optimum ending side dot layout.
The purpose for adjusting the ending side to the

25 starting side is as follows. That is, although it is possible



out after the adjustnent to the mmask. Actually, the steps S1 through S3
shown in FIG 2 are repeated a nunber of tines as required, fromthe

hi ghl i ghtwo23/024362 t owar ds t he shadow si de. For exanple, PCTURE/®Zxrti ng WO
03/ 028362 -35 PCT/JP02/ 09726 side gradation |l evel mand the ending side
gradation level n are picked up the first tine, the previous ending side
gradation level nis newy picked up a%4the starting side gradation level
and a gradation level which is a predeterm ned 5 nunber_of |levels closer to
the shadow & dFSP&rRerbyephekddalife & EAgcEntPnyR S| He [GF&T4t FBh | evel the
second time. The optim zed dot |ayout of the starting side gradation |evel
is used aslavouts famdeaahadf ushe riayFasiedéesslevetar rikal wwmtisnithneotiniti al
dot | ayout patter of the ending side gradation |evel 10 with respect to the
starting site dptadaayout Lenl ©piilili 2at lost.i SSealra ebsxutoft keneahtiety t o
determ ne the ending side dot |ayout. Wen the dot |ayout of the random

gradation |guelfendrdtdebsentideshodeses itbaduaboverudirgloer , Sdnshown in
FIG 2 15 determ nes the dot |ayout of each gradation | evel between two

random ¢f adaid A ave Snads S0ANILY Bk GRcullly L1BaNd FHLGL o1 CS. 1A

11B and 11 I agr ans _ ~optinization of dot positions at
Pevel s I GOTTA 0 SRoRE THES dbi] TR A HEFaGk, (48 I1b efots the mL
mask,. and FI G- 11C shows the optimzing n mask. In FIGS. 11A through
matrixes. Therefore, by constantly adjusting the starting
side and the ending side to match the layout, it be&omes
possible to incorporate all gradations which are finally
10 representable within one dot layout of the threshold matrix.
FIGS. 10A and 10B are diagrams for explaining the
optimized dot layouts for the starting side and ending side
gradation levels which are obtained by the above described
process. FIG. 10A shows an optimizing m mask for the starting
15 side, and FIG. 10B.shows the optimizing n mask for the ending
side. In FIGS. 10A and 10B, a black circular mark. indicates
the dot existing at the same position as the m mask from the
start, a gray circular mark indicates the dot which does not
exist in the n mask but is arranged by the adjustment to the m
20 mask, and a circular mark with vertical stripes indicates the
dot which is arranged as a result of the optimization carried
out after the adjustment to the m mask.
Actually, the steps S1 through S3 shown in FIG. 2

are repeated a number of times as required, from the highlight

25 side towards the shadow side. For example, if the starting



11C, a black circular mark indicates the dot existing at the sane position
as the mmask fromthe start, a circular mark indicated by a dotted |ine

i ndi cat eswe 030t8361 abl e dot position 25 (candi dates), and &CgiJpeaare mar k
marked "n" indicates the dot WO 03/028362 -36 PCIT/JP02/ 09726 which is added
by an i ncrease of one level of the gradation level. In the gradation |evel
mtl next to the gradation |evel mwhizh-is picked up, the candi date
position of the dot 5 to be added is selected down to one of the dots in
the dot | @icket gepdehiornteeslda gradabrofnievel sifle BT@Is6<PRi 6AVet R he dot
to be added is selected fromthe dot candi date positions indicated by the
circul ar nardks picttedatedtiy fhwsddtimed kthaeprévidisGentiBg gsfag t he

optim zati on nmethod descri bed above. 10 As a result, the dot |ayout of the

gradati on |gv@latitd Lsveled erdrimady andkeleugdods [youttaoftinhes hext
gradation level m2 is determned simlarly, by assumng this tinme that

the gradat}%ﬂgﬁg%ﬁglgvélién&hﬁgﬁ&ﬁﬁ&ﬁ@g $bdel gndat i1Qn d evebetdARInSOL

| ayout of a t gradation levels between the two 15 picked up

gradatign | evels tarti sj de and [ ide._. dat I nd n)
are det 8rni e’lrn(); F%e?%rc%%snenrgﬁo %&g (Q:gaéé‘gﬁ]a% g%a%egﬂa’oﬁyﬁié?f%ﬁ%ﬁof a
pair of starting side and, ending side gradatjon |levels are determned, it
i s possi bl €% Fhensreynd 5%%%&@%&%3&88?&% LY iHREdi a#g?y

determ nés the dot | ayout of the gradation |evel between the starting side
and endi ng sitdenigedddptohayewke|af the starting side gradation level 1is

used as it is, and an adjusting process is carried out on the
initial dot layout patter of the ending side gradation level

10 with respect to the starting side dot layout. An optimization
is carried out thereafter to determine the ending side dot
layout.

When the dot layout of the random gradation levels

is determined as described above, the step S4 shown in FIG. 2

15 determines the dot layout of each gradation level between two
random gradation levels, as shown in FIGS. 11A, 11B and 11C.
FIGS. 11A, 11B and 11C are diagrams for explaining
optimization of dot positions at gradation levels between the
starting side and ending side gradation levels. FIG. 11a

20 shows the optimizing m mask, FIG. 11B shows the m+l mask, and
FIG. 11C shows the optimizing n mask. In FIGS. 1lA through
11C, a black circular mark indicates the dot existing at the
same position as the m mask from the start, a circular mark
indicated by a dotted line indicates a selectable dot position

25 (candidates), and a circular mark marked "n" indicates the dot



When the dot |ayout of all of the gradation levels is determned in the
above described matter, the appearing order of the dots fromthe highlight
side to tweshadew side 25 is determ ned. Hence, the stepCiBPey®@ates t he

| ayout WO 03/028362 PCT/JP02/ 09726 -37 (threshold val ue | ayout order) of
the diffusion type threshold value matrix for representing the hal ftone by
the ON and OFF states of one kind of-3®t, that is, by a bi-level data. The
created layout is used as the basic layout 1 shown in FIG 3. 5 As

descri bed aBfvivah iy pdfgdi by @B ¥HEYasiet P4l o8Bt Leesburt tﬁ‘&tﬁé@ﬁat??n may be
nore preferable to use the existing dither having the regularity in the

hi ghl i ght pogtdlon, depending on the resolution (particularly for the | ow
resolution), and in this case, the entire gradation section of the

hi ghli ght side 10 maynbeneeglagetidy ke 1exirst hagt did hete gexbiian
description will be given of the steps S6 and S7 shown in FIG 2. The

steps S6 anpeﬁlh%% AUt 5 }BicLD}E&f'  t@ccrgatieaacd seshalsh val upenae i x for
representing hal ft one y the ON and OFF states of two or nore ki nds of

15 dots t hat Fg% a. thre rrec{%mv%l uggedg% @s?cﬂgs a g gqdpove, this

type of haIJ?CE okhe esén a |on od may con |arret er, the

ink tone, or both the dot diapeter and lf ? |nth|s enb dJC
it is assumRFIBr ofhdhearnd of %cﬁﬁ?éjrﬁtéﬁéle £HE IPhe § DRSAfePBr © ?

controlled. 20 First, the step S6 conputes a gradation reproducible range
for each quieitixaticondiedels TekactachErogt sheSiohl FRREFECRORLELORRe
conput ed gradati on reproducible

indicated by the circular marks indicated by the dotted line

in FIG. 11B, using the optimization method described above.

10 As a result, the dot layout of the gradation level m+l is
determined, and the dot layout of the next gradation level m+2
is determined similarly, by assuming this time that the
gradation level m+l is the starting side gradation level. The
dot layout of all of the gradation levels between the two

15 picked up gradation levels (sta;ting side and ending side
gradation levels m and n) are determined in a similar manner.

Of course, after the dot layout of a pair of
starting side and ending side gradation levels are determined,
it is possible to'employ a processing procedure which

20 immediately determines the dot layout of ﬁhe gradation level
between the starting side and ending side gradation levels.

When the dot layout of all of the gradation levels
is determined in the above described matter, the appearing
order of the dots from the highlight side to- the shadow side

25 1is determined. Hence, the step S5 creates the layout



ranges to the basic layout, so as to create a threshold value matrix for
each quanti zation level. The basic |ayouts of the 25 threshold matri xes
correspomaprig/oessceach of the dot dianeters WO 03/ 028362 PETTIPQ2/908726 - 38
are the same and common to each other, but the individual threshold val ues
and threshold value differences in the layout are determ ned by a
difference with respect to a 100% non-3segnented tone that can be formed by
the correspondi ng dot 5 diameter and the natrix size. As a result, the

r epr esent abi & reEBREAWBERS i FF /s FEFENdPhg-ldn qlﬁcefuc'f’&tondfté{%tg?reevé’r}df or
the sane dot area, but the tone change per single gradation |evel can be
mRi Nt ai ned vegmst BALTLEr faf | regrasentdsy dhankrbftonabg thesABuand HEF
threshold value matrixes 2, 3 and 10 4 for representing the hal ftone by
four-val uedtdaied vsi bge kimd lof riedi,uhandis arlge addtislaevedpdetavelBhe and t he
basi.c |l ayout Iwhich is applied in comon to these threshold value matri xes

2, 3 and 4. 3nee 1heohesie haduls tnksphbec| Bypdiit 10fshbhe bh-Favels.
optim zed diffusion type threshold value 15 matrix, each of the threshold

val ue matr 'ﬁ% e%gr,sl_bgadaéo@é & | Oc%tgbﬁf usi 91‘? tIyI‘B_eCltah_r %{%tﬂohgycy@% ue

mat ri xes. is a system |agrams ow ng an |mage form ng

appar at us which repre sents, hal ftone r-valued  .data.u

t hr eshol d \Paﬂt&f?rﬁﬂtﬁ x@@ygb © 3" pfel%%ﬁagrﬁ LS00 HhE ARt |”% téoﬁleurnit 600
guanti zes a mul ti - evel image data IN into four-valued data using three
quant i zat i SHR®iR%e§h6| Heg%@]a’é%'\f T ErehbigRbi SRS BYGhofhr ESREPHRAIQTe

generators 602,
the resolution (particularly for the low resolution), and in

this case, the entire gradation section of the highlight side

10 may be replaced by the existing dither.

Next, a description will be given of the steps S6
‘and S7 shown in FIG. 2. The steps S6 and S7 carry out a
process to create a threshold value matrix for representing.
the halftone by the ON and OFF states of two or more kinds of

15 dots, that is, by a three or more valued data. As described
above, this type of halftone representation method may control
the dot diameter, the ink tone, or both the dot diameter and
ink tone. But in this embodiment, it is assumed for the sake
of convenience that the dot diameter is controlled.

20 ’ First, the step S6 computes a gradation
reproducible range for each quantization level. Then, the
step S7 allocates each of the computed gradat;onAreproducible
ranges to the basic layout, so as to create a threshold value
matrix for each gquantization level. The basic layouts of the

25 threshold matrixes corresponding to each of the dot diameters



603 and 604. The threshold val ue generators 602, 603 and 604 generate the
t hreshol d values of the threshold value matrixes 25 2, 3 and 4
correspormiprig/oessceach of the pixels of the-nulti WO 03/ 028862Pe22®726

PCT/ JP02/ 09726 | evel inage data INin the i mage space, and outputs the
generated threshold values as the three quantization threshold values Thil,
Th2 and Th3. Each of the threshold vatige- generators 602, 603 and 604 may
be formed by a nenory such as 5 a ich stores the correspondi ng one of

ROM wh ,
the threshd® W& GeTRafrf xedmPEN F0474CH, OBRGT a RGuMtS WAEAIPRAds t he
threshold values fromthe ROMin response to a pixel clock of the
mul ti -1 evelthnesgeldavalves a@id ddyresdolehsal we edhiof e apgiage Ingéher st 602,
603 and 604 may be fornmed by a single ASIC 10 circuit. The quanti zation
unit 600 ouwreuideteemaneiinages didifrregcengiite H&Epectuani 260%shgmal whi ch
indicates the OFF state of the dot if the pixel value of the nmulti-Ievel

i mge dat adhdntehiessnt hamat heurdwantrbzabliopy t i shoh@syahdendhdot 15
indicates the ON state of the snmall dot if the pixel value is greater than

or equak tqy;tt tg&agf{gzeﬁ{e%ﬁ reshold vakug ir%ul@ndcﬂes psssthamide

guanti zati on thresh value Th2, "indicates the ON state of the nedi um dot

if the pixel value.is..greater than or equal. .to t.he quantization t.hreshol d
val ue Th2 %c?nfna’l?% gég%?ﬂ%n&t%@ &gnf)flzgﬁ?o%o)?hrleas e%eg \?gFﬁek%ﬁSFh%nd
indicates the ON state of the large dot if the pixel value is greater than
or equal tcAe GlraAtrzat Peh i dORG gheargeber single gradation®level

can be maintained constant for all of the dot diameters.
FIG. 3 shows the threshold value matrixes 2, 3 and
10 4. for representing the halftone by four-valued data using
small, medium and large dots, respectively, and'the basic
layout lwhich is applied in common  to these threshold value
matrixes 2, 3 and 4. Since the basic layout 1 is the layout
of the bi-level optimized diffusion type threshold value
15 matrix, each of the threshold value matrixes 2, 3 and 4 are
also diffusion type threshold value matrixes.

FIG. 12 is a system block diagram showing an image
forming apparatus which represents halftone by four-valued
data using the threshold value matrixes 2, 3 and 4. In FIG.

20 12, a quantization unit 600 quantizes a multi-level image data
IN into four-valued data using three quantization threshold
values Thl, Th2 and Th3 from threshold‘value generators 602,
603 and 604. The threshold value generators 602, 603 and 604
generate the threshold valuee of the threshold value matrixes

25 2, 3 and 4 corresponding to each of the pixels of the-multi-



The i mage form ng engine 605 fornms an i mage which represents the halftone
by four-valued data, by controlling the ON and 25 OFFG states of the | arge,
medi um arstoambd3ézot s dependi ng on WO 03/ 028362 -40 PCT/ JPQZ/I0@/®G2¢ he
guanti zed signal received fromthe quantization unit 600. |In an inmage
form ng apparatus which is capable of realizing an extrenely fine control
of the dot dianeter, it is possible ~3®-obtain a sufficient gradation

representation using 5 only the area nodul ation, without having to use the
di 1 usi on CHEHc LBRDS! Pa Lo HIMEVBriS TeRE PRESper@iYe T IS FBPM ng

appar atuses which are popularly used, such as the ink-jet printer, the.

el ect r ophotagyrexysipct yheephobd eralurp tiive thiseithife gvamsizrtion fhepshetdis
only possible to make a dot diameter 10 nodul ati on on the order of two to

t hree st agesaldesr Thhi,sTheeasdnmh3 n @lackdr offotheathzestwlsthroetitnegr adat i on
representation in such inexpensive inmage form ng apparatuses, it is

essential JddhdisB ke cdif f 563 oinE raeler bst F6rméd BEdH teadrybeaansest he
dot dianmeters that can be nodul ated differ considerably 15 depending on the

| mRge f Qr M 00 APRRLAUS £ 800k SWAGIINGSUER ofs LhalnshounskBIBl G 13 is

require Is a dragram for explaining a dot swtching nmethod which

is, enployed when  naking.a gradatjon representation. usi a , medi um
and small YOt "Be£8St Re go?mgvd’tcaﬁidnﬁ fzguﬁ% E,V%%Jhce dtgﬁ%dr?a\q/:g%g 20 the
maxi mum di aneter may be printed fist depending on the Iay%ﬁ; gf he
threshol d vElERSheddr vRIUSAITERR Bt iPhde SPSPPBFRI HY @ RE5SaGeCGsi A three
or nore valued data may be | ost

the multi-level image data IN. Of course, the threshold value

generators 602, 603 and 604 may be formed by a single ASIC

10 circuit.

The quantization unit 600 outputs to an image
forming engine 605 a quantized signal which indicates the OFF
state of the dot if the pixel value of the multi-level image
data IN is less than the quantization threshold value Thl,

15 indicates the ON state of the small dot if the pixel value is
greater than or equal to the quantization threshold value Thl
and is less than the quantization threshold value ThZ,
indicates the ON state of the medium dot if the pixel value is
greater than or equal to the quantization threshold value Th2

20 ana i; less thah the quantization threshold value Th3, and
indicates the ON state of the large dot if the pixel value is
greater than or equal to the quantization threshold value.
The image forming engine 605 forms an image: which represents
the halftone by four-valued data, by controlling the ON and

25 OFFG states of the large, medium and small dots dépending on



as aresult of the image formati on being made conparably to the case where
the bi-level data is used. 25 In the case where the bi-level data is used,
it is WOWB/8A3362 -41 PCT/JP02/ 09726 necessary to form aPaorPexgnsnt ed

i mage by dots having a fixed dot dianeter, and thus, the dot dianeter is
normally set to ,2 or nore tines the resolution pitch. As a result,.
partially overlapping dots are generadtd in the actual imge before the 5
dot area coverage in the data reaches 50% If the |evel does not(ﬁrange by
the over| ap-hgs QUANERECE a3 ETRAL (TREHVGFL AFCHate FPeHPer™ 1115 emai ns
to be "1" even when the overlap occurs, it is possible. to ref]ect the
overlap to the threshdhdanvihage Bprsiimgl preabetaTtiHER HE 6¢epPappPhg area.
However, 10 this sinple approach cannot be used in actual practice. For
exanpl e, i nrdahe zaageanf ekbeemdally jféneprbonteo] ofiortes iduk iddamdher edionis

t he-over | apping portion to increase the tone. In the case of the

el ect r ophot QrAPAY E¥PELRELMNtLrs3Fi diBatt fesdmtidd argfresscpithBLEf , udiie
recording energy (charge or 15 heat) is concentrated at the overlapping

portiong aQ%ﬂ§P %tgggad8$d%ﬁiﬁuhﬁ_Q&@ﬁ%@%eﬂaéénéh&>Qﬂﬁ&%ﬂ%faiﬁﬁbéﬁﬁprding
rans e

energy is erred to .t port’ions surrounding the overlapping
portion. In_the cas nere L he three or. nore val ued dat%_%sfoggigéed, a

5
simlar prdBlEEmEsEssoitar YWWYH e ot Phavl RgP The: Maxi im sPze 9 However

t he probl em can be avoi ded by nakin%_ t he dot switching shown in FIG 12,
expect for %qufgﬁp§ﬁ§|yhich dre popularly used, such as Tthe ink-jet

printer, the electrophotography type printer and the thermal
transfer printer, it is only possible to make a dot diameter

10 modulation on the order of two to three stages. For this
reason, in order to realize a smooth gradation representation
in such inexpensive image forming apparatuses, it is essential
to use the diffusion characteristic. In addition, because the
dot diameters that can be modulated differ considerably

15 depending on the image forming apparatus, a dot switching such
as that shown in FIG. 13 is required. FIG. 13 is a diagram
'for explaining a dot switching method which is employed when
making a gradation representation using large, medium and
small dots. Unless the dot switching is made, the dot having

20 the maximum diameter may be printed fist depending on the
layout of the threshold value matrix, and the advantage of
forming the image using three or more valued data may be lost
as a result of the image formation being made comparably to
the case where the bi-level data is used.

25 In the case where the bi-level data is used, it is



| i mted shadow portion. On the other hand, for the dots having sizes other
than the maxi num si ze, no-overlapping 25 portion is generated even when the
dot area wowanzs3e2i s set to WO 03/028362 -42 PCT/ JP02/ 09726THO@97nd it isS
possi ble to conpute the nunber of gradation |evels representable by the
dots having the various sizes, by sinply using the area coverage, the

Yul e-Ni el sen pol ynom al or the |ike-4As described above, by arranging the
nunber of 5 gradation |evels according to the |ayout of the diffusion type
threshol d n&lCessaaY rix, foum jas nepssPEmen bl ciastce By GPEFURFHIFY 1§ ge*©
threshol d value matri x corresponding to each dot size. In addition,

dependi ng et Aeatletesj zand timms ,r epeedent didres treumiier notmgt bylagedtortd &val s
does not necessarily 10 beconme the sanme for each dot size, but the |ayout
of the threshabdevalues aie Adw1sanmen pebee, awer irkstbe, dodrtiidut

pattern for each gradation |evel differs for each dot size, no

unnat ur al Nges QEEHE S WASH, L dahekayay! 1 RaliEIi%ane 1605bI Berbre the
f pOSSi

Furthernore, 1t po: e to reduce the size of the 15 threshold val ue
o adat i B (BIerE taroBE Y ol Fop CEacheotii® NP6 and (he oranularity can
Consoquent g CRERBFrEY Shfa T Pedl 1Bt TAVoIodp TRt At BEhaItFVal ue
matri xes can 20 be reduced, and it is possible to reduce the cost of
provi di ng ande thier eetiel d" Valursmadasr trebei Lt RV STaHen SPRi ARk ar at us.
The threshold value matrix created by the present

occurs, it is possible to reflect the overlap to the threshold

value by simply subtracting the overlapping area. However,

10 this simple approach cannot be used in actual practice.

For example, in the case of the ink-jet printer,
mofe ink is adhered on the-overlapping portion to increase the
tone. In the case of the electrophotogréphy type printer or
the thermal transfer printer, more recording energy (charge or

15 heat) is concenfrated at the overlapping portion, and unwanted
dot gain is generated as the concentrated recording energy is
transferred to the portions surrounding the overlapping
portion.

In the case where the three or more valued data is

20 used, a similar problem does occur with the dot having the
maximum size. .However, the problem can be avoided by making
the dot switching shown in FIG. 12, expect for ap extremely
limited shadow portion. On the other hand, for the dots

having sizes other than the maximum size, no ‘overlapping

25 portion is generated even when the dot area coverage is set to



invention is applicable to any imge recording systemwhich represents

i mges by dots. The threshold value matrix created 25 by the present

i nventi orwD93p28361 cul arly suited for WO 03/028362 PCT/ JPOPCOIPRR0972h3
application inexpensive printers, such as the ink-jet printers,

el ectrophot ography type printers and thermal transfer printers, which
record nmulti-level image data but canm#24inely control the dot dianeter

and t he dot e rs i e .5 Next, a description will be given of
embodi nent s 1?:‘6 "t %éai ﬁgg}é\é ﬁ?gpsﬁt%s?ystf)e%m&%%? d%heg I’LUHR‘FFFe obr gafttigivent i on,
whi ch use the threshol d vq'lt%oel trix created in the above described
manner, by referti nget oS Bl e e PYatde190tE mving jtdien vairagnans shesi fay t he
structure of ,an_10 epbodi nent of the inmage output system according to the
present i nFeAPLBNUS ARG iha aradr icperrage, shivavifule-MiGlstd pslexecidledr by a
personal conputer, for exanple, and includes a pre- processing nodul e 201,

and a gradatthénlpkecesks nipstodited 2B3ve Wibe hadisryioy dad widbed e t hreshol d
val ue matrixes which are 15 created according to the present invention. The

pre- prozessgiragatbonl Bedls GRIJIr8SngULo atige el Jnewn Eigfuﬂoﬁcec&%ieng’
i ncl udi ng col or managenent nodul e ( , black generate/under col o

reduction (B&k s conrection, . |agni fication, wth respect to
SeTb LA o GRILSS] 28 1§;}|5jos I8 Eﬁfagﬁaﬁtéﬁ%@sﬁﬁé‘ i mage

the image data. The gradation 20 processing nodul® _ _
I s R T S R KRN R
the threShO|d‘Va|ue rﬁ?éigggitqgg?r&gggn§££¥%ﬁ1IEZ dot size, the
representable number of gradation levels does not necessarily
10 become the same for each dot size, but the layout of the
threshold values are the same. Hence, even if the dot layout
pattern for each gradation level differs for each 'dot size, no
unnaturalness occurs when the dot layout patterns are combined.
Furthermore, it is possible to reduce the size of the
15 threshold value matrix while maintaining the bicture quality,
because the number of gradation levels can be divided for each
dot sizé and the granularity‘can be improved by reducing the
dot diameter éven for the same layout. Consequently, the time
and load required to develop the threshold value matrixes can
20 be reduced, and it is possible to reduce the cost of providing
the threshold value matrixes in the image forming apparatus.
The threshold value matrix created by the present
invention is applicable to any image recording system which

represents images by dots. The threshold value matrix created

25 Dby the present invention is particularly suited for



hal ft one data output fromthe gradation processing nodule 202 25 is
supplied to a printer 203 which prints the hal ftone i nage WO 03/ 028362 -44
PCT/ JP02/WO02M2832 a recordi ng medi um such as paper. This PCTURA9E265hown | n
FIG 14 is particularly suited for application to inexpensive printers.
FIG 15 is a diagram showi ng the structure 'of 5 another enbodi ment of the

i mage output system according to the —pgesent invention. A printer drive
210 shown in FIG 15 is executed by a personal conputer, for exanple. The
printer driRRYLCAGORARPERCREI VR RfSHESAS v SKABWAS pFRe pifcdsdi Rginters,
including CMM and BG UCR and y -correction, with respect to 10 the inmage
data. A comttettimaph2tdgireppyovypedorintters pndntéﬁ;mahn@mnaﬂktepréuteas,
general ly known pre-processing including magnification with respect to the
i mage dat a.wHirh a@iorel helti2ldval sneay daes but eagmeidatireypeosessing to
quantize the image data which has been subjected to the above pre 15

processing ik aldibaredahag megle dhx Aonkhbeeron whie Malgeed data, using
the threshold val ue natrlxes descri bed above. The hal ftone data out put

fromthe control ler ﬁaﬁl‘j?&’é&‘?Pp{lona%l'l”%%egﬂ%m5@ IAGenls QF the

printer which prints t onée T nage on recordrng nmedi um such as

aper. ThIS 20 structuyre sho in FIG _ 15 i rticularly suited for
bl i cat | ontS G eﬁieathY%?@PsaCCﬂ%&la&aﬁﬂ P RRaE S BRES Bty of 1 er

211, which carries out the gradation processing, nmay be realized by a
which use the threshold value matrix created in the above

described manner, by referring to EIGS. 14 and 15.
FIG. 14 is a diagram showing the structure of an
10 embodiment of the image output sysfem according to the present
invention. A printer driver 200 shown in FIG. 13 is executed
by a personal computer, for example, and includes a pre-
processing module 201, and a gradation processing module 202
which is provided with the threshold value matrixes which are
15 created according to the present invention. The pre-—
processing module 201 carries out a generally known pre-—
processing, including color management module (CMM), black
generate/under color reduction (BG/UCR) and qf—éorrection, and
magnification, with respect to the image data. The gradation
20 processing module 202 quantizes the image data which has been
Subjected to the pre-processing in the pre-processing module
201 into halftone data made up of three or more valued data,
using the threshold value matrixes described above. The
halftone data output from the gradation processing module 202

25 is supplied to a printer 203 which prints the halftone image



conmbination circuit or an ASIC circuit having the structure 25 shown in
FIG 12, for exanple, but it is also possible to WD 03/028362

PCT/ JP02/W0O020628345 n realize this quantizing nmeans by a mpcrapoxwessor. O
course, the printers referred above may be included in image form ng
appar atuses, such as copying machines including digital copying nmachines,
facsimle 5 machi nes, and conposite apparatuses whi ch have conposite
functions of a plurality of apparatuses such as printers copyi ng .machi nes
and facsi nidne anEERPHSENT NesAiumh s#eSc AF pPRRRE wi |0 itse SFEVERUES Thildt ur e
quality deterioration which occurs at a | ow resolution and/or 10 during a
hi gh- speed fIecoidi hg paraicilemgy Suinedgfapppritisition theleomasivenal

i mge form ng apparatuses (or image recordi ng apparatuses) such as the
printers, faGgsiekke machines and copyi ng nachines, the digital imge data
whi-ch is ornmed is a bi-level imge made up of "1"s and "01's or, dots 15

having ON and OFF stapeg. Bt; due 4@ REAIEESSESy Madle duiubhareismge forning
engi ne and the demand for realizing a high quality image, it is becon ng

nore popul ar. to for lti-)evel . i d i jixel i
ot ur bt nsihes, BIRTHENET LR el (e (G, Bl ST ecRPREREEn R BlekE 11

the tone nodul ation nethod 'which changes the tone of .the_jn t.he dot
si ze nodul ALESF et ABER IR N Js&E1AGEE HEVTR %ﬂf%hﬂwgnﬁns?EQSkIS 18

executed by a personal computer, for example. The printer
driver 210 carries out a generally known pre—-processing,
including CMM, and BG/UCR and vy -correction, with respect to

10 the image data. A controller 211 is provided in the printer,
and carries out a generally known pre-processing including

‘magnification with respect to the image data. The controller
211 also carries out a gradation processing to quantize the
image data which has been subjected to the above pre-

15 &processing into halftone data made up of three or more valued
data, using the threshold value matrixes described above. The
halftone data output from the controller 211 is supplied to an
image forming engine 203 of the printer which prints the
halftone image on a recording medium such as paper. This

20 structure shown in FIG. 15 is particularly suited for
application to high-speed printers.

The quantizing means of the controller 211, which
carries out the gradation processing, may be realized by a
combination circuit or an ASIC circult having the structure

25 shown in FIG. 12, for example, but it is also possible to



and a net hod which uses both the tone nodul ati on nmethod and the dot size
nodul ati on nmet hod are nost commonly used at the 25 present. WD 03/028362
PCT/ JP02/WO 12628345 A pressure generating nmeans of an ink-jPeT/JRexd726s
formed by a heating resistor which generates air bubbles in the case of
the thermal ink-jet, a piezoelectric elenment in the case of the

pi ezoel ectric ink-jet, and an electroestsatic 5 element -in the case of the
el ectrostatic ink-jet. The dot size is controlled by controlling an

anpl i t ude, m®apiksethigtBuantidmgharasf Pyl 3 S8 HFRPIKESPPKe of a driving
voltage which is applied to el ectrodes of such pressure generating neans..
However, due to the spfeadirge ofthehgrinkeandrefrriddkapboviendntde 10 si ze
control can' realize only four states at the nost with a satisfactory
repr oduci bislid1y.defan®! ¥ymage | &1@€ ndObppar seas ey daich asspapyinpt and no d t.
FI GS. 16A through 16C are diagrans for explaining dot |ayout patterns

whi ch are lﬁ%%%iwﬁgniﬁlé:!l[xgm% &l&ittahecégy%@exﬁ@éhi%w i;zati@merocess and

mul ti-Ievel process. 6A shows the dot reproduction for a case where

the biparizati.on proc IS carri X .
repr odugti W#&Pef’i?c% S(\:?\%r{ﬁoes acr?ela? g’ﬁggﬁ%ﬁ% g%llll(])cﬁlB i%@%:?ro%ﬂ (Sj’sfi%%t, and FI G

16C shows the dot reproduction for g case where 20 clthge dot .stze nodul ati on
is carried BWRCtiPRSFPES BEA A HIFUGh 2BBET 2Bk G cafaP hBFKSS 1 ndi cate

the dots, and circular _
copying machines and facsimile machines.

Next, a description will be given of the picture
quality deterioration which occurs at a low resolution and/or

10 during a high-speed recording in an image forming apparatus.

~ In the conventional image forming apparatuses (or
image recording apparatuses) such as the printers, facsimile
machines and copying machines, the digital image data which is
formed is a bi-level image made up of "1"s and "O"s or, dots

15 having ON and OFF states. But due to progresses made in the
image forming engine and the demand for realizing a high
quality image, it is becoming more popular to form multi-level
image data which represents each pixel in a plurality of
gradation levels.

20 For example, in the ink-jet printer, the tone
modulation method which changes the tone of the ink, the dot
size modulation method which uses dots having different sizes,
and a method which uses both the tone modulation method and
the dot size modulation method are most commonly used at the

25 present.



marks with hatching indicate dots having a | ower tone than -the dots

i ndi cated by the black circular marks. Further, in FIGS. 16A through 16C,
t he dot p&oDtoanessen the |eft '"indicates a low 25 (light) teceJrPei@7zot
pattern in the mddle indicates. a nmedi um WD 03/ 028362 -47 PCT/JP02/ 09726
tone, and the dot pattern on the right indicates a high (dark or maxinmum
tone. According to the dot reproducti-arée-shown in FIGS. 16A through 16C,
the amount of information is basically 5 determned by the control|able dot
size. The amount of BnPE@$ﬁﬂ#@n@qmﬁ§ﬁ§é§§sm§%n%rﬁﬁrﬁﬂﬂﬁ&k‘éﬁtcﬁﬁ?go%?able
dot sizes increases, to thereby enable reproduction of a high-quality

pi cture cl azented bheaoheégtiad rdamigeodarhicBuyersratesscEilzeubhbeveln t he
nunber of controllabl'e dot sizes is only on the 10 order of one to three
(or four whep Qakse bRCindegherdmnll hakcgse, ofpi@sicliducriet epenatersn It is
possible to inprove the picture quality to a certain extent by conbining

the dot sizge nodyl 8l efie SRIIGA G ENEnLONEr et Al @l clRbbodathut the
e CO

load is then put on 't oring agents (dyes) and recording units 15 in

order tg achieve the desired picture ' 1€ Yy, u 0 cost
and siz régEWF@Fi8ﬁsg§ﬁ ?%%3fﬁ%é%m?8?%?%g£¥?%%%g§§?ﬂ§?h+t Fggoﬁ?§ possi bl e
to inprove the picture quality to two tinmes at_the nost, even when. the dot

si ze nodul atiiZéh 1snEPREEC AR the qod}iféoﬁéaﬁga??o?f“%% ’ataepéfgﬁ%i At 20 In

order to conpensate for the insufficient anount of information, per, pixel
a pseudo gradatmiben péppgg§@$agm¢”the like of a driving voltage which is

apblied to electrodes of such pressure generating means.
" However, due to the spreading of the ink and the like, the dot
10 size control éan'realize only four states at the most with a
satisfactory reproducibility, namely, a ‘large dot, a medium
dot, a small dot and no dot.
FIGS. 16A through 16C are diagrams for explainihg
dot layout patterns which are used when carrying out the
15 general binarization process and multi;level process. FIG.
16A shows the dot reproduction for é case where the
binarization process is carried out, FIG. 16B shows fhe dot
reproduction for a case where the tone modulation is carried
out, and FIG. 16C shows the dot reproduction for a case where
20 the dot size modulation is carried out. In FIGS. 16A through
16C, black circular marks indicate the dots, and circuiar
marks with hatching indicate dots having a lower tone than the
dots indicated by the black circular marks. Further, in FIGS.

16A through 16C, the dot pattern on the left indicates a low

25 (light) tone, the dot pattern in the middle indicates a medium



which is generally referred to as a halftone process is used as a
technique for controlling the nunber of dots per unit area. The pseudo

gr adat i orwpepessent ati on represents the 25 nunber of dot s PaiiJeo/ @
arranged as a tone, and represents a WO 03/028362 PCT/JP02/ 09726 -48 | arge
nunber of -gradation | evels by changing the density of the dot. The dither
met hod i s popularly used for the pseudp7-gradation representation, and
typi cal dither nmethods are the 5 systematic dither pethod and the random
di t her net hieeie Thad $pst kit PRUBRHThen FBEhsdoREL Sndl @fle it PEgh( &F2% t her
matrix) made up of n x n threshold values, and overlaps this dither
matri x wthot eximuot) itoage to conpare the tone | evel of each pixel and
the corresponding threshold value in the dither 10 matrix. A bi-Ilevel
representation is nmadecdchyraehyi g the/alote reptddbtask)shdwrt He piassl val ue
of the input inmage is greater than or equal to the corresponding threshold

val ue, and |settjng A Yakuernd" ad Wit &) ihrbbRapide! i yald8 @fi1the input

image is | ess than the corresponding threshold value. If the 15 processing

of n x pi xel s _ends, .the. i 1S, fQr y.:Lepe I Lryi-ng out the

above dgscr ?Eﬁfﬁﬁ%é?egg &RFr§&§3%§é§§ﬁggﬁﬁgn%%?§g ?ﬁ%gd¥¥ﬁ€¥:§gtrix to the

position of the next n x n pixels. FIGS _17A _17B %%%tl are_ diagrans for
ke SR ebig et

expl ai ni ng PRI s LBFEEFESRI hPSOIABET REr 8% r85pett to

an input nulti-level imge data shown in FIG 17A, a conparison_is nade
with an n ximcrBadesr ket therebywenamerjrgproduction of a high-quality

picture close to the original image data. But as described
above, the number of controllable dot sizes is only on the

10 order of one to three (or four when 0 is included) in the case
of most ink-jet printers. It ;s possible to improve the
picture quality to a certain extent by\combining the dot size
modulation method and the tone modulation method, but the load
is then put on the coloring agents (dyeé) and recording units

15 in order to achieve the desired picture quality. Consequently}
due to cost and size restrictions on the image formingA
_apparatus, it is only possible to improve the picture quality
to two times at the most, even when the dot size modulation
method and the tone modulation method are combined.

20 In order to compensate for the insufficient amount
of information per pixel, a péeudd gradation representatién
which is generally referred to as a halftone process is used
as a technique for controlling the number of dots per unit
area. The pseudo gradation representation represent; the

25 number of dots which are arranged as a tone, and represents a



17B which is created by apredeterm ned nmethod. Hence, only the pixels of
the i nput inage having values greater than or 25 equal to the correspondi ng
t hr eshol dwoaBuzssenr e repl aced by WO 03/ 028362 -49 PCT/ JPOPCOIPERBOIAm S as
shown in FIG 17C. O course, it is possible to replace only the pixels of
t he i nput image having values |l ess than the corresponding threshold val ues
by the dots. FIG 17C shows a case wherg-the dots are bi-level, 5 that is,
the dots have an ON state or an OFF state. However, the dots nay be made
to have multdrdeevinbepyos egtdGHiig 9ﬁ¥91?eBYo%RRHQﬂQQ G&d&EPBREY € on into
smal |, mediumand large dots as shown in FIG 18. FIG 18 is a diagram
shomﬁng a oy dedpondence between size nodul ated dots and dither mask. 10
In this case, a threshold value matri x corresponding to the dot size is
used for each of the gnsl §itmedingdhadd ikapgputleatby usdieorakhagosdedo
conparison wth the input inmage data to make the replacenent to the dots.

FIGS. 19A a%ﬂ@nlgg?ﬁé§en£ﬁﬁ%ﬁhﬁ”§nﬁe§9§§&éyeiﬂﬂﬁﬁpﬂkﬂﬁoageai@F@§90|d
val ue matrixes for he smal I, medi um and Iarge dots. On the other hand,

the random dj ticr. et ot . ge dea{rﬁ)taea LfRdam Y5k uB Mhoeerpact g each

pi xel o |npu i nage and Uses e genera ed value -as t reshol d

val ue. -However, the i e for usi_ng the random dj t h 0 nethod I's not
very snnotk?ﬁ%?%ﬂ%?%Fap A Rt |ieF§daf8P PGV gﬁgﬁﬁféTﬁyﬁuauallty

as conpared to the systematic dither nethod. ) )
made up of n x n threshold values, and overlaps this dither

matrix with the input image to compare the tone level of each
pixel and the corresponding threshold value in the dither

10 matrix. A bi-level representation is made by setting a value
"i" (black) if the pixel value of the input image is greater
than or equal to the corresponding threshold valué, and
setting a value "0O" (white) if the pixel value of the input
image is less than the corresponding threshold value. If the

15 processing of n x n pixels.equ, the image is formed by .
repeatedly carrying out the above described process while
successively moving the dither matrix to the positionlof the
next n x n pixels.

FIGS. 17A, 17B and 17C are diagrams for explaining

20 the systematic dither method. For example, with respect to
an input multi-level image data shown in FIG. 17A; a
comparison is made with an n x n dither matrix shown in FIG.
17B which is created by é predetermined method. Hence, only
the pixels of the input image having values greater than or

25 equal to the corresponding threshold values are replaced by



Furthernore, the pseudo gradation representation may be nmade by the error
di ffusi on nmethod. However, the error' 25 diffusion nethod requires a
consi der aWby30283pt ex process when WD 03/ 028362 -50- conpared/Jre/ionm dit her
met hods. PCT/JP02/09726 FIG 20 is a diagramfor explaining a bi-Ievel
error, diffusion technique. In FIG 20, a step STl carries out an error
di ffusion process shown. Black circulam-marks 5 indicate the pixels having -
the dots which are ON, circular _marks_indicated by a dotted |ine indicate
pi xel s havidagst Ag sk WhifdlF -ateCOFFOT atrPTifrerdl £5i REFEERES thRe pi xel s
which are not yet processed. A step ST2 carries out a threshold val ue,
process showplaeXsonbendtepixeler pbrtiyenmrttedngget having eshbiel 1@s¢gal ue
process, and indicates a target pixel which is the target of the next

error diffushantpeoesssesporitien Shdesnbld ptdlassdmyertherdwes ght matri x EVW
to the error values of the processed peripheral pixels, and calculates a

corrected pixel val uepfPV by a8diBYat BEs OIS Trteiapht AREMbx-FWMIL O the
val ue of the next processing target pixel. X indicates the target pixel

o enres LTRAALET L 1o S o7 BRI AL B! O REACESSLON SHERRLL

conpar € xed (or variab reshol'd val'ue and the corrected pi'xe
value CPV, and calculates the ON and OFF states of the dots. and.the 20
error 'val uéheRg§s W@%wQ?lﬁ&ﬁgé5@n§ﬁ¥§dm?£%iﬁ9§%§isn%56ﬁFggl?Sﬁng ' and
solid color is indicated by "0". Hence, the erraor diffusion nethod carries
out the reproducible gradation region into small, medium and large
dots as shown in FIG. 18. FIG. 18 is a diagram showing a
correspondence between size modulated dots and dither mask.
10 In this case, a thre;hola value matrix corresponding to the
dot size is used for each of the small, medium and large dots,
when making the comparison with the input image data to make
the replacementlto the dots. FIGS. 197, 19B and 19C are
diagrams respectively showing the threshold value matrixes for
15 the small, medium and large déts.

On the other hand, the random dither method
generates a random value with respect to each pixel of the
input image and uses the generated value as the threshold
value. ©However, the image formed using the random dither

20 method is not very smooth in genefal, and is unsuited for
improving the picture quality as compared to the systematic
dither method.

Furthermore, the pseudo gradation representation

may be made by the error diffusion method. However, the error

25 diffusion method requires a considerably complex process when



t hreshol d val ue process for each pixel and holds the error while
reflecting the error to the latter calculations at a 25 predeterm ned
rati o. Hewoa3/o2d3e2 error di ffusion nethod can WO 03/ 028362 PCHIIP02/09726

PCT/ JP02/ 09726 feed back to the output inmage even the anount of information
which is forcibly discarded in the dither process, thereby making it
possible to obtain a picture quality#t-ch is inproved over the dither

i mage fromthe point of viewof the 5 resolution and the |iKke.

Devel opnentesmgegedelagtiads te s MetherSi nprove the resol ution while
obtaining a high picture quality by the dither nethods and error diffusion
met hod described abovEIG. X sis & idequsa £he ¢xeiadindadl adbi-sp¥el and
separation of the 10 dots becone snall as the resol ution becones high, and
the dot pattrerngicreaied tycriendi.t hen FREho2D pra tdiepeSrdr cadirfiesiont

met hod becone nore difficult recognize. If the dot pattern is  not

recogni zabl g hy bheqhppae: &Y & rdduss khoRAUl Vel £ die-curaki ngrasmul ti -1 evel
representation by one pixel. 1n ink-jet 15 printers which have been

b
Cpoent ¥ Jovghaped: cReTSROLUL HORLOL REB DT IAS, basn dieabizedaA | houdh

the picture quality 1S Tnprove inmproving the resolution, the cost of

the recording_unit increases a t he.recordin i.nti.ng ecreases.
In 20 ordeF@F§Sréﬁ??i%t?§2b¥niﬂ#¥£§§§ &%PSn?n%}%ﬁé#l%iﬁgﬁss%gﬁgﬁﬁﬁpg%l i's
required to maintain the high dot position accuracy, in, a dit'onhto t he
requi r ementdate FWBERNJBES chpng &UgREp-gr indicate "the pixels which are

not yet processed. A step ST2 carries out a threshold value
process shown. e, denotes an error generated by the threshold

10 value process, and % indicates a target pixel which is the
target of the next error diffusion process.

A step ST3 multiplies an error weight matrix EWM to
the error values of the processed peripheral pixels, and
calculates a corrected pixel value CPV by adding the error‘

15 weight matrix EWM to the value of ﬁhe next processing target
pixel.' ¥ indicates the target pixel which is the target of
the next error diffusion process: A step ST4 compares a figed
(or variable) threshold value and the corrected pigel value
CPV, and calculates the ON and OFF states of the dots and the

20 error value (e,), where non—segmented image 1s indicated by
"255" and solid color i; indicated by "0".

Hence, the error diffusion method carries out the
threshold value process for each pixel and holds the errof
while reflecting the error to the latter calculations at a

25 predetermined ratio. Hence, the error diffusion method can



than the conventionally used dots. As a result, the cost of the imge
form ng apparatus inevitably beconmes high. In 25 addition, when using the
sanme recowoion@2ainit, it takes nore WO 03/028362 PCT/ JP02/ @2TAB02®226 i e to
make the -recording for the higher resolution because the coverage area per
dot becones smaller for the higher resolution. But in actual practice,
there are cases where a 5 high picture-gbality is preferred over the

recordi ng sp S a | so, cases _where the desired recording speed
and. cost ar!g@%% g‘}:gcrkr gtg) tatg G gﬁ%ﬁ & pcture aﬁgl FESMNT et RaRaRLON
pr edet er m ne&lacl.hal.i t% IS glft aipable, In other words, it is not always the
case that the high HitCrir-8-udtfFTIrdss raqiibredi ther mioqns s o thewebal |

enphasis was put on further inproving the dot form ng speed and further

i nprovi ng t HEEKIRSLA RESaeRset 1o otbhdie repdrtitng A lissbywhieanssof

hardware, while maintaining the high resolution. In other words, the
enphasi s wasifrioved PMeretke ndithrer rieeoedifngmspee hoint e Beknggerfor m ng
appar atuses whi ch are designed for the high picture quality, and not on

i nprovi n§ t hesulettire gual thy Ofke.t he i nexpensive i nage form ng apparat uses
whi ch have low resolutions. Wen increasing the recording speed of the

i mage 20 form ng appapatys i iS-designe r Lgh picture
quality,. it is inpossible t%ﬁ%ﬁ% ze ec%%%ggelg%% etclE %lrrgc\;%ﬁe FRIPYE tHe
recordi ng S%%%l‘d_@&%ﬁswﬂﬁfer%Ctor'di'” seguence, itsel f i nodi fi ed, because

of the cost restrictions and” 1 estrT et PolisdppPicture quality by the
dither methods and error diffusion method described above.
This is because the individual dot size and separation of the

10 dots become small as the resolution becomes high, and the dot
patterns created}by the dither method or the error diffusion
method become more difficult recogﬁize. If the dot pattern is
not recognizable by the human eye, this is equivalent to |
making a multi-level representation byﬂoné pixel. In ink-jet

15 printers which have been recently developed, a resolution of
2880 dpi has been realized.

Although the picture quality is improved by
improving the resolution, the cost of the recording unit
increases and the recording (printing) speed decreases. 1In

20 order to realize the high resolution, a high-precision control
is required to maintain the high dot position accuracy, in
addition to the requirement to form dots which are smaller
than the conventionally used dots. As a resulf, the cost of

the image forming apparatus inevitably becomes high. 1In

25 addition, when using the same recording unit, it takes more



the nmounting area. In addition, when the recordi ng sequence 25 is
nodified,. it is inpossible to apply the inage processi ng WO 03/ 028362

PCT/ JP02/W0O02028368 for the high resolution unless the i na@eETHPOX®IB Ny
itself is also nodified. As a result, it is necessary to nodify the inmge
processi ng dependi ng on the nodified recording sequence. But in the
conventional inmage form ng apparatusess2only a sinple imge processing is
applied, and no attenpts were made to positively inprove the picture

qual ity. Nebdme Fod@ekei pheoreapTdine fgirvEheopighdodisiriitdrn Regratit i on
reproduci ng met hod, threshold value matrix, inmage processing nmethod, inmage
processi ng dpparatarsgei rage per maiyg bet@mappamat lisr afwd phienteghdri ver
according to the present invention, which can obtain a satisfactory picture
quality evess@tutddnQw resol ution and/ or during a high-speed recording.

FIG 21 is a perspective view showing a structure of a first enbodi nent of

the image formng appafat 4§ 60401 NG crhvel 0+hBBe PAAS & sdNV@BEEOR, and
FIG 22 is a side view showing the structure of the first enbodi nent of

the image formn apparatus, For the sak o] e ol 1 d 22
show i %‘porlf”aqrﬁ ﬁ%ncttélrr%aﬁuﬁg%% ot Q%egﬁr%geg{]%gmgwnegmaep%grr%é"tn s%%?%haolﬁ&gh
actually not visible in the perspective and, side 20 vj.ews. Inthigifirst

enbodi nent Sk h&hEgeCr GRATRG I SFHANS: G§S1FR2 17 9 mpehtli 9 s

applied to an ink-jet printer. In the-ink-jet printer shown in FIGS. 21
and 22, a @r$ntanry prechanPene® Iengreyrddchit i @il il RigPrPAt ERaBodly 1.

predetermined guality is obtainable. In other words, it is
not always the case that the high picture quality is required.

10 But up to now, all emphasis was put on further
improving the dot forming speed and further improving the
moﬁnting density of the recording units by means of hardware,
while maintaining the high resolution. In other words, the
emphasis was put on incfeasing the recording speed of the

15 image forming apparatuses which are designed for the high
picture Quality, and not on improving the picture quality of
the inexpensive image forming apparatuses which have low
resolutions.

When increasing the recording speed of the‘image

20 forming apparatus wﬁich is designed for the high picture
quality, it is impossible to realize considerable improvement
in the recording épeed unless the recording sequence itself is
modifiea, because of the cost restrictions and restrictions on
the mounting area; In addition, when the recording sequence

25 is modified, it is impossible to apply the image processing



25 The printing nechanism 2 includes a carriage 13 which is WO 03/028362

-54 PCT/JP02/ 09726 novable in a main scanning direction, recording heads 14

nount ed owotoh®28sez ri age 13, and ink cartridges 15 for supprgPorpIrTks t o

the recording heads 14. Paper 3 is supplied froma paper supply cassette 4

or a manual paper feed tray 5, 5 and the printing nmechanism 2 records an

i mge on the paper 3. The paper '3 recorded with the inage is ejected to a
h is |located.on a rear side of the mai rinter

paper eject_tr 6, Whj C i n

body 1. In (78 GFEnliHE REChURT SULERE EhF rFHEE PFACSSEEDg| i HapYy 15
supported by a main quide rod 11 and a sub guide rod 12 so as to be
movabl e in Fﬁéonﬁpﬁlgéﬁﬁnidﬁsdiﬂ%ﬁﬂﬂén LtEnla nefexatyorropapgehvi twar to
the paper in FIG 22).. The main and sub guide rods 11 and 12 are provided
bet ween ri ghmagrdprpeésssigedqreatdngobnt hiee naodi firddhtrercolrddyig 1sedinence .
recording 15 heads 14 are nade up of ink-jet heads for respectively

ej ecting yelBunwifY}he Cyanvéidiommagentge( hrandy bigek Bkl nks1yin a
downward direction. The ink cartridges (ink tanks) 15 for supplying the

yellow (), vane( Gaqungesiaedibly audabhocks (B o ks LapLbe, SOl rgspond! ng

i nk-jet heads is detachably 20 nounted on top of the carr i nk

cartridge 15 _h . r.agﬁ i hg.,which, opens .t.q the atnosphere, a |ower
openi ng foréguggfs?ﬁgg elln(Rl %hFhBlSB??géﬂﬁﬁﬂﬁﬁb i nk-jet head, and a

porous material which is pro%jded,inside to hold the ink. The ink' within
the ink Next, a description will be given of embodiment of

a gradation repréducing~method, threshold value matrix, image
processing method, image proéessing apparatus, image forming
10 apparatus and printer driver according to the present
invention, Which can obtain a satisfactory picture quality
even at a low resolution and/or during a high-speed recording.
FIG. 21 is a perspective view showing a structure
of a first’embodiment df the image forming apparatus according
15 to the present invention, and FIG. 22 is a side view showing
the structure of the first embodiment of the image forming
apparatus. For the sake of convenience, FIGS. 21 and 22 show
important infernal parts of the image formiﬁg apparatus
although actually not visible in ﬁhe perspective and side
20 views. In this first emﬁodiment of the image forming
apparatus, the present invention is applied to an ink-jet
printer.
In the ink;jet printer shown in FIGS. 21 and'22, a
printing mechanism 2 is provided within a main printer body 1.

25 The printing mechanism 2 includes a carriage 13 which is



25 cartridge 15 is maintained to a slightly negative pressure by WO
03/ 028362 PCT/JP02/ 09726 -55 the capillary force of the porous material.
The ink iwoosipgsbtied to the ink cartridge 15 to the corre®ponaiag7iank- | et
head. The rear side (downstream side along the paper 5 transport direction)
of the carriage 13 is slidably supported by the main guide rod 11, and the
front side (upstreamside along the qmper transport direction) of the

carriage 13 is slidably supported by the sub guide rod 12. In order to

nove the @@vPPagein3aimeithesGraindngcanhPRELOR r 353 LrAfhgtbel t 10 20
is between a driving pulley 18 which is driven by a notor 17 and a
fol | owi ng puhinégpdl1&n #@nd tdnsiagenildg baflt 120 ¢arfiidees 1§ £he carriage 13.
Hence, the carriage 13 nmakes a reciprocal novenent as the notor 17 is
rotated in gupellonyardkane rewenseordingchéans.145 EapereGotdi mgpgiciads 14

are made up of the ink-jet heads which eject the yellow (Y), cyan (O,

magent a (Mg, apd, pBhask 'gllﬁggll} NS dt thhiuSo enafi RNt pddeveveeq tiay B,

possi bl e

to use a single-recording head which ejects the yellow (Y),

cyan

(C) . mogenta M, and, Dl agk dditladiies » Cocdbhl Be 2R deserihedialers It s

possi bl

head which includes a vibration

€ recordi ng

late formng at, | east.a
of an.ink TH&s®3HET énHe‘éOW%%d@t@ct%&lreclﬂf‘%ﬁeﬂT Wﬁcgcﬁdé&f)ognga?%s
vibration plate to apply pressure on the ink: 25 Of course, the structure
of the receridiotgtiasdbiyhich is located on a rear side of the main

10

15

20

25

printer body 1.

In the printing mechanism 2, the carriage 13 is
slidably supported by a main guide rod 11 and a sub guide rod
12 so as to be movable in the main scanning direction (in a
direction perpendicular to the paper in FIG. 22).. The main
and sub'guide rods 11 and 12 are provided between right and
left side plates of the main printer body 1. The recording
'heads 14 are made up of ink-jet heads for respectively
ejecting yellow (Y), cyan (C), magenta (M) and black (Bk) inks
in a downward direction. The-ink.cartridges (ink tanks) 15
for supplying the yellow (Y), cyan (C), magenta (M) and black
(Bk) inks to the corresponding ink—-jet heads is detachably
mounted on top of the carriage413.

Each ink cartridge 15 has an upper opening which
opens to the atmosphere, a lower opening for supplying the ink
to the corresponding ink-jet head, and a porous material which
is provided inside to hold the ink. The ink ‘within the ink

cartfidge 15 is maintained to a slightly negative pressure by

a prezoel¥ectric type ink-jet

ortion of a wall



WO 03/ 028362 -56 PCT/JP02/ 09726 is not limted to the above. For exanpl e,
it is possible to use an electrostatic type ink-jet head having a

vi br at i orwopBaessef orming at | east a portion of the wall offCTrheoz/ovk2e
passage, and an el ectrode confronting the vibration plate, 5 where the
vibration plate is defornmed by electrostatic force to apply pressure on
the ink. In addition, it is possible +®5~use a thermal type ink-jet head
whi ch generates air bubbles by heating the ink within the ink passage

usi ng a heatthgeRddfstofored o e appioySpPesetita! on e 1PkiBy the air
10 bubbles. On the other hand, in order to transport the paper 3 which is
set in the papriiesuppl Fheasskt caryrigduged St fie thecerdierpordaaglinkthet
foll owi ng nechani sns are provided. That is, a paper supply roller 21 and a
friction patka&? are 15 provided to separate and supply each paper 3 from

t he paper supply cassette 4 towards a paper guide nenber 23. A transport

roller 24 turns over ftrie skde 9iqd hQidRAR®redm AidéransRPrine’ ghpet 25 pushes
agai nst the peripheral surface of the transport roller 24. Atip end

rol I er e r%ﬁgp%&sc ai&se@ig{q gg@'zgle?fgagﬁaggpgﬁ §sfg1tqraatogg; LLASPOLS

roller transport r s driv y a notor via a gear
rechantsm, RSN 5, METHeS 25 gufeal be penelod Wl shels cled from
carriage jﬁ%ié%é'Eien%ggeicgggéggké¥r&?ﬁgcggbn) of the carriage 13 is
slidably supported by the sub guide rod 12. In order to move
the carriage 13 in the main scanning direction, a timing belt

10 20 is between a driving pulley 18 which is driven by a motor
17 and a following pulley 19, and this timing belt 20 is fixed
to the carriage 13. Hénce, the carriage 13 makes a reciprocal
movement as the motor 17 is rotated in the forward and reverse
directions.

15 The recording heads 14 are made up of the ink-jet
heads which eject the'yellow (Y), cyan (C), magenta (M) and
black (Bk)‘inks in this embodiment.  However, it is possible
to use a single recording head which ejects the yellow'(Y),
cyan (C), magenta (M) and black (Bk) inks. As will be

20 described later, it is possible to use for the recording head
14 a piezoelectric type ink—jet head which includes a
vibration plate formihg at least a portion of a wall of an ink
passage, and a plezoelectric element which aeforms this

vibration plate to apply pressure on the ink.

25 Of course, the structure of the recording head 14



WO 03/028362 -57 PCT/JP02/ 09726 under the recording heads 14. A transport
roller 31 which is driven to feed the paper 3 in the paper eject

di recti orwoi0s/0283sDvi ded at a position confronting a roll ePC3APOY726he
downstream si de of the paper guide nmenber 29 along the paper 5 transport
direction. Further, a paper eject roller and a roller 34 are provided to
ej ect the paper 3 onto the paper ejedetray 6, and gui de nenbers 35 and 36
are arranged to form a paper eject path. At the tinme of the recording, the
recordi ng Head®t 16mizedr o dris RV -r eEpBNSE IR ThdgePSPrEhate Wil | e
moving the carriage 13, so as to eject the inks onto the stationary paper
3 and recorubore klretrdheanexttydenénks]ebcoeakdating a2 VERASHH?R i ng t he
paper 3 by a predeterm ned anount in the paper transport direction. The
recordi ng gpelwt ireRmi sgeaterkedd: andorthenpapethsd wallejogfcted imkresponse to
a recording end signal or a signal which indicates that a rear end of the

paper 3 has,tg&ached hRe fesnrdiRgid e8henoftihheriecandargonhpadee 14. A
recovery unit 37 i's arranged at a position onthe 20 right side in the

noving direction of ‘th A [ 3,..0 i t i } The
recoverg un"ﬁferf itglgl &égggg{%% ‘rerae%ené,s gggggrtﬁ?%n&ﬁe%ﬁeg%;rﬁgegt%?ggﬁbneg means,

for recovering the recording heads 14 froma_ state er.e the ink-ejection
is deterioratdPdr PERESETSF AL LTS 1 Fhe éﬁr?ﬁg‘ajg Yy Y:\LASJC ﬁﬁvgasf%bg%%%e

position of the recovery unit 37 during a recording wait |
use a thermal type ink-jet head which generates air bubbles by

heating the ink within the ink passage using a heating'
resistor, so as to apply pressure on the ink by the air
" 10 Dbubbles.
On the other hand, in order to transport the paper
3 which is set in the paper supply cassette 4 under the
recording head 14, the following mechanisms are provided.
That is, a paper supply roller 21 and a friction pad 22 are
15 provided to separate and supply each paper 3 from the paper
supply cassette 4 fowards a paper guide member 23. A
transport roller 24 turns over the side of the paper 3. A
transport roller 25 pushes against fhe peripheral surface of
the transport roller 24. A tip end roller 26 restricts a feed
20 angle of the paper 3 from the transport roller 24. The
transport roller 24 is driven by a motor 27 via a gear .
mechanism.
A paper guide member 29 guides the paper 3 which is
fed from the transport roller 24 in correspondence'with the

25 moving range of the carriage 13 in the main scanning direction,



WO 03/ 028362 PCT/JP02/ 09726 -58- state, so that the recording heads 14 are
capped by the capping neans to prevent the ink ejection nozzles of the
recor di ngwbeawsssdzt from dryi ng and cl oggi ng. In addition, PCRIeGR/@7BUr ge
operation is carried out with respect to the ink 5 which is not related to
the recording during the recording or the |like, the suction neans sucks
the ink fromthe ink ejection nozzle of7the corresponding recording head
14 and cleans the ink ejection nozzles by the cleaning nmeans, so that the
i nk vi scosi tY24% fdienrarpedintehedre ldt- edchirehsporet ikl lkr Sleshion hozzl es
to maintain a stable ink-jet performance. Wen the ink-jet deteriorates,
for exanpl e,dtiheen doctfeed hhansamsucks ithéhenkapat refadblaEscandohheiti ke
fromthe ink-jet nozzles in a state where the ink-jet nozzles are sealed

by the cappipwpviRRas atAs Bokesibd ,cdifecaheani 49-HERNS K5 canthenove the
i nk, dust particles and the |like adhered in the vicinity of the ink-jet

nozzles, to d&ﬁistﬂr\éginysiﬁéogfr%};@ﬁg{ g@??g%égfr@éﬁ%%%l%&gt @Eea,g%é’?r%i gg

heads 14. The i nks -recovered ar e “dral

i nk drai t hown) . |l ocated .at the |ower portion_of the main 20
printer Eodfﬁ%ﬁsg%gkiélg%%%%%%d 9”%1ankaaBg%?fnéif9$aF§Fﬁ§F apio¥i ded
within the ink drain tank. Next, a description will be given of the
recording He ef43§fafﬁep¥ﬂ?%?%ﬁ Yor iedeet, thy Papest 13 g too theGsares
through 27. FIG 23 is a disassenbl ed perspective view of the 25 recording
head. FIG 2I§CE &Taé¥o8s eetywird membaref 3bhend 36 are arranged to form

a paper eject path.
At the time of the recording, the recording heads
10 14 are driven in response to an image signal while moving the
carriage 13, so as to eject the inks onto the stationary paper
3 and record one line. The next line is reCordeduafter
transporting the paper 3 by a bredetermined amount in the
paper transport direction. The recording operation is ended
15 and the paper 3 is ejected in response to a recording end
signél or a signa; which indicates that a rear end of the
paper 3 has reached the recofding region of the recording
"heads 14.
A recovery unit 37 is arranged at a position on the
20 right side in the moving direction of the cafriage 13, outside
the fecording region. The recovery unit 7 includes a cap
means, a suction means and a cleaning means, for recovering
the recording heads 14 from a state where the ink-ejection is
deteriorated or unsatisfactory. The carriage 13 is moved to

25 the position of the recovery unit 37 during a recording wait



P02/ 09726 -59- recording head along a |ongitudinal
¥$1g§{?§§335 zﬁT{ﬁk chanber, and FIG 25 is an enl arged v!eM/;E;$;£g an
i mpor t antwopanessef FI G .24. FIG 26 is a cross sectional ?EEmTher © o 27
recording head along a shorter side of the ink chamber. ﬁ gr The’récording
is a plan view showing a nozzle plate of the recording hea - ahe.t
head 14, that is, the ink-jet head, i+td-udes a flow passage fo g

] ingle crystal silicon

I S r nenper) . 41 nade of a sing

SUbstrat o, & 0 Beatlon BIari D BORUBHTHD G | e b whethe {1 ow

passage fbr@a .substrate 41, and a nozzle plate 43 bonded to a pp
REPRg

surface of w paBEalR FoTHRYg thabskk aetedition mw$ﬁﬂes gﬁ;%%@ﬁogglggr45
[ [ i 3. e ink-j
j the ink are formed in the nozzle plate 4_ |
ggﬁﬁhh?gaterF8°f§lﬁge§%®9%ib%éﬁﬁ@rﬁryﬁnngmmldxﬁq@um@g'ftgmh@§9§gggs.nA .
common i nk chanber 48 supplies the ink to the ink chanbers 46 via a

1 i i or.tion. A
dGEN4Z MFeh dnmotiions iascarfiw AASSALE rEESLSE ane e por,
?ﬁﬁplgsfngn? thin filmb50 made of an organic resinis %orned on éach wal |

' j Y d the common
hchanmer sre2G 46, tbhend ke &URPLY, RASAge. A7 and |
?thgﬁaﬁig?wgge ahich contact the ink on theﬁéiOM/pa sE3e FUrHdtg9s@Bst r at e

' [ [ ' dence
i l-ect i nt, 52.is.proyided in correspon
a}ih Qéiaagfggsﬁ¥§§bﬁgﬁigﬁcﬁgbénﬁ?ﬁé§gﬁ¥%%; @ﬁrﬁggefg?%étT%d¥$ace si de

opposite t0@5£@Ef6HnHH££l%ko%h%ﬂgeéorégéﬁg%hingnrgggiéigghh;;galaiiigeleCtrlc
element 52 is fixed on a .
cleans the ink ejection nozzles by the cleaning means, so that
the ink viscosity is maintained the same at each of the ink
10 ejection nozzles to maintain a stable ink-jet performance.l
When the ink-jet deteriorates, for example, the
suction means sucks the ink, air bubbles and the like from the
ink-jet nozzles in a state where the ink-jet nozzles are
sealed by the capping means. As a result, the cleaning means
15 can remove the ink, dust particles and the like adhered in the
vicinity of the ink-jet nozzles, to positively recover the
ink-jet performance of the recording heads 14. The inks
recovered by the Tecovery unit 37 are drained to an ink drain
tank (not shown) located at the lower portion of the main
20 printer body 1, and is absorbed by an ink absorbing material
provided within the ink drain tank.
Next, a description will be given of the recording
head 14 of the ink-jet printer, by referring to FIGS. 23
through 27. FIG. 23 is a disassembled perspective view of the

25 recording head. TFIG. 24 is a cross sectional view of the



WO 03/ 028362 PCT/JP02/ 09726 -60 base substrate 53. A spacer nenber 54 is
provi ded around the rows of piezoelectric elenents 52. As shown in FIG

25, the pweasmtssetric el ement 52 has a stacked structurePareonars y

havi ng. a piezoelectric 5 material 55 and an internal electrode 56. The
corresponding pressure chanber 46 is nade to expand and contract due to
contraction and expansion of the piezod%ctric elenent 52 having a

pi ezoel ectri n 3. \Wen a.driving signal is applied to the

pi ezoel ectr il%cg)?g?r}elﬁt ﬁggéa%%ng @hgé’aﬁﬁgu%na lieggtiea efit anamlexpansi on
takes place jn a 'direction indicated by an arrow Ain FIG 25. On the

ot her hand, c\kﬂ%@%e{hea%ﬁaﬁjg% amhitehanserhargrd view sbopiegost eitgdre-sghkenent
52 is discharged, a contraction takes place in a direction opposite to the
direction i R&%Ea?ng%@- t4fe afiléw A6 Thea hasessuhstiahel S3iandA5he spacer
menber 54 have penetrating holes which forman ink supply opening 49 for
suppl yi ng t REcPriity dmache longsadehdoted hﬁdseorafor&hlenlfnfeh@ﬁg}fc’eé& A head
frame 57 is forned froman epoxy resin of pol yphenyl ene sulfite by

ej ecti orb noFdirhiger Ther@utoer 120apeiipher .Laon_of t fl.ow passage

form ng substrate 41 and the Igﬁweér1 cr}ﬁltﬁ Sgl g’téLh oft I'3A“ ot RIKESyP rﬁg?on»
plate 42 argec@mggji Hd. he head frane 57. The head franme 57 and the base
substrate 53 are fixed to each other at a portion (not shown) by use of an

adhesi ve agent, for e le.. A*flexible printed 25 circuit (FPC) cable 58
for supplying a drivi ﬁ%@é’f&ﬁaiﬁdﬁg \7@%%/16128?@2‘6%#/ JHDR /09736t head,

includes a flow passage forming substrate (low passage forming

member) 41 made of a single crystal silicon substrate, a

10 vibration plate 42 bonded to a lower surface of the flow
passage forming substrate 41, and a nozsle plate 43 bonded to
an upper surface of the flow passage forming substrate 41.
Ink-jet nozzles 45 for ejecting the ink areAformed in the
nozzle plate 43. The ink-jet nozzles 45 communicate to

15 pressure chambers-46 which form ink flow passages. A common
ink chamber 48 supplies the ink to the ink chambers 46 via an
ink supply passsge 47 which functions as a flow passage
tesistance portion. A ink resistant thin film 50 made of an
organic resin is formed on each wall of the pressure chambers

20 46, the ink supply passage 47 and the common ink chamber 48
which contact the ink on the flow passage forming substrate 41.

A stacked type piezoelectric element 52 is provided

in correspondence with each pressure chamber 46 on the outer
surface side (surface side opposite to the common ink chamber

25 48). 1In addition, the piezoelectric element 52 ig fixed on a



-61 connected to the piezoelectric elenents 52 by soldering, anisotropic
conductor film (ACF) or wiring-bonding. Adriving circuit (driver I1C) 59
for sel ecwDwelogs3eppl yi ng the driving signal (driving wavetCenm2/aaseeach
pi ezoelectric elenent 52 is 5 connected to the FPC cable 58. A (110)
crystal face of the single crystal silicon formng the flow passage
formng substrate 51 may be subjected-6G-© an ani sotropic etching using an
al kal i ne etchant such as a_ potassi um hydroxi de (K solution, so as to

form the 1PFENSIPITREESP es WHRATBeEEHREF het pre e defanbeied sge a
groove portion which becones the ink supply passage 57, and the

penet r at i ngedvsl @ fwiviieropéeohese theredifonZi nk chanber 58. As shown in FIG
26, the vibration plate 42 is made of a nmetal, such as nickel, by

el ectro-form ng. The wsbsavwonin FE@Ql &te 4RehpsetdeXeqoriid edsméit 52
correspondi ng to each pressure chanber 46 so as to facilitate deformation

of the vibradd on stBlatl 42rudhikK NAErhans1§2nadt € Anf boededttoct he
pi ezoel ectric el ements 52, and thick portions 63 corresponding to

partitigni ng valls Bet éﬁﬁ”aﬁén z%b-iu ¢ 'E?B@ﬁr% 46.rhEhe 205 aka s f ace

side of the v ratlon ate dtot TIOM/passage or mng
substrate 41 an a I ve, agent n the thick,portion and 63 of the
V|brat|on|ﬁ5ﬁ & AS SggmBBBn &EF% %ﬁegﬁp??%ﬁguéfxﬁ§x§ﬁ% gH%s Ve agent.
Colum portions 64 are rOV|ded bet ween the base substrate 53 and the 25

correspondlQR?qqﬂQEROEOPPﬂO%§P¥HF%ﬂn e thEpPARFON A EIE £2emRF 037 028362

PCT/ JP02/ 09726 -62
having a plezoelectric constant of d33. When a driving signal

is applied to the piezoelectric element 52 and a charging is

10 carried out, an expansion takes place in a‘directipn indicated
by an arrow A in FIG. 25. On the other hand, when the charge
which is charged in the piezoelectric elemenf 52 ié discharged,
a contraction takes place in a direction opposite to the
direction indicated by the arrow A. The base substrate 53 and

15 the spacer member 54 have penetrating holes which form an ink
supply opening 49 for supplying the ink from the outside to
the common ink chamber 48.

A head frame 57 is formed from an epoxy resin of

polyphenylene sulfite by ejection molding. The outer

20 peripheral portion of the flow passage formiﬁg substrate 41
and the lower outer edge portion of the vibration plate 42 are
bonded to the head frame 57. The head frame 57 and the base
substrate 53 are fixed to each other at a portion (not shown)
by use of an adhesive agent, for example. A flexible printed

25 circuit (FPC) cable 58 for supplying a driving signal is-



The col umm portions 64 have the sanme structure as the piezoelectric

el ements 52. The nozzle plate 43 includes the ink-jet nozzles 45 having a
di anet er wb oappa3exi mtely 10 gmto 30 ,gm at 5 positionsPcorPesPord ng to
the pressure chanbers 46. The nozzle . plate 43 is bonded to the flow
passage formng substrate 41 by an adhesive agent. The plurality of
ink-jet nozzles 45 forma plurality -ed1dot form ng neans. As shown in
FIG 27, the rows of nozzles 45 (nozzle rows) are_ arranged 10

per pendi cul@aInecitect ke Fap o5eAMisfrdicr 8EBRERATS | ¥ LXLIFERF18¥ nozzl es 45,
a pitch between the nozzles 45 is 2 x Pn. A distance between the two rows
of nozzl es B dgrbpibtncaddiution, filongACEW of wbzimedABliagd t Aedudljiarent
row of nozzles 45 are nutually shifted by a pitch Pn along the sub

scanni ng 1&ididget i(@rivee tbatsd mezzkesi¢dlarsppiyiangetel dravzigzag
manner. Accordingly, an image having 'a pitch Pn can be fornmed by one nmain

scan and sub n%gI@@iH82%£@éfngﬁ3ﬁ$3eE€M e iBlE-Ofrid RBLAENSUSH 85
stai nl ess steel and nickeél, a conbination of a netal and a 20 resin film

made of _a pol yi m.de resi &, silicon, or a conbination thereof.
I n addi iCNEO%%$QSF§Eth%Hgé@%?éﬁgﬁg?éé’ repel | ant characteristic at the

nozzl e surface (ink ejectin surface of the nozzle plate 43-having the
nozzl es 45 through -wﬁiéﬁleﬁec¥¥ﬁFq T§e&P dfﬁeaﬁl??$%r%ﬁ¥ﬂ a&nPl#ég%? is
formed on 25 the nozzle surface by a known nethod such as %Iating and i nk
WO 03/ 028360 1ERa pbe/ 97perasRgefelndng eBhetRgte 51 may be subJected

to an anisotropic etching using an alkaline etchant such as a
potassium hydroxide (KOH) solution, so as to form the

10 penetrating holes which.become the pressure chambers 56, a
groove portion which becomes the ink supply passage 57, and
the penetrating hole which becomes‘the common ink chamber 58.

As shown in FIG. 26, the vibration plate 42 is made

of a metal, such as nickel, by electro-forming. The vibration

15 plate 42 has thin portions 61 corresponding to each pressure
chamber 46 go as to facilita£e'deformation of thg'vibration
plate 42, thick portions 62 which are bonded to the
piezoelectric elements 52, and thick portions 63 corresponding
to partitioning walls between the pressure chambers 46. The

20 flat surface side of the vibration plate 42 is bonded to the
flow passage forming substrate 41 by an adhesive agent, and
the thick portions 62 and 63 of the vibration plate 42 are
bonded to the head frame 57 by an adhesive agent. Column
portions 64 are provided between the base substrate 53 and the

25 corresponding thick portions 63 of the vibration plate 42.



In the ink-jet head having the structure described above, the

pi ezoel ectric elenents 52 are selectively applied wth a driving pul se
vol t age owoappesskt mately 20 V to 50 V, so 5 that each sel @ctra#02/09726

pi ezoel ectric el ement which is applied with the driving pulse voltage is
di splaced in the direction in which the |layers of the piezoelectric

el ement 52 are stacked. As a result,-each selected piezoelectric el enent
52 deforns the correspondi ng vi bration pl ate 42 towards the nozzle 45, 10
t hereby cauBttFd ERaRgs tiANE het VeAvATEler SeRE EBFReEpshdisng epressure
chanber 46. A pressure is thus applied to the ink wthin the pressure
chanber 46,prembaredtmicdedpmestejBLted fromthe nozzle 45. The ejection of
the ink drop fromthe nozzle 45 15 causes the ink pressure within the

pressure chanber 46 tahkahbzzleapthioe 13 ghiclnegat tve pilesisy eokzs1genes at ed
W t hin the pressure chanber 46 due thb inertia of the ink flow In this

st at e, nhdé%%]__gdré \élggleregksgfn% egot 9”& hc% 3@ %zlgelaegt ri c el ement

52 is turne t he correspo tlon plate 4 eturns toits

orrgrnal posrtr nd, t QLI esp [e e 6 r rns toits
original é%ap‘t on Corf%SPﬁeré%i q?ﬁgfggggéfgt?ﬁﬁﬁggﬁééﬁt|vgﬁ%ressure
within the pressure chanpe In this state, the ink .supplied from

the ink supp?3Fpéding 4¢ éﬁdb?%@%ﬂuﬁﬂlﬁg? ThPE BBS§3Ee éggﬁge chanber 46
via the ink supply passage 47 which WO 03/028362 PCT/JP02/ 09726 -64 forns
the flow pas@aRferatesiddt Ricanpedhesiie Hasds,. afherpiwelifivhodt LBK-D%tt he i nk
meni scus surface at the nozzle 45 decays

nozzles 45 form a plurality of dot forming means. As shown in

FIG. 27, the rows of nozzles 45 (nozzle rows) are arranged

10 perpendicularly to the main scanning direction. In each row
of nozzles 45, a pitch betweee the nozzles 45 is 2 x Pn. A
distance befween the two rows of nozzles 45 is L. In addition,
one row of nozzles 45 and the adjacent row of nozzles 45 are
mutually shifted by a pitch Pn along the sub scanning

15 direction, so that the nozzles 45 are arranged in a zigzag
manner. Accordingly, an image having a pitch Pn can be formed
by one main scan and sub scan.

The nozzle plate 43 may be made of a metal such as

stainless steel and nickel, a combination of a metal and a

20 resin f£ilm made of a polyimide resin, for example, siiicon, or
a combination thereof. 1In addition, in order to secure an ink
repellant characteristic at the nozzle surface (ink ejeeting
surface of the nozzle plate 43 having the nozzles 45 through
which the ink is ejected), an ink repellant layer is formed on

25 the nozzle surface by a known method such as plating and ink



and stabilizes, the driving pulse voltage is applied to the piezoelectric
el ement 52 for the next ink ejection. 5 Next, a description will be given
of a contwolos®essenf the ink-jet printer, by referring to PC&IP@B97E6 G 28
is a system block diagram generally showing a controller of the ink-jet
printer. The controller shown in FIG 28 includes a 10 m croconputer (CPU)
80 which generally controls the entireg3ink-jet printer, a ROM 81 which
stores predetermned fixed information, a RAM 82 which is used as a work
area, an inageelkHorapatiagter data menory) 83 which stores image data (dot .
data or dot pattern data) transferred froma host unit 100, a 15 parallel

i nput and out put (Pl OIrpdahe 84k—aetilgad Hewfiher tBS, shruparma Idelscirnpatd an
output (PIO port 86, a waveformgenerating circuit 87, a head driving

circuit 88 apgva, dira/eyicdBel¥atiDtiSeldfcdrtEntbRoArangetatta vlghapplibe i mage
data transferred froma printer driver 101 of the host unit 100, 20 and

detection sigpal s {rQMMALLOUS FENSAUS A GpbRBYimbLeiP®0 R QoP8hHt v84sc I N

addition, predetermnedinformation 1s output wth respect to the host
unit 10Q and, ap operati.on nel (n hown La, the. s
haver o m gofBE BT GTan Eoes  senerarBa skt il 1 drbiiln H
applied to the piezoelectric elenments W) 03/028362 -65 PCT/ JP02/ 09726 52 of
t he recordi Age Ry PUAS WV PL EREE e FhSRedCcrdt eF , tih L TR PBd Bri vi ng
wavef orm can be generated by a sinple

which the layers of the pilezoelectric element 52 are stacked.

As a result, each selected pilezoelectric element 52 deforms
the corresponding vibratign plate 42 towards the nozzle 45,

10 thereby causiﬁg a change in the volume of the corresponding
pressure chamber 46. A pressure is thus applied to the ink
within thé pressure chamber 46, and an ink drop is ejected
from the nozzle 45.

The ejection of the ink drop from the nozzle 45

15 causes the ink pressure within the pressufe chamber 46 to fall, .
and a slight negative pressure is geherated within the
‘pressure chamber 46 due to inertia of the ink flow. 1In this
state, when the driving pulse voltage applied to the
piezoelectric element 52 is turned OFF, the corresponding

20 vibration platg 42 returns to its original position and the
corresponding pressure chamber 46 returns to its original
shape (volume), thereby further generating a negative pressure
within the pressure chamber 46. In this state, the ink is
supplied from the ink supply opening 49 and is supplied lntd

25 the pressure chamber 46 via the ink supply passage 47 which



structure by using a digital-to-analog (D)A) converter which subjects a
driving waveformdata output fromthe CPU 80 to a 5 digital-to-analog (D A)
conver si oWO 0¥jes3bread driving circuit 88 applies the drivi mgT/IRene@izr m from
the waveform generating circuit 87 to the piezoelectric-elenents 52 of the
sel ected channels of the recording heads 14, based on various data and
signals received 10 via -the PIO port 864-Further, the driver 89 drives and
controls the nmotors 17 and 27 based on driving data received via the PIO
port 86, sofasmgothdvielh@acscoragesistance mencn -sclBancag afitesctthen and
rotate the transport roller 24 to transport the paper 3 by a predeterm ned
anmount. 15 Aidestiomptedrtha linkbeegivemns ofurthdeyiangthadnozold rddl deeeatyson of
the controller related to the driving and control of the recording heads

14 will nowshe seseiiibedt Wdne dielergnseldd ol1Gage29st Apeundy Ib thkG 29 is
a system bl ock diagram showi ng the driving and control section of the 20

cont ol I er, p20doF} G1.30: ic Aef¥stOMbL ogke diagr amsboukpgothe  head driving

circuit 88. " FIG 31 is atimng diagramfor explaining the operation of

the driwving and contr ectiaon. In FIG 29 mai.n_cont.rol | er 91
pr ocessegs front dat aot%%%ct’ (ﬁiat%g)sc\ﬁh"ljgﬁo? szrglelcgolev &Vreflo?n%' T h%orhtorgot%t%i t 100
25 as print data, and carries out a vertical-to-horizontal W 03/028362

PCT/ JP02/ 099562861 Horiidr SR taEpeRYi Ff S 115 tPafibbt 9% t HetG-edSr difng

heads 14. In addition, the main controller 91 generates a 2-bit driving
data SD whi eistemriekpsk edaggagomererathe sheviagop conbrobkge of the

ink-jet printer.
The controller shown in FIG. 28 includes a

10 microcomputer (CPU) 80 which generally controls the entire
ink-jet printer, a ROM 81 which stores predetermined fixed
information, a RAM 82 which is used as a work area, an image
Memory (raster data memory) 83 which stores image data (dot
data or dot pattern data) transferred from a host unit 100, a

15 parallel input and output (PIO) port 84, an input buffer 85, a
parallel input an output (PIO) port 86, a waveform generating
circuit 87, a head driving circuit 88 and a dri;er 89.

Various information and data such as the image data
transferred from a printer driver 101 of the host unit 100,

20 and detection signals from various sensors are input to the
PIO port 84. 1In addition, predetermined information is output
with respect to the host unit 100 and an operation panel (not
shown) wvia the PIO port 84.

The waveform generating circuit 87 generates a

25 driving waveform to be applied to the piezoelectric elements



drop, nmediumdrop and small drop (and no drop or no printing) 5 in
correspondence with three-valued (ternary) data, and supplies the 2-bit
driving daDa38B3D the head driving circuit (driver |1C) 88T/JPiR0II® N
controller 91 also supplies to the head driving circuit 88 a cl ock signal
CLK, a latch signal LAT, and driving waveform selection signals M through
M3 for 10 selecting the driving wavef ofré®+n correspondence wth the dot

size (size i rop) to be forned. Furtherpore, the main_ controller 91
reads drivi ﬁggz V\?a%vé:?‘gr %eaafﬂl%‘if &“reeagieﬁ 4 he AROVEBYL, Pe AR dppri atene e vi ng

waveform data to the driving waveform generating circuit 87. 15 The
driving wavetsrimegeAEi¥inagrarekuim 87 Pactedesated DiyAacenmpteer 92 for
converting the driving waveformdata received fromthe main controller 91
into an analsdyuitymal byansimgp idiicgtad3tbeanangy i fD/A)g coheeodé putnianal og
signal of the D/ A converter 92 to the actual driving voltage, and a

current 20 amdljielciter a94riein@rplvdinrigdana osttBMtit dfrdhenamebi;fggre 23 to a
sufficiently high current capable of driving the recording heads 14. For

exanpl e, st heyiguraentoagphidd efp A4 gg;lgg£§i%1 driving waveform Pv incl uding
a plurality of driving pulses wthin one driving period as shown in FIG

31(a). The driving 25 0 L 1.S _supplied t he .head drivjng circuit
88. WD 03/ 028362 PCT/ Jﬁ%éz(/e%%ifg]églé’%nﬂscg%%ti#) ﬁp@%@é, PRedREERYr i vi ng
circuit 88 _includes_a shift register 95 for inputti rpﬂg. the driving data SD
in response "ESSERENCFBRR Sy NRVSECKTs PERT T Hel e H-rEHAEr 8F | B9 thRL, a | atch

circuit 96 for latching the value of the shift
piezoelectric-elements 52 of the selected channels of the

recording héads 14, based on various data and signals received

10 Via the PIO port 86. Further, the driver 89 drives and
controls the motdrs 17 and 27 based on driving data received
via the PIO port 86, so as to move the carriage 13 in the main
scanning direction and rotate the transport roller 24 to
transport the paper 3 by a predetermined amount.

15 A description will be given of a driving and
control section of the controller related to the driving and
control of the recording heads 14 will now be described with
reference to FIGS. 29 through 31. FIG. 29 is a system block
diagram showing thé driving and control section of the

20 controller, and FIG. 30 is a system block diagram showing the
head driving circuit 88. FIG. 31 is a timing diagram for
explaining the operation of the driving and control section.

In FIG. 29, a main controller (CPU) 91 processes
front data (dot data) which is receivedkfrom'the host unit 100"

25 as print data, and carries out a vertical-to-horizontal



5 register 95 in response to the latch signal LAT fromthe main controller
91, a data selector 97 for selecting one of the driving waveform sel ection
signal s (wogB®o2ssbgnal s) M through M fromthe main cont PoirlJes2/®126
depending on a 1-bit driving data which is latched by the latch circuit
96, alevel shifter 10 98 for shifting an output (logic signal) of the data
selector 97 to a driving voltage | evegg—and transm ssion gates 99 having
ON and OFF states thereof controlled by an output of the |evel shifter 98.
The transni s rrganesiepgndénei o tife lagouli A§ WaG frIRINAS RBATE het dri vi ng
wavef orm generating 15 circuit 87, and is connected to the piezoelectric

el enent s 52rn cddditeoegr taepnath ngomozdlles O6f gheerziooy di gbhitadsiting
Accordingly, in the head driving circuit 88, the data sel ector selects one

of the drividg véyefaih sel eefhiOed Sicgaherd theough dddependiaggen the
driving data SD, and 20 shifts the selected driving waveform sel ection

signal (100k£o5! Midlhird BLBEAE! MDA VRIEAQERLENS] a 10 doeYehnelugf er 98.
eve d

The driving voltage utput fromthe l'evel shifter 98 is applied to

the gates of the transm ssion,gates 99. ' result, e transm ssion
gates 9 arbnsﬁﬁﬁ]%er?@(?ndfgcae%ﬁ%iﬁbreoeﬁ" ta&élééuig??%%r\@f C%ahg ’sgsgct ed one of
the driving WO 03/028362 PCT/ JP02/ 09726 -68- waveform se] ection signals M
t hrough NB, SulpRl-k¥afe the ¢irRGt PuleBw &t 7§ tRetlRi BF3TY dRaVerdr M-BYI4r e
applied to each channel connected to the transm ssion gate 99 which is ON.
For exanpl e(diiver dd8e 8fher Bheheaihl icanigokdesf B nplso supplies to the

head driving circuit 88 a clock signal CLK, a latch signal LAT,
and driving waveform selection signals M1 through M3 for

10 selecting the driving waveform in corre;pondence with the dot
size (size of ink drop) to be formed. Furthermore, the main
controller 91 reads driving waveform data stored in the ROM 81,
and supplies the driving waveform data tojthe driving waveform
generating circuit 87.

15 . The driving waveform generating circuif 87 includes
a D/A converter 92 for converting the driving waveform data
received from the main controller 91 into an analog signal, an
amplifier 93 for amplifying the output analog signal of the
D/A converter 92 to the actual driving voltage, and a current

20 . amplifier 94 for amplifying an outpgt of the amplifier 93 to’a
sufficiently high current capable of driving the recording
heads 14. For example, the current amplifier 94 outputs a
driving waveform Pv including a plurality of driving pulses
within one driving period as shown in FIG. 31(a). The driving

25 waveform Pv is supplied to the head driving circuit 88.



5 Pv includes the plurality of driving pulses as shown in FIG 31(a), each
transm ssion gate 99 which becones ON only froma tine TOto atinme Ti

out put s owe-odw2ssbng pul se as shown in FIG 31(b). Hence, paitgroXdive26dr i vi ng
pul se shown in FIG 31(b) is applied to the piezoelectric elenent 52, a
smal | "ink drop is 10 ejected fromthe corresponding nozzle. Simlarly, each
transm ssion gate 99 which becones ONgndy fromthe time TOto a tine T2
outputs two driving pulses as shown in FIG 31(c). Thus, when the driving
pul se shown in FIG 3dcphpsnabplild 3§, the peedoblieting ci&rekentd 52, a
medi umink drop is ejected 15 fromthe correspondi ng nozzle. Further, each
transm ssi oinclgates 89 shhifthrégcomes IONfbromplet ingrecHEOdrd vany i destal 35D
outputs five driving pulses as shown in FIG 31(d). Accordingly, when the

driving pul gg seNtbl Ghe 331 6Dk isS gappl cer teorh hthe piagaoebsetsirer! ement
52, a large ink drop is ejected fromthe 20 correspondi ng nozzle.

Therefore, by genenahi BY LHe: M4 id1914RKEEAEMnd NEliud RG anpl yhakity of

driving pulsées and selecting the nunber of "driving pulses to be applied to
t he pi ezoelectri.c l.epent 52, it .is.passibl 0 ner. e ry

1 v ng 525 SETGIEoT OF 6P SRtTHy Theemar o ok Wi et ot FAE S5 And
WO 03/ 028362 -69 PCT/JP02/ 09726 | arge ink drog fromone driving waveform
Consequent | NIl eToRé - cfr €8Fd TR 9EQI PEdEPH JRIRTEEY CRE 8Fi Fihig

waveformand only one signal line is required to supply this driving
wavef orm Farivine weggSonm seléctizossilbnalso (Fedie s iignals)z¥l through

M3 from the main contrpller 91 depending on a l-bit driving
data which is latched by the latch circuit 96, a level shifter
10 98 for shifting an output (logic signalS of the data selector
97 té a driving voltage level, and transmission gates 99
having ON and OFF states thereof controlled by an output of
_ the level shifter 98. The transmission gates 99 receive the
driving waveform Pv from the driving waveform generafing
15 circuit 87, and is connected to the piezoelectric elements 52
of the corresponding nozzles of the recording heads 14.
Accordingly, in thé head driving circuit 88, the
data selector selects one of the driving waveform selection
signals M1l throﬁgh M3 depending on the driving data SD, and
20 shifts the selected driving waveform selection signal (logic
'signal) to the driving voltage level by the level shifter 98.
The driving voltage level output from the level shifter 98 is
applied to the gates of the transmission gates 99.

As a result, the transmission gates 99 are switched

25 depending on the duration of the selected one of the driving



5 of the circuit board and transm ssion |lines and al so reduce the cost
thereof. Next, a description will be given of an enbodi nent of the imge
processi ngoappa3ar us according to the present invention, Poy/Jrel@rze ng to
FIG 32. FIG 32 is a systemblock 10 di agram showi ng the enbodi nent of 't he
i mage processing apparatus. This enbodi nent of the inage processing
apparatus is fornmed by the host unit -4¥- which transfers the i mage data

and the lik e ink-jet printer, and includes the printer driver 101,
that is, an%gkrft%gé?%ﬁ?f%hjt InRt-Er Mér Eeeudls Miccendi thet drthingr esent

invention. The host unit 100 and the printer driver 101 uses an enbodi ment
of the thredWofESvAPTRINGHENG Mrivéoadivagefor v prreseppl i oy end i&bn and
carry out an_ enbodi ment of the image processing nethod according to the

present invERERBAl ¢ertertiany tan terbodimetsfort ke tgr §da&,ﬁ9&h21(g rgpr oduci ng
nmet hod according to the present invention. In the case of the enbodi rregt of
the image formng appesatdiamphbat ihsa & ipkadetnRrizntgr described above,
the dot pattern to be actually recorded is recel S/teg ?g%‘éfﬁ%rwwettﬁrma pri nt
25 neans i s provided

| st ruct3 onpor i o HORILRE, BOSto ML A0% (ARG N0, 23 TRans SehLe

within the image form ng apparatus to

generate the; er be recorded. Hence, the dot pattern data nust
be generat ed g%t%éphr ier]ﬁaér%m&rs;ﬁ%? G A @hichsbecemes ctbadilvedronf at he

t hreshol d val ue t,rix and executes the enbodi nent of the gradation
reproducing@%%ﬁﬁggﬁxhﬁd%lme Tl outputs one driving pulse as shown in FIG.

31(b). Hence, when the driving pulse shown in FIG. 31(b) is
applied to the piezoelectric element 52, a small ink drop is

10 ejected from the corresponding nozzle. Similarly, each
transmission gate 99 which becomes ON only from the time TQ to
a time T2 outputs two driving pplses as shown in FIG. 31 (c).
Thus, when the driving pulse shown in FIG. 31(c) is applied to
the piezoelectric element 52, a ﬁédium ink drop is ejected

15 from the corresponding nozzle. ‘Further, each transmission
gate 99 which becomes ON from the time TO0 to a time.T3 outputs
five driving pulses as shown in FIG. 31(d). Accordingly, when
the driving pulse shown in FIG. 31(d) is applied to the
piezoelectric element 52, a large ink drop is ejected from the

20 corresponding nozzle.

Therefore, by generating the driving waveform
including a plurality of driving pulses and selecting the
number of driving pulses to be applied to the piezoelectric
element 52, it is possible to generate the necessary driving

25 waveforms for ejecting the small ink drop, medium ink drop and



5 transfer the dot pattern data fromthe host unit 100 (the enbodi nent of
the i nmage processing apparatus) to the image form ng apparatus (ink-jet
printer). . wAa3stesemn in FIG 32, the printer driver-101 of twrhgJPém®raunit 100
i ncl udes a col or managenent nodule (CMM) process 10 section, 102, a black
gener ate/ under color reduction (BG UCR) and y -correction section 103, a
zoom ng process section 104, and a tlgeshold value matrix (table) 105. For
exanple, the inmage data is generated by an application software of the
host unit 40@e Thé dragefdempries driyéassedveyorhe QMMSSLEBEREEY 156t i on
102, the B@UCR and y -correction section 103 and the =zoom ng process
secti on 104neand riche tt hsesbghiradltee geatrake thable)vib@swesefised 4md convert
the nulti-level inage data into the dot pattern. First, a description wll

be given ofyiRe Jiet hednal 120 Cﬁfsﬁ@ctégﬁﬁrbﬁ_etb hs@sho} dnial deitehgi x for
reproducing the gradation by a predeterm ned Iine keytone (dot | ayout

pattern haylngan al kgned,praperdon, :0Y;cebersing Lo FHGhoo3h Lhrauoh

44C. When carrying out the 1T mage processing, is 25 possible to

realize_a high resqlution such that the resolutjon WD 03/028362.-7
PCT/JPO?/OQ*géjﬁTcﬁﬁguﬂgrﬁ%ﬁr$dﬂ§£tﬁfﬁﬁgﬁgs%ﬂ% #%@% ffﬁgagg§e?g%?c%he human
eye, the picture quality is theoretically unaffected by the kind of
process carhed thegeofn the case of the resolution of an order which

can be recogni zed by the human
Next, a description will be given of an embodiment

of the image processing apparatus according to the present
inventidn, by referring to FIG. 32. FIG. 32 is a system block

10 diagram showing the embodiment of the image processing
apparatus. This embodiment of the image processing apparatus
is formed by the host unit 100 which transfers the image data
and the like to the ink-jet printer, and includes the printer
driver 101, that is, an embodiment of the printer driver

15 according to the present invention. The host unit 100 and the
printer driver 101 uses an embodiment of the threshold value
matrix according to the present invention, and carry out an
embodiment of the image processing method according to the
present invéntion, including an embodiment of the gradation

20 'reprbducing method according to the present invention.

In the case of the embodiment of the image forming
apparatus, that is, the ink-jet printer described above, the
dot pattern to be actually recorded is received together with
a print instruction or command from the host unit 100, and no

25 means is provided within the image forming apparatus to



5 eye, there is a possibility that the inconveni ences generated by the
process itself will beconme conspicuous to the human eye. FIGS. 33A, 33B
and 33C awe odiozggsans for explaining a dot pattern after cacmygPopooest a
Bayer type dither process and an error diffusion process with respect to
an input image. 10 FIGS. 33A through 33C show the dot patterns which are
actually fornmed by the generally usedohkal ftone process for a | ow

resol ution recording of approximately 300 dpi. FIG_ 33B shows, the output

i mage af t epeparayenghoudot matbayer te vhR WHIdEed -pr BBER with Fdspect to the
i nput image data shown in FIG 33A. 15 FIG 33C shows the out:put inmage
after furtpertteanrgaig st tdee geveratedidy udicorrproesssriwenddl Mhighder to
reproduce the data which should be represented by one pixel in

mul ti -1 evelgeanthBechpdgenefOi RYe appisstialsl Retlukambngia draf gexaturteer of
reproduci ble 20 gradation levels, it is necessary to make a pseudo

gradation +hePLaBEaLALhONOYINE-AUEDES, Olefititidiay HBthody ehd that 1s, by

the dot area ratio. e two kinds of halftone processing nmethods described

as exanpl es of- the pseu r .0 p ti 2 t : only

si npl ynﬁ'at PR eﬁr‘g%%tﬁgogcn%i%\%%? gﬁégt%&@\g%sﬁgg&gﬁg‘%cf% PS%%Q?ZG -72
area ratios, but arranges the dots aggroxinatel %ni§o§n1%hsa E}Q@t t he dot
| ayout is FBPCRIRERE, CRnd AdiEIs PR %ﬁﬁHQEﬁﬁﬁﬁ&a 88’ a5°t b have

hi gh-frequency characteristic which is |less conspicuous to the human eye.
When such £opmécessbpgritas Qpstied PHLeERChi gh-resol ution recordi ng of 600

dpi or 1200 .
As shown in FIG. 32, the printer driver 101 of the

host unit 100 includes a color management module (CMM) process
10 section 102, a black generate/under color reduction (BG/UCR)
and v -correction section 103, a zooming process section 104,
and a threshold value matrix (table) 105. For example, the
image data is generated by an application software of the host
unit 100. The image data is processed by the CMM process
15 section 102, the BG/UCR and y -—correction section 103 and the
zooﬁing procéss section 104, and the threshold value matrix
(table) 105 is used to convert the multi-level image data into
the dot pattern.
First, a describtion will be given of the method of
20 creating the threshold value matrix for reproducing the
gfadation by a predetermined line keytone (dot layout pattern
having an aligned propérty); by referring to FIGS. 33A through
44cC.
When carrying out the image processing, if it is

25 possible to realize a high resolution such that the resolution



dpi, the dot layout pattern is virtually inconspicuous to the human eye,
and it is possible to obtain an extrenmely satisfactory picture quality
havi ng noworawessaess in the dot distribution. 10 On the echgrodnz, when
the lowresolution recording of 150 dpi or 300 dpi is carried out, the dot
| ayout pattern becones conspicuous to the human eye even after the

adj usting process to make the dot |aygut pattern having the high-frequency
characteristic. Since one pixel. in the 15 original inmge_data . is

repr esent e®fbrhe prRed | ¥RAGS SBCREAS BYe FPRPIEEGIEYPLdAFE | human
representation, a texture pattern not present in the original image
appears ineyke cheppictwsgeuafiGy 38Bthéowstisirdi vaurekfarecpdis &ie I n
addition, when an input image data shown in FIG 34A is output with a 20
consi der ablyinldowsr e6taEd arnafic@odpi., Bite irextne eapat bérhhe becones even
nore notable as shown in FIG 34B. FIGS. - 34A and 34B are diagrans for

expl ai ni ng the,iage dats, alieh GALEK BSn pOUWeddipiBavebyt ype widdier
process with respect to the input inmage. In FIG 34B, a portion where the

texture_peculiar.,to 25 the Bayer  type. i r e]s| Soraradid; ortion
wher e t?le \%EOSFB%%JZS P%%%%é‘%ﬂ&%g&gé/g%d%&sn%g)?léépggg?gga% ned@eactigd no
texture appears, are m xed t th [t i e v

et 6 QU e BROPRES ot FRAL fdingL PHCPRR CoRtTSRoiRe tRr £F TR (i

nmet hod, the dots are forned with a | ayout which 5 appears random at first
gl ance. This randon1d51G$ay%ﬁh'i3§B and 33C are diagrams for explaining

a dot pattern after carrying out a Bayer type dither process
and an error diffusion process with respect to an input image.

10 FIGS. 33A through 33C show the dot patterns which are actually
formed by the generally used halftone process for a low-
resolution recording of approximately 30d dpi. FIG. 33B shows
the output image aftér qarrying out the Bayer type aither
process with respect to the input image data shown in FIG. 33A.

15 FIG. 33C shows the output image after further carrying out the
error diffusion process.

Hence, in order to reproduce the data which should
be represented by one pixel in multi-levels on the image
forming apparatus not having a large number of reproducible

20 gradation levels, it is necessary to make a pseudo gradation
representation by the number of dots per unit area, that is,
by the dot area ratio.

The two kin&s of halftone processing methods
described as examples of the pseudo gradation reéresentation

25 method, not onlj‘simply match the gradation levels and the



mai ntai ned for all of the gradation levels, and the texture wll| not
change at the gradation levels and no fixed texture exists, as nmay be seen
from FI GwB3@028erause no fixed texture exists, interferemceIPod/anea espect
to nechanical 10 deviations in the inmage form ng apparatus are less likely
to occur, and a high resolution characteristic is obtainable conpared to
t he Bayer type dither process or the |like since there is a certain degree
of freedom of the dot |ayout. However, according to the error diffusion

process, 13ndfe rgitanal abit yaresndss ri&dﬂer dehenaponpeimed ¢ly vhéfBayky dgpe
di t her process, as showmn in FIG 35. FIG 35 is a diagram show ng the

granul ari ty tegsuheddat lepeut ntemeal viakedD%afdradithe sBayer dbypeaghither
pattern and the error diffusion pattern recorded at 300 dpi. Hence, the

random nat urs Qfs thendot 20n] @ otiehedyl Bnh e 8 ¥ i fwfhli%hOﬂs P{OgESS,
intended to obtain various advant ageous effects actual |y cause probl ens

at the |owJesolutban. LNt nﬁﬁna\éplrg,% afynLhes vd gﬁ%'c%ts My

COI’]SpI cuous nol e corrponent I'S easl recognl ze e case O? the error

di ffusio pro al.i gned .texture 25 ner the c eof t he
Bayer tyBe GREHGEt, EacEhE b IS AE 65 30585t (1 B0 bEP er Wi

sensual eval uati on |s made. . PCT/ JP02/ 09726 Therefore it may be understood
fromthe absid t FiE IPRelRYGRE gTotternuie part@ly dmesaseychpes der theout

greatly affects the picture quality. In order to obtain a 5 satisfactory

pi ct ure qualliumpnaeyeheahdw t esoinasisélastagobtein an extremely

satisfactory picture quality having no unevenness in the dot
distribution.

10 On the other hand, when the low-resolution
recording of iSO dpi or 300 dpi is carried out, the dot layout
pattern becomes conspicuous to the human eye even after the
adjusting process to make the dot layout pattern having the
high-frequency characteristic. Since one pixel in the

15 original image data is represented by a plurality of pixels by
the pseudo gradation representation, a texture pattern not
present in the original image appears in the output image.

FIG. 33B shows such a texture pattern. In addition,
when an input image data shown in FIG. 34A is output with a

20 considerably lew resolution of 72 dpi, the texture pattern
becomes even more notable as shown in FIG. 34B. FIGS. 34A and
34B are diagrams for explaining the image data after carrying .
out the Bayer type dither process with respect to the input
image. In FIG. 34B, a portion where the texture peculiar to

25 the Bayer type dither process changes, and a portion where the



two kinds of hal ftone processing nefhods, thetPrsﬁeE;Vin;n;ggéogfiggﬁgﬁt
it is necessary to forma dot |ayout patte .
gggtngt fwomhamgeztﬁe dot | ayout patLer? ?L notaégtrgﬁelESSF§NHT%31L2 t he
i Si e gr -
dot layout pattern 10 visible for each o e gradation levels. nthe
iment of the threshold value matrix, the do p
3ﬂ?ﬁglg§nstantly mai ntai ning a predet€t3n ned |ine keytone (dot |ayout

. . ly
i a d property) for all halftone |evels, using on
Phe dot 15 It sat 125y TERBEd Hhai 8opbesrbre ampemmpr ones bl i e

i | i -level representation by a snall nunber of
3;?L;gy gﬂeth%%g ggfgﬁgﬂg%%}ggFﬁﬁ@éﬂgr@@&WI@Qon(pic&hmeeqbalgtyﬂU{;ng t he
recording of the image form ng apparatus at the !OM/resqutlon:Cu|a:f hen
possi bl e to obtain 20 @&t adhery hredpr th nghd prdat _);fd%g_ Q@f%fer) y
applied to the ink-jet printer enploying the dot size (diane

modul at i on. ANGENS tomsiatgrddg theeddet iﬁngﬁm%@t&%%ﬂ Qaﬁéighgt%%. | i gned

property (predetermined |ine keytone)', it is always 2 ecess to take

; i 1 2 PCT/ JP02/ 09726
i i taon theiceoielratsong il t heg, VO 03/ §283 X :
[gg? ﬁggﬁég?§§| deviations of the Thage forming apPaP s, laveutodfer wor ds,

i j | i he recordi ng unit
i ] “het pripter described above, t
?ﬁc: Ed;[ ES 'f ﬁ‘gﬁ;g%:%ﬁr#r?giﬁgégso 4JC%encPrat 108 rPYGES 1 P rhriticedesttre he

. . . . . . the
[ ' myi mai n_ scanni ng directi on dependi ng on
recor di ng iniﬁ \”é%%nb% ggetge gradation legels and no fixed texture
transport of the

exists, as may be seen from FIG. 33C. Because no fiéed
texture exists, interferences with respect to mechanical
10 deviations in the image forming apparatus are less likely to
occur, and a high resolution characteristic is obtainable
compared to the Bayer type dither process or the like since
there is a certain degree of freedom of the dot layout.
However, according to ﬁhe error diffusion process,
15 the granu;arity mayvbe poor when compared to the Bayer type
dither process, as shown in FIG. 35. FIG. 35 is a diagram
showing the granularity measured at tone intervals of 10% for
the Bayer type dither pattern and the error diffusion pattern
recorded at 300 dpi. Hence, the random nature of the dot
20 layout used in the errér diffusion proéess, intended to obtain
various advantageous effects, actually cause problems at the
low resolution. 1In other words, at the low resolution, a
conspicuous noise component is easily recognized in the caée
of the error diffusion pbrocess, and the aligried texture

25 generated in the case of the Bayer type dither brocess tends



paper 3 as shown in FIG 36. FIG 36 is a diagramfor explaining the
effects of the nechanical deviations in the ink-jet printer. In this case,
i f i nconswetoanzd3es exi st in the accuracy of. the paper tramgpwra7ian the
sub scanning 10 direction and the head noving speed in the main scanning
direction, an interference may occur with the predetermined 1|ine keytone
and generate recogni zabl e vertical and7wrizontal stripes. FIGS. 37A and
37B are diagra or.explaining 15 interference between the Bayer type

di ther patt %:On%gen%efgﬁ%r nESTaA carsdali avebstisn tivemiadk-j et printer. FIG

37B shows the interference which is generated when outputting one
gradation pattern of tHeeBiane t ypemdit herupidisaiovasfown the e 1A+ It
may be seen fromFIG 37B that when the keytone 20 is aligned in the

vertical andhRokizdmfltelineet bansera EMHENLRNILAAL Hap i curs
with deviations A and Bin the main and subkg/ganni ng d%%é@?‘isoq%.a%g%ce t he

human eye isffsensithie/eiwithrer §§Q§ﬁ¥to frp%r%-eQe%egbgnd 90- degree (180-
e to

degree. and 270-degree) directions, it is desirabl AdIY 25 the keyt one

whi ch easi | ¥aalsgnstd e+ueLt i ..and _hori zontal WO 03/ 028362
PCT/ JP02/ 09726 - 76- oﬁ}rtggt ito%.&ﬁ%%\lé era,tgC Sdes¥r F R Whsre upitw iktbepect to

the error diffusi h t he random dot |ayout which is least |Ilikely
to generate tieﬁlﬁﬁsgrogﬁlggggopi RISl @etBpde hethowrasesdl uti on because
t he noi se conmponent i s enphasized and 5 becone recogni zabl e.

ilnventors found that it i1s necessary to form a dot layout
pattern having good alignment and not to change the dot layout
pattern or not to make the change in the dot layout pattern
10 visible for each of the gradation levels.
In the embodiment of the threshold value matrix,
the dot reproduction is made while constantly maintaining a
predetermined line keytone (dot layout pattern having an
aligned property) for all halftone levels, using only the dot
15 layout pattern. Hence, it is possible to improve the picture
quality when making a multi-level representation by a small
number of values, on the order of approximately gne bit to
three bits, during the recording of the image forming
apparatus at the low resolution. It is possible to obtain
20 satisfactory recording (print) data particularly when applied
to the ink-jet printer employing the dot size (diameter)
modulation.
When considering the dot layoﬁt pattern having the
aligned broperty (predetermined line keytone), it is always

25 necessary to take into consideration the correlation with the



Accordingly, a dot |ayout pattern having an inclined keytone is desired,
as shown in FIGS. 38A and 38B. FIGS. 38A and 38B are diagrans for

expl ai ni yotohw2836t | ayout pattern having the inclined kepCoaeod/oy7zn
enbodi ment of a 10 threshold value matrix according to the present
invention. The sane effects can be obtained with respect to deviations in
both the main scanning direction and t4y®ssub scanning direction, by using

a |ine-group,keytoneg,sych. as. a 45-degree inclined keytone and a 135-degree
i nclined keytone; ggls %‘\7\%‘1‘%‘1'13501}%1 | E8e 3BATANECBERY REpEletnst e, Tsi nce t he

human eye iso slri %htl% | ess, sensitive with respect to the oblique
direction, XNH&Ti AeFifedkeyt dhe rardsofothe iess) RORSPLEUOUSe S han d e
vertical and_horizontal keytones. But since the main purpose here is to

align the kéPPBRe, tandremstrdioonakett heclwdaid enrenee Rt Ml as 14 ang
conventional |l y causes probl ens) inconspicuous, an advantageous

charact eri stthe canrimyaerd vedrtber 66+ ome Thed,if1e.0 keytones shown in
FIGS. 38A and 38B. are referred to as "I(:Tne-grouglgt glvggfﬁilf‘%@rmg&ﬁdt@@ed in

el ect r ophot ngiaphyanreeRy dikgcthBnt & t r aphot ogr aphy 25 recording, a
| atent image is formed. on accharrlge(gp /(?%8%%‘? %Ef[i)’?%%?? 07 2be- 77

phot oconduchhyer bpdys Ry, ase e and the latent image is visualized
by a toner |pnto a toner oﬁﬁa%@f#é%ﬂeglﬁméé L§ atdbagtam fed onto a

;ggg;g: ngt 2@%}%9&‘1’1 htﬁé Egggr_ Hoence, th% dot size can be controlled in
ges by nodut'at Fhgthe o5 Yhgsarcheneral baevidie elsedtr ephot ogr aphy
recording ifm@gﬁﬁ§%£%%%ei?r E?K&Egsigiegr?gangn r?presgntati?n qéing o
e, onsistencies exist in
the accuracy of the paper transport in the sub scanning
10 direction and the head moving speed in the main scanning
direction, an interference may occur with the predeterminéd
line keytone and generate recognizable vertical and horizontal
stripes. |
| | FIGS. 37A and 37B are diagrams for explaining
15 interference between the Bayer type dither pattern and the
mechanical deviations -of tﬁe ink-jet printer. FIG. 37B shows
the interference which is generated when outputting one
gradation pattern of the Bayer type dither pattern shown in
FIG. 37A. It may be seen from FIG. 37B that when the keytone
20 is aligned in the vertical and horizontal directions, a
synchronization is easily occurs with deviations A and B in
the main and sub Scanning directions. Since the human eye is
sensitive with respect to the O-degree and 90-degree (180-

degree and 270~-degree) directions, it is desirable to avoid

25 thé keytone which easily aligns in the vertical and horizontal °



dots because the toner adhering and transfer characteristics

deteriorate for small dots. Hence, an area nodul ated (AM dither

my
nmet hod

whi ch gr asoaBlogssborns the | arge dot by 10 concentrating tIiR€TABO2R09a% nmuch as

possi ble, is generally
| i ne-group type
| i ne-group type dither

enpl oyed for the el ectrophot ography recordi ng. The

dither method is a kind of AMdither method. Although the

nmet hod has directdonality, it is 15 advantageous in
manner and that the recording

t hat the dots,can; gro in a spiral ne
1€|ﬁs e $ire SSHERSFEYYeR arb e imiihowedpectpas ethd 0 t he

density (nunber of Iines or ,

concentratiQﬂugxﬁﬁingther nmet hod. However, when the |ine-group type dither

met hod 20 use
the ink-jet _rrecording or other
electrophot&diﬁg

appropriately.

25 PR Gt Shrapayderecbrdilaycus appbheds asddr IS to

recordi ng techniques other than the

Hy™P cdtnefial thise iheyt daeenid |iNehda8:irabi 9884 the 1o,
In other words, in the case of the el ectrophotography

recor di ng, Fﬁspéubb@@ibﬂaadsmotadjusis@0@0é§§ﬂgﬂtyi%hggﬁg%%§%§ngﬁé als? the
- een from

dot form ng position, as nay be WO 03/028362 PCT/ JP
FIG 39A Hemceneasedmynibebseen from FIG 39B, no

matter how the dots are

arranged, that is, no matter how the gradation |evel changes, it is
possi ble to represent ghe. g io evel s wi thout destroying the shape of
lﬁgﬂ?gh o1 e (;Taé’od]itaﬁﬁﬁﬁ%rlﬁolﬁa‘émﬁ &mi ng the, dot

the oblique 5 line. FIGS. 39
used in el ectrophot ography

recordi ng and

tt f i ne-qar keyt on
pattern o §néifﬁéé3E@ﬂ%Pn?Késgsé&&ﬁqqm1qse§§pwn in FIGS. 38A and 38B.

t he change in keytone-o

FIGS. 38A and 38B are diagrams for explaining the dot layout

pattern having the inclined keytone in an embodiment of a

10 threshold value matrix according to the present inveﬁtion

The same effects can be obtained with respect to deviations in

both the main scanning direction and the sub scanning

direction, by using a line-group keytone such as a 45-degree

inclined keytone and a 135-degree inclined keytone,

as shown

15 in FIGS. 38A and 38B. Furthermore, since the human eye 1is

slightly less sensitive with respect to the oblique direction,

the inclined keytone tends to be less conspicuous than the

vertical and horizontal keytones. But since the main purpoée'

here is to align the keytone, and not to make the interference

20 (which conventionally causes problems) inconspicuous

, an

advantageous characteristic can be derived therefrom

The line-group keytones shown in FIGS. 38A and 38B

are referred to as "line-group type dither" and used in

electrophotography recording. In the electrOphotography

25 recording, a latent image is formed on a charged



On the other hand, when the line-group type dither nethod used in the

el ect rophot ography recording is applied as 10 it is to the ink-jet

recor di ngwotoh®28362 form ng positions are fixed to the piteoTdeozmnined by
the recording resolution, as shown in FIG 40A. For this reason, the

keyt one changes even when the nunber of dots slightly increases, as shown
in FIG 40B, and it is inpossible to-aghieve the original intention 15
which is to realize a processing nethod which does not change the keytone
or does notpkeEansecthangeoin keya drserohspine uond . ther|lgsensOpnane 49OB are
di agrans for explaining the dot pattern of the |line-group keytone applied
to the ink-yetualdemddibpgaandnet hentthangenien- ikeyé onertef tonergtadas i oo

| evel. 20 Particularly in the case of the general dither process, the sane

mask is tilefhddHOSQUBLEoShaBESoANthdUIsRA unl Bulkh ded deH.MPhbh¥e! hene
processing nmechani sm and achi eve high-speed processing at a | ow cost .

Hence, evenglf e AWMBEr .of.d fed r%%% aPy ﬁd %@% IS
25 recognlzed as a pa%{'ternc rchis a |gne vert Q%? y "an Egﬁ%egggz
PCT/ JPO 26 -79 hori t IIy W th 3' t|||n peri od,. For, exanppl e, when a
4 x 4 di a%F‘d%lPoé’%m%Pg & ST P O&SQHaP CET T BT thie” ?Fpu ng as
shown in FIG. 41B, the dots becone_ aligned as a whole, vertically and
hori zont al | juiEdagor pesing, the | aradatd ke FEBRES PRLREIRY asd@gasnahbun i n
FIG 41C. FIGS. 41A, 41B and 41C are diagrans for explaining the keytone
formed by td¢ﬁsupadmas@itherto@sk.adhﬁnxmm pglytrams trdeharechairhsbi®s t he
group-line
may deteriorate for small dots. Hence, an area modulated (AM)
dither method which gradually forms the large dot by
10 conéentrating the dots as much as possible, is generally
employed for the electrophotography recording.
The line-group type
dither method is a kind of AM dither method. Although the
line—-group type dither method has directionality, it is
15 advantageous in that the dots can be grown in a spiral manner
and that the recording density (number of lines or line
density) can be improved compared to the concentration type
dither method.
However, when the line—group type dither method
20 used in the electrophotography recording is applied as it is
to the ink-jet recording or other recording techniques other
than the electrophotography recording, the keytone will not be
aligned appropriately. In other words, in the case of the

electrophotography recording, it is possible "to adjust not

25 only the dot size but also the dot forming position, as may be



keytone and to avoid a change in the keytone by this tiling, 10 this
enbodi nent generates three or nore dots sinultaneously per single

gr adat i orwbes®8361 n ot her words, in a case where the repr@dWioPIY726s made
by the inclined |ine-group keytone, when a mask having one dot per single
gradation | evel as showmn in FIG 42A is 15 tiled as shown in FIG 42B, a

| attice keytone which is aligned verttgally and horizontally is obtained
as shown in FIG 42C. FIGS. 42A, 42B and 42C are di.agrans for- expl ai ni ng
the tiling sasm fivwen E&.038A% or Hehee case malyebe shen niskn HESs .o8@Bdonoper
gradation level. 20 In addition, in a case where the reproduction is nade
by the incligeeet iHer gheupgokeybtpaearmditfedy rhsk (Bavhdgnatald goel yharr ange
dot layout) having two dots per single gradation |level as shown in FIG

43A is til egdragshan &R 1FLBangd3B, 1 @and Relsisasickeyt paerahinh dng al i gned
obliquely iS 25 obtained as shown in FIG 43C. In FIG 43C, the inclined WD

03/ 028362 PCI/ JP02/ 097 -80. t -d e ' t .

135- degree é?%%%%é%i%f%%%ghgﬁﬁﬁé?gg%?%ni?égg igé,S&%gggﬁgqﬁ§tg§gé&g§agrans
for ‘explaining the tili an he keytone for the case where the sk has
two dot pe}lﬁgad§F¥§h pgge?9g5§%?lﬁ Qﬁﬂ%§ﬁmﬁa%8F PP ITHNY §rgo£ﬁe
reproduction is nmade by the inclined |ine-group keytone, when a nmask

havi ng threeteess qfer dilpgrargradyiome ager a8 ShoWRrRIHCGraphE | s

tiled as shown in FIG . 44B, an inclined keytone which is aligned only in
one obl i querdéostiricomnds thet ahaege asn Stegwonienof the gradation level.

On the other hand, when the line=group type dither
method used in the electrophotography recording is applied as
10 it is to the ink-jet recording,'the dot forming positions are
fixed to thekpitch determined by the recording resolution, as
shown in FIG. 40A. For this reason, the keytone changes even
when the number of dots slightly increases, as shown in FIG.
40B, and it is .impossible to achieve the original intention
15 which is to realize a processing method which does not change
the keytone or does not make the éhange in keytone conspicuous.
FIGS. 40Akand 40B are diagrams for explaining the dot pattern
of the line-group keytone applied to the ink-jet recording and
the change in keytone of the gradation level.
© 20 Particularly in the case of the general dither
process, the same mask is tiled into square shapes and used,
in order to simplify the processing mechaﬁism and achieve
high—-speed processing at a low cost. Hence, even if the
number of dots increases by one dot, this increase is

25 recognized as a pattern which is aligned vertically and



10 FIG 44C. FIGS. 44A, 44B and 44C are diagrans for explaining the tiling
and the keytone for a case where the mask has three dots per gradation

| evel . A worBlz8361 ncl i ned keytone i s obtai ned when the na®kThag2/0902e t han
three dots per single gradation level. 15 In this case, sinmultaneously’
formng three or nore dots per single gradation level, requires a mask
size which is 3 x 3 =9 tines or greajer in order to obtain the sane
capability of reproducing the gradation levels. This value of -9 tine of
greater is omijorgerdpar edthothdetslizg ofertikd.buffer 20 nenory or the like
required for the error diffusion process. Unless an extrenely |large mask is
used as a reference, FrSexampee pfwlidie atdsk 4i déthet Imagt deomedseFLGe
processi ng speed or increase the cost. O course, in order to achieve a

hi gh- speed;Pf 0GeSSIRO ol Eaksydest rakl eitihal bhes¥ewdt i Galrmnd 425, herkzont al
sizes of the mask can easily %e processed by a WD 03/028362 -81

PCTI JPO2/ 09420, GUBMICh1 L8 el WY, Lbrkscdesy ;ﬁﬁ&p glngﬁéggggé%ggnm k

size a multiple , SO 0 are rot generat t into

a nmenory. Next, a description.will be given of an, enlargenent . 5 t he
mask si Ze, Y T €t %ng%gaggf%?zﬁ%%’%%%oﬁﬁhgﬁgﬁ?aﬁ%sés %3?,&”‘[ Pffloﬁg%'%F are
di agrans for expl aini n% division of a basic matrix into sub matrixes. Wen
a ref er encetHask Eiaswn 414, FAER amh 4% Girehddaorassi Y i et aiiadgEbep
keytone is used as a reference to form ‘

keytone formed by tiling the dither mask.

Accordingly, in order to maintain the group-line
keytone and to avoid a change in the keytone by'this tiling,

10 this embodiment generates three or more dots simultaneously
per single gradation level.

In other words, in a case where the reproduction is
made by the inclined line-group keytone, when a mask having
one dot per single gradation level as shown in FIG. 42A is

15 tiled as shown in FIG. 42B, a lattice keytone which is aligned
vertically and horizontally is obtained as shown in FIG. 42C.
FIGS. 42A, 42B and 42C are diagrams for explaining the tiling
and the keytone for the case where the mask has one dot per
gradétion level.

20 In addition, in a case where the reproduction is
made by the inclined line-group keytone, when a mask (having
obliquely arrange dot layout) having two\dots per single
gradation level as shown in FIG. 43A is tiled as shown in FIG.
43B, an-inclined keytone which is aligned obliquely is

25 obtained as shown in FIG. 43C. In FIG. 43C, the inclined



10 a mask shown in FIG 45B for the case where four dots are simultaneously
generated, each cell of the reference mask shown in FIG 45C is further

di vi ded iwDm®3smsbt er sub matrixes as shown in FIGS. 45D aod/Je&9Iszs as to
obtain the necessary nunber of gradation levels. In this case, by making
the sub 15 matrixes simlar figures to the reference nmask so as to have

the inclined line-group keytone, it isgpossible to prevent a pattern which
destroys the keytone from being generated. For exanple, the 3 x 3 sub

matri x shoveyterd Ghe43b-deanes epriasament3engr blat 1 dmdasirsies 2l an@agei t i on,
the 4 x 4 sub 20 matrix shown in FIG 45E can represent 64 gradation

| evel s. |1t visiqiosisitelreet@. USEIGS 2 4322 40B matr £XC shrownlilagren&, £46F, but a
checkerboard pattern keytone is generated during the process of

representi ngedihe hadahion: | evelsaer kBetdnX Por St Maldd xhegeusied. For
this reason, this enbodi nent sets a 25 mnimumunit of the sub matrix to be

3 x 8 1ngilned, d / /AP 726 - 82 k. By usi
the sub mtHed A Teat?! BRU by A 50 Retsr group msk. By using

i's possible to suppress generation of

anot her _keytone whi ch woul d estro he _inclined line-qgroup keytone, 5
Even whén usi ng the tﬁpeghSI89@%TJEXﬁgtfFXa(S?Fﬁewheﬂ%ﬂgFif%ngéggg%%nthe
line keytone in the predetermned direction as in the case of.the .

| i ne- gr oup keyrasie bdeddei healingdvd ey Iprerulay 5oRe i Wi <te CePREKaEF o ray
occur at sone tones, due to reduced resolution, that is, discontinuity of
the 10 grad@tiem dabseber Bhnotdaradertdop dsvehowd $hPvM &5 FA6A 4AH is

tiled as shown in FIG. 44B, anAinclined keytone which is
aligned only in one oblique direction is obtained as shown in

10 FIG. 44C. FIGS. 447, 44B and 44C are diagrams for explaining
the tiling and the keytone for a case where the mask has three
dots per gradation level. A similar inclined keytone is
obtained when the mask'has more than three dots per single
gradation level.

15 , In this case, simultaneously forming three or more
dots per single gradation level, requires a mask size which is
3 x 3 =09 times or greater in order to obtain the same
capability of reproducing the gradation levels. This value of
9 time of greater is small compared to the size of the buffer

20 memory or the like required for the error diffusion process.
Unless an extremely large mask is used as a reference, this
size of tﬁe mask size will not decrease the processing speed
or increase the cost. Of course, in order to achieve a high-
speed processing, it is desirable that the vertical and

25 horizontal sizes of the mask can easily be processed by a



46B whi ch show portions of matrix patterns formed to the line kg_y]E]?_nequ
the predeterm ned direction, there exist tones at which it I;ﬁ i |cfor
to maint awo oBkesseki nd of |ine keytone. FIGS. 46A and 4GBP_e?tTEIPh/(mgz6anB
expl aining the matrix 15 patterns having the line keytone in t eI g A
predeterm ned direction. FIGS. 47A and 47B are diagrams for expf ai ni ng
gradation image and a matrix pattern hedd+ng reduced resol ution or a

i [ the gradation impge shown in FIG 47A 20 if the
rcggt)?lu?i E)gnfcson@&t?%éd ?Irll STald5Se patt &F ndehbkablien tormeke4 B froxsk he t one

i i nui i s may be lost to
f a portion.501, the continuity of the gradation |evels _
genergte detselrzleoFaFlPiﬁlB*et% 8 pisex Gi‘létqadﬁﬂ?@e Hertcd g,efehaszﬁcnmed rg\:g]{ o
ts deterioration of 25 the picture quality due to redu
g{ e\alle(r:]eftai KeHOL0BIeR B 352L PET MERO2K09726 -83- tone, by selecting a tone
range portion with the reduced resolution in the threshold value matrix

i I i 1 i rection.
dither matrix) fornefetb, theldsicrepkeyhonel i bd hevehedet efmped. di -l
I(nI addi tion, %he dot | ayout of the matrix between the tones 1S

j i i .St the _line
dj ust®d s@ anetmadlave A hipghpassrfil GharagkarLatic an{,th. A
rkgitjoge in the peraedaet er ni ned'b%ihr ectfon.é‘?'%oe spati a? %rﬁ%ﬁ%%c

s appl fed to ChobrunoaeeTr PRadPaRn B rrdiiatfvo v T ot adha | ower 10
spatial freguengy,eharacl el o F1G J8 1s a diagram for
When a reference mask shown in FIG. 45A which has
the inclined line-group keytore is used as a reference to form
10 a mask shown in FIG. 45B for the case where four dotsQare
_ simultaneously generated, each cell of the reference mask
shown in FIG. 45C is further divided inté smaller sub matrixes
as shown in FIGS. 45D and 45E so as té obtain the necessary
rnumber of gradation levels. 1In this case,yby making the sub
15 matrixes similar figures to the reference mask so as to have
the inclined line-group keytone, it is possible to prevent a
pattern which destroys the keytone from being generated.
For example, the 3 x 3 sub matrix shown in FIG. 45D
can represent 36 gradation levels. In'addition, the 4 x 4 sub
20 matrix shown in FIG. 45E can represent 64 gradation levels.
It is possible to use a 2 x 2 sub matrix shown in FIG. 45F,
but a checkerboard pattern keytone is generated during the
process of repfesenting the gradation levels when the 2 x 2
sub matrix is used. For this reason, this embodiment sets a

25 minimum unit of the sub matrix to be a 3 x 3 inclined line-



expl ai ni ng the human vi sual characteristic. In FIG 48, the
ordinate'indicates the sensitivity in arbitrary units, and the abscissa

i ndi cat eswDhg/ogg3ar i al frequency in arbitrary units. The gpatpedodizeequency
characteristic of the human vision may 15 be approxi mated by the foll ow ng
formul'a (4) froma spatial frequency f on the retina. VIF (f) = 5. 05
(e-"38f) (1-e 0.3-f) (4) 20 FIGS. 49A-and 49B are diagrans for explaining a
portion, other than the keytone, of a matrix pattern having a highpass
filter char@E®&® i™ASke. FI G 49A shows the portion, other than the line
keytone, of the matrix pattern having the highpass filter characteristic,
and FI G 49B' shows a MBEyglyasg 25efsil eratotiareactiescsibed addbdyvs,s iporsi on

ot her than the line WO 03/028362 PCT/JP02/ 09726 -84 keytone. FIGS. 50A,

50B, 50C angb &) 1ay ecdisagpasss f @neLXiiloal BifNgnatBeAdREhd RRgenf abied by a
matri x having a predetermned |ine keytone and a highpass filter 5

charact ef | sbe.aly ArROLGEON Gk Nerad handhigckeyhone. FIG SOA shows the
i I Fi 50B

portion having the |ine keytone, shows the portion other than the
| i ne keytone and havi t he, hi ghpass ,.filter characteristic.. FI G. 50C shows
% h ngu %rgﬁESS £ (g%gg

the ditRer matrix whi ¢Koh $0F3r wed by this Pt b A%ed &n portions

shown in 10 FI GS. 50A and 50B. Further, FIG 50D shows the gradation imge
cor r espondi FRYEEG)t FOTGRENEP FRR ri s keWroRs ERCEBR T $98 T Herefor ds, by

using the dither matrix shown in FIG 50C which is the conbination of the
portions shdifegtHon as in the case of the line-group keytone described

above, a picture quality deterioration may occur at some tones,
due to reduced resolution, that is, discontinuity of the

10 gradation levels. 1In other words, as shown in FIGS. 46A and
46B whigh show portions of matrix patterns formed to the line
keytone in the predetérmined direction, there exist tones at
which it is difficult to maintain this kind of line keytone.
FIGS. 46A and 46B are diagrams for explaining the matrix

15 patterns having the line keytone in the predetermined
direction.

FIGS. 47A and 47B are diagrams for explaining a
gradation image and a matrix pattern having reduced resolution
for a cerﬁain tone. For the gradation image shown in FIG. 47A,

20 if the resolution is reduced in the matrix pattern shown in
FIG. 47B for the tone of a portion 501, the continuity of the
gradétion levels may be lost to generate deterioration of the
picture quality.

Hence, this embodiment prevents deterioration of

25 the picture quality due to reduced resolution at a certain



FI GS. 50A and 50B with respect to the tone portion 501 shown 15 in FIG
47A,it is possible to obtain the gradation inage in which the tone is
conti nuouwoasg/ogdsexwn in FI G 50D. Therefore, for the tone fom/Jwrbd/®me he
continuity of the gradation levels is lost if the Iine keytone in the
predeterm ned direction is sinply formed, the matri x having 20 the highpass
filter characteristic in the portion otdf than the keytone and the

predet erm n lJ ne k .1s used. As a result, it is possible to

suppr ess thgg)éleelt'efg?lorgé%?ggﬁl% Ei%émer &5BPGt PORC{PD I8l tdf thenreduced of the
gradati on "?c‘é%' zit.and, to inprove the continuity of the |line keytone,
thereby 25 iproving the Yifaliseseprleheateprmiucied (oiicherema¥¥) £)3/ 028362
-85 PCT/JP02/09726 In this case, if the dither matrixes for sone tones are
bi -1 evel i mig&¥edathi grpakine Keyspnehan acherpddetdrmineabggiaed dy a1y,

di fference i mage of two such bi-level imges. In other words, according to

the dither medhbiona tite thrteghgbdtvekuendafaisalx QRLhe, PHLt.one si.de al ways
exi sts on. the high tone side. Hence, of the tv>\<o dithef1 ﬁxa\%r?%eess fSr  sonme

tones déescrirbedjabeye,sd fad he diibeg ' ke Low tone side is
regarded as a mask A and “the dither rrlg%}%(g%f%r%rllttﬁg ﬁﬁaﬁa?B‘?f%lsﬁlﬁeapgl

regarded astBeMBske Bedig d ine ytone 10 existing in the mask A al ways
exists in the mask Be(%{xe teol?hgggn% %?eeteol?mf)ﬁg Gi-tREFIARt hod. Accordingly,

if adfference i magerhi‘ssob ai geg b% subtracti n% a binarized image of the
mask A froma binarized i-rageof tTHETREK BareRtsTistierehchs mgen

vision obtained by spatial frequency analysis is applied to
the highpass filter characteristic, to extract the lower

10 spatial frequency characteristic. FIG. 48 is a diagram for
explaining the human visual characteristic. In FIG 48, the
ordinate indicates the sensitivity in arbitrary units, and the
abscissa indicates the spatial frequency in arbitrary units.
The spatial frequency characteristic of the human vision may

15 be approximated by the following formula (4) from a spatial

frequency f on the retina.

VIF (£) = 5.05 (e %) (1-g™01f) (4)
20 FIGS. 49A and 49B are diagrams for explaining a
portion, otber than the keytone, of a matrix pattern having a
highpass filter characteristic. FIG. 49A shows the portion,
Oother than the line keytone, of the matrix pattern having the
highpass filter characteristic, and FIG. 49B shows a highpéss

25 filter characteristic of this portion other than the line



wi Il have no |ine keytone. 15 FIGS. 51A, 51B, 51C, 51D and 51E are di agrans
for explaining a difference i mage between matri xes of sonme tones. In

ot her worwe,03m28362ti on 601 of the gradation image shown i RCTAP@/093%A uses a
mask A shown in FIG 51B;, and a portion 602 of the gradation image shown
in FIG 51A uses a mask B shown in 20 FIG 51C If a difference (B - A is
obt ai ned between the nasks A and B, agdifference inmage (difference
pattern) shown in FIG 51D is obtained. This difference i mage has a

hi ghpass fk?YE@n%haracterlstlc shown in FIG 51E. In addition, when this
enbodi ment 'of the threshold 25 value matrix is applied to sone tones of
the nmulti-gradati on WIS .0283625PE]/ IROHD DG a86 Hémetramsrape; t he power
spectrum di stributions for angles other than the |line keytone in the

pr edet er m nedpUaietid N driddaheonpPohade cROTENRYCS fderi® K@ rensi onal
spatial frequency becone uniformy simlar. 5 In other words, a power

spect rum P( greaétgémtd’é% 1;7RIRe P§§8ﬁé alnd raeqﬁ%%)éﬁgfhweldef' ned by the

following fornmula (5), where enotes a spatial frequency pomer spect rum

of the Hﬁagghar%g Dot es agpatégégnrqugpgytﬁgﬁ ah?dg3%€6§$;; 8§%gnding

i mge, and U an v respectlvel ot e spatl r
to x and y axes of the image, v) = IF &@ v) 12 %5 The value of the
power spectFUﬂW?%YPe\BoqtﬁHchﬁgéngi%h?kﬁ%%ﬁ HGPReof Fthe AFasiborst EBGuency

(u, v). The directionality can be extracted fromthe spatial frequency (u,
portion other than the line keytone and having the highpass

filter characteristic. FIG. 50C shows: the dither matrix which
is formed by this embodiment based on the portions shown in

10 FIGS. 50A and 50B. Further, FIG. 50D shows the gradation
image corresponding to tﬁe dither maﬁrix shown in FIG 50C.

In other words, by using the dither matrix shown in
FIG. 50C which is the combination of the portions shown in
FIGS. 50A and 50B with respect to the tone portion 501 shown

15 1in FIG. 47A,it is possible to obtain the gradation image in
which the tone is continuous as shown in FIG. 50D.

Therefore, for the tone for whicﬂ the continuity of
the gradation levels is lost if the line keytone in the
predetermined direction is simply formed, the matrix having

20 the highpass filter characteristic in the portion other than
the keytone and.the predetermined line keytone is used. As a
result, it is possible to suppress the deterioration of the
resolution (loss of continuity of the gradation levels), and
to improve the continuity of the line keytone, thereby

25 improving the quality of the reproduced picture.



v) by describing the spatial frequency (u, v) in polar coordinates P (r,
0) and using the followng fornula (6), where r denotes a polar coordinate
radi us ofwohe/opsseer spectrum O 20 denotes a pol ar coordi maewrgreeiyrs of the
power spectrum g denotes a O-direction conponent of the power spectrum

and w ‘denotes a sanpling frequency of the image. w2 q(O = Z P(r, 0) (6)
25 r30 WD 03/028362 PCT/JP02/ 09726 -87 s descri bed above, the threshold

value matrix of this egbodi s .forned to the Iine keytone in the o
predet er mi ned direction, andgﬁasse‘!t’héfﬁitgg%pg%ghﬁIIFaeTrr“iﬂ?aeré”t géprettengs t he
portion ot hej.t %gn&g@ lkee{tone. Since 5 the portion having the |ine keytone

i ncl udes the 1ine Keyton® 29 ol 1ORB2HP ebibt e i Hedraditesdsibn, i he. power

spectrumin ?O%%ﬁgggl ar coordinates has a strong value only for the angle in

the predeté dP¥ Xt Ffenamcaddnetenct biscauseit be—perti omagher t han

the line keytone has the highpass filter 10 characteristic, the power
spectrum val ues in t helpodtdrer cooddi, NatesrdReOnE Hhief aﬁﬂhéﬁr%é@ﬂtﬁ:{' a1 G5,
52A and 52B are diagrams for explaining a power spectrumdistribution in
T I el et oSSR LB PONRL PR 1
Soor o nates oxcl o3 e ¥ he 2R3 2 o S8R e b hafebi 22
some tones described above, if the dither matrix for the low
tone side is regarded as a mask A and the dither matrix for
the high tone side is regarded as a mask B, the liné keytone
10 existing in . the mask A always exists in the mask B due to the
nature of the dither method. Accordingly, if a differeﬁce
image is obtained by subtractiné a binarized image of the mask
A from a binarized image of the mask B, this difference image
will have no line keytone. |
15 FIGS. 51A, 51B, 51C, 51D and 51E are diagrams for
explaining a difference image between matrixes of some tones.
In other words, a portion 601 of the gradation image shown in
FIG. 51A uses a mask A shown in FIG. 51B, and a portion 602 of
the gradation image shown in FIG. 51A uses a mask B shown in
20 FIG. 51C. 1If a difference (B — A) is obtained between the
masks A and B, a difference image (difference pattern) shown
in FIG. 51D is obtained. This difference image has a highpass
filter characteristic shown in FIG. 51E.

In addition, when this embodiment of the threshold

25 value matrix is applied to some tones of the multi-gradation



seen fromFI G 52A, only the 45-degree portion has a strong value in the
power spectrumin the polar coordinates of the 20 threshold value matri x.
On the otwerojzs3is the value is wuniformly simlar in thePpo@eo2/®pEct r unms
in the polar coordinates excluding the.45-degree portion. Accordingly, the
threshold value matrix is formed to the 45-degree direction of the line
keytone, and the values 25 are uniforgky simlar due to the highpass
filter WO 03/028362 -88 PCT/JP02/ 09726 characteristic in the power
spectruns otfeel theave h&hds powgr eepeld veen b trAbugésnsi bed bhes, otherBayer
type dither matrix and the concentration type dither matrix are typical
mask , 5 ‘tethahqties lafnd keytoneehh i tinalpreydteratinedddt hectivet hod.thel G 53
is a diagram for explaining a power spectrumdistribution in polar

coor di nat espefat heoBaylatspeudi thefwdlinens idRd1FkatidF Ffequedicggram for
expl aining a power spectrumdistribution in polar coordinates of the

concentratigp.type, diden mtrkX,,-10 with respect to the sane tone as FIGS.
52A and 52B. AS naigbe sgg% Pro%¥FIGS. 53 and 54, the power spectrum val ue.

has a high value at lyralit f angles, unlike in FIG_52 ere the
power spsgctrum val ue ﬁ\ﬁgoihﬁrgfq%gfuea TP CRIETHE- §4Yr e ‘%1\(;\‘11%1? 1'5
Therefore, the continuity of the line keytone in the predeterm ned

di rection i $MPEPrIRATd- By HREUERFBESAYY P dlafdnefabyi ¥Rahf ehl UK esses

deterioration of the resolution, and
formula (5), where P denotes a spatial frequency power

spectrum of the image, F denotes a spatial frequency amplitude
spectrum of the image, and u and v respectively denote spatial

10 frequencies corresponding to x and y axes of the image.
P(u, v) = |F(u, v)|? (3)

The value of the power spectrum P(u, v) indiéates
15 the stréngth of the spatial frequency (u, v). The
direcfionality can be extracted from the spatial freguency (u,
v) by describing the spatial frequency (u, v) in polar
coordinates P(r, 0) and using the following formula (6), where
r denotes a bolar coordinate radius of the power spectrum, 0
20 denotes a polar coordinate angle of the power spectrum, g
denotes a 0 -direction component of the power spectrum, and w

denotes a sampling frequency of the image.

w/2
q(f) = 2 p(r, 0) ' (6)

25 =0



it is possible to reproduce a nulti-gradation |evel inmage having a desired
quality using the continuous gradation 20 representation. In addition,
conpar ed wo oslozs3ez ror diffusion nethod, the process is sipaplIpéi/@dzey t he
use of the mask technique, and it is possible to increase the processing
speed,” to enabl e high-speed printing, high-speed i mage processing or

hi gh- speed inage formation. In this cagsg- by enploying the 25 |i ne-group
keytone which sets the predeterm ned direction of WO 03/028362

PCT/ JP02/ 09726 -89- t h&sS|4eRcdpcoReovs  aRhdbiitpfdid #etenmathiex |9he
keytone in the oblique direction reduces the horizontal stripe noise in

t he i mage f dhisngmappamnartiusys thoemely tentlir i hiheokgniionef ia thal ti - gradati on
| evel image having an extrenely high quality. 5 The threshold value nmatrix

and the gragatbefermipsdducidtg idat hatdddessrihediapg@wesmaylber applied to a
mul ti- color image processing nmethod which deconposes a nulti-color inage

into a plurghbb¥cpb-LOot A GOMMRNEBLE: BAGUSES @RS RaltbiRge Hihal | east
one col or conponent as the-input”™ 10 inage. In this case, It Is possible to

out put mul.t.L.- [ havi.ng.a_hi gh pict.ur ual ity..In | ti-color
i mge fgSr m lﬁéea%%‘?% %s@gﬁl&%ég Qt-L ﬁ% fé%(%?% l@éﬁﬁgg{eﬁr %th%(e%%n? ﬁ(reg;éc Bisi c
col ors cyan,, nagfntﬁl and(%fllow/are used for the printing. In addition, in
the 15 col or%i ARY et DrETRELETHREHIE+ T8O Mpr Ve PRECReFERF VR A dPe by
taking into consideration the |lightness and the |ike, black is used in
addi tion toPPhart aPerlduitnss haseacetrong Yopig @nly for the angle in the

predetermined'direction. In addition, because the portion
other than the line keytone has the highpass filter

10 characteristic, the power spectrum values in the polar
coordinates become uniformly similar.

FIGS. 52A and 52B are diagrams for explaining a
power spectrum distribution in polar coordinates of the matrix.
FIG. 52A shows the power spectruﬁ in the polar coordinates of

15 this embodimen% of the threshéld value matrix. In addition,
FIG. 52B shows a power spectrum distribution in the polar
coordinates excluding the line angle of 45 degrees. As may be
seen from FIG. 52A, only the 45-degree portion has a strong
value in the power spectrum -in the polar coordinates of the

20 threshold value matrix. On the other hand, the value 1is
uniformly similar in the power spectrums in the polar
coordinates excluding the 45-degree portion.

Accordingly, the threshold value matrix is formed

to the 45-degree direction of the line keytone, and the values

25 are uniformly similar due to the highpass filter



color printers use four basic colors to print a full color image.
Furthernore, in order to inprove the picture quality 20 of the prints,
col or priwDes®28s86i ch use nore colors have also been prop®esedpody7m epari ng
one or nore colors which are conbinations of two or nore baf5|c col ors.
According to the nulti-color inmage formng nethod enployed in these

mul ti-col or imge form ng apparatuses,-8¢i ch 25 deconposes the origi nal
mul ti-color inmage into a plurality of WO 03/028362 PCT/JP02/ 09726 -90-

col or conpo ARGTE5ES thetlR iRAYRA SPREGEYDIOTIRT ddleor theofpodemmeas as
the input images, the pseudo gradation representation process is carried
out in unit<¢igectiencol or conponents. For this reason, the continuity of
the line 5 keytone is inproved in units of the col or conponents when the

present invention is appldescrandi apovel, esHbt Baydr i15R0%8IALE mdO-f:0r M an
nmonochrome or nulti-color inmage having a high picture quality.

Par ti cul ar | yaridn thBecéasenofat it iviR@eqt o8 N+ 40 apRaatus, yhi uses the
i-level o [

t hreshold value matrix to convert ~“each dﬁt I'nto f \ r mc; anal te\égl
i mage data, dob-ni SS} tQ.d t he i mage r.mng spee
pri %ti ngtj s;;dgtgghgﬁldlgtgoélf bn%}?%v%rit‘%%rtglgg%tlﬂ Séyscfﬁ%ﬁ‘l lf, %ﬁg}lﬁgpﬁngﬁ%‘b‘jt he'1G-

resent inventi.gn_to.the i e-formation at a | ow resolution 15 of 300 dpi
(F;r | ess. In%gt her & %%%Jfarf‘F%@X&&ﬁéfl%giWﬁ%ﬁﬁeﬁém§pﬁwhﬁwwn¢h uses

h seudo gradati on representation
the p %n polar coogainates of the Bayer type dither matrix, and FIG.

54 is a diagram for explaining a power spectrum diétribution
in polar coordinates of the concentration type dither matrix,

10 with respect to the same tone’as FIGS. 52A and 52B. As may be
seen from FIGS. 53 and 54, the power spectrum value has a high
value a£ a plurglity of angles, unlike in FIG. 52A where the
power spectrum value has a high value only at.the 45-degree
angle.

15 Therefore, the continuity of the line keytone in
the predetermined direction is improved by the threshold value
matrix which suppresses deterioration of the resolution, and
it is possible to reproduce a multi-gradation level image
héving a desired quality using the continuous gradation

20 representation. In addition, compared to the error diffusion
method, the process is simplified by the use of the mask
technique, and it is possible to increase the processing speed,
to enable high-speed printing, high-speed image processinngr
high-speed image formation. In this case, by employing the

25 line—-group keytone which sets the predetermined direction of



process, the picture quality is inproved by increasing the dot density per
unit area, that is, by. increasing the resolution. 20 However, increasing
t he resolwoiod2ssul t aneously i ncreases the anmount of i nmege/Jdery®@7io be
processed per unit area, to thereby increase the processing tine. In the
case of the inmage form ng apparatus having the resolution of 300 dpi, it
is generally considered a maxi mum | i m-+48%f the pseudo 25 gradation

representati Loce o _represent approxi mtely WO 03/ 028362
PCT/ JP02/ 097% Eié%glggylf?%%s PR ioﬁ?&ﬁflgﬁmiéﬁeqﬂ’slcmw theaddnewkyytoné sin

general ly 9%§iggred difficult to realize a high picture quality. But in
the case of the Bseddd dHErRE:BNh refuppastne dtéwie priadess rise ngothe g t her
mat ri x havig% the line 5 keytone in the predeterm ned direction, the

det eri orati oftofMede fewwing ippacetuss tioetdlg, R iMgSbABLHOr ST tones,
and the resolution is further reduced at 300 dpi, thereby |osing

continuity o chesgmaiatyn eapr eaage eon i T a8et Doy, JELEELSIgY on o
[rvents on when for i natkberimaeahLc, 1B FOLAG spoaral s having
possib e Lozshepnssed b el sLLocabLen ol Lhe T geol Ll on and | erove the
1ol Ui oradaul o0 gveL Jmge i g p desird pictune quality i formee

above, the threshold value matrix is held in the formof a table in the
printer age into a plurality of color components and uses an

original image of at least one color component as the input
10 image. 1In this case, it is possible to output a multi-color
image having a high picture quality.

In a multi-color imagé forming apparatus, such as
the general color printer, three basic coloré cyan, magenta
and yellow are used for the printing. In addition; in the

15 color ink-jet printer, in order to improve the perceived color
by taking into consideration the lightness and the like, black
is used in addition to the three colors. Hence, the popular
color printers use four basic colors to print a full color
image. Furthermore, in order to improve the picture quality

20 of the prints, color brinters which use more colors have also
been proposed, by pPreparing one or more colors which are
combinations of two or more basic colors.

According to the multi-color image forming method
employed in these multi-color image forming dpparatuses, which

25 decomposes the original multi-color image into a plurality of



driver 101 of the host unit 100. However, it is possible to 20 enploy a
structure shown in FIG 55. FIG 55 is a system bl ock di agram show ng
anot her wolwed2ssent of the i mage form ng apparat us accor diPeg/JPe/9onm
present invention. In the host unit 100 shown in FIG 55, the printer
driver 101 includes only a CW process section 102 and 25 a BG UCR and- vy
-correction section 103, which process-3he i nage WO 03/ 028362

PCT/ JP02/ 09728 +9 application software or the |ike executed by
the host conput e%plg%ﬁe £éz)%nrrdljrlllgseﬁr %b@s@r%%t‘:%%nlwsamf Zhet vkshol d

val ue matri )éo%)ggl-e 105 ghre provided in a controller of an ink-jet
printer 700. The threshdl 'S atmdts 1RaepFx thabbedudioSraglataoned by a ROM or

the |like which stores the threshold value matrix of the present invention.
Hence, the CBAGEFRIIRIF Rincagst ibayauried omded mntihe bRKth&teo YL Nt er
700 in this case. But regardless of whether the conversion of the dot

layout is mE@@PPReRbhE. hoSir uniits 160s6R, 16hd heortikniiel, BE pLET 700, it is
possible to make a 1:1 conparison process with respect to the 1 nput inmage
data, therebkgyeoabl ingingmegdpracesstHg, atya Ni S d and a l.ow cost. In
t he enbodi ment described above, the present rlyg(il%rlfvg%%?%%e?gs APIH &8ein

appar ot us) Fovever: (e b cSort hyinit $h F SeRbRA e reabeseo any
ype of | ToBe <o g ARRRLAUS ML ON [orTe a0, mge by dofe, thai i,
picture quality.

Particularly in the case of the image forming

10  apparatus which uses the threshold value matrix to convert
each dot into bi-level or multi-level image data, it is
possible to increase the image forming speed and the printing
speed and to improve the picture quality, by applying the
present inveﬁtion to the image-formation at a low resolution

15 of 300 dpi or less.

In other words, in the general image forming ‘
apparatus which uses +the pseuao gradation representation
process, the picture quality is improved by increasing the dot
density per unit area, that is, by increasing the resolution.

20 However, increasing the resolution simultaneously increases
the amount of image data to be processed per unit area, to
thereby increase the processing time. In the case of the
image forming apparatus having the resolution of 300 dpi, it

is generally considered a maximum limit of the pseudo

25 gradation representation brocess to represent approximately



20 is applicable to thermal transfer type inmage form ng apparatuses
(printers),. for exanple. The present invention is also applicable to

el ect r ophwO®g243hy type i nage form ng apparatuses such a®Cragex09pre nt er s
and LED printers. FIG 56 is a diagramgenerally showing a thermal 25
transfer type imge form ng apparatus. As shown in FIG 56, a WD 03/028362
PCT/ JP02/ 09726 -93 paper 304 and an inkisheet 305 are transported between a
pressure roller 303 and a therrmal head 300 which is provided wth a

heati ng el edBAt 130ds B\yr dimiahi nghithl heathegredsoremby 301isfoenaraliar mal
head 300, a wax layer 307 in a 5 predeterm ned region of a base | ayer 306
of the ink sheetddfdd disfiicaisf epr edadhi® 4 helgapdrtddd ¢roaiitar.eby form an
i mge on the paper 304. FIG 57 is a diagramgenerally show ng an

el ectrophot ography typgut mBgeH0RkBIo APRRE ddtsadd IgPada8ibs a 10 diagram
generally show ng a process cartridge of the el ectrophotography type inmage

form ng app?@ﬁ&&éen@t%ﬁ%ﬁf@%@s@ ‘Hgi%f‘@{%gﬁiﬁh‘é@mﬁ@?w. flé'vfr#geth /1ife @

kind of l|aser printer fornms a I mage usi ng our basi c
colors g enta (M,..cyan (O, vellow, ( and 15 bl ac Bk).. .The i.mge
For mi no.AppAPREhae i i araHEro b Erd e A p B e S he T A0 P ng)
units 442M 442C, 442Y and 442Bk for emtting | aser beans dependi ng on

i mge si gnalt® BEsPHeL Wt resHFRditAgtedl BV vicion 4A8 BRMS flieSpr 68€ss
cartridges 441M 441C, 441Y and 441Bk for form ng inmages in 20 colors M
C, Y and BkEthandesopapern sigppfluytbasseedece 3twHodhdpi, thereby losing

continuity of the gradaﬁion represgntation and making the
deterioration of the picture quality conspicuous. Hence, by

10 applying the present invention when forming the image on the
image forming apparatus having such an output format (that is,
output at a low resolution), it is poséible to suppress the -
deterioration of the resolution and improve the continuity of
the line keytone in the predetermined dirgétion, so that a

15 multi-gradation level image having a desired picture quality
is formed by a continuous gradation representation.

In the embodiment described above, the threshold
value matrix is held in the form of a table in the printer
driver 101 of the host unit 100. However, it is possible to

20 employ a structure shown in FIG. 55.

FIG. 55 is a system block diagram showing another
embodiment of the image forming apparatus according to the
present invention. In the host unit 100 shown in FIG. 55, tHe
printer driver 101 includes énly a CMM process section 102 and

25 a BG/UCR and- y —correction section 103, which process the image



accommodat es recordi ng paper on which the inages are to be transferred. A
paper supply roller 444 supplies the recording paper fromthe paper supply
cassette Wo33/0a3d2 a resist roller 445 transports the rececuing/apmer at a
predetermned timng. 25 A transfer belt 446 transports the recordi ng paper
to a WO 03/028362 PCT/JP02/ 09726 -94 5 transfer portion of each of the
process cartridges 441M 441C, 441Y amg_441Bk. A fixing unit 449 fixes the
imge transferred onto the recording paper. A paper eject roller 450

ej ect s t he daterdinfim@ppapertadn egofitiwarie wirnghent bkea qugserted) byt theay 451.
The four process cartridges 441M 441C, 441Y and 44| Bk have the sane
structure sl damphatt@r %80 . ASA stwowi righ prbbéssS58ectiven Ardcesd gartri dge
integrally includes within a casing a drum shaped photoconductive .body 452

which is preavidahias \aluk"RgerDearidil Jyenber ara AR ihokl er 453, a 10
devel oping unit 454, and a cl eaning bl ade 459. A toner supply roller, a

charging rollar, an,. ‘g'fe%.r E_’ﬁl}ﬁ;‘%xﬁ éir_r '%%%ﬁoﬁbop' e %f%%g%g LopgL return |

roller 458 are provided wt eveloping unit toner of a
correspandi ng col or__i C dated within devel opi, 5 unit 454. In
2 41 o R SaLRT oaOR i toe Wa e FOReR Tior e YEAPR SRR ng
optical wite unit enters is "'provided in a rear surface of the process
cartri dge 441e thrgshodft vRévedpicial ofr ithe BRPEINY4TNeM4PE: 449Yc@nd 442Bk

i ncl udes a sem conductor |aser, a collimtor lens, 20 an optical deflector
such as a pdiygomalensiionopf dimel dot layout is made in the ink-jet

printer 700 in this case. But regardless of whether the
conversion of the dot layout is made in the host unit 100 or
10 the ink-jet printer 700, it is possible to make a 1:1
comparison process with respect to the input image data,
thereby enabling image processing at a high speed and a low
cost.
In the embodiment described above, the present
15 invention is applied in particular to the host unit aﬁd the
ink-jet printer (image forming apparatus). However, the
present invention is similarly applicable to any type of image
forming apparatus which forms an image by dots, that is, forms
the image by dot representation. Hence, the present invention
20 is applicable to thermal transfer type image forming
apparatuses (printers), for example. The present invention is
also applicable to electrophotography type image forming
apparatuses such as laser printers and LED printers.
FIG. 56 1s a diagram generally showing a thermal

25 transfer type image forming apﬁaratus. As shown in FIG. 56, a



scanning and i maging optical system and emts a |aser beam which is
nodul at ed depending on the i mage data of the correspondi ng col or input
from t he WOB/028352 (i mage processing apparatus) such as &CpEPEIYaL6
conput er provided externally to 25 the inmage form ng apparatus. The | aser
beans fromthe optical W 03/028362 -95 PCT/JP02/ 09726 wite units 442M
442C, 442Y and 442Bk scan the photocogglucti ve bodi es 452 of the
correspondi ng process cartridges 441M 441C, 441Y and 441Bk, so as to
wite el eqamsst 30icahdt ent inkrefeetod0bherphbreaeespriiad Pethedhes 452. 5
When the inmage formation starts, the photoconductive body 452 of each of
t he processpmayduricdgesle44idg A G thedh¥lahdad43dBK visiamniikoprbyiddrdr ged by
the charging roller 453, and the |aser beamfrom each of the optical

wite units442M rd42Eng 4@2éfm@fm 2Bk ggcansvihe 4 photaeendushéne body
452 of the correspondlng one of the process cartridges 441IM 441C,. 441Y

ek TP, 35, WA bLena P B5LT OFkRl Ll el TG ot he

photoconduc ve bo ectrostafic tent inmage fornmed on the
phot oconducti ve . body 452 is dev | oped an d vis |nto ge by
Phe 155 oSG otRe e, FEUTBhaT ng: GRS, LEFEE: F D15 1Hs 1o PAREEGH B0 " by
t he electrostatlc transport plate 457 of the developln unlt,454 A
pul se- shapekf dep@isdsirngibPake i raygsricad 306t [eek TN O AG PORTF PR of
t he phot oconductive body 452 and the electrostatic transport plate 457.for
t he devel opihg repar200¢i. sual i zati on of the electrostatic |latent inage into
t he toner

FIG. 57 is a diagram generally showing an

electrophotography type image- forming apparatus. FIG. 58 is a

10 diagram generally showing a process cartridge of the
electrophotography type image forming apparatus.

An image forming‘apparatus 440 shown in FIG. 57 is

a kind of laser printér which forms a full color image using
four basic colors of magenta (M), cyan (C), yellow (Y) and

15 black (Bk). The image forming apparatus 440 generally
includes four optical write (recording) units 442M, 442C, 442Y
aﬁd 442Bk for emitting laser beams depending on image signalé
of the corresponding colors M, C, Y and Bk, four process
cartridges 441M, 441C, 441Y and 441Bk for forming images in

20 colors M, C, Y and Bk, and a paper supply cassette 443 which
accommodates recording paper on which the images are to be
transferred. A paper supply roller 444 supplies the recording
paper from the paper supply cassette 443, and a resist roller
445 transports the recording paper at a predetermined timing.

25 A transfer belt 446 transports the recording paper to a



i mge. The toner not used for the developing is transported by the

el ectrostatic transport plate 457 and returned by the toner return roller
458. The wew®omekdsy paper within the paper supply 25 cassePrCa/ g3
supplied by the paper supply roller 444 in WO 03/028362 PCT/ JP02/ 09726 -96
synchronismw th each color image formation at the process cartridges
441M 441C, 441Y and 441Bk, and is tramgported towards the transfer belt
446 by the resist roller 445 at a predetermned timng. The recording
paper is catrdmafehy polreibnt pinsdieh delthe4dgognds sereeskidns #4ilManépbFted to
pass by the photoconductive body 452 of each of the process cartridges
441M  441C, 4441 ¥orand 444%Bk . AHehgEng ture ¢t ddor firageshofingash trahstheredl ors
Bk, Y, C and Mare successively transferred onto the recording paper in an

over | appi ngo@ngle rLeerieagr fhpdr 10 Hapgerhayipy tHeLdONEI0 ieHoges ehet he
four.colors transferred théreon in the overlapping manner is transported

to the 11 X1 No iy 20BeMNLERCE NChLIAAS ) biB0a Eabe 4 AN (BoRY 855U €

roll er 448,  an col or toner image is fixed on the recording paper.
The recqrding paper is.then ejected onto the 15 r eject tray 451 by the
paper e?%ct rol | er 45%@5F%@Pr5§r?§eiﬁt?ﬁﬁﬁﬁfﬁ Fﬁgggﬁﬁfogig xﬂ%ﬁ#% ﬁaga dot
si ze change in this el ectrophotography type inmage formng apparatus. FIG
59(a), FIG 46%R%w)hagied theGsang( ey reHe S &icuts IR And® OFF &S RESYBf 1R he
| aser beam which is emtted fromeach 20 of the optical wite units 442M
442C, 442Y BIE. £2Bkhel prosespossitigige ichanyelinelinotuddy eviftbimed on t he
phot oconducti ve
casing a drum-shaped photoconductive body 452 which is
provided as an image bearing member, a charging roller 453, a
10 l developing unit 454, and a cleaning blade 459.
A toner supply roller, a charging roller, an
electrostatic tfansport plate 457 and a toner return roller
458 are provided within the developing unit 454, and toner of
a corresponding color is accommodated within the developing
15 unit 454. In addition, a slit 460 through which the laser
beam from the corresponding optical write unit enters is
provided in a rear surface of the process cartridge 441.
Each of the optical write units 442M, 442C, 442Y
and 442Bk includes a semiconductor laser, a collimator lens,
20 an optical deflector such as a polygonal mirror, and a
scanning and imaging optical system, and emits a laser beam
which is modulated depending on the image data of the
corresponding color input from the host unit (image processing

apparatus) such as a personal computer provided externally to

25 the image forming apparatus. The laser beams from the optical



i i hown. O
body 452 by changing the ON and OFF tines of the |aser beamas s
couyse, thg structure of the recording head of 25 the ink-jet printer
descri bedwalwewessss not limted to that of WO 03/ 028362 PCPCIBOR/®I%26 - 97

[ [ [ be used
10 the .described enbodi ment, and various other structures may ,
such as a thernal type ink-jet head which uses a heating resistor and an
el ectrostatic type ink-jet head which us®s a vibration plate and an

. . . ! ied to the
el ectrode. | p-additiqn, ho t Jpresent _invention is applie _

i mage forniﬁgfappé&%ﬁ%s4?%&'t%%ﬂ%b2§¥ab@&geﬁgaﬁﬁniﬁﬂ%gthq is also poszlble
resent invention for the inmage processing an

imlarl |y the, _ ( _
;?azgp}gﬁ réﬁFﬁgéﬁ%§¥F§ﬁ8ﬁhgﬁﬁ%ﬁﬁ[ﬁi@tPﬁgthﬁaa@rﬁﬁﬂgpﬁdin@nprpqage di spl ay
apparatus. Further, the ?resent invention is not limted to these
enmbodi ment s, R LIFgES044 Mar44tG orfd 1andndodiiBkations tmayrhee mde wit hout
departing fromthe scope of the present invention. WO 03/028362
PCT/ JP02/ 09 F2&CtggsCaALMBldterk tiageBobl GRéE Mhpo s @AIURE 1 Bt Bagh Wi ah
creates a plurality of threshold value matrixes for quantizing 5

nul ti -] eFel 1mage datawhakocidiieeder (BRRS:yah ueth.dal a i order | to
represent halftone by ON and OFF states of a plurality of kinds of dots,
COﬁpriSin93photoconductive body 452 of each of the process cartridges
441M, 441C, 441Y and 441Bk is uniformly charged by the
charging roller 453, and the laser beam from each of the
optical write units 442M, 442C, 442Y and 442Bk scans the
10 photoconductive body 452 of the corresponding one of the
process cartridges 441M, 441C, 441Y and 441Bk, so as to write
electrostatic latent image on the photoconductive body 452.
The electrostatic latent image formed on the photoconductive
body 452 is developed and visualized into a toner image by the
15 toner of the corresponding color electrostatically transported
by the electrostatic transport plate 457 of thg déveloping
unit 454. A pulse—shaped developing bias is applied between
confronting portions of the photoconductive body 452 and the
electrostatic transport plate 457 . for the developing and
20  visualization of the electrostatic latent image into the toner
image. The toner not used for the developing is transported
by the electrostatic transport plate 457 and returned by fhe
toner return roller 458.
The recording paper within the paper supply

25 cassette 443 is supplied by the paper supply roller 444 in



a first stage which determines a threshold value |ayout order of the
threshold value matrixes for binarizing the 10 nulti-level imge data in
order to womsess3nt the halftone by ON and OFF states of @o@/Jrizy7zf dot ;
and a second stage which creates each of a plurality of threshold val ue
matri xes for quantizing the multi-level image data into three or nore

val ued data, according to the 15 threshag-d val ue | ayout order determ ned by
said first stage. 2. The threshold value matrix creating nmethod as clai nmed
in claimi1, SYREREPRLEAI ¥ Eh repchscageri Herarleermedliost rigthaneinasfsadat i on

| evel s fromall gradation 20 sections; determning a dot |ayout of the

sel ect ed gr adatirdodgteved 1M ackidiCdi Ag1ltoangt 4 4Bk ngncondi trenspoxdetder m ni ng a
dot |ayout of each gradation |evel between a starting side gradation |evel

and an endi rgwsirde gradatdrirer?2believels vy ciharessekeebeler agaoorti Bg to the
optim zing WO 03/028362 -99 PCT/JP02/ 09726 conditions based on optim zed

dot |ayouts ofgbher sl A4 1 NhSigde AR -e0ding,Fidegr adatl pp; levs) Sheand

determ ning the threshold val ue | ayout- order of tThe threshold val ue

I
mat ri xes.for__th i.narjzafjon, based on.t 5 determ ned dot_|ayo of
each or adat IRerbabl Db M ey BERCR EP T Se helR merarP e Sredod e
clainmed in claim?2, wherein said first stage includes: carrying out an

adj usti ng pF@@EQ%OPqp??&ﬁ?MR9qﬁhé52 of each of the process caftridges

441M, 441C, 441Y and 441Bk. Hence, the toner images of each
of the colors Bk, Y, C and M are successively transferred onté
the recording paper in an overlapping manner. The‘recording
10 paper having the toner images of the four colors transferred
thereon in the overlapping manner is transported to the fixing
unit 449 which includes a fixing belt 447 and a pressure
roller 448, and a full color toner image is fixed on the
recording paper. The recording paper is then ejected onto the
15 paper eject tray 451 by the paper eﬁect roller 450.

FIG. 59 1s a timing diagram for explaining a dot
size éhange in this electrophotography type image forming
apparatus. FIG. 59(a), FIG. 59(b) and FIG. 59 (c) show various
ON and OFF times of the laser beam which is emitted from each

20 of the optical write units 442M, 442C, 442Y and 442Bk. It is
possible to change the dot size formed on the photoconductive
body 452 by changing the ON and OFF times of the laser beam as
shown.

Of course, the structure of the reéecording head of

25 the ink-jet printer described above is not limited to that of



10 optim zed dot |ayout of the starting side gradation level in an initial
dot | ayout pattern of the ending side gradation |evel; and determning the
dot | ayouwoOamB/o24362 endi ng si de gradation |evel according PeTURe/®PL6 M zi ng
conditions, based on the 15 initial dot |ayout pattern after the adjusting
process, while maintaining the dot |ayout of the starting side gradation

| evel . 4. A conputer-readabl e storage-pedi um which stores 20 a program for
causing a conputer to create a plurality of threshold value matri xes for
quant i zi ng F¢tdeseidied eapeddnent  and vaTiousoPther es VElelatregarmayi Reor der
to represent halftone by ON and OFF states of a plurality of kinds of
dots, said upedgramicapr shegnal5Stypd iimst—jprroteddr ehivih clsssaas ésatheg
conputer to determ ne WO 03/028362 -100 PCT/JP02/ 09726 a threshold val ue

| ayout ordercofstdie 4t @shehdcyvabseatid ripeRs inkoh ebi RA& ZiEH RGes a
multi-level inmage data in order to represent the halftone by ON and OFF

states of o i f t..and_.5 +QC Fe. st a i ses the
e, K 0P éLCa%%Oan Q?u?g?é%éd pIrQ %ﬁglﬁgléﬁ a8 Mol ¢aM ‘

conputer to create p ity of thres val ue matri xes for
quantizkpg tPe quLiR)e g]ninage d {§1i€g<% %h&ee Qr .oor e v%lue% %aga
accordi g t B THE T HFESHOT ™ &F uPY ot ordsr 1HEP8r AP HY Dy Po5 G Fir &P

procedure. 10 . . L . o
the described embodiments, it is also possible to similarly

apply the present invention for the image‘processing and
gradation representation when outputting image data to an
image display apparatus.

10 Further, the present invention is not limited to
these embodiments, but various variations and modifications
may be made without departing from the scope of the present

invention.



5. The conputer-readabl e storage nediumas clained in claim4, wherein
said first procedure includes: causing the conputer to select random

gr adat i orwbesebsse2 from al | gradati on sections; 15 causi ngPChaPexvpest er to
determ ne a dot | ayout of the selected gradation |evel according to

optim zing conditions; causing the conputer to determ ne a dot |ayout of
each gradation |level between a startifggside gradation |evel and an ending
side gradation |level which are selected, according to 20 the optim zing
condi ti ons based on optinized dot Iaycﬁh%JMﬁ the starting side and ending
side gradation levels; and causing the conputer to determine the threshold
val ue | ayout order of the threshold value matrixes for the binarization,
based on the determ ned dot |ayout of each 25 gradation level. WO

03/ 028362 PCT/ JP02/ 09726 al@Ar&shdite reaiiut efresedtiabherigicoagenmedi um as
claimed in claim5, wherein said first procedure includes: causing the

conputer to fégﬂéé Qu%lﬂgaggtgséfrﬁhﬂ¥§N5§§5v59ue'ﬁﬁ%f&¥é§|f%r0§ﬁhﬂli£¥h§kn

| ayout of the starti g sli gradation level in an initial | ayout

pattern of %é; %bnyouﬁggg gradatlonth§%%IOraﬂgratlOﬁﬁggbg%acggpgdfzrto

determ n ng sirde gra vel "according to
t he opt|n12|ng conditions, based on the initial dot yo ern_after
Aol !

the 10 adj us? iTRPTSFGEEsBLERPTR MRt PR ARG Ak tRT 9 ofstartlng

si de gradation |evel.
kinds of dots, comprising:

a first stage which determines a threshold value layout
order of the threshold value matrixes for binarizing the
10 multi-level image data in order to represent the halftone by
ON and OFF states of one kind of dot; and
a second stage which creates each of a plurality of
threshold value matrixes for quantizing the multi-level image
data into three or more valued data, according to the

15 threshold value layout order determined by said first stage.

‘2. The threshoid value matrix creating method as

claimed in claim 1, wherein said first stage includes:

selecting random gradation levels from all gradation

20 seétions;

determining a dot layout of the selected gradation level
according to optimizing conditions;

determining a dot layout of each gradation level between
a starting side gradation level and an ending side gradation

25 level which are selected, according to the optimizing



7. An image output systemconprising: a first section which determ nes a
threshol d value | ayout 15 order of a plurality of'threshold value matri xes
for bi nawDaBmgg3she nmulti-1evel imge data in order to repceges/oo7iche
hal ft one by ON and OFF states of one kind of dot; a second section which
creates each of a plurality of threshold value matrixes for quantizing the
multi-level image 20 data into three-g— nore valued data, according to the
t hreshol d val ue | ayout order determi ned by said first section; and a third
section whizhmddiraenszesseheomantiimiaed dphatryows 4 A6 Fharteeise nore
valued data in order to represent 25 halftone by ON and OFF states of a
plurality ofnkiendsngf stlaé sgrala i’zm028362s PRI P02/ 09726 - 102 using the
threshold value matri x created by said second section. 8. The inage output

system as cl ai megetdr@l@ing fhe BhEsKEId A flagsttseedéOrod rtkudes: means
for selecting random gradation levels fromall gradation sections; neans

for determyy h%lqogah?%QHétfgxéJ“%o ek get oo A AdAIONLhe¥g! oG ding to

optim zing conditions; nmeans for determning a dot |ayout of each

gradati gn vel .betwee starti side_gradation_ ] evel and an endi ng
side gr gdatéeo rl‘“é%??maﬂ?c a%?% soéq %&c%dgr%%%glrol (rzige‘?eg‘t he optinizing
condi ti ons based on optim zed dot | ayouts of the starting side and endi ng

si de gradation |levels; and

3. The threshold value matrix creating method as
claimed in claim 2, wherein said first stage includes:
carrying out an adjusting process to include the
10 optimized dot'layout of the starting side gradation level in
an initial dot layout pattern of the ending side gradation
level; and
determining the dot layout of the ending side gradation
level according to the optimizing con@itions, based on the
15 initial dot layout pattern after the adjusting process, while
maintaining the dot layout of the starting side gradation

level.

4. A computer—readable storage medium which stores
20 a program for causing a computer to create a plurality of
threshold value matrixes for quantizing multi-level image data
into three or more valued data in order to represent halftone
by ON and OFF states of‘a plurality of kinds of dots, said
program comprising:

25 a first procedure which causes the computer to determine



15 neans for determning the threshold value |ayout order of the threshold
val ue matri xes for the binarization, based on the determ ned dot |ayout of
each gradwDioem2d43evel . 9. The i nmage output system as cl ai medTiJroxdsarem 8, 20
wherein said first section includes: nmeans for carrying out an adjusting
process to include the optim zed dot |ayout of the starting side gradation
level in an initial dot |ayout pattermpmf the ending side gradation
| evel ; and 25 nmeans for determ ning the dot |ayout of the ending side WO
03/ 028362 RCHhIRSRODI7PELua OB B U sdderonl | Bl thiasdrdingat Be thetoi5tSsni zi ng
conditions, based on the initial dot |ayout pattern after the adjusting
process, whid @imairhtanai tige trhel tdotlevayoimagd ddim simaotriday §Pde gradati on
| evel . 10. A gradation reproducing nethod conprising: converting a
mul ti - gr adatdaRskrgent b9l frdie Igvel andnukt i stenesl drnmege Hatd@ of
representing each dot by a bi-level or nulti-level representation using a
di ther matryx,. 194said dither matrix having a |ine keytone in a
predeterm ned ‘direction for at |east sone of tones of the nulti-gradation
i mge, and having a highpass filter, characteristi i her than
g ;9 ffoc.?ﬁure s’aaagge %vh%.cth ca%%eg éltxe pcfoc%&i Qs @

the |Iine keytone: % e "gra i on reproducing ne as claimed in
- create each of a plurality of threshold value matrixes for
quantizing the multi-level image data into three or more

valued data, according to the threshold value layout order

determined by said first procedure.

10
5. The computer—-readable storage medium as claimed
in claim 4, wherein said first érocedure includes:
causing the computer to select random gradation levels
from all gradation sections;
15 causing the coﬁputer to determine a dot layout of the.

selected gradation level according to optimizing conditions;
causing the computer to determine a dot layout of each
gradation level between a starting side grédation level and an
ending side gradétion level which are selected, according to
20 the optimizing conditions based on optimized dot layouts of
the starting side and ending side gradation levels; and
causing the computer to determine'the threshold value
layout order of the threshold value matrixes for the
binarization, based on the determined dot layout of each

25 gradation level.



claim 10, wherein a difference inmage of two bi-level inmages corresponding
to certain tones of the dither matrix has a highpass filter

char act erwetm3m28382. The gradati on reproduci ng net hod as clpairmee/iIm2eé cl ai m
10, wherein power spectrumdistributions for angles other than the |ine
keytone in the predeterm ned direction in polar coordinates due to

t wo- di nensi onal spatial frequency are-igni-formy simlar for certain tones
of the dither matrix. 25 WO 03/028362 PCT/JP02/ 09726 -104 13. The gradation
reproduci ng nmethod as €l ai Th&d doAPEtarnreadah e Keyrefe Medign| ahelgiass
keytone. 14. A threshold value matrix for converting a 5 nulti-gradation
i mage into anbitlbéved, orhendin skédefirsageradadumepnededesng each dot by a
bi-level or multi-level representation, conprising: a line keytone in a

predeterm ned di resision tae sbmbeast toseaerof ohongs £djdhenubkbegsadad i on
i mage; and 10 a highpass filter characteristic at portions other than the

|1 ne keyt onencifae The, tdpbesholdd ¥aLue, g ioe anelabiRdngnsddai m 14,

wherein a-difference inage of two bi-level 1 nages 15 corresponding to

certain tones_qQf.th i.t her. nater.Fa a, highpass _filter characterj.stic.
T L e e W
spectrum di stri butions, for ang}es other than 20 the |ine keytone in the

pr edet er m n&d98i PERER GHPT - §¥§itar and

causing the computer to determine the dot layout of the
- ending side gradation level according to the optimizing
conditions, based on the initial dot layout pattern after the
10 adjusting process, while maintaining the dot layout of the

starting side gradation level.

7. An image output system comprising:
a first section which determines a threshold value layout
15 order of a plurality of threshold value matrixes for
binarizing the multi-level image data in order to represent
the halftpne by ON and OFF states of one kind of dot;
a second section which creates each of a plurality of
threshold value matrixes for quantizing the multi-level image
20 data into three or more valued data, according to the
threshold value layout order determined by said first section;
and
a third section which quantizes the multi-level image
data into the three or more valued data in order to represent

25 halftone by ON and OFF states of a plurality of kinds of dots,



coordi nates due to two-di nensional spatial frequency are wuniformy simlar
for certain tones of the dither matrix. 17. The threshold value matrix as
cl ai mred iwooB@a2esv25 14, the keytone is a |line-group keyt oReT/JIWMR/®316028362
PCT/ JP02/ 09726 -105 18. An inmge processing nethod conprising: deconposing
a multi-color image into a plurality of color conponents; and converting
an original inmage of at |east one of thgrcolor 5 conponents into a
bi-level or multi-level inmage data representing each dot by a bi-level or
mul ti - | evel usiepridsetiussbaldsvagua mHiher creeipy, b atalidisarerdmat ri x
having a line keytone in a predetermned direction for at. |east some of
tones of thgecdomul ti-gradation image, and having a highpass filter
characteristic at portions other than the |ine keytone: 19. An inage
processi ng apparatus conprising: a section which deconposes a nulti-color
image into a 15 plurality of color conponents and a section which converts

an original image of I t I _y bt -1 evel
& leqs 1m8 r% ea?%t% ”Pfé'%ﬁé_(fevetcgﬁmb

or nultl-level i mage data repre ent i
mul ti-| esent r§lon USIn .a dit matri x, 20 said dither matrix

ve
havi ng ; |I%% ? lﬁstpﬁga T it dﬁlrectlon for at |east some of

tones of the nultl-gradatlon i mge, and having a highpass filter
characteristic af“eﬁBth%ﬁss%]tefféirlqghéﬁnfiﬁ@ PFHE KSR dipyels from all

gradation sections;
means for determining a dot layout of the selected
gradation level according to optimizing conditions;

- 10 means for determining a dot layout of each gradation
level between a starting side gradation level and an ending
side gradation level which are selected, according to the
optimizing conditions based on optimized dot layouts of the
starting side and ending side gradation levels; and

15 means for determining the threshold value layout order of
the threshold value matrixes for the binarization, based on

the determined dot layout of each gradation level.

9. The image output system as claimed in claim 8,
20 wherein said first section includes:
meané for carrying out an adjusting process to include
the optimized dot layout of the starting side gradation level
in an initial dot layout pattern of the ending side gradation
level; and

25 means for determining the dot layout of the ending side



25 20. An image-processing apparatus conprising: W 03/028362 -106

PCT/ JP02/ 09726 neans for deconposing a nulti-color image into a plurality
of col or worspozs3nt s; and neans for converting an origi nal PCRage/@f26at | east
one of the color conponents into a bi-level or nulti-level inmage data 5
representing each dot by a bi-level or multi-level representation using a
dither matrix, said dither matrix havingza |ine keytone in a predetern ned
direction for at |east some of tones of the nmultj-gradation image, and
havi ng a higfaission Legellacedetiad o $hecoRELIPpHF DTS ERePREhaPRI%fe | i ne
keytone. 21. An inmage form ng apparatus conprising: a 'deconposing section
whi ch decomposts dnmilitil- dototaydutagetitetro afpeuridie tadjofstdobopreomponent s;
15 a converting section which converts an original inmage of at |east one

of the col ofhCRRAGALS nkAGOtRe Mot awgbulr ofUthé -stemeing wage data
representing each dot by a bi-level or nmulti- |level representation using a

di ther matrix; dan aRgi ng section which forns an inmage froma plurality
d
20 of dots %é%éﬂgiﬁg gn an out put of said converting section, said dither
mat ri x Eaving a line keytone in a predeternmned direction for at |east sone
of tones of the nulti-gradation inmage, and having a highpass filter

characteristic at portions_other than the |ine keytone, 25 |
10. A gradation reproducing method comprising:

converting a multi-gradation image into a bi-level or
multi-level image data representing each dot by a bi-level or
multi-level representation using a dither matrix,
10 sald dither matrix having a line keytone in a
predetermined direction for at least some of tones of the
multi—-gradation image, and having a highpass filter

characteristic at portions other than the line keytone.

15 11. The gradation reproducing method as claimed in
claim 10, wherein a difference image of two bi-level images
corresponding to certain tones of the dither matrix has a

highpass filter characteristic.

20 | 12. The gradation reproducing method as claimed in
claim 10, wherein power spectrum distributions for angles
other than tﬂe line keytone in the predetermined direction in
polar coordinates due to two-dimensional spatial frequency are
uniformly similar for ceftain tones of the dither matrix.

25



WO 03/ 028362 PCT/JP02/ 09726 -107 22. An image form ng apparatus conprising:
deconposi ng neans for deconposing a nulti-color inage into a plurality of
col or corponeaesss2 converti ng nmeans for converting an ori giPealJPpizegs of at

5 |l east one of the color conponents into a bi-level or nmulti- |evel inage
data representing each dot by a bi-level or multi- |evel representation
using a dither matrix; and inmagi ng neangsafor formng an image froma
plurality of dots depending on an output of said converting neans, 10 said
dither matrix having &3li nBhgeyasrtion gepppedeiey meidwdidseetpdned ok at

| east some of tones of the multi-gradation imge, and having a hi ghpass
filter charlecitrerliOst itbeakeposte drs sotlher—ghanptkeytdame keyt one. 15 20 23.
The image form ng apparatus as clainmed in claim22, wherein said inmaging
means forms the image on a recording nmediumby a recording technique
selected froma group consisting of an ink-jet recording, a thernal

transfer recording, and eectranholPGLaRRYELEOL A cRderRiRE BT €F

driver, to be inplenented in a conputer, for supplyling an output inmage

data to.an j e farm.ng apparatus which. for an_ismge froma plurality
of doté, ¢o r|§Fﬁ§§t28 d%@%ﬁ%&gﬁﬁba én%e %gsoeé%ﬁggsﬁﬁgeg ﬁ%?%%-color

i mge WD 03/028362 PCT/ JP02/ 09726 ) .
data representing each dot by a bi-level or multi-level

representation, comprising:
a line keytoneain a predetermined direction for at least
some of tones of the multi-gradation image; and
10 a highpass filter charactefisfic at portions other than

the line keytone.

15. The threshold value matrix as claimed in claim
14, wherein a difference image of two bi-level images
15 corresponding to certain tones of the dither matrix has a

highpass filter characteristic.

16. The threshold value matrix as claimed in claim

14, wherein power spectrum distributions for angles other than
20 the line keytone in the predetermined direction in polar
coordinates due to two—dimensional spatial frequency are

uniformly similar for certain tones of the dither matrix.

17. The threshold value matrix as claimed in claim

25 14, the keytone is a line-group keytone.



-108 into a plurality of color components; and converting neans for
converting an original inmage of at |east one of the col or conponents into
a bi-leveWowms/iomibti- | evel imge data representing each deCcThyozodie | evel
or multi 5 level representation using a dither matrix, so as to generate

t he out put image data, said dither matrix having a |line keytone in a
predeterm ned direction for at |east seope-of tones of the nulti-gradation

i mge, and having a highpass filter 10 characteristic at portions other
than the line keytone.1%£3 An image processing method comprising:

decomposing a multi-color image into a plurality of color
components; and
converting an original image of at least one of the color
5 components into a bi-level or multi-level image data
representing each dot by a bi-level or multi-level
representation using a dither matrix,
said dither matrix having a line keytone in a
predetermined direction for at least some of tones of the
10 multi-gradation image, and having a highpass filter

characteristic at portions other than the line keytone.

19. An imagé processing apparatus comprising:
a section which decomposes a multi-color image into a
15 plurality of color components; and
a section which converts an original image of at least
one of the color components into é bi-level or multi-level
image data representing each dot by a bi-level or multi-level
representation using a dither matrix,
20 . | said dither matrix having a line keytone in a
predetermined direction for at least some of tones of the
multi—gradation image, and having a highpass filter

characteristic at portions other than the line keytone.

25 20. An image processing apparatus comprising:
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means for decomposing a multi-color image into a
plurality of color components; and

means for converting an original image of at least one of
the color components into a bi-level or multi-level image data
representing each dot by a bi—level or multiflevel
representation using a dither matrix,

said dither matrix having a line keytone in a
predetermined direction for at least some of tones of the
multi-gradation image, and having a highpass filter

characteristic at portions other than the line keytone.

2l1. An image forming apparatus comprising:

a decomposing section which decomposes a multi-color
image into a plurality of color components;

a converting section which converts an original image of
at least one of the color components into a bi-level or multi-
level image data representing each dot by'a bi-level or multi-
level representation using a dither matrix; and

an imaging section which forms an image from a plurality
of dots depending on an output of said converting section,

said dither matrix having a line keytone in a
predetermined direction for at least some of tones of the‘
multi-gradation image, and having a highpass filter

characteristic at portions other than the line keytone. -
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22. An image forming apparatus comprising:

decomposing means for decomposing a multi-color image
into a plurality of color components;

converting means for converting an original image of at
least one of the color components into a bi-level or multi-
level image data representing each dot by a bi-level or multi-
level representation using a dither matrix; and

imaging means for forming an imagé from a plurality of
dots depending on an output of said converting means,

said dither matrix having a line keytone in a
predetermined direction for at least some of tones of the
multi-gradation image, and having é highpass filter

characteristic at portions other than the line keytone.

23. The image forming apparatus as claimed in
claim 22, wherein said imaging means forms the image on a
recording medium by a recording technique selected from a
group consisting of an ink—-jet recording, a thermél transfer

recording, and electrophotography recording.

24. A printer driver, to be implemented in a
computer, for supplying an output image data to an image
forming apparatus which forms an image from a plurality of
dots, comprising:

decomposing means for decomposing a multi-color image
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into a plurality of color components; and

converting means for converting an original image of at
least one of the color components into a bi-level or multi-
level image data representing each dot by a bi-level or multi-
level represeﬁtation using a dither matrix, so as to generate
the output image data,

said dither matrix having a line keytone in a
predetermined direction for at least some of tones of the
multi-gradation image, and having a highpass filter

characteristic at portions other than the line keytone.



