WO 03/028362 PCT/JP02/09726 -1 DESCRI PTI ON THRESHOLD VALUE MATRI X
CREATI NG METHOD, | MAGE QUTPUT SYSTEM  STORAGE MEDI UM GRADATI ON
REPRODUCI WG ovaT436D, THRESHOLD VALUE 5 MATRI X, | MAGE PROCESSIIN&)METHOD,

| MAGE PROCESSI NG APPARATUS, | MAGE FORM NG APPARATUS AND PRI NTER DRI VER
TECHNI CAL FI ELD The present invention generally relates to 10 threshol d
val ue matrix creating nethods, inmage output systens, storage nedia,

gradation reproduci ng methods, threiggkgﬁéggéﬁ mat ri xes, inage processing
met hods, i nmage processing apparatu form ng apparat uses and

printer ‘drivers, and nore particularly to a threshold value matrix which
is 15 used for quantizing a nulti-level (or multi-valued) imge data into
three or nore valued data in order to represent halftone by ON and OFF
states of aTPRESEOLD YWAGUKI MAERDE CREAT Y| WGTHER f f VARG SUFRIST aY$TRMent
tones or |lum nances, or different sizes and tones or |um nances. 20
BACKGROUND AfirAde mmmqs cHAINTEAN REFRODICENGNMETAAge WYRASHEILYI YALUE nage
processing can generally be categorized into two  types, nanely, the dither

met hod and fhes 6t r obglid f uabeRss e 2Brshas ! eringy PeobedsiNGeadbhkerugpt hod
requires a relatively WO 037028362 PCI/JP02/ 09726 -2

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



smal | amount of conputing process, and is capable of carrying out a

hi gh- speed processing. Hence, the dither nethod is suited for a case where
the pictuweogozssty is in a lowto mediumrange, but req®CTdBoxv@®azures to
be taken with respect 5 to the noire. On the other hand, the error

di ffusion method requires a relatively |large anmount of conputing process
when conpared to the dither nmethod, -and it is difficult to realize a

hi gh-speed processing. Thus, the error diffusion method is suited for a
case wher e S7d lppEeure glatomrtiisohPgRCeED. ARRGI R TFRRPIEoPR ERE-Hither

met hod and the error diffusion nmethod have advantages and di sadvant ages,
and are selmdt avelipgh-ssedd deperedisiggon Haecappticatither maivedg, is he
structure of an 1image output apparatus and the kind of target image which

is to be paeessedr d5ciké fane phecesstige Npidnds, Haveénabsbobeen
proposed, which incorporate the advantages features of the dither nethod

and the e”n@dfit%'g{}aﬁ%ggﬂ et hadyiGeRergbk¥red hes & dalfidan i RhOSESSENY

nmet hods are o referred to as the FM mask nethod, the FM screen net hod

and the_bl %EQ%%fﬁgggﬁétﬁ%%?gg%ﬁgﬁggehggdha{ﬁéQQE“ﬂ{gﬁ%@%%?gnWR%QQ%?fare

closer Po t1h are technrques oy t f usi on
type matrix caqnparison_nethod simlarly to the Bayer, type. The EM nmask

met hod uses SFYHess RoF 8l ¥ &t (R deHIe 2 éVPFgog ??@éﬂ@ﬁ%ggfﬁﬁFait%H?%tic
(blue noise (BN) 25 characteristic) which is fornmed solely fromthe

hi gh- f r equesnepaned0 300288 621 HEW JRGPPd97RBd 18 is difficult to realize

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



conponents and excludes the | owfrequency conponents. Although the FM mask
nmethod is a nmask conparison nethod, it is possible to make inconspi cuous
t he peri owpos3pessperty of the | ow frequency conponents whipch/Jaexosotsser ved
in the case of the 5 Bayer type dither and the dot concentration type
dither. As a result, the FM mask net hod has a high resistance against the
noire, and can obtain a resolution chagacteristic conparable to that
obtained by the error diffusion nethod. For this reason, the FM mask

net hod is CHNRUETES ﬁPén?%F%@d$$l?@ﬁaPBW‘ﬁF@HHe%?Yrﬁ?Wﬂqqﬁ? SA met hod of
creating an ideal FM mask was proposed in a Japanese Patent No.2622429.
Accor di ng tRlithdughprtbposddmaskthethod isomphesl| gompaidoray weithednoiteds dot
pattern is subjected to a Fourier transform filtered by a filter having
15 a BN chas@edigylies toc makBdihbemssitdjrct etlet peahod v epsepdrayr bér thér ansf orm
to obtain the ideal FM mask. On the other hand, a nethod of optim zing the

Mask  was pfQROS&edny BoBsk S%oﬁ&ﬁ@mcﬁ' The ¥kerand-Gl usteeralet bedcnEor
Dither Array Generation” | E, Vol. 1913. This proposed 20 net hod

optimizes the m %vdgceﬁgér%ﬁ@ 8,39l ROLLERR, WRLe Ll dlobs ar eyspar se

and a cluster portion where ense an rying out a dot

t f t Bot f th t d hod d tt
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obt ai ned assunes -a different value each tine. WO 03/028362 PCT/JP02/09726
-4 moiré, and can obtain a resolution characteristic comparab

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.



In addition; there is a problemin that an extrenely long conputation tine
is required depending on the mask size, because it is necessary to nmake a
restruct worg/ossem an irregular distribution state to a ®arfI@e209726
distribution state. 5 A nethod of elimnating this problemwas proposed in
a Japanese Lai d-Open Patent Application No.8-80641. This nethod uses an
initial pattern which is created by arderror diffusion process as a
starting point. According to this nethod, the designer can arbitrarily
control a sttarfiAdirBsktAB-SNITIR BECEAEY %ﬂet§§Enﬁqrﬁft§8WﬁEY Ithis
reason, it.is possible to secure recursion of the conputation result by

el i mi nat i nganpetasépdeniné & emmised depgadirgen sihsc@askesiani f orm
distribution can be obtained in the initial state, it is not only possible
t o i nprove ddmaugealiit ysohetbesamskonibgh 45réstfuaaldingcfeanean but to al so
reduce the conmputation tine. However, according to the successive ‘

det er m nat i ;¢-egaehas Y 858t MAl 1QRE RbZEeSuReo & adaidrabullion &tdme from
the initial pattern which is used as the starting point, a dot |ayout

which ig next selectegq %Egg‘?%% iéﬂiﬁé\%gﬁlEXn%}hﬁngtpg&ﬂe%y%g Bg&%ggéﬁ whi ch

is determ ned i mredi at'e ore.. I I1s assuned that the initia

pattern is capahle of formng a perfect dot.|ayout .jn.ter of t.he
resistance§Ji@‘Jépgﬁﬁﬁﬁrﬁ?g&éﬁﬁﬂingﬁP ,APﬂiéc%%Vylé%b@ieggg%'tﬁghﬁ%adation
| evel at the starting point, For the next_ gradation |evel 25 which is added

with or rediREPDbyssEyeralnybtal WatreraspBeth t 55 W5 5628363 RS %P02/ 09726
-5
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



the dot |ayout, the dot layout is no |onger perfect although a high
quality is still obtainable. As the gradation |evel progresses, the error
from t he woroBmesséziot | ayout is successively accumul at ed, PeaRdPoO @720t

| ayout for the final 5 gradation |evels may becone far fromthe opti num dot
layout. FIG 1 is a diagramshowi ng such a quality deterioration of the
dot layout. The dot |ayout deteriorate€s towards the right side of FIG 1
In order taq.suppress the al i eterioration of 10 t o] t,

vari ous opﬂ?ﬁ?fpﬁgiﬁﬁﬂEFio S a ggyoﬁgyéﬁtnos %EQﬁ¥|%§F%%ES %%@%y en
proposed. However, these proposed nethods all enploy the technigue which
creates thé iy S¥RSLEY %%I%@“ﬁaﬁ#ﬁ%lﬁﬁbéFart%%guggéﬂ¥§a§ﬁ88i £¥S4yr adat i on

| evel (1/2555 or 128/2555) and successively obtaining the dot 15 position
one dot at mragmesseForthaierraasoen tthe peobee it layourkulati ng
limtations caused by the imredi ately preceding gradation |evel renains,
and. no dr asiddedisipedyesettmeiartday aexipentedot romditeerptbposinkiret hods.
In addition, in order to add an ideal BN 20 characteristic to the threshold

val ue Mgt riguadit ohhies80L dnay Hdi@maBleki-X £ FUG t iAW BiueX Hbemekyoh@r ge si ze
depending on the resolution.” Fromresults of various researches, it has

been found that the tF&8$h9!95%§kﬁ§§ﬁﬁh{Eﬁoayﬁég%?%ﬁE%éﬁ%%gggg dap | east

256x256 with respect to an inage g a reso pi, and the

size of" the, {fy eshol d_val e, mmt[ X yst, be Y 031028362 PCTLIPO2/ 03126 -

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



greater for |arger resolutions. Wen considering the fact that the
existing diffusion type dither matrix that is generally used has a size of
4x4 to 16woe3/0ed3e2t hreshold value matrix is extrenely |aPgeEJrBa97%hen t he
matri x becones 5 extrenely large, it beconmes difficult to construct an

i mage- form ng apparatus which enploys the dither nmethod which enables the
hi gh- speed processing. The | oad of thes—conputation process required to
create the mask in particular becomes too |arge. 10 Recently, image

formi ng appHeRt@FesosutArasr FRINEONEay eWBeguRCRMFI YNy thenEefbd of
representing halftone by ON and OFF states of two or nore kinds of dots
havi ng di f freentthel zesstingféiehts tconéyper di thenancesix dhatdiigf erent si zes
and tones or |um nances. According to such a 15 halftone representation
met hod, it dendieQessackdt Bapreparne at hkeshel dexvd pecHatinivesaolL s espousli ng
to~each kind of dot, and to quantize the nultilevel inage data to three or

mor e val ued,,,data.; 20, Pl §ELOSURE (X TG MENTLEN rﬁa}tﬂisx @e%ﬂggal obj ect of

the present i1nvention to provide a novel and useful threshold value matrix

e s A R

reprodu ue matri X, inage procéssing 2
i mage processi ng apparatus, imge form ng appatatus WO 0%@%@8362
PCT/ JP02/ 0P8N No7 a@RaTBEFHt BRI iSFELoven thfi ¢htite HdincemE 88scri bed
above are
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



elimnated. A nore specific object of the present inventionis to provide
a threshold value matrix creating nmethod and 5 storage nmedi um which can
ef ficientwgosnesssbe the threshold value matrix for repres@cwiJrg/dvated t one
with a high quality by ON and OFF states of a plurality of kinds of dots.
Anot her specific object of the present invention is to provide' an inmge
out put system which can realize a high’740 quality hal ftone representation
usi ng such a threshold value matrix. Still another, specific object of the
present i ARShEIGATEE E£61pFovide ik @E‘ﬁo?ﬁg]ﬁfg?w F#éé‘heﬂgaﬂ%%ﬁoacfe whi ch
creates a plurality of threshold value matrixes for 15 quanti zi ng

mul ti-| evelelimigetgdta into three or nore valued data in order to
represent hal ftone by ON and OFF states of a plurality of kinds of dots,
conprising a first stageowhispecdetermjees aft hheshotsbntaliogehbjoutisor der
of the threshold value matrixes for binarizing the nulti-Ilevel inage data

in 20 ordertd ¢ dRpHESaNthibendrd [0ne by tOhkasteLFmEmi-esdoanane ki nd of
dot; and a second stage which creates each of a plurality of threshold

val ue mgtri AR n@HAL ZiReel Nen MHA Level Lrage dalachpbondivee or

nore valued data, according to the threshold value |ayout order determ ned
DY 25 o0 e 80 ASROLALIA L LIe LD ESNl h RGB! ko Y 03 028562
ON and OFF states of a plurality of kinds of dots.
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



| ayout (threshold value |ayout order) is used for a plurality of threshold
val ue matri xes, so that a consistent diffusion characteristic can be given
to the vawoma®dssnds of dots 5 having the different dot dipemarex®;26 or
exanpl e, even when the threshold value nmatrixes are sw tched dependi ng on
the gradation |evel when quantizing the nulti-level inage data. For this
reason, it is possible to prevent thes&hfferent kinds of dots from
interfering with each other_and generating 10 different textures having
different p&cPsdnerMpERed ¢h CheydresSht TR e PafolroBr 3% t he
various kinds of dots is constant, it is possible to prevent an unwanted

i sol ated detyofutortheeslo b ricrlateedawheh ardeflgelsdorseiappensd Pb el 1tar r anged
in a gap of the matrix pattern. Mreover, the 15 threshold val ue | ayout
order of the& phueahbly wdlidmeshdlxes,vabuehamta ictes icdenbedbpfusiared by the
bi -1 evel (binary) data, which nmeans optim zation with the dots having the

MBxXi MM Si z8,,raHeBees+ DY sV ifigehheodihé usd b uEhariagkebEsdoes of the dots
whi ch have the nmaxi mum si ze and nost easily affect the 20 granularity, it

i s pOSSiSbl %\Ia'lkflq | [EH!et ?E?J@é’lségt ic{m;r %‘i@m&ggr?%gﬂwlﬂmeﬁ 88 Wl upeand

smal | dots ch are I'ess conspicuous to human eye, to thereby inprove

the granularit f the entire inmage. In.the threshal.d valu trix
creating rrett%’rﬁ?&, OgﬂevaggefT?Hlﬁetsaggenﬁvl%%é?%OC{eepseenld!echzltgi %8 7t;(?}(}lénrgom gradati on
| evel s from WO 03/028362_ PCT/JP02/ 09726 -9 all_gradation sections;
deternjnirmgq@@gy;opa}@ﬁ@lOwhqqmguantlzlng the multi-level image ta.

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



sel ected gradation | evel according to optim zing conditions; determning a
dot | ayout of each gradation |evel between a starting side gradation |evel
and an emaiprig/ogd3de gradation 5 | evel which are sel ected, &cTrara/ovg26¢ o t he
optim zing conditions based on optim zed dot |ayouts of the starting side
and ending side gradation |levels; and determning the threshold val ue

| ayout order of the threshold value m&#t+ixes for the binarization, based
on the determ ned dot |ayout, of 10 each, gradati l.evel . Accprding to the
t hreshol d \PHlUSTREEFIRD EFeETHY ﬁ@?ﬁ6818+n?H%‘%ﬁéé@ﬁPanan Pon, it is
possible to suppress the accunul ation of the error fromthe optinmm dot

| ayout, by sspeickedi agadabiemtlavalogecardied eed P giHddfPoRONREvEINS
intervals. Hence, it is possible to avoid quality 15 deterioration of the
dot | ayout dsiechiwbubdaotidiervaget gifadaah| gradcurorddpeyedi hgteaen e change
in gradation-level in the case of the general FMscreen. In the threshold

val ue matrigeGheali Bgaeghatht1die 1ehien Shngt @gesiiihg Raldedgreastyémg out an
adj usting process to 20 include the optim zed dot |ayout of the starting

si de gf?}datﬂe@gﬂ %‘ﬁghi gransifidid detolayeytipatteidpiahithggendi ng  side
; and determ ning the dot |

gradation leve ayout of the ending side

gradation | evel, according.to the .optim zing,_ conditi.on : ;
initial dot®9 5&Pn5ag?§g% %ﬁt?gi geggég T ?éﬁf 6?83%?5?%a§?f@£ e
mai nt ai ni ng the dot | ayout of the WO 03/028362 PCT/JPOZ/OQ%%Q -10 starting

si de gradatdtsh SPevBE. SAGR P ERIRF 1B LRESLAr 3RO LI MINING

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



value matrix creating nethod of the present invention, it is possible to
secure continuity of the gradation |levels, and effectively prevent the
gener at i owomB/opsseudo contour and 5 texture. A further obj @cu/Jeé2/ans present
invention is to provide a conputer-readabl e storage nedi um which stores a
program for causing a conputer to create a plurality of threshold val ue
matrixes for quantizing nulti-Ilevel i+iEge data 10 into three or nore val ued

data in order to represent halftone by ON and OFF st%%§§ f aﬂﬁi rality of
ki nds of dott&rtiRer §1eher pidgr I CTRpri sBSCAr 1%t Sr e&BFES ‘%h causes
the conputer to determne a threshold value |ayout order of the threshold
val ue mat r ivedgief pethbiinacred bpd methgc: pL| ehel PToRRIE: 15 VERILAORn BFdeY to
represent the hal ftone by ON and OFF states of one kind of dot; and a
second progedisie®let agesvbiuch causiesityyhefcohpugerddioicor daveleacindf a
plurality of threshold value nmatrixes for quantizing the multi-I|evel inmge

data into td¥me+igelopecyahtiethdcheraetohdbngpdsudhedntbashehd val ue
| ayout 20 order determned by the first procedure. According to the

conput e -rQ§Qﬁ%F§ storage nedi um of the present invention, a comon basic
| ayout %thres ol'd'value layout order) is used for a plurality of threshold

val ue matri xes, so that, a nsi st ent i ffusion characteri.sti¢_c be given
to the-various kinds fﬁggg%f§§ﬁ5VFh§g;ﬁgede?%?%ntl%ﬂﬁpt %én% é?g, f or
exanpl e, even WD 03/028362 PCT/JP0Q2/ 09726 -11 when the_threshold val ue

mat ri xes aﬁé@ﬁﬁd@cﬁe&OBEBEﬂHT¥@ﬁQﬁPle storage medium which stores a

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



the gradation | evel when quantizing the multi-level inmge data. Another
obj ect of the present invention is to provide an inage output system
conpri si Iyoa3M2e3s:r section 5 which determ nes a threshol dpcaliee/d9azout
order of a plurality of threshold value matrixes for binarizing the
multi-<level image data in order to represent the halftone by ON and OFF
states of one kind of dot; a second seci+on which creates each of a
plurality of threshold value nmatrixes for quantizing the 10 multi-|evel

i mage dat a WifTo B EETEFNABE VU EG tHAEES 258 cHY IS GePRBILHY e¥hol d

val ue | ayout order determned by the first section; and a third section
whi ch quanttilresyreldetionl Leveébvdien magatdatagi hte mhdi-tleved dragdréatsal ued
data in order to represent halftone by ON and OFF states of ya 15 plurality
of kinds of dots, usimngothert&psdoldd wakuerament xinwsredtond ibytdhe second
section. According to the inmage output systemof the present invention, a

conmon basi G- aWltan (hEESHRESL Y al Wi havekbr 05 O8F )a i Sidésedetoiom plurality

of threshold value matrixes, so that a consistent diffusion 20

h teristi. ' t ' Ki f havj
i1 orent bt amseerentfoe SriemesY K3iRe haSyE o o B R Ty

ers, Tor éxanple, even reshol d val ue
matri xes are_swi tched dependi ng on the gradation |evel n_quantizing the
mul ti -1 evel oF ndgesdatd vaFhs T%E@E“ﬁhgﬁﬁtg%???éﬁ%ﬂ%yﬁﬁﬁgﬁﬁgls??E%iure-nade
up of a 25 general purpose conputer such as a personal con%uter and an WO
03/ 028362 PORIPGRtER60rdeD Wrarg@rf%reﬁntn@hapgé%%%w cANagnd PFinter or,

a structure nade
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



up solely of an inmage form ng apparatus such as the printer. Still another
specific object of the present invention is to provide a gradation
reproduciwg ogmedsezd, 5 threshold value matrix, inmage proc@s3iJre/oveichod,

i mge processing apparatus, imge form ng apparatus and printer driver,
which ' can realize a satisfactory picture quality even at a |low resolution
and/ or during a high-speed recordi ng.—¥further object of the present

invention is to 10 provide a gradation reproduci ng nethod, conprisin
converting Jé“agrﬁJI]fPFg‘épgdﬁP?%‘Fﬁq?%ﬁém?‘n% BF 11 &l CYor anﬁfcﬂlgﬁéﬁ%lmﬁ%r?age
data representing_each dot by a bi-level or nulti-level representation
usi ng a di tHersokelyi *F ARetRAIhE FFHLREr 2RAREFRKUS hiti-ha 35i h8CkRYIBHF i n a
predeterm ned direction for at |east 15 sone of tones of the

mul ti-gradation i magestantl &astiethisgpesassc 6bfeet chatectaesstitc at
portions other than the |line keytone.- According to the gradation

repr oduci ngideiriadnofi st he presed a ofwdation, répro®iqiegsSmbkRodlp suppress
deterioration of the resolution and inprove the continuity of the line

keytones so.2Qdial dabth@hmPlolur 6 @Yal biychss oy aldiedaevenagdaring
recording at a low resolution and/or a high speed. In the gradation .
i

r epr oduci ng_net hod, a_di C i A i -l.evel_ i '

]E:_olr { es pOEd?pngC;Ci:e%%é 1Tel_gt 8§§§§%€%{;’ gﬁaﬁgfaﬁﬁﬁé%%iﬁ%@sﬁy dggggﬁgeﬂi ghpass
ilter-characteristjc. n e gradation_reproduci ng net hod, power

spect r um WS03/9528%62 CPCTFY %%%é%zé S?*fésﬁ?‘ég?’fﬁbﬁji St 8}1331}15}?6%"%} her

than the Iine keytone in the ' .
at a low resolution and/or during a high-speed recording.

A further object of the 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



predeterm ned direction in polar coordinates due to two- di nmensional

spatial frequency may be uniformy simlar for certain tones of the dither
mat ri x. 5SwDn3pkeseéyr adati on reproduci ng nmet hod, the keyton@CTreg2/d¥a26

| i ne-group keytone. Another object of the present invention is to provide
a threshold value matrix for converting a multi- gradation inmage into a
bi-level or multi-level inmage data 10l3epresenting each dot by a bi-I|evel

or nmulti-level representation, conprising.,a |lipne keytane in a,predeterm ned
direction fOFSHIAEIORSsORE BPItThed IS tﬁ@nnﬁﬂ?ifb$%a§?ﬁﬁwe Fﬁagg? and a
hi ghpass filter characteristic at portions other than the |ine keytone.
Accor di ng teredrtamiasdordroatien 15 maleirk copriheabresbift tonFERtion, it is
possi ble to suppress deterioration of the resolution and inprove the
continuity dfmerndienalnepkeysbdbnéregerdyamay beghnpfeture gudllery fps obt ai ned
even during recording at a |l ow resolution and/or a high speed. In the

t hreshol d vabtwe,iratddnes ardihé edenee immagex .20 of two bi -1 evel 1nmages
corresponding to certain tones of the dither matrix may have a hi ghpass

filter4%haracteristicin]Qheaggééé@ﬂN}gg*ﬁ%d%ggggrﬁg{ggé;n&ﬁy@kgﬂgngpr
angl es ‘other than the |line keytone in the predéterm ned direction in polar-

coordinategmdu é(ét\y%éQigensiqgaé §£atial frequency may be 25 uniformy
simlar for"tertaith t8Ted 3Pt R ditfter matrix. WO 03/028362 PCT/ JP02/ 09726

-14 Further, the keytone may be a |ine-group keytone. ,
y Amothe¥ object of é%e p@ese%t Envention is to

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.



Still another object of the present invention is to provide an inmge
processi ng nmet hod conprising deconposing a nulti-color inmage into a

pl ural i t ywofo3mzd36z conponents; and 5 converting an origi n2CTiJrey®7nf at

| east one of the color conponents into a bi-level or multi-Ilevel inmage
data "representing each dot by a bi-level or nulti-level representation
using a dither matrix, where the dithard-matrix has a line keytone in a
predeterm ned direction for at |east 10 sone of tones of the

mul ti - gr ad&rGherpales Bt InE "YhP§hpadsneT9IT BT KE&PAEt eri sti c- at
portions other than the |line keytone. According to the inmage processing
met hod of the presentStihVemdtmr icbiestpofstin eonasesiipprEesstier ek drcat i on
of the resolution and inprove the continuity of the |line keytone, so 15
that a hi ghrpivetur enquaddé Yoitccahtiagnadteye ncanrding ngedecdinpgsiag za | ow
resolution and/or a high speed. A further object of the present invention

is to provyjde;aRsh FRIEOCESS RO paARAL & So £ WIS icBApansLES | Qthd Whi ch
deconposes a nmulti-color Tmage into a plurality of color 20 conponents; and

o Secti en WO CONLCL S A, 011008kl JBGE. o st ofe alydpe col o

| evel i mage data representing each-dot

by a bi-level or multi- level, representatjion using.a dither matrix, where

t he ditherCOHEPP?RtﬁaénEPI?ﬁ%”ﬂéVF n8riﬂu%t Tgﬁﬁgefﬂpﬁgdaaﬁ?ection for at

25 | east sonme of tones of the nulti-g(adation i mage, and has a WO 03/ 028362

PCT/ JP02/ 09 ERE eserbing ghpals A9t [ver Bhatg¥ekros et 153RLi ons ot her than

the line '
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



keyt one. According to the image processing apparatus of the present
invention, it is possible to suppress deterioration of the resolution and
i nprove tWeosoe3bnuity of the |line keytone, 5 so that a hipgh/Jpoxiare
quality is obtained even during recording-at a |ow resolution and/or a
hi gh speed. Another object of the present invention is to provide an i mage
processi ng apparatus conprising neans-¥fof deconposing a nmulti-color inage
into a plurality of color 10 conponents; and neans fqr convertjng .an
original i rEgREEEsSaf 1l FeEsthaRe [ 151é CcBF PO T bth riﬁbanaUH?JﬁéV%| or
multi- level image data, representing each dot by a bi-level or nmulti-

| evel repr dsarioaei-onAasPrging dia Hére FREEEXPTOfRYELNhEPPRERERS PatFISK has a
line keytone in a predetermned direction for at' 15 | east sonme of tones of
t he mul ti - grsdanitodniveageon ante hias pesshbfbpasssipprtesrs cdearatterisin o fat
portions other than the line keytone. According to the image processing

appar at us ofpd hesole$6At ahdVeHdaR the t&nPOsSSid) @i ahsUppheSkeytone,
deterioration of the resolution and inprove the continuity of the line

keyt oneg 2osc§gc}*1tczhl,ata ﬁigilg?i@{:&féjggﬁlaqli%bihﬁ¥ b5t opiad Qe%%neﬁﬁﬁ?igﬁri ng

recordi ng at ow res ion and/or a high speed. Still another object of

the present invention is to rovide an_i e farn.ng_apparatus conpri sing
a deconposi?ﬁfoﬁééﬁﬁ Bir ﬁh#%ﬁ ﬁ%%gﬁb&§85a332§Ft?Ehﬁﬁ%ﬁéﬁeﬁége-into a
plurality 25 of col or congonents; a converting section which converts an WO
03/ 028362 PCT/ JP02/ 09P28theroliisq wfi thRaBEedtR at Mt O8neSof t he col or

conponents into a o
provide an image processing 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



bi-level or multi-level inmage data representing each dot by a bi-level or
multi-level representation using a dither matrix; and an inmagi ng section
whi ch f orwe oat283smge froma plurality 5 of dots dependi ngCarpeandorst put of
t he converting section, where the dither matrix has a line keytone in a
predetermned direction for at |east some of tones of the multi-gradation
i mage, and has .a highpass filter characd-eristic at portions other than the
i ne keytone. According to the inmage form ng 10 apparatus of the present

i nvention, 9&igigadodgpgpect oa%dﬁﬂégs§nedéfegﬁl%r%1i% OFPPRENFRSHT R idn and
i nprove the continuity of the Iine keytone, so that a high.picture quality
i s obtai nedi-éwseldori mgltecbhrdiingrageadhbw remotaantdmdardrbrdat YR speed.
A further object of the present invention is to, 15 provide an inage

f orm ng appsr-atey®1Cerphust ML SeComeesesgntatans ddmglecdifasr ngatarix;

mul ti-color inmage into a plurality of color conponents; converting neans

for ConV?rQhQQa%ni%ébgh??éec{ﬂﬁggdﬁkhakokﬁ§5£n(Hﬁhég_ﬂﬂ@% QOEDﬁr§Pﬂ@Pnents
into a bi-level or nulfi-level inmage data representing each dot by a

Ol - evely 20 0rq Tl LphBNehy ! SPIES L 0Bs U0 ddh llIdIe BLELY, and
i magi ng “neans © form ng An i mge oma plurality o ots ependi ng on
an out put of the converhi ng neans, Wnerg,t hek di t her, matrix hﬁs a. | i({]e
keytone i n W'FhreddfelhitAgE B Fect TG °of SFRGt KPREES SoimE BF SEBheE 5% he
mul ti-gradation image, and 25 has a hi %hpass filter characteristic at
portions othereatian WOr0osk0beme? oOr $P0EPReT 26t they MHEirpRadREY R ®Ne.
According to the imge form ng apparat us of

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



the present inv
resol uti on and

ention, it is possible to suppress deterioration of the
i nprove the continuity of the |line keytone, so that a high

pi cture qweloswys3ss obtained 5 even during recording at a IPOWJPEX®I2H i on

and/ or a high s

peed. In the image form ng apparatus, the inaging neans

may formthe image on a recording nediumby a recording technique selected

froma group co

nsisting of an ink-jet-1%ecording, a thermal transfer

recordi ng, and _10 el ectrophot ography recordi ng. Anot her object of the

present i NVl iléRei keVBOnyr o AOTE1IPE RPerhar FRge fFm™edi apPereite®Plin a

conputer, for

supplying an output ‘i nage data to an inmage form ng apparatus

whi ch f or methen pireagetf overtiiur diti &3 bpsddebe TomyrPiedg 15 deconposi ng
means for deconposing a nulti-color image into a plurality of color
conponent s;deaiRdioceaveohi Of tReanssbanticangedtimgrare dhiegicnatinmage of at

| east one of th

e color conponents into a bi-level or nulti-Ilevel inmage

data represgntiing fagHoHO! &y @ l aY6h ﬁf_cf&ﬂé iqdavel 20 cepiEsentation
e

usi ng a dither
di t her gat@J%J1
some of "tones o
characteristic
printer driver

matrix, so as to generate t out put i mage data, where the

gﬁggggi %?Jgfairpg;gt i 18wp£sgmﬁ(prﬂea%@iorr_egt hogn fQs-af. | east

I -gradation | mage, an as a highpass ftilter

t Li ther than.the |ine keytaone. .25 According to th
o Thothr BRBITIR LTSRS FPOOG 0% 008563 BETTIR0R 8728

-18 is possible to suppress deterioration of the resolution and
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-color 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



i nprove 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.
5 O her oWwpaeswsssend further features of the present inveRCIOR2M9%726 be
apparent fromthe follow ng detailed description when read in conjunction
wi th the acconmpanying drawi ngs. 10 BRI EF DESCRI PTI ON OF THE DRAW NGS FI G
1 is a diagram showi ng such a quality-18eterioration of the dot |ayout;

FIG 2 is a flow chart generally showing an, enbodinent o_a threshold val ue
matrix creatd MPSFEPLAEd O 15UBRESTUIGTT SESOFAEL PR e¥erithS FPEALPSICFRE 3 is a
di agram for explaining a threshold value matrix and a basic |ayout

t her eof ; FliBpmbvies thedragramrior axphai Alng keyewts opcofthast arkiwy si de and
endi ng side gradation levels; 20 FIG 5 is a diagramfor explaining a dot
pattern i njicagditeedubyispepisigrofnean eeenodudifd ustamrdingcessa G 6 is a
di agram for explaining evaluation value conputation by an optim zation

filter; F1(%eégjd%i@ndgﬁgygg1iqgigaqgg?eaLng an application 25 range of the
optim zation filter; WD 03/028362 PCT/JP02/09726 -19 FIGS. 8A, 8B and 8C

are di agrars for expl aiALng,Rs el AL R0f rdotuAld PHRAL BRASOBLT T X

size and an angl e of

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 laydut;
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;



correction; FIG 9 is a diagramfor explaining an adjusting 5 process that
is carried out before an optim zation process for optimzing the dot

| ayout ofwoOl/oes3ei ng si de gradation level; FIGS. 10A andPTOBPex@7zh agr ans
for explaining optimzed dot |ayouts for the starting side and endi ng side
gradation levels; 10 FIGS. 11A, 11B and 11C are di agrans for expl aining
optim zation of,dot positions at graddation | evels between the starting

side and ending side gradation |levels; FIG 12 is a s stem pl.ock di agram
showing an i mage forM®Ry dfpadBt GRAWRT S Efts ﬁﬁl F¥orie-by'd @
four-valued 15 data;, FIG 13 is a diagramfor explaining a dot swtching
net hod whi ckeliesienphiyeef wirsn afakhRgnh prhdEirés Stépr @3emuatd ¥ cusitng

| arge, nedium and small dots; FIG 14 is a diagram show ng the structure of
an 20 enbedirrestiefi; an i nage out put system according to the present
invention; FIG 15 is a diagramshow ng the structure of another

enbodi ment of the i mages oW Py aSYiShEPACESF g digihheanpa&hetiidgvent i on;
25 FIGS. 16A, 16B and 16C are diagrans for explaining WO 03/ 028362

T 9P 09T2cqa 20yt d ot el see o, e st vbery o oo
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



FIGS. 17A, 17B and 17C are diagrans for explaining the systematic dither
nmethod; 5 FIG 18 is a diagram show ng a correspondence between size

nodul at eawoeBs2&snzl di t her mask; FIGS. 19A, 19B and 19C ar @Caijaey@ns
respectively showing the threshold value nmatrixes for the small, nmedium
and large dots; 10 FIG 20 is a diagramfor explaining a bi-level error
diffusion technique; FIG 21 is a persjfective view show ng a structure of
a first enmbodi nent of the inmage.form ng apparatus accordin t.o the present
i nvention; 9% FREPUBIPFEESITY g@#e%@h‘éﬁ?‘ﬁd”q% SEFdetr Sngt}feﬁe first
enbodi ment of the image form ng apparatus; FIG 23 is a di sassenbl ed

per spect | vaeyiesalobinari sxiorall myoread; aml qubyl1levelc pg§esesect i onal vi ew of
the recording 20 head along a longitudinal direction of an ink chanber;
FIG 25 is an enl ar ged1@s ewl #hovii7®gaad Lipoatardiagant sbrFe@l2mimi G 26
is a cross sectional view of the recording head along a shorter side-of

the i nk chaieekiys2emkt{e A aehan;vi ew showi ng a nozzle plate of WO
03/ 028362 PCT/JEOZ/ 09726 -21- the recording head; FIG 28 is a system

bl ock dgagran]general#YG§hf@“£EJa diagram showing a correspondence
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



a controller of the ink-jet printer; FIG 29 is a system bl ock di agram
showing a driving 5 and control section of the controller; FIG 30 is a
syst em blwolo3d2ssgr am showi ng ahead driving circuit; FlIG P8I/JPe/@726 m ng
di agram for explaining the operation of the driving and control section;
10 FIG 32 is a system bl ock di agram showi ng an enbodi nent of an i nmage
processi ng apparatus according to the-2present invention; FIGS. 33A, 33B
and 33C are diagrans for explaining a dot pattern after carrying out a
Bayer type i% H&Copréegsseadb and an error diffusion process with respect
to an input image; FIGS. 34A and 34B are diagrans for explaining an image
data after carrying oBIGth28Bayexr avgiemdbilhek Piaweys gapcRligspeering an
input image; FIG 35 is a diagramshowing the granularity 20 neasured at

tone intervalsmfrcl@¥f e the Bayeret ypendether pattern and the error
di ffusion pattern recorded at 300 dpi; FIG 36 is a diagramfor explaining

the effects of WEChan'F‘?L@:' dgviatd %gﬁsﬁdeﬁl bﬁ%ckn&ié% a’dH¥w@hg Kl &5ivB/p and
37B are di agrams for explaining 25 interference between the Bayer type

e LR G JOLSBL s PR LS rae, oz mchan cal

explaining a dot FIG. 30 is a system block diagram showing a- head
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



| ayout pattern having an inclined keytone in an enbodi nent of a threshold
val ue matri x according to the present invention; 5 FIGS. 39A and 39B are
di agr anms Wworo3@§3bani ning the dot pattern of a |line-group PeyBM09amed in
el ectrophot ography recording and the change in keytone of the gradation
| evel ; FIGS. 40A and 40B are-diagrans for explaining the. dot pattern of
the |ine-group keytone applied to ink-j4t— 10 recordi ng and the change in

keyt one of tr‘s%e}girﬁﬁ%a"ﬁi ag},kgi\_/le%ﬁ /OF)% %e gfrllﬁ\_ag E%]ginﬁ 41_.C are diagrans for

expl ai ni ng eytone forned by i'ng a ;. FIGS. 42A, 42B

and-42C are di agrans fg& gxp%gi ni nag the tiling and the keytone for a case
where the mask has one® 18- ddt® FHd eRdaFPofAlfevNS TarGSxPAsiningR: aint 43C

are diagrams for explaining the tiling and the keytone for a case where
the mask hasla¥mt Betseperhajfiatarointeieed FGInA4h, addBrbodide arfe

di agrans for explaining 20 the tiling and the keytone for a case where the
mask has t hreeghrgehelgevatpadattimix kevokdify G® w“ApréSBnt4birebildn A45E and
A5F are diagrans for explaining division of a basic matrix into sub

matrixes5 FIGS. 46A apuc46B3a et 39BaNEe | 01 o @XBAI AN R0 PRI XAt t er ns

having a line keytone in a predeterm ned WO 03/ 028362 PCT/ JP02/ 09726 - 23-

direction; @d%spaﬂ%érﬁngf4¥aj§k§g4%ﬁgrQQ?téﬁg1§%§i%Engﬂgc%rophotography
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



gradation image and a matrix pattern having reduced resolution for a
certain tone; 5 FIG 48 is a diagramfor explaining the human vi sual

char act erwetoBo283F1 GS. 49A and 49B are di agrans for expl ai RCAgPeR/09pBY ti on,
ot her than a keytone, of a matrix pattern having a highpass filter
characteristic; 10 FIGS. 50A, 50B, 50C and 50D are diagrans for explaining
a gradation image fornmed by a matrix h&@4dmg a predeterm ned |ine keytone
and a hi ghp i iter characteristic at a portion.other than the keytone;
FI GS. 51A, %%%fkgfé?’SlD and 51E are diagranms for 15 explaining a
difference i mage between matrixes of sonme tones; FIGS 52A and 52B are

di agrams for expl ai ni n§t8° poter 3LV PuAtai StR9IRRS PG §*PoRaR1RSGE di nat es
of the matrix; FIG 53 is a diagramfor explaining a power 20 spectrum

di stributi oWGeFAPEr 1829¢ dlifhtte S 1a pahlem itending Bageret ypesaliuttien
matrix; FIG 54 is a diagramfor explaining a power spectrumdistribution
i n pol ar codicdi ratestainat@onyventi onal concentration type dither nmatrix;
25 FIG 55 is a system bl ock di agram showi ng anot her WD 03/ 028362

PCT/ JP02609726 -24 enbodi neti 0fa hegkaRIeoF U4PING rARRARAEUSAGEOr di ng to
the present invention; '
visual characteristic;
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 56 is a diagramgenerally showng a thermal transfer type inmage
formng apparatus; 5 FIG 57 is a diagramgenerally show ng an

el ect r oprwO®gn243hy type i nage form ng apparatus; FIG 58 PSTAP@/@gI6am
general ly showing a process cartridge of the el ectrophotography type inmage
formng apparatus; and 10 FIG 59 is a timng diagramfor explaining a dot
si ze change in the el ectrophot ography2taype i mage form ng apparatus. BEST
MODE FOR CARRYING QUT THE INVENTION 15 FIG 2 is a flow. chart generally
showi ng an cMeRBEBERENRT ofhe iRCEs ROFHIVAI AP IR TS 26FRATIRY Het Hid
according to the present invention. FIG 3 is a diagramfor explaining

t hreshol d waksentainvenwinich' is created by this enbodinment; and a basic

| ayout of the threshold value matrix.. 20 In FIG 2, steps S1 through S5
carry out a process *roccreatis a Basgeahayentral shemowingFhGohdrmdIn
addition, steps S6 and S7 carry out a process to create threshold val ue

matrixes 2,..3,aprdr4e5HOWMMAde FHoBmidgagseiding 10 the common basic |ayout
1. These processes nmay be realized gy software 25 using a general purpose

conputeg havi ng a knoEﬁ%§t§yq§ugpd?égyghogéééﬁg¥¥$I@gg%lg 209726 -25

program whi ch causes conput er carr ese processes and a
conput er - readabl e st orage nedi um whi ch gtores such a ug[ogran1also f al
r

wi thin t he SEEHECBROTATTIRVE AP ATRAE; bpring apparat

FIG. 58 is a diagram 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 electrophotography 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



In FIG 3, the matrix 2 is for the small dot, where 5 the tone is 0.4 for
the non-segnented image with 100% snall dots, the tone is 1.4 for the

non- segnewoaed/ozsseye wi th 100% naxi num si ze dots, the. numroagnprafodgreadati on
| evel s allocated for the small dots is 73/255, and the threshold val ue
interval 1is 4.5. In addition, the matrix 3 is for the nediumdot, 10 where
the tone is 1.0 for the non-segnented-423mge with 100% nedi um dots, the
tone is 1.4 for the non-segnented inage with 100% nmaxi num si ze dots, the

nunber of EREEETONDLEDYeF3USST |BCaCOBPEERT t He FRFTIUM " dot8°FE RBRISHERS and
the threshold value interval is 6.8 Further, the matrix 4 is for the large
15 dot, whems! theompneersrdadaliler sithaagennedyae et PE@ESRi ERCD 1D0% | ar ge
dots, the nunber of gradation levels allocated for the large dots is

73/ 255, anchrddigraihaeshofdl Yabitghimtseevaktops of. the Foreskendé sakention.

conveni ence, a description will be 20 given of a case where the hal ftone

representation is madenbyrcON anthOnltst at esiof eéhree knads ebtdotisedavi ng
different dianeters, nanely, small, medium and |arge dots. However, the

present 5 NG 1 a0eCay §f 4COU Shd Rt BELALhYoAPRIIRH JiQn GbERILAM OF L he

threshol'd val'ue nmatrix for maki ng the tone 25 Tepresentation using two
o o€ Rt 98 e B 0P 3L TR0, PHILIERLO R SRt gher o
luninances'm;gyimg{gggzsdgisfhghggﬁﬁﬁéegio%héggggtfgkifZJé grgﬁgocated
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



out by assum ng a case where the halftone is represented by 5 the ON and
OFF states of one kind of dot, that is, the halftone is represented by

bi -1 evel wetoan288be steps Si and S2 pick up a pair of star PCAJPEI/@e26
gradation | evel and ending side gradation level, froma representable
gradation section of 256 gradation levels from'a 10 gradation level 0 to a
gradation level 256, for exanple. The-2gtarting side gradation |evel and
the ending side gradation |evel are not continuous, and a plurality of
gradation |didesenfusizesi siiHfanmsdn tORES sehrthgiadicds - aRd Shtt ST de
gradation levels. In addition, the starting side gradation |level is 15
nore on t hesibeghkinghtosesdeot Hamitnk@cerndi ng si de gradation [|evel. The
gradation |l evels are picked up fromthe highlight side towards the shadow
side. The step S3 det enai pescddie ciotchel ayeps §Oortiimgst a5t tegestieednd
endi ng side gradation |levels which are picked up, using only one kind of

dot. 20 Thsooéc't:fr’)%-agﬁuﬁn'ﬁSthca%)é Wl eN@We DR fe8SHd bed rHeBreBBRCeded i |, by

referring rough 11. First, as shown in FIG 4, it is assuned
for the_ sake convenience that- th s_Si d pi; ¢k a gradation
| evel mPas li}?e%i\]t SPEi ﬁg%s? etegsr} atoin%niﬁgge?§a%%p’a tgrl %da#l{?%n | evel n as
the ending side gradation level. FIG 4 WO 03/028362 PCT/JP02/09726 -27 is
a di agr am 5L i0pealFi AGPERF VLT DRYoPIThEVEL af2Fhy side and ending side
gradation levels. In FIG 4, the picked up gradation |levels are indicated
by an arrow G, the sffaet Fhagps 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



side (highlight side) is indicated by SS, the ending side 5 (shadow side)
is indicated by ES, and the gradation levels are indicated by m ml, mt2,
m3, ... Wod3ys3ny n-1, n-2, n 3, ... . Then, the step S3prpTaper@326an
initial dot layout pattern for the starting side gradation |level m and 10
determ nes an optim zed dot |ayout by evaluating the initial dot |ayout
usi ng an eval uation function. A dot patitern obtai ned by processing a non-
segnent ed i mage having the gradation |level mby the error  diffusion nethod
or the exi $6i AgHRIFYBITOT 1P adninerseksCHeo R fuses 852 RePg midsarr™dot

| ayout pattern. Wth respect to the highlight region (a gradation section
fromthe geadatgonidewetadadio despési fiin gtlidatdi,ofthkepeted tiie dot pattern
which is obtained by carrying out processing by the existing diffusion

type dithegrsyehias 1deiBayet LypechtedUse i efrebable, ashe hecaXriimy tial dot
| ayout pattern fromthe point of view of the granularity, although it also

depends ongihe Rﬁ§§ﬁl&#ﬂ¥lsid@?“@!eindiéaiéﬁﬂiﬂd%%hr%Eéeeﬁ@iﬁ§€éﬁﬁéwhite noi se
pattern as the ‘initial dot |ayout pattern, because the |oad of the

R R e i e T o

-28 nmaking ,an adjustnent to nainéain gontinuiaﬁ of the ﬂrad ion levels.
Further, alp8oFaFeddpy &b dilon™i ¢ eBEP 1y obtHhEY “duPihg e dbti ni zati on
process. ; _

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 optim zation process is required because the 5 problens peculiar to

t he processi ng net hod enpl oyed when «creating the initial dot |ayout
pattern aweoalbss3ez efl ected to the initial dot |ayout patPETAPI¥FIIR6 5 is a
diagramfor explaining a dot pattern introduced by sweeping of the error
diffusion process. In FIG 5, a gap is fornmed at a top 10 portion due to
the sweeping which is a problem pecul4+z8—to the error diffusion process. A

dot alignment in the vertical and horizontal directi%p obseryed. in the
dot patterﬁ“ﬁﬁ?&iﬁ@daﬁyus?W§“B§§bF@P§§@18iFﬂ%ﬁlW%FgééiI%hFegﬁﬁ%?Eﬁalas
texture, and the optimzation process is also required in this case since
the 15 dot l&viedsrenfunmblyef ntemfaore lgceh sheURIm HEheasiBysehkainp@rati ons
of the imge form ng apparatus to thereby generate banding. Next, the step
S3 carri es duttinighehepbphimatdtoon process.with respect to the starting side
initial dot layout 20 pattern according to optim zing conditions. Mre

particularly, with respechptondfaldeipiotREEl Xs ldedq@tiaty bacuakbethd” for
the dot having the ON state in the initial dot |layout pattern and having

a ValueSHgégﬁﬁﬁﬁ%%ngehlbgfi@98%&§£E%Ee§g§£§ hSc e endlioledl wHoh | ayout

pattern, I's regard a 25 target dot and an optim zation

filter 12 havi a 03/ 028362, PCT/ JPQ2/ 09726 _-29 pr.edeterm ned.size is
nul tiplied §§§33398u¥§2aﬁn% i Eﬁqﬁiiayeg%ugét %r%r%ﬁﬁ1ﬁ%%°FF8FH%eg rgover

the ON and OFF states of the dots are rearranged so that a total of
eval uati on g dedtial dot layout pattern. FIG. ™S 1s a diagram for

explaining a dot pattern introduced by sweeping of the error
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



13 conputed for each of the target dots becones a mninum 5 Conpared to
the Bl ue Noise (BN) nethod using the Fourier transform this nethod can
reali ze tWe o9f283m1 zati on using sinple filtering. FIG 6 iPSTAPe/@gream f or
expl aining the evaluation value conputation by the optim zation filter 12.
In FIG 6, a circular mark indicated by a dotted line 10 indicates the
target dot position in the pattern mat2$x 11 and the optim zation filter
12. In addition, an evaluation value for the first target dot . is 67 as
shown for tPEEREATETEEN S8l edUHinldeod) & 6OMPHRkS Gt IHARRTEORT i [ ter 12
has the sanme 15 size as a matrix 10 of the initial dot |ayout pattern, in
order to sivpludy ashehdwscinpti®n. 6 Howereoverhetlopt Ohiagrw iGFF stpEeerod2 s
actually a circular filter as may be seen from FIG 7, having a size

smal | er thathdé hdptmtarex rd@rofngid@ sq ithat al tdobl| afcatalpatttiennvaFi& 7 is a
di agram for 20 explaining an application range of the optim zation filter

12. I n FI G3 Toothif daarget edeh $oSifd aargadi aatedo&yonte Jrayninfifahangul ar
mark TDP. Further, in FIG 7, the filter size (applied radius r) of the

Changes HepGRir g b KE® BERLRLEr o nGrST U 63 050365 RET IPo2) 09726
07 7t PRV o sol sl a2 deLol (b of QN got) )
g b he“op fon firte
simple filtering. FIG. 6 is a diagram for explaining the
evaluation 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.



11 is made such that val ues obtained by correcting the human' vi sual
characteristic (VIF) about the target dot are arranged concentrically. The
human vi swalo3otsssact eri stic may be approxi mated by the folPCowPoryosy nul a
(2), where x and y are 10 coordinates on the matrix when the target dot
position is regarded as the origin, f =] ic Ld (x2+y2) 1/2] / (180 x
25.4), L denotes an observation di stant® (nm, and d denotes the
resolution (dpi). 15 VIF(x,y) = 5.05exp (-0.138f) { (1.0-exp (-0.1f)) (2)
In the VTF, the sen5|t|V|ty rapldly deteriorates for a region of 1
cycle/mmor |ess %mhen f<5.0 in the formula (2)), and if reflected as it -
istothe optimz t|dh'qu&@in?umzﬁmﬂﬁﬁfﬁﬁ?é@ﬁ@?@abéﬁu@%tﬁhy be determ ned
such that the arrangenent of the dots is concentrated at one | ocation even
for the dot |ayout in—tkeunbeghldloN notsiohx]Aécordingly, in theiyegion of
1 cycle/mmor less, the following formula (3) using a regression
conputation is applied by-assum ng that the 25 sensitivity of the VTF
increases in this region. In this case, WO 03/028362 PCT/JP02/ 09726 -31 it

is possible to create a deigpald efiRtWAbERibS @PH§K§%k&%%lkgtléﬁefﬁW&%ﬁ eye
than the dot pattern obtalned by the conventional normalized distribution

1750408 - 03508 oAt T 1raras R R Beekbrniloabtn i o

n irable_f.or._th dot
undesi rab ev1 ua& gharacterlstlc (VIF) 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, £ = [#Ld(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,



to be aligned in the vertical and horizontal directions as a 10 result of
the optim zation process. In order to avoid such an undesirable situation,
t he wei ghworg/o2ssexi cinities of 0 degree and 90 degrees, PoaALIPIR9726he
vertical and horizontal directions, with respect to the target dot, is set
to an-even |larger value. 15 FIGS. 8A, 8B and 8C are diagrans for
explaining a relationship of dot alighrment and matrix size and an angl e of
correction. In FIGS. 8A and 8B, the target dot posjtion is indicated by a
gray circul Bt iamessikdet ke oFrerre FotdopoPrtreRs Wit d i hiMedtedUbyeBI Bk
circular marks. As shown in FIG 8B, 20 even in a case where the dots are
arranged attlppdiunaonsyedébiaat tde oo tdernwobtaized rimtthiee 0- degree |ine
and the 90- degree line, such an arrangenment nay al so be regarded as an

al i gnnent i dodherbienkilcabrandi hed i Fiorirdloudi becké dgist iepéenrdiange ohet he si ze
of the threshold value matrix which is created. 25 In order to design a

di ffusion type Jhneshokd uakug smtiix W@ 03/ 028362 PCT/ JP02/ 09726 - 32
having irregularity (or randomess), it may be regarded that a nmatrix size

of at |east 8x8 shown in FIG 8B or greater is necessary, since a 4x4
matrix size shown in FIG 8A would essentially be a Bayer type. As shown

in FIG 8C, an angle of 5 vj unti o0 2 dots fro -degr.ee |line
and the 90- degrg Fixng), Tﬁa%\g@goé baﬂg%édf [1{5&6%64[%}3}}}?%& ea&éd as the
"vicinities" of the vertical and horizontal directions wth respect to the
target dot position.

As described above, it is undésirable 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



In addition, fromexperinental data, the present 10 inventors found that,
if dots arranged or connected in an oblique direction (45 degrees or 135
degrees) wop@3nsserl in the pattern in which the dots are Pamdeod/0p726
scattered, such an arrangenent or connection of the dots in the oblique
direction becone conspicuous to the human eye as texture. Hence, when 15
creating the initial dot |ayout pattem2- a weighted anplification is nmade
not only in the vicinities of the 0- degree and 90-degree directions but
al so with Me¥pBEL L¥BeoRarify. dOdr €8naPTRR% Flon. 1AM o G FEARIRE 135t Pon
given heretofore applies to the first quadrant having the target dot 20
position asathéxosigenofiat jleasft 6s8rskoposin B + BBc @i grogter sisi | ar
processes with respect to the second, third and fourth quadrants, by
appropri at eleyecesayel t snged ke 4aighes rdepentd nghaom imh€&@Iguadhamtuld n ot her
words, the O-degree direction may be converted into the 180-degree

direction, Jdshenf9zdegriee g%aéje&e%ggen NRY Yeowonvertred ot oad hen2A€0odegr ee
direction, and WD 037 028362 PCT/ JP02/09726 -33- so on. After optim zi ng

the stafl!ngcql dR.ORLILY 1d 4 0R.oaRaKe dReCiReddngk. shheyehdqg. S! de

dot | ayout i ermn rst, aninrtra yout pattern simlar to
5 that for the starting side is preparedf gnd an optimzatjon_ process is

carried outlegFesr LBy yFRRS diit: & BRBEEsST of LadPFEErRg 1D tHRETSH: Bfi zed

starting side matrix. FIG 9 is a diagramfor explaining the adjusting
the "vicinities" of the vertical and horizontal directidns

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



process that is carried out before the optim zation process 10 for

optim zing the dot |ayout of the ending side gradation level. First, an
endi ng siwe moe43bal dot | ayout pattern 21 (11 ON dots) amdTaroxwpPriem zed
starting side dot |ayout pattern 20 (8 ON dots) are conbined. In a

conbi ned dot |ayout pattern 22 (10 ON dots, 5 surplus dots), the

optim zation nethod 15 descri bed above3i-s applied to the dots other than
the starting side dots, so as to delete surplus dots one dot at a tinme as
i ndi cated B¢ &Ppattern 22A, and an ending side initial dot |ayout pattern
23 (11 ON dots) which is adjusted to the starting side is created.

Final ly, the optim zahfoer desumiizédg2thabover tine srideeadaix witt Khespect to
the dots other than the starting side dots in the ending side initial dot

| ayout patabere ddsafilesd themdj, ushengngingesitle sotadayoutlet®r nm ne t he
opti mum endi ng side dot |ayout. The purpose for adjusting the ending side

to the 25 sfatthige§i deriSs@s Ffohhowsal Thet 1550 Hheugbni ikl 1059 bl e WO
03/ 028362 PCT/ JP02/ 09726 -34 to prepare threshold value matrixes havi ng

di fferept t . l.ayo tk g?@]@' n_|evels  Lontdui ty of
the gr agat ?Cglﬁltl éf\gl%l gﬁ(gvl %?gﬁgﬁ%}c}g’? Eesgghlgg oséscp’ofal n(;ao(rgltltn i ﬁ%ﬁ@l maydngener ate
pseudo contour or texture, urtherm)re,airn J_5 ineﬁgensirve i ma form ng
appar at use®*ESFs i FITTLR OUt BLGF sEATTH I SHYE & P&Fg2 unmber of
threshold value matrixes. Therefore, by constantly adjusting the starting
si de and t lkdiesding &p dehe eridfdredhatpaybid | side Fedores

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



possible to incorporate all gradations which are finally 10 representabl e
within one dot |ayout of the threshold matrix. FIGS. 10A and 10B are

di agr anms Woro3@§3bani ning the optim zed dot |ayouts for the@CsuRerGInzy si de
and ending side gradation |evels which are obtained by the above descri bed
process. FIG 10A shows an optim zing mmask for the starting 15 side, and
FIG 10B shows the optim zing n mask $®4-the ending side. In FIGS. 10A and
10B, a black circular mark indicates the dot exjsti nj%(ﬁat t he sane position

as the m malsk BB EhENTSERPLS Wigtaadii eGP alaver% G idistatés Phe dot whi ch

does not exist in the n mask but is arranged by the adjustment to the m 20
mask, and alayqufsl &ormerkhwpbf htheraiacaitisnr ipesls ndihcataeatingitdoet which is
arranged as a result of the optimzation carried out after the adjustnent
to the m nasike ddeidaaliby, lehel stwipsl $k tlbsaughSedh shawss wfFcGnt2nuate
repeated a nunmber of tinmes as required, fromthe highlight 25 side towards

the shadow gd 3ﬂ%ﬁn%&%t@x BBL&s ddntdig akbkig@r¥O 0340238364 BCTIIP02/ 09726
-35 side gradation Ieve m and the ending side gradation level n are

pi cked yp t e%ﬁern%avte' Wagk PR W2 h@gss'ggvieg& QR evel nis

new y picke as the starting side ~gradatioh a gradatlon | evel

whi ch det d 5 number. of | | th d d
newly pi cketP s THeCBRHNG <1 ¢ Gt RUAPEBROF oeToTHe aRond 1 me. The

optim zed dot | ayout of the starting side gradatl on level is wused as it
is, and an BREUSESng PREEBE]TT s R¥AIGANSFaBELY ofdiRting the starting

side and the ending side to match the layout, it becomes
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



initial dot |ayout patter of the ending side gradation level 10 with
respect to the starting side dot |ayout. An optim zation 1is carried out

t her eaf t ewotos/ozisser mi ne t he endi ng side dot | ayout. WhenPChgpremiv7iéayout of
the random gradation levels is determ ned as descri bed above, the step $4
shown'in FIG 2 15 determi nes the dot |ayout of each gradation |evel

bet ween two random gradation |evels, -a&5-shown in FIGS. 11A, 11B and 11C
FIGS. 11A, 11B and 11C are di agranms for explainin optim,zation of dot
posi tions a@idgr adacpbhon eleval FetpeerenendspriidR) EedetaRt adthd si de
gradation levels. FIG 11A 20 shows the optim zing mmask, FIG 11B shows
the mrl maskie pdoHedFu tid Gishowsitiee bhei previgis angdieg BadEl GS. 11A
through 11C, a black circular mark indicates the dot existing at the sane

posi ti on agythetiorBskvET oM theasilar bickedi upubartimardcarntidicaied by a
dotted line indicates a sel ectable dot position 25 (candidates), and a

circul ar ngfe kGd1 efe1 | Dk CALES dahe odot WO 03 Q28362 PETedEORENITSE - 36

which is a y an I ncrease of” one |evel of the gradation Ilevel. In the

dat i I I t.1L h dat i - j ' k , th
Cand date JOATTOR fof SRS RIoS 8 10 e adHaa) <01 act n"duh Lo ant of the

dots in the dot |ayout of the end side %r aga{:gon | eve tn. The gosi tion of
the dot tPHésdEeaINe SEfe FRFF TGN LthEC Yot e ATl Ukt & B6si t Fofis

indi cated by the circular marks indicated by the dotted |ine i
optimized dot layout of 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



in FIG 11B, using the optim zation nmethod descri bed above. 10 As a result,
the dot | ayout of the gradation |level mtl is determ ned, and the dot

| ayout ofwoOh/ozeskt gradation |evel m+2 is determ ned si mPCarIPg2/09036
assumng-this tinme that the gradation level mtHl is the starting side
gradation |level. The dot layout of all of the gradation |levels between the
two 15 picked up gradation |levels (stagd+ng side and endi ng side gradation
levels mand n) are determined in a simlar manner., O course, after the
dot |ayout WHah gai pdgpdshdran nip&icgscafd ene| %@V@rd%f gl SrPERtiRel s are
determned, it is possible to enploy a processing procedure which 20

i mredi at el yled&ﬂern‘i nes the dot |ayout of the gradation |evel between the
starting side and ending side gradation |evels. Wen the dot |ayout of all
of the gradation |evelrs ikpedgtddatingd lievelhat+aboyet descitidbedadatien, the
appearing order of the dots fromthe highlight side to-the shadow side 25

Is determ hess eahes chR8i EaYOUL AR 103/ 828862 dot
PCT/ JP02/ 09 6elH?[g$%ELt hr ggh%lggk%g%{e IayoSt o;rLder l-%)of thle di f fusi onotype

t hreshol_.d val ue trix for res | h dO:F
states of ore % gl%gfj ast Se%‘% CFCFOV{) %IH% gge 111%I)a oa@ %hégr\lgat ed I ayout
is used as the basic |ayout 1 shown |jn Glev{el 5 As_descri.bed ab

rel ation tord¥RyG @ift tAe @BE PiJo AT Er ey b Has r18fle?

use the existing dither having the regularity.in the i ght portl on
dependl ng ofet tive beesdhedi da $pketiaslifaomy ther d@he@%@%ﬁ@@?%h?ns and i n

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 startiﬁg 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



this case, the entire gradation section of the highlight side 10 may be
repl aced by the existing dither. Next, a description wll be given of the
steps S6 wand/osdeshown in FIG 2. The steps S6 and S7 car PETAR02/@726pr OCESS
to create a threshold value matrix for representing the halftone by the ON
and OFF states of two or nore kinds of 15 dots, that is, by a three or nore
val ued data. As described above, thi-31ype of halftone representation

met hod may control . the_dot_ dianeter, the_ink tone, qr both the dat

di ameter andhhesROLEnBal Bt 13¥P YOS IERhoaE nEnE , T USL ORs SRR dt %‘?Sq"tcﬁéj sake
of conveni ence that the dot diameter is controlled. 20 First, the step S6
conput es a ilagatiponixr 6pr otkrdsieatiaggehe orabldenbanttheabNodnd QA8 . Then,
the step S7 allocates each of the conputed gradation reproduci ble ranges
to the basistdtapout, ose Rbnd mirdedt,etaathieshof b VdElUeveidatiatx. f dfheeach
guanti zation level. The basic |layouts of the 25 threshold matri xes

correspondidig At@deashont the:siot 4 anet BAsiNQ D3 02836RcRETIIRORE 09726 - 38
are the sane and common to each other, but the individual threshold val ues

and thr §Sh%sdtd\hé%|c9§bghf gﬁé\?gcl?g d%%iatt@gnl 2Youte A€ ;d8t Gy ngo@y a

difference w respect to a non- segnented tone that can be forned by

the correspondi ng dot 5 dianmeter and_the trix size. As.a,result. the
repr esent atﬁag%etr ne Wi BER o S P&&S&ﬁé?ﬂ% %?I Q%eezch& A et Sr VT £ or
the sanme dot area, but the tone change per single gradation | evel can be
mai nt ai ned EoHSCakhef 5RIRLITHEY tie tA6t dPRikelE Portion, depending on

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



FIG 3 shows the threshold value matrixes 2, 3 and 10 4 for representing
the hal ftone by four-valued data using snall, nediumand | arge dots,
respect i WeDy3/oz8362 t he basic |ayout |Iwhich is applied i n ®oFIBoR/962¢ hese
threshold value matrixes 2, 3 and 4. Since the basic layout 1 is the

| ayout of the bi-level optimzed diffusion type threshold value 15 matri x,
each of the threshold value matrixes 2383 and 4 are also diffusion type
threshold value matrixes. FIG 12 is a systen1b|ock | ng an

i mge f or %%y TH6p SARE U IT UM Fe frPe SEATsORAPT t Jrie: lvé H% dat a
using the threshold value matrixes 2, 3 and 4. In FIG. 20 12, a
quantlzatldﬂuﬁﬁmplQOUahu%ﬁt¢@%§ﬂ§eﬁﬂpﬂﬁ velee dhbRranaes ipNthat bayout
four-val ued data using three quantization threshold values Thl, Th2 and
Th3 from t hres bieftermahbe generditffies 602, wibh3raspkB04.0 Fhé0Dhreshel d val ue
generators 602, 603 and 604 generate the threshold values of the threshold

val ue matr is?%%fﬁne%gtea tdnd@neh4t Cid @ePeaenad by € cfrdshenpixgl soof
the-multi WO 03/028362 PCT/JP02/ 09726 -39 level inmage data IN in the i mage

space, gnd guf tn‘% s gpg tﬂs%éegl_?_ﬂ siheeshald, val yes: aschteh‘?ce%?ég@ntable

guanti zati on thresho val ues 1, Th2 and Th3. 'Each of the threshold

val ue gen rators 2 3 and 604 a.nmenpry such as 5 a
ROM whi ch s glé%@ @bf?%%ix>?ﬁ%ﬂ9HBHZ°8f %ﬁed?$w HBTET 74 ﬁegﬁatﬁhxes 2,

3 and 4, and a counter which reads the threshold values fromthe ROMin
response t GHICRE 2EPBCKPBE thh&oRmF CHaresePeT ntRd Fatk 2Rt 1R t®{fse, the

t hreshol d val ue
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-



generators 602, 603 and 604 may be forned by a single ASIC 10 circuit. The
quanti zation unit 600 outputs to an image form ng engi ne 605 a. quanti zed
si gnal wwohsiozsisrates the OFF state of the dot if the pipkelJpexioos of t he
multi-level inmage data INis |less than the quantization threshold val ue
Thl, 15 indicates the ON state of the small dot if the pixel value is
greater than or equal to the quantizat3®n threshold value Thl and is |ess
than the quantization threshold value Th2, indicates the ON state of the
medi um dot +§V&lhéMprReraval HE % s ¢4P8F £RafCor? fguﬁiﬁpﬁt& ttﬁg

quanti zation threshold value Th2 20 and is | ess than the quantization
threshol d vagneratied, thndshohdi vatuss tive tOR shace eferHeatdrge thoesheldhe
pi xel value is greater than or equal to the quantization threshold val ue.

The i nage fwinigyy TRNngi Ma268bd fThis aadhmadethhi thregdprlesentisie t he hal ftone
by four-valued data, by controlling the ON and 25 OFFG states of the | arge,

nedi um and sdrlda 1@9kS cdepesds Neh@ e 0M0RY B28362mEELTHy ROAULDEZE suchOas he
guanti zed signal received fromthe quantization unit 600. |In an inmage

f or M NG sAPPAMGSUCBeb 2L 3PAD! Ex0fe s oRRliba! B 30r Cld GElagnbiAe. contr ol

of the dot dianeter, it IS possi t tarn a sufficient gradation

representation using.5 only the area nmodul ati o Wit hqut Vi to use the
diffusion ¥hHatadh iléifeisc.&’l-émﬂfgrf’ i ﬁeclohlrelg%%n@}il%/ccehirneagiés Eg?m ng

appar atuses which are popularly used, such as the ink-g‘1 egixe ric%g{{,o£he.

el ect r ophot BRIk YA USRI AT@R ‘Rl HAk iPh&pRRPRSE tO
| 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



transfer printer, it is only possible to nake a dot dianeter 10 nodul ati on
on the order of two to three stages. For this reason, in order to realize
a snoot h woadardsen representation in such inexpensive i mMegeE/JIPQ 97269
apparatuses, it is essential to use the diffusion characteristic. In

addi tion, because the dot dianeters that can be nodul ated differ

consi derably 15 dependi ng on the inmagetd-orm ng apparatus, a dot sw tching
such as that shown in FIG 13 is required. FIG 13 .i,s a.diagram_for

expl ai ni ng eSS KEEAi FLETRE HEFSHTEERTFEm Bivp | BIRRHRRET O nERkT h? W -
gradation representation using large, nediumand snmall dots. Unless the
dot switching is madejint ae Heaghahanmgn0apheratys MMl dfeCePahay bk
printed fist depending on the |[|ayout of the threshold value matrix, and

t he advant ageldfzinfoani agttdeelinagaecusongrohre tdre mprte diamaedr datta sy be
lost as a result of the inmage formation bei ng made conparably to the case

where the hisdavak dat aptsiNsedus dibnthgreaseimefpridienbbtievealsidaia is
used, it is WO 03/028362 PCT/JP02/ 09726 -41 necessary to forma

non_seggenhgg..g%%eaggagﬂéguﬂgaﬁﬂﬂ Fifth¥d ndeindi RIS +handi FAES o he dot

di aneter is nor ly se or nore tinmes the resolution pitch. As a
result, partiall over |l appjng dots .ar enerated in t.he ac . ] rage
bef ore t he Bast Féﬁ%&Sver%@ﬁ%YﬁFTlﬁ? %3 a TR 5096 E %§g$f%€2I does
not change by the overlap as in the case of the digital data and the |evel
111" renmi EPRAFIFESE" WaYER R PANE-3GvEr PERS . oBeth €5 'S dPhosEFbl e. to
reflect the overlap to the threshold

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



val ue by sinply subtracting the overl apping area. However, 10 this sinple
approach cannot be used in actual practice. For exanple, in the case of the
i nk-j et pwDrBeeg3c2 nore ink i s adhered on the-overl appi ng pPOTHP@OITB
increase the tone. In the case of the el ectrophotography type printer or
the thermal transfer printer, nore recording energy (charge or 15 heat) is
concentrated at the overlapping porti-@an- and unwanted dot gain is
generated as the concentrated recording energy is transferred to . th

porti ons - sMeceaRArNgte hEo v ér INappPRETERBRY i G99 ¥t HatEaBaVilere K& hr ee
or nore valued data is 20 used, a simlar problemdoes occur with the dot
havi ng t he doraxi BMEtSE Zeand Howayerhet bet piiobiamcds bermebletrthyomak?ng
the dot switching shown in FIG 12, expect for an extrenely |imted shadow

portion. Ot heret heredharrk fobliReodopstchaving ssirzeslot heartiwd it he
maxi mum si ze, no-overlapping 25 portion is generated even when the dot area

coverage | %v%%tla%i?%m? @%Q%&@%&@I&%E@%@% a | 119R%6e apsr dte ithe

possi ble to conp he nunber "of gradation |evels representable by the

dots haying, the various_sizes i ' .he area,go he
Yul e- Ni %I s&iP T8Iy RORY BT - BF° Jt%éC?']%i Eé%tgpAJég%l‘l’é%%é:i Ote°d agg\/g@%@%ﬁ)?&e}s ng the

nunber of 5 gradation |evels according.to the |ayo f the, diffusion type
t hreshol d PRITUENARERI RY Fhe ¥ Fo€8i BFelf oty ecof”ts‘eeyé’qft it?‘FugiL%htajt yéjp‘-’lgCa

t hreshol d value matri x correspondi n% to each dot size. |In addition,
dependi ng @nxih@edbgvglz%Q“tnﬁ@ains o be "1" even when the overlap

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



represent abl e nunber of gradation |evels does not necessarily 10 becone
the sanme for each dot size, but the layout of the threshold values are the
same. Herwo,030vBm i f the dot |ayout pattern for each graaamiJeo/isexel
differs for each dot size, no wunnatural ness occurs when the dot | ayout
patterns are conbined. Furthernore, it is possible to reduce the size of
the 15 threshold value matrix while nai4#-aining the picture quality,
because the zbe f.gr ' l.evel s can be divided for each dot size
and the gr ar%trﬂbé)r'i t%r/lacég g%agérr%rﬁ%vleed%ﬁyc%aﬁg?n % odi dratetiaven for

the same | ayout ., _Consequently, the time and |load required to develop the
t hr eshol d vae&glﬁaf?P§%§e%ﬁﬂ¥5b&ﬁétP@dGEEﬂ,h%Nqufﬂv%‘®@§§Pbl%iZQSJéuuce

the cost of providing the threshold value matrixes in the inage formng
appar at us. SHABIYhPesRd| the Aure severaoer ettedrule-MNielgeaspol yiavedt ican i s
applicable to any imge recording systemwhich represents inages by dots.
The thresholtéevakke. meds i dessrEateed ababe byby herprrRsent thaventhon 4
particularly suited for WO 03/028362 PCT/JP02/ 09726 -43 application

I nexpens? vegpadatess, lewsis agdoR8ihgked etnPriR RS or ehecht PR QAR
type printers and thermal transfer printers, mhicﬁ recorg nmu tf8?§§§Fy

i mge data bukesRANgtydinehi:cont T ok ;& he dat, di qreter_and, the. dot, tone

over a wide range. 5 Next, a descriptio e gi Ve

the image o t rding. to the present invention, which use the
t hreshol d vg%gg E%%é%%?mgf§%§€ P%tfﬁﬁ A PORES R BRASRBAMIT Hyereferring

to FIGS. 14 and 15. . .
‘ In addition, depending on the 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



FIG 14 is a diagramshow ng the structure of an 10 enbodi nent of the inmage
out put system according to the present invention. A printer driver 200
shown i n WD@®3/018362 s executed by a personal conputer, for Perarm/@;26and

i ncludes a pre- processing nodule 201, and a gradation processing nodul e
202 which is provided with the threshold Vval ue matrixes which are 15
created according to the present inventden. The pre- processing nodul e 201
carries out a generally known pre- processing, including color nmanagenent
nodul e ( CMMPP B GRK OTg dREKRERF HIARI &P BG5S 1 HGEL RBNEBFICREtaRgIpLETS,
-correction, and magnification, wth respect to the inage data. The

gr adat i on 29lgrurehoitegraptiul eyRO 2o mjiudierisz @adt hhernabet rhatsf ewhipchnhass been
subj ected to the pre-processing in the pre-processing nodule 201 into

hal ft one datlaidmdedspdofutlhtetedsl Moy alattadbdat aannatsiMichellfe cohteshol d
val ue matri xes descri bed above. The hal ftone data output fromthe gradation

processi ng pRAWR: 202melar nguUPRL IRA QR BELRL 87w 283 Mhgh prints the
hal ft one i mage WD 03/ 028362 PCT/ JP02/ 09726 -44 on a recordi ng nmedi um such

as paper.. Thi truct h in . ElLG_ 14 i articul agl s 0
a;ppigaﬁion 13 ?neipe%%%&g gggf%géﬁéaﬁ%ﬁéﬁlggb?sggbé#égé5%?%%%&Fﬂ5£t%£

structure of, 5 anot her enbodi nent of the i e, out put system according to
Phe presentts B GDRCAPYRERE ShIUEiat0 tons0n PRI T8ene  Ohybnt o0

by a personal conputer, for exanple. The printer driver 210 carries out a
generally/k%k%ﬁh[ﬂﬁ@-ﬁ@@C§§§?ﬁ@?l 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 thréshold 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



including CMM and BG UCR and y -correction, with respect to 10 the inmage
data. A controller 211 is provided in the printer, and carries out a
gener al | ywbroomes3pz e- processi ng i ncluding magnification wpPCh/JrPexpext to the
i mge data. The controller 211 also carries out a gradation processing to
guantize the imge data which has been subjected to the above pre 15
processing into hal ftone data nade up-4f- three or nore valued data, using
the threshold value matri xes descri bed above. The hal ftone data out put
from the coft PoFPEPTRINg mediFpISUEs 88 BAPST magd iffoSHrHELBRYI WD 3 Tof t he
printer which prints the halftone image on a recordi ng nmedi um such as
paper. Thi ¥IG2014t iacpareickiomly suEE&l f6r|apparaatdgnakPylireFrastsifvsy
application to high-speed printers. The quanti zing nmeans of the controller
211, whichprGareirgs out the gradation processing, may be realized by a
conmbination circuit or an ASIC circuit having the structure 25 shown in

FIG 12, for exanple, pbgt {% i$ Al8aPARSERbRiAD MR Q3028362 of
PCT/ JP02/ 09726 -45 realize this quantizing neans by a m croprocessor. O

cour se. oL e L ALELRLLST BLLed, ANGE YLD el et Bl BRIl o,

appar at uses, " s S copying nachi nes“Inc g -digital copyi
facsimle 5 machi nes, and conposite apparatuses i ch hav o] site
functi ons éFeéeﬁﬁuﬂaV??El%?'adbé?ﬁ?ﬁ?gsg§b%% %g)SQVW?bF§,§I§OE§$ﬁﬁsnachines
and facsimle machines. Next, a description will be given of the picture
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



quality deterioration which occurs at a |l ow resolution and/or 10 during a
hi gh- speed recording in an imge form ng apparatus. In the conventi onal

i mge forwDng/ozg3par at uses (or i mage recordi ng appar at use®LTdREN9ES% t he
printers, facsimle machines and copyi ng nachines, the digital imge data
which is forned is a bi-level imge nade up of "1"s and "0l1's or, dots 15
havi ng ON and OFF states. But due tojwsegresses nade in the imge formng
engi ne and the demand for realizing a high quality image, it is becom ng
nor e popul &ealdzpPoEhi flEantiaidld TPARGeP A SN WHI K OCEFER ent s each pixel in
a.plurality of gradation |levels. 20 For exanple, in the ink-jet printer, .
the tone nodul ation 06tbodtswhi dihecpangesrs heeforredfabrlie nak,be he dot

si ze nodul ati on nmet hod whi ch uses dots having different sizes, and a

net hod whi ghusesdbehhihdige toneirpdubphirobuses hadhaands thpythey si ze
nodul ati on nethod are nost comonly used at the 25 present. WO 03/028362

PCT/ JP02/ 09726,; 146 A\- PRESSHI S HQRET BbbPIn BRI GfesaN fhBK1kele head is

formed by a heating resistor which generates air bubbles in the case of

the thermal ink-jet, _a.piezoel.ectrli ! a

pi ezoel Bct FIFCHTARS) ef 1Y aRd RN 8 eegpﬁgg%gﬁrlg%é S&H&Cgrrgl%y # i‘%ﬁmgﬁsei%%se of the

el ectrostatic ink-jet. The dot_,6 size is controlled by controlling an

anpl i t ude, TAOSHLEBSWPEL A, PLU e PLofPRAT IS $hPU%e 2 RETDBFSS° dri vi ng

voltage which is applied to el ectrodes of such pressure generating nmeans.
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.



However, due to the spreading of the ink and the like, the dot 10 size
control can'realize only four states at the nost wwth a satisfactory

repr oduciwplodwgg3énanel y, a-large dot, a nedium dot, a sneCr/Jaa/0%armwd no
dot. FIGS. 16A through 16C are diagrans for explaining dot |ayout patterns
whi ch- are used when carrying out the 15 general binarization process and
multi-level process. FIG 16A shows 4@ dot reproduction for a case where
the binarization process is carried out, FIG 16B shows the dot .
reproduction for a caBePWhesere HENCEAELAEIURART AT |3 AN UES PBRE, 18nd FIG
16C shows the dot reproduction for a case where 20 the dot size nodul ation
is carried fatied byFhGSeatltly thwsdsgor ¥B80-h byyerdkradiasc @liar biabkes i Heli cat e
the dots, and circular marks with hatching indicate dots having a | ower
tone than-the debsokndhsatiesirby tihg-heackachrerdelredtariks elBuethein in
FIGS. 16A through 16C, the dot pattern on the left'indicates a | ow 25

(light) tons, d t | Jhe i ddkejipdioad 65, A cRdbyaaiiR
03/ 028362 %F/?%gfl %72@% I?%fé?h%é(}ne, énd thej dot pattern gn the right

i ndi cates a .high_ (dar or _ maxi t ' _ e roducti on
Shown | 1 FIRASERE6ART APBUGA S6C The “SAGHRLS oF 1 A e On (erbagr cally 5
determ ned by the control | abl e dot size., The anount "](')fL infoimatiOﬂh

i ncr eases a%lzterlésnﬁﬁB*éFo%%e%(ﬁﬁrc‘(ﬂr’ltefﬁllilﬂgt = LG e 8 B 5T o T RE eby

enabl e reproduction of a high-quality picture close to _the orjginal image
dat a. But & mdedberi bédpulses and the like of a driving voltage which 1is -

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 casg 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



above, the nunber of controllable dot sizes is only on the 10 order of one
to three (or four when 0 is included) in the case of nobst ink-jet

pri nt er s.wpto3jogs3pnssi bl e to i nprove the picture quality POTAPERMTZ N
extent by conbining the dot size nodulation. nethod and the tone

nodul ati on nethod, but the load is then put on the col oring agents (dyes)
and recording units 15 in order to achieve the desired picture quality.
Consequently, due to cost and size restrictions on the inmage formng

, appar at us, t4ne i angnlthepgssi Pretad iWpihee rigBt piRdtFEfuA PLGRt 692 %o ti mes
at the nost, even when the dot size nodulation nethod and the tone
nodul at i on eetdeodmenmg ¢onbi.ned. 20 In order to conpensate for the
insufficient anount of information per pixel, a pseudo gradation
representation whichacsoganggatd yeelfdrry edptrodastdohadHdvananpFAGBSS i S
used as a technique for controlling the nunber of dots per unit area. The

pseudo gradadi on,feRmESERt ath ot sent s rbhRs 2ooRuNbelaQfcadet,s whi ch are
arranged as a tone, "and represents a WO 03/028362 PCT/JP02/ 09726 -48 |arge

nunber %f %ﬁ%%ﬂ#%%dhségkgSPg?é¥¥g¥Ea et%%tdgg?EFy fﬁe éﬂg%nQQEf The di ther

met hod isA%% y € pseudo gra ron representation, .and
typical dither nethods are the 5 systenmatic dither th and. the random
di t her netthﬁOfﬂﬁ¥%9?sﬂ§ﬁﬁ?PEeﬂi§§K§QQH€FWE rs8fsc%9§£5§%é§¥% gofoﬁla??her
matrix) mnmade up of n x n threshold values, and overlaps this dither
matrix withindredsgsut tiondgerely cormiaice repeclftirevef phighcruality
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 represents the

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



pi xel and the corresponding threshold value in the dither 10 matrix. A

bi -l evel representation is nmade by setting a value "1" (black) if the

pi xel valwe odf2&3be i nput image is greater than or equal POTURE/09726
correspondi ng threshol d value, and setting a value "0" (white) if the

pi xel "value of the input inage is |less than the corresponding threshold
value. |If the 15 processing of n x n -piskels ends, the image is forned by
repeatedly carrying out the above described process while successively
novi ng t he diadfe PURREE] KTt oradatinGsiLeVEhS oY t FlRANHEG thex dRnpi keIt FI Gs.
17A, 17B and 17C are diagrans for explaining 20 the systematic dither

nmet hod. Fortlexaogl.e, with respect to an input multi-Ilevel inmage data shown
in FIG 17A, a conparison is nade with an n x n dither matrix shown in FIG
17B which is created byyecapieet efgihoed isepbpdlatienosediiioy théepgeudd s of
the input imge having values greater than or 25 equal to the corresponding

threshold v ééia?:é%heréﬁPé%?pa%ny\Dag_é/ 0483621 REWNH204/09648 ardSrlots as

shown in FI O course, it is possible to replace only the pixels of

the inpyt is%%&%@éi?gg%%%%\g%geéheosds a h@ﬂet ﬁ%mg&ﬁ r&_-&l%%qd}ngghggr esﬂ% d val ues

by the dots. case eret ots are bi-level, "5 that is,
the dots have an ON state or a F state. However t he.dots be made
to have nult¥SYSBRELE By “RBELTD SEhE 2r BPP GBI 1 &G g&%ﬁ%rﬁ%ﬁi ninto

smal |, mediumand large dots as.shown in FIG 18. FIG 18 . is _a diagram
showi ng a 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



correspondence between size nodul ated dots and dither mask. 10 In this
case, a threshold value matrix corresponding to the dot size is used for
each of twe osned3b2 nedium and | arge dots, when maki ng t h@Crarpadrzon with
the input imge data to make the replacenent to the dots. FIGS. 19A, 19B
and 19C are diagrans respectively showing the threshold value matrixes for
15 the small, nmediumand | arge dots. -@9-t he ot her hand, the random dit her
met hod generates a randomvalue with respect to each pixel. of the input

i mage and 468§ ehesk@ferid edCvallde- - QT tHE EIF-edfoltd POSFHRIS -twever, the
i mge forned using the randomdither 20 nethod is not very snooth in
general , amepilscensuly ethd grixellgprbvimg itmutpiimagee hquangt yakizescdgsdred to
the systematic dither nethod. Furthernore, the pseudo gradation

represent atthef tRBYcderdmsmdingt Rareskord diffussi @y rathadts However, the
error' 25 diffusion nethod requires a considerably conpl ex process when WO

03/ 028362 PCT/JP02/ 09428 1RO temRakredato wherdidherowst hedshi-Fd&se120 is a
diagram for explaining a bi-level error, diffusion technique. In FIG 20,

2 koD ST L Rat 187 ML o Bk HEAN Al HluSL AN REOGES DEF] Qe Bl ARKAIASY A

mar ks 57 i ndicat e t he pi xel's havi ng are circular 'marks
indicated by a dotted |ine indicate pixels, havi he dots mhigﬁlare OFF,
and nuner al*&€i AAFE aPRY thfe “ﬁﬁ‘{%elté’ \%}ﬁ?’gkﬁméi%l "ierl%e prSEﬁ%%%JcﬁgA Step ST2
carries out a threshold val ue,
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



process shown. eXs, denotes an error generated by the threshold 10 val ue
process, and indicates a target pixel which is the target of the next
error di fwo9Bwoz83p2 ocess. A step ST3 nultiplies an error wecghrox@re x EVW
to the error values of the processed peripheral pixels, and calculates a
corrected pixel value CPV by adding the error 15 weight matrix EWMto the
val ue of the next processing target —fidxel. X indicates the target pixel
which is the target of the next error diffusion process. A step ST4
conpar es a SPrmRaged(Bp Ve i ATer MFB8HBLd val ue and the corrected pixel
value CPV, and calculates the ON and OFF states of the dots_and the 20
error value (eXy), whEE@.ndh-isegmevieedainmge ¢xPiadiicwt édPpylevebs” and.
solid color is indicated by "0". Hence, the error diffusion nethod carries
out the thresholdryatuen ptagessnfear eachii x20, andteg 851t hareieproutwhil e
reflecting the error to the latter calculations at a 25 predeterni ned

ratio. Hencg, Jhgrensorudidd ysiesmethodncannI¥2103/i028362 REFkIP02/ 09726
-51 feed back to the output inmage even the amount of information which is

forcibly disscarded %ﬂ?i€f%éﬁé'H%bi%@p%ﬁésdogge&ﬁ%ah JRKIoRg Lireesstble to

obtain pil(?t ure gua ch 1s ~inproved over the dither inmage fromthe

Tade o fUrEH FHDYGTESE S F ESOR o Rni T GHT AR AR S pr At ar o

quality byc&&% wﬂﬁgﬂegrgggggﬁin%P%U%LEQESdiﬂéfgégg-ﬁﬁf?ﬁge gsgﬁigEQngove'
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 error

while reflecting the error to the latter calculations at a

25 predetermined ratio. Hence, the error diffusion method can



This is because the individual dot size and separation of the 10 dots
becone small as the resolution becones high, and the dot patterns

cr eat ed' byotobe283st her nmet hod or the error diffusion nethedThecxyeeanore
difficult recognize. If the dot pattern is not recogni zable by the human
eye, this is equivalent to naking a nulti-level representation by one
pixel. In ink-jet 15 printers which havelbeen recently devel oped, a

resolution o i ealized. Although the picture quality is
i nproved by f?%%?%%%ﬁgotEggrgggﬁ%&i%ﬁﬁgﬁﬂﬁgegoggeogm?Wﬁﬁﬁﬁ%d?&Pﬁ@aEﬁP¥
i ncreases aqﬂmEQFjgggprdng (grintiggg,speed decreases. In 20 order to
realize the high résdCationy G-RFYIRDT ddi Shendebher droqess egbpredyt o

mai ntain the high dot position accuracy, in addition to the requirement to
form dots WiiEH 1 &tspapFeblet Harrhtisd ncenvéntitomadial iusedihdehsisAs a
result, the cost of the inmage form ng apparatus inevitably becomes high.

I n 25 addi t iEmromeeh ousirnghe hél seare imeger dicag tiné tpoidt lbakesSennse MR

03/ 028362 PCT/JP02/ 09726 -52 tine to nmake the recording for the higher

resol uti én besalseiohhengovies agecar ea per dot becones snaller for the
hi gher resolution. But in actual practice, there are cases where a 5 high

picture quality is preheitedoRUsls the %%gﬁédﬁggeS&?%ﬁnﬂﬂg¥ég$§%b%§nﬂ5glSO

cases where the desired recording spee d Ccost are pre ( g as
a picture aualdhubbangh;1an,a; ALgdet gL ned qualify, i optainable. In

ot her words,

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



not always the case that the high picture quality is required. 10 But up to
now, all enphasis was put on further inproving the dot form ng speed and
further iwproe®2ssg2zthe nounting density of the recordi ng kairtygodmp7zeeans of
hardware, while maintaining the high resolution. In other words, the
enphasi s was put on increasing the recording speed of the 15 image form ng
appar at uses which are designed for theshigh picture quality, and not on
inproving the picture quality of the inexpensive inmage form ng apparatuses
whi ch have tiow teseket tbasregpehinhdogashaghi Blee¥ edivtd o8peeaaBfe t he
image 20 form ng apparatus which is designed for the high picture

gual ity, itthe dayeosgiebbect operaldizbecomssdemabl er i fmpr dbembagheirn t he
recordi ng speed unl ess the recordi ng sequence itself is nodified, because
of the costrgastydiehi.ons and restrictions on the nmounting area. In

addi tion, when the recording sequence 25 is nodified,. it is inpossible to
apply the image processing, Q034028362 ;RCT/ 1R02L 09726:asA3 whaket Be hi gh
resol ution unless the imge processing itself is also nodified. As a

[t, it . t di f h i i j h
e 5 ARpoReSagy 0y oSy e, Linge, a oce e SeRendbag ond e

nodifie nce: € conventron I mage

apparatuses, only a 5_sinple inmage processing i.s applj.ed, and no attenpts
were nmade ¢ podnd #eE§ Fﬁﬁ?%v%b??ﬁaHﬁecgﬁﬁégﬁﬁaf?$gkéﬁ@§kﬁpeﬁdd@§ ription

w |l be given of enbodi mrent of a gradation reproduci ng nethod, threshold
val ue matrisgst rege preferred as long as a picture quality higher than a

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



processi ng nmet hod, inage processing apparatus, image formng 10 apparatus
and printer driver according to the present invention, which can obtain a
sat i sf actwoyw3fp2ssbure quality even at a | ow resol uti on aneConreu9rzsg a

hi gh-speed recording. FIG 21 is a perspective view showing a structure of
a first enbodi nent of the inmage form ng apparatus according 15 to the
present invention, and FIG 22 is a site8view showng the structure of the
first enmbodinent . of.the image formn apparatus. For the sake of i
convenience}ggiégg EiggnﬁeﬁgfgWhWVIﬁ §Pt ARE 1AL RHCSFEPEET0t tEREL i age
form ng apparatus - although actually not visible in the perspective and
side 20 vi eSO FOHAf§eE} 1 sAs entiGdUEnt 16f 18 heeGerRpeyf doniegdifappae at us,
the present invention is applied to an ink-jet printer. In the ink-jet
printer shovmaige PreSesginante@diag pni hhé ngodietiwhirsmo2diag ps eyhatats .
within a main printer body 1. 25 The printing nechanism 2 includes a
carriage 13Buu ¢h tBe WbRABDREIBA RGRLSPEBHRNTIR Gippad thiRwabl eniyp &4 main
scanning direction, recording heads 14 nopunted on the carriage 13, and ink

cartridges Kamboe isaeelyiseddiks; Q gﬁgué&}“é}wgmh%%@ém&?evg%%fma%é; :

supplied froma paper supply cassette or a manual pape tray

and the priﬁhipgsgggpgf§s ﬁé&%§§%g58§§tﬁﬁg %Mﬂﬁ¢§he paper 3. The paper '3

recorded wi eInage is e e pape ejéﬁt tray 6 which is

| ocated on a rear side_of the in rinter_ body 1.
. Next, a &g%crip ion will bé/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



In the printing nmechanism 2, the carriage 13 is 10 slidably supported by a
mai n guide rod 11 and a sub guide rod 12 so as to be novable in the main
scanni ng wprogao2d3en (in a direction perpendicular to the paparo2/y7i G

22).. The main and sub guide rods 11 and 12 are provi ded between right and

| eft side plates of the main printer body 1. The recording

15 head

made up of ink-jet heads for respecti+si-y ejecting yellow (Y), cyan

magenta (M and black (Bk) inks in a downward direction. Th

e

cartri dges "ovARleahRsy MSLN fererddpel fLRECEHE y TS BHILPE, PEFaR J(%:)
(M and black (Bk) inks to the corresponding ink-jet heads is detachably
20 rmount ednomuntteg ofi the carrizgpe 183. aBdchnk ndaxtariddeggd 5150has an upper

openi ng which opens to the atnosphere, a | ower opening for supplying the

ink to theuwpliyesgondksgtd iy eledseatngandads ppt OuPameiresi b sprhied s
provided inside to hold the ink. The ink'w thin the ink 25 cartridge 15 is

ol ntai ned d0:RaSLEgBL| vudieORtiaa dEsaUse DIRNODS028302.RETLARD

-55 the capil orce e porous material. The ink is

supplle

ok carbrl 998 13 toraﬂgfﬁgnﬁeecsfpa% W9 LBEsLSL o el%geT;a%O;ﬁarpgb

(downst ong paper ranspor rection

is slidably supported by the naln ide rod 11, a t fro
(upst r eam Si'fe P2RPENG FRECTAFLM Y %ESOFWaﬁ?r%%t?¥ﬁB€%?%P

slidably supported by the sub guide rod 12. In order to nove

nt side

eject tray 6 which is located on a rear side of the main

printer body 1.

In the printing mechanism 2, the carriage 13 is

s 14 are

(9,

magent a

4 09726

d to the

t he carrlage 13

hé B%???age 13 is

10 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

15 heads 14 are made up of ink-jet heads for respectively

ejecting yellow (Y), cyan (C), magenta (M) and black (Bk)

in a downward direction. The ink cartridges (ink tanks) 15

inks

for supplying the yellow (Y), cyan (C), magenta (M) and black

(Bk) inks to the corresponding ink—-jet heads is detachably

20 mounted on top of the carriage 13.

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

25 cartfidge 15 is maintained to a slightly negative pressure by



the carriage 13 in the main scanning direction, a timng belt 10 20 is
between a driving pulley 18 which is driven by a notor 17 and a follow ng
pul l ey 19voand2e3bi s timng belt 20 is fixed to the carri @ge/Je@/ooEnce, the
carriage 13 nakes a reciprocal novenent as the notor 17 is rotated in the
forward and reverse directions. 15 The recordi ng heads 14 are nade up of
the ink-jet heads which eject the yetbdw (), cyan (©, nmagenta (M and

bl ack (Bk) inks in_this enbodi nent. However, |s p055|ble to use a

si ngl e-reco Qﬁrﬁfﬂ%%%&r%h?EHC%j%Enﬁﬁ%IR?F?@PIHﬁF%ﬁéa cydif ¢Ef, Lfmgenta (M
and black (Bk) inks. As will be 20 described later, it is possible to use
for the recoibligchdadthedink praybaldsst LiSc tpypee| @ﬂkrlf%ﬂtpqii@aagvmnb’rﬂ ¢tcl udes
a vibration plate formng at least.a portion of a wall of an ink passage,
and a piezasdetiric el ement which deforns this vibration plate to apply
pressure on the ink: 25 O course, the structure of the recording head 14

WO 03/ 028362 PCT/ JPO2hP726ar- 56dd S(dinstirEuiedi 80 dl¥npRaepaper exanpl e,
it is possible to wuse an electrostatlc type ink-jet head haV|ng a

b f , fixh f
vi brati %nan%lé Shor %ggceg_ohfa&% HhdP trjrgggg 15 Nes da%l &lfte

passage, an“el ectrode confronting t ration p ate re the

the ink. | IPBddt FBHS BELFE Bidelbr 670 Gsbramt ekl p@%@éeﬁbf T head
whi ch gener at es alr bubbl es by heating the ink within the ink passage
using a hea%49ﬁ9 he paper traasport dlrectlon) of the carriage 13
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



resistor, so as to apply pressure on the ink by the air 10 bubbles. On the
other hand, in order to transport the paper 3 which is set in the paper
supply caweeties3d2 under the recording head 14, the fol | owCagPoewhzni sms
are provided. That is, a paper supply roller 21 and a friction pad 22 are
15 provided to separate and supply each paper 3 fromthe paper supply
cassette 4 towards a paper guide nenbers-23. A transport roller 24 turns
over the side of thelgaper 3. A transport roller 25 pushes agajnst the
peri pheral iFumPicd 1B ted hieo tFSHOVe -r of PeresdPIe ¢ i efdPPEFHere 26
restricts a feed 20 angle of the paper 3 fromthe transport roller 24. The
transport nod em 2decsrdstaeir byre rokoleR7head agesr & wébraki®m A paper
gui de menber 29 guides the paper 3 which is fed fromthe transport roller
24 in corrgspordeneringt Bt t heaAd ampeirigonangetiod wald odr thagend3 in the
mai n scanni ng direction, WO 03/028362 PCT/JP02/ 09726 -57 under the

recording g4 afAdt BRANSPAH - R |8h r3dnWihG s vidiaveBnt pLédeed the
paper 3 in'the paper eject direction, is provided at a position

confronting.a roller ' ownst.r i Okl menber
29 al oné t%”éhepraepéclrheSV?%jé%g%%é [belcﬁt%e\ggi gﬁsgl@nu%%g{ ?éléaté&gggﬁgg%%cfg% | er and

a roller 34 are _provided to eject .the paper  3.onto the.paper ..eject tray
6, and gui de® AT ET88SHRA %%'§¥% anggda?%l?%ﬁqn 4% pap Psﬁf%%?-%%th.

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,



At the tinme of the recording, the recording heads 10 14 are driven in
response to an image signal while nmoving the carriage 13, so as to eject

t he i nks wotos/0ed3e2 st ati onary paper 3 and record one |inePCTHeO2Z®%16 | ine is
recorded after transporting the paper 3 by a predeternlned anount in the
paper transport direction. The recording operation is ended 15 and. the
paper 3 is ejected in response to a recgyding end signal or a signal which
indicates that a rear end of the paper 3 has reached the recording region
of the recordhidff Weadsceadipgrieasierhf unpt t3anpont remiged &1 ahpokitson on
the 20 right side in the noving direction of the carriage 13, outside the
recordi ng redfiioren Tie feedovbeypaper 37 innthedpspar caped®alisec&i8H¢t i®n nmeans
and a cl eaning neans, for recovering the recording heads 14 froma state

where the inke®jieled af hkSpodet £in WALRGn@Engngatbsi&CtHr Y onThgecarri age 13
is noved to 25 the position of the recovery uni t 37 duri'ng a recording wait

WO 03/ 0283623 RH 1827/ 994260 ¢ - 8 Pkt Roabalnidie Jecarding,Degds, 14 are
capped by the capping neans to prevent t ein ejec lonn P or 1t he
recordi ng [ a ging. _In addition, mhen a purge
operatlon |s car% % oquC¥ reggﬁbhe £hBPTR ¥ SHi R HETnBEY &l ated to

t'he recordin 1ﬂ§rlﬁg the recording or the |ike, the suction neans sucks
the ink fro 25F RTPBHIGHZEA €16FLt Hae ceRRes pormiiteg thecbarkhg head

14 and cleans the ink ejection nozzles by the cleaning neans, so that
eject tray 6, and guide members 35 and 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
signel 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



the ink viscosity is maintained the same at each of the iRk ;Ok?jgftlon
nozzles to maintain a stablehink-jeE.perfo;ggngﬁéksvrﬁg }mzibgﬁm&MMmbles
det eri or aWew3/028352 exanpl e, the suction ne a0 ®S s

[ [ ' tate where the ink-jet noz
and the like fronthe ink-jet nozzles in a s _ pozzl

i t he cl eani ng neans C

| ed by the capping neans. As a result, _ Bans »

?;ﬁnvze?he ini, dust Bgrticles and the-38ke adhered in the wvicinity of the

o . . t 1he
i nk-j ©%e t i y_recover the_ ink-jet perfornmance o _
:ggoiggngoﬁﬁids i4?°$ﬁ§5%nﬁ§% ?%ﬁﬁfﬂépgdhﬁﬁth%4r%%%ﬁ@ﬁ@ednby BFeare drai ned

[ he main
[ 0. t shown) located at the |ower portion of t
t28 ‘Spi nt lér d[%§§lfgar§§%£$ gt%&%‘”cﬁvﬁ)él& Bieaink nid %ﬁsxﬁrflmggzﬂ{%eof ath]t-heE pr ovi ded
! . . . . O
i thi i nk _drain tank. Next, a description w be given
\rMef:glrgi tnSe FESGT ARG heads i Hk-from plnrymwran@ycn_rcejgam@,ngIhoagdlq?or@ Cdin
through 27. FIG 23 is a disassenbl ed perspective view of the 25 rec g

head. FI G Zhepsaap@rmsoxm@tﬁi@naﬁsybgﬂ\tiéd tchﬁ; \A@tgsggggggﬁ Jgjgl;th/él\] Pg%ﬁ{OiZ(ZjG

-59 recording head al ong a Iongipudlnal_dlregflon‘o%r?no;nFIG- N FiG. O
3s awhiehl as gesk ey t3HOWo NGLAN-d I ur the 3 T

FLGA g?os: sectional view of the recordlngjhggg'a?oﬁg € SFHYEHng g8 of

i I i how ng a nozzle plate
h riile F etk s..a.pl an vi.ew s . Doz
gpethgk ?egg?ﬁi%Bﬁiégg%h$ﬁgtﬁg§;?§%%% ?ﬁﬁ%% % < ﬁﬁgéfF@?'Wﬁélmﬁk j et head,

includes a &ow passage  form ng substrate (|l ow passage formng

corresponding recording head 14 and
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



menber) 41 nade of a single crystal silicon substrate, a 10 vibration plate
42 bonded to a | ower surface of the flow passage form ng substrate 41, and
a nozzl e whaB®28s82 bonded to an upper surface of the flowppagseg®7icor m ng
substrate 41. Ink-jet nozzles 45 for ejecting the ink are forned in the
nozzle plate 43. The ink-jet nozzles 45 conmunicate to 15 pressure
chanbers-46 which formink flow passagée®- A common i nk chanber 48 supplies

the ink to the Rk ch rs, 46 via an, ink supply passage 47 which
functions as a fl o?vgpgg%‘gg%lonr Si gf’&ﬁ&*éu%?ﬂ éﬁl_r%&ﬁlﬁr@ PEsptEMt thin film

50 nmade of organic.resin _is formed on each wall of the pressure
chanbers 20%2‘8?18 %é % %m?y:’ p&s&BgenLyreett viver cbowdngi ak iishen 48

whi ch contact the ink on the fl ow passage form ng substrate 41. A stacked
type pi ezoeP8&trPE Bl@netft- 5ZIGs Bbovs dedeiascarcespanlencs, W ¢ hgach
pressure chanber 46 on the outer surface side (surface side opposite to

the conmon FRROEABMDEIcaR5148). al Bhagehs | He e thkezge! 8l his. el ement 52
is fixed on a WD 03/028362 PCT/JP02/ 09726 -60 base substrate 53. A spacer

menber 54 i Bupthwi deticar aundst Bep1£9Ws: &F JH-5Z0el gciric. el nts 52. As
shown in FIG 25, the piezoel ectIr)i c el enent Og’gﬂghgsﬁ%zzs B SsCtfutbire.

al t er nat el yraa,yfdlglga Hisgzoel ectric 5 material 55 and an internal electrode
56. The corresponding pressure chanber 46 is made to expand and contract

due to contraction aniqle@é%an%(ijon (r)g the piezoelectric elenent 52 having a
pi ezoel ectric constant of d33- VWHESEUrYVi *§38i §Ral the ink—jet head,

includes a flow passage fotming 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



is applied to the piezoelectric element 52 and a charging is 10 carried
out, an expansion takes place in a' direction indicated by an arrow Ain

FI G 25. wWooshes3er her hand, when the charge which is chargedrPiaIrive

pi ezoel ectric elenment 52 is 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 nenber-@&% have penetrating holes which form

an ink supply openlng 49 for supplyln% the ink fromthe outside to the
conmon i nk R&TEFEPSAEAtA Rdad & rHAESE7OFEPEE AR dL T RITAANCEpBXFUIRLSTHE of

pol yphenyl ene sulfite by ejection nolding. The outer 20 peripheral portion
of the flowqessdgeirteralagtsibstliemeatslis2and the | ower outer edge portion
of the vibration plate 42 are bonded to the head frame 57. The head frane
57 and the base subsksatko®bl at &1d.xed ,t cheaphe nbdbrctati ca epemenons% not
shown) Dby use of an adhesive agent, for exanple. A*flexible printed 25

circuit (FRQs cakkecr8qf QErﬁ@MQ'aﬂ&e&nQEéY}/nﬁa@iﬁ\% Pi®z¥01 08£P28362
PCT/ JP02/ 09726 -61 connected to the piezoelectric elenents 52 by

sol derigg, p ﬁ%&) ‘3298?80&9 @1% 530754\ “ - handip oncﬁ I ving

circuit (drlve or se ectlvely pplyi ng the |V|ng |gna

(driving mavefo&g) ezoelectrlc ele nnected to the
EPC cable. SESR Cr1612EPSE: 2 TOTETE TPha RRRg I E L GRS FIERS fof mi ng
the fl ow passage form ng substrate 51 may be su iected to an ani sotropic
et chi ng usi R HrCALHRR PRE %%E%ﬁﬁﬁOQSQéht5§ glezoelectric element 52

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-



pot assi um hydr oxi de (KOH) solution, so as to formthe 10 penetrating hol es
whi ch becone the pressure chanbers 56, a groove portion which becones the
i nk supplwopasssage 57, and the penetrating hol e whi ch be®oraBIY/¢¥226c0MON
i nk chanber 58. As shown in FIG 26, the vibration plate 42 is nmade of a
metal ; such as nickel, by electro-formng. The vibration 15 plate 42 has
thin portions 61 corresponding to eachspressure chanber 46 so as to
facilitate deformation of the vibration Elate 42, thick _portions 62 which
are bonded annesaedpites 6be i3 EAHERt §15PeNERE MY I8OLERELRBAs 63
corresponding to partitioning walls between the pressure chanbers 46. The
20 flat surdrdcetsiogecotottiecwbribtlimonAgFat er4@itsndrdrmdeldnoe t Redriviow
passage form ng substrate 41 by an adhesive agent, and the thick portions

62 and 63 didhatviBraveenipl d® #AX akeechonded dpolhedhead tranend7 by an
adhesi ve agent. Columm ©portions 64 are provi ded between the base substrate

53 and the %%rfaqr reSRONEL NGad o Sl )P QB8 B3eRbeidieMidDAkneAL PEALEs 42. WO
03/ 028362 PCT/ JP02/ 09726~ -62 The col unm portions 64 have the sane

structuge as the i ez0 ctric. el.emehts 52. The nozzle plate 43 includes
t he ink-%j etcorﬁ)nz(_:'zcltgélal ig %hgv%\% e ci]'leg%rfgt’er of approximately 10 gmto 30 , gm

at 5 positions corresponding to the pressure chanbers 46. Th nozzle plate
43 is bonded to the-f@o%ﬂb%gs%iﬁﬁﬁéi iR tieg O§u5§?r§f%9%ﬁ.?ﬁyégﬁ?aaﬁgé?%%
agent. The plurality of ink-jet nozzles 45 forma plurality of dot formng
means. As showpinion the flow passage forming substrate 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.



FIG 27, the rows of nozzles 45 (nozzle rows) are arranged 10

perpendi cularly to the main scanning direction. In each row of nozzles 45,
a pitch bwowaezs3the nozzles 45 is 2 x Pn. A distance bet REEFAPO®720M0 I OWS
of nozzles 45 is L. In addition, one row of nozzles 45 and the adjacent
row of nozzles 45 are nmutually shifted by a pitch Pn along the sub
scanning 15 direction, so that the nozgbes 45 are arranged in a zigzag
manner. Accordingly, an image having a pitch Pn can be formed by one nain
scan and suBRScELUTTh@orsione bt dravesFheayape FadeCHITS afettd® such as
stainl ess steel and nickel, a conbination of a netal and a 20 resin film
made of a polsioeldetresi plehentex@@mpl e, silicon, or a conbination thereof.
In addition, in order to secure an ink repellant characteristic at the

nozzl e surface (ink ejmeet nBgz1supfaee 4f imheuaezztre plai-e A3nbavisg ihe
nozzl es 45 through which the ink is-ejected), an ink repellant |ayer is

U0 031 028365 P TPOrO8TTE Of e Spali ot Coaliha PR PHY (Hc Lot  head
havi ng tShe SésriJCjPoLljar & c%?r? rsi gﬁgin ab@oved et h%egi ﬁ%ge&? rér% ql|6em3?f1§ 52 are
Iyp W 8 § ﬁ S& Vo el'y

sel ective applie riving pu age oOf approxi ma 20 Vto
50 V, so 5 that_each sel ected giezoelectric el ement which i,s applied with

the drivi ng*PRAse RiGittade 8 BrRirdded the fARVIPTFERATOE I Ghi ch t he

| ayers of the piezoelectric element 52 are stacked. As a result, each
sel ect ed pi eFosieda i4d BVeppnddiEes ief goest. The plurality of ink—jet

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 betweeﬁ 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 ejeéting
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



t he corresponding vibration plate 42 towards the nozzle 45, 10 thereby
causing a change in the volune of the corresponding pressure chanber 46. A
pressure WO oBlessenpplied to the ink wthin the pressure ebampex09s and an
ink drop is ejected fromthe nozzle 45. The ejection of the ink drop from
the nozzle 45 15 causes the ink pressure within the pressure chanber 46 to
fall,, and a slight negative pressuresgs generated within the pressure
chanber 46 due tb inertia of the ink flow In this state, when the driving
pul se vol t agerebbiite¢aedinge piezoelectric el enent 52 is turned OFF, the
corresponding 20 vibration plate 42 returns to its original position and
the corresponding preéssuhe ¢hanbet W&d étawimg tbei ssruriwicnalscshapd
(volune), thereby further generating a negative pressure wthin the

pressure chapbes, dhe IPlcbesecstal €, eldi@nitRK 50Sarsuppl éed Jalgmappeieak
supply opening 49 and is supplied into 25 the pressure chanber 46 via the

ik supply pasage: AL ehiYD 031 020367 tg&e&%g@@fﬁo B4 f gpn, the f1ow

passage resi stance portlon vi bration of the |nk meni scus

surf ace 5at %: &t NOZ lezo\{:@ecsér%.bclslfllF%gn t\pf?l § %%p EGWYQM age

is applied Fhé“:plezoele§t¥|c e he next ejectlon
Next, a description will be given of a gontroller e ink-jet prlnter
by referring € TFERDEUIEEEYObEAGR i WyRlanes) bEktl?J‘? égﬁﬁﬁt@@ erdlly

showi ng a controller of the ink-jet printer.
which the layers of the piezoelectric 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



The controller shown in FIG 28 includes a 10 m croconputer (CPU) 80 which
generally controls the entire ink-jet printer, a ROM 81 which stores

pr edet er mvoed/otd3sed information, a RAM 82 which is used &€TaPmMk26ar ea, an
imge nenory (raster data nenory) 83 which stores imge data (dot data or
dot pattern data) transferred froma host unit 100, a 15 parallel input and
output (PIO port 84, an input buffer-83- a parallel input an output (Pl O
port 86; a waveformgenerating circuit 87, a head driving circuit 88 and a
driver 89. VaFrM®uEhe nferhEaseRIgnaeghs R POXE iPRe | Hegee daafden thesf erred
froma printer driver 101 of the host unit 100, 20 and detection signals
from vari ousibeaktes @f ehenpmk tenfiheus R fzaret a84thénnazzlld 4 decays
predetermned information is output wth respect to the host unit 100 and

an oper ati oanpagehibinotes ShOWNHrViand heuINOWRARag84is Thsp WaMEQ) Mhe
generating circuit 87 generates a 25 driving waveformto be applied to the

pi ezoel ect beoglenBats; 0,03:026362:ECTIPOZL00126 30552, of the r ecordi ng

heads 14 w || be described | ater esire dr|V|ng wavef orm can be

gener at by a sinp siructure sin i.gital -to- nalo

convertgg whi ch bjeé?é ‘a d%FV|nXp§%%%g%?%1égi§10uPpu ?ronﬁ%ﬁ&léﬁu 80 to

ab dlgltal-to ana]o (DY A) .conversion. The head dr|V|n% circuit 88 applles
i

the driving® m%%%f%ﬁ&nlﬁﬁmﬂrFﬁ§eﬁav%¥oﬁ?ﬁ%ﬁﬁﬁﬁgaﬁpnﬁlﬁrr% t BFt38tha

pi ezoel ectric-elenents 52 of the selected channels of the
system block diagram generally showing a controller 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



recordi ng heads 14, based on various data and signals received 10 via the
Pl O port 86. Further, the driver 89 drives and controls the notors 17 and
27 based w0 odwessbng data received via the PIO port 86, s®cCagroxnmve the
carriage 13 in the main scanning direction and rotate the transport roller
24 to transport the paper 3 by a predeterm ned anount. 15 A description
w Il be given of adriving and control-&®ction of the controller related to

t he driving d ntrol of. the recording heads 14 will now be described
with refer efl%eoftgc I &%F%@W%ﬁ?ﬁ?{jﬁs 3t FPe wobl ke daspaibpiplebke, dibegr am
showi ng the driving and control section of the 20 controller, and FIG 30
is a systemIRTAIFEYARY s TRF™ Iven headederatary byl eceiitpB8. FIG 31 is
a timng diagramfor explaining the operation of the driving and control
section. |n Fmctage hymasmgantdigilted -¢6PhhaBdg p(megssesvettentwikada (dot
data) which is received fromthe host unit 100 25 as print data, and

carries out subjeictiscal dtOvhey ivonrtfirm\@:.03/ 928362 RGH +BA2LPY726 +s

6
conversi on depending on the |ayout of the recording heads 14. In ag\di tion,

the mai nscontil@hher+81la9eNey a{lﬁ/%)ac%h%ksﬁ&il“ ng data SD which is required
to control.the ink drop to a large drop, nediumdrop and small -drop (and .

no drop or no printing ., car.respondence Wit h three-val ued, (ternary)
data, and supplies the%}f%%é&}jr|r\}1vﬁ§%d5f5m§5:¥\%§ P HESd BT YF G rcui t

(driver 1C) _88. The i n Q%r_ltroller 91 al so supplies to the head driving
circuit 88 FVFSRK sHaIthE vz HeRpEREIng ARrcuit 87 to the

piezoelectric-elements 52 of the selected ghannels 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



and driving waveform sel ection signals ML through MB for 10 selecting the
driving waveformin correspondence with the dot size (size of ink drop) to
be formedwomanedser nore, the main controller 91 reads driycagreaweicor m dat a
stored in the ROM 81, and supplies the driving waveformdata to the
driving waveform generating circuit 87. 15 The driving waveform generating
circuit 87 includes a D/ A converter 92sfor converting the driving waveform
data received fromthe main controller 91 into an anal og signal, an
anplifier osohwrrsms idependintecnutiputlagraltogfstyparesirdimg Lppas cbhvert er
92 to the actual driving voltage, and a current 20 anplifier 94 for
anpl i fyi ng an addipitongf thkemahpl ¢dnteroldert @ lagesefdias entd-ypihi ghicimy ent
capabl e of driving the recording heads 14. For exanple, the current

anplifier 94.eutgitmian dsi ¥bggi My efPdBnkY-oll Nehaidimg d-dp woaki Lyrgé
driving pulses wthin one driving period as shown in FIG 31(a). The

driving 25 f Py i UpRk i t0 ad A5 ¥+ & reuit-; 884

051 oo636s PLEELITEY, BRoBUBRY St 485 Nagd 15, BHe Fong Brid ’Fm%% fcuit
88 includes a shift reqgister.95 for inputting.the dri vj d SD in
respons€ tolTFEPQﬁ%ﬁﬂ?nggﬁﬁﬁlw ?i?n%ﬁﬁ7ﬂ%;uﬁgigt%ﬁﬁ??¥hI%§%%’9%%ga | at ch
circuit 96 for latching the value of the shift 5 register 95 in response to

the | atch sPgpRtiasathey gmPiRedrBYHY G5ifer 6P &P B BERFACH WePEcEoFCeYt f or

sel ecting one of the driving waveform sel ection signals ELogic signals) M
through MB(drimz HE)N&iSn cBheroiimrcagitrgdpendPhgabie & iesdiEPving

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.



data which is latched by the latch circuit 96, a level shifter 10 98 for
shifting an output (logic signal) of the data selector 97 to a driving

vol t age |woaB/028mz transm ssion gates 99 having ON and OPETgPer/®326 her eof
controlled by an output of the level shifter 98. The transm ssion gates 99
receive the driving waveformPv fromthe driving waveform generating 15
circuit 87, and is connected to the pigzoelectric elenents 52 of the
correspondi ng nozzles of the recordi n% heads 14. Accordingly, in the head
driving circuit 88, tRe dheenskl &titr el Ebeshond HFLHRY Frelrhg Wavef orm
selection signals ML through M3 depending on the driving data SD, and 20
shifts the setlectesd adshvifhgregisefor mSsébecinput simgnadihe dogivéngi davzd )SR o t he
driving voltage level by the level shifter 98. The driving voltage |evel

out put fromghedmwele sbi therclick sigaapl cerl fool hthegaladsn ebntheller
transm ssion gates 99. As a result, the transm ssion gates 99 are swtched

25 dependi ng, on, t urat. t : Jde sdihui 8g;
03/ 028362 P /}P&%ﬁ:&%%%Eb?giéoém?avfe!%o?%tgg:iggt?kgﬁ ‘glgnal S N[Lgt hr%)%%)h M3, and

the driving_ pulses_formng the drivin for r i t ch
channel \écon]ﬁ BEH 3t A8 Fgﬁ%%ﬁe'ssﬁoo%hgap%%g]@ %\}2%%1/1 %é%d%ggbogg%xlg% e, in
a case where the driving waveform_ 5 Pv includes the plurality of driving
pul ses as sHMHIFeE &1, 31¢aha %eélf?r?tplraﬁgnfggi%ﬁ%ﬁi@%@%?%ht%%cones ON

only froma tinme TOto a tinme Ti outputs one-driving pulse as shown in
FIG  31(b)drigme vankéarmheelk¢iviary spangésshbogi¢ reimnals31{h) thyough

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



applied to the piezoelectric elenent 52, a small ink drop is 10 ejected
fromthe corresponding nozzle. Simlarly, each transm ssion gate 99 which
beconmes (MOmalgs3bzomthe tine TOto a tinme T2 outputs tweCEIPI/0926ul ses
as shown in FIG 31(c). Thus, when the driving pulse shown in FIG 31(c)
is applied to the piezoelectric elenment 52, a mediumink drop is ejected
15 from the correspondi ng nozzle. Furtdgs- each transm ssion gate 99 which

beconmes ON f e ti TOto a tine T3 outputs five driving pul ses as
shown in FI &{a%?f%’gﬁ“. siﬁ%%?mfhﬁlﬁna\%ﬁeﬁl Eweout WMhg apgl sbestiviming Fl G

31(d) is apggied to the piezoelectric element 52, a large ink drop is
ej ected fromtES SBTBLRY edpfoRdiivdnaowayetoharefare appyigenes atidig t he
driving-waveform including a plurality of driving pul ses and selecting the

nunber of dFPRRRGL padesctal e appl teshimi ddiwmigzeebeciric, £l efEnt 52, it
is possible to generate the necessary driving 25 waveforns ?or €] ecting the

smal | ink drop, nedi ugémnke:Gi@peangd, VO 03{0 / 2/ 09726 -69 large
ink drop from one driving mavefornlannsequentq%i%gﬁlégggﬁﬁg(ﬁﬁﬁﬁﬁq?w S
required t orgenerBided he,drvi-09; Wavef orm and only one signal line is
required to supply this dr?tingglﬁgvi céﬁ%Vlﬁgprﬁﬁésr%%s%ﬁﬁwqt?q §Igessi bl e

to reduce the sjz of ¢ircuit board and transm ssion |ines and al so
reduce the cés%'?ﬁ%?bg%%ﬁ X030 R 190t A CH Proeey)i Qe erdly dmom a

enbodi ment _of t i mage .processi ng apparatus according to the present
time fHeto a %lge 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



invention, by referring to FIG 32. FIG 32 is a system bl ock 10 di agram
showi ng the enbodi nent of the inage processing apparatus. This enbodi nent
of the i Mi@®3pPe836Essi ng apparatus is forned by the host w®&eirtJp@®7mwhi ch
transfers the image data and the like to the ink-jet printer, and includes
the printer driver 101, that is, an enbodinent of the printer driver 15
according to the present invention. Te-host unit 100 and the printer
driver 101 uses an enbodi nent of the threshold value nmatrix according to

t he presentldnpeerdnkodroanfremrane GWivaRg sabediv¥ent hseRBerihye Protessi ng
met hod according to the present invention, including an enbodi nent of the
gradati on 2hdg efiredi€i ng pedhdocttdceonenpgate the griesiewyt wemeéotmomd I n t he
case of the enbodi ment of the image form ng apparatus, that is, the

ink-jet prigigy Seseriibhed abovess theuidel patiessiy arie agtushgy recorded
IS received together with a print instruction or command fromthe host

uni t 100, - 25 ns i vi.ded . W thi 0.t hey d nage-forai B appat at us
to WO 03/ 0%6%%58%/\1%3/ gggggé#&’ggﬁergt% %%e dot patetern to'ebe
recorded. Hence, the do attern, data nmust.be generat th | nter
driver %01 i C&§8§l%h]88%ﬁ‘%oadi PSP RECT hr €8hol T %35‘ de REedes "and
executes the enbodi nent of the gradation reproducing nethod, and 5
transfer tHe&@sosFattheraodata fromthe host unit 100 (the emnbodi ment of

the image processing apparatus) to the image for_rri‘ng Qe}ﬁpparat us (ink-jet
printer). As shown i nNekG, 32desdmwipriiont &dldr pbeegivel aff aphembodiment

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



host unit 100 includes a col or managenent nodule (CVM process 10
section, 102, a black generate/under color reduction (BG UCR) and y
-correctiwpog@e3bon 103, a zoom ng process section 104, aad/Jeovdywsshol d
value matrix (table) 105. For exanple, the inmage data is generated by an
application software of the host wunit 100. The inmage data is processed by
t he CW process 15 section 102, the B&UCR and y -correction section 103
and the zoom ng process section 104, and the threshold val ue natrix
(tabl e) 105ehsratedthe d¥nwatterRetaulpe iteer&ed mafeRast a-iht ¥t the dot
pattern. First, a description wll be given of the nethod of - 20 creating
t he threshphdteahudatmtmist foer geepratedibyy thee prgngdat foiver 11 which
predeterm ned |ine keytone (dot |ayout pattern having an aligned
property), uBysr eher&hpedinerdd 68. tB3Ahtesnghi 4Ge Mhenixaand iexgonest he
i mage processing, if it is 25 possible to realize a high resolution such

that the resal uhion:M0,03/028362, BEILIRN209LRcingInetnshe dif Mod | mage
e

exceeds the resolving power of uman eye, the picture quality is

theoretically unaffected .b h Ki 0 rr.i . in the
case ofgthér%nggFu??%n(8%%§#t%58eggg%i%ﬂggg%1Szoggcgg%?zgﬁibgﬁgielhunan 5

eye, there is a possibility that the inconveni ences geperated Dby the
process.it§@@Pd&FPFtb%Ed?E?(ﬁﬂ%@ﬁiEEBE@S?%quﬁPH%Eﬁgﬁsgyg9 Eﬁﬁ(igaéééA, 33B

and 33C are di agrans for'expLainLn a dot pattern after carrying out a
Bayer type fdirtheg ppReEsils (ink-jel printer) .

As shown in FIé. 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



and an error diffusion process with respect to an input imge. 10 FIGS.
33A through 33C show the dot patterns which are actually forned by the
gener al | ywogad243et ft one process for a | ow resol uti on recoPdirIgoai9726
approximately 300 dpi. FIG 33B shows the output image after carrying out
the Bayer type dither process with respect to the input inmage data shown
in FIG 33A. 15 FIG 33C shows the owaut image after further carrying out
the error diffusion process. Hence, in order_ to reproduce the data which
shoul d  be ofeshesEataer bimasife SFCREAS| Aaureslvevid $O8RTt At HHade™ ¥ or ni ng
apparatus not having a | arge nunber of reproduci ble 20 gradation |evels, it
i s necessareyet,0 thakelatypseudelgtadasi bheoreprasldim anpshesyed Hey mlitber of
dots per unit area, that is, by the dot area ratio. The two kinds of

hal ft one praGessicngroesddsarrdesicbiubed Bst exanpleesask dhetpseudo gradation
representation 25 nethod, not only sinply match the gradation |evels and

Lhe VO 03/ 028362 P6I/ JPOZ QHERE wni2natea balidmgriubaabyangesihe, dot s
approximately uniformy so that the dot |layout is not blased, and adjusts

the dot .l ayout Q.as. 1o have .a.hi.gh- ugney; ghakagt enbsti Cophliphd s | ess

conspi clous¥s Fﬁgrﬁuﬁ%na e@oes.Sl%ﬁg%gguféﬁgg processi ng }Ls 5 ap%?i ed to the

hi gh-resol uti on recordi ng, of 600 dpi, or 1200 dpi, the_dot, |l ayout pattern

i s virtual I8 ith€oREPFEEDUSTITTt Wégghﬁﬁﬁ?f“%y%?n%ﬁf‘ﬁoflsi Eop@%?}%@é&% o Yobt ai n

an extrenely satisfactory fi cture quali t¥ havi ng no unevenness | n, the dot
FIGS. 33A, 33B and 33C are dfagrams 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 op 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 representation

25 method, not onlj‘simply match the gradation levels and the



di stribution. 10 On the other hand, when the |l owresolution recording of
150 dpi or 300 dpi is carried out, the dot |ayout pattern becones

conspi cuowe 0Bo243hke human eye even after the adjusting pr@cegeoye7mwake the
dot | ayout pattern having the high-frequency characteristic. Since one
pixel. in the 15 original inage data is represented by a plurality of

pi xel s by the pseudo gradation represepjation, a texture pattern not
present in the original inmage appears in the output image. FIG 33B shows
such a text Fepaeférn, bntaadiandss, thehdatanappiputinatedy dat&oshbywsa n
FIG 34A is output with a 20 considerably |low resolution of 72 dpi, the
texture pattigrat thecdoesleyent iy exotobabkedasasdowyustsFicGe 34B. 15368 34A
and 34B are diagrans for explaining the image data after carrying, out

the Bayer type i ttBehapeogessgidlbfReR§CERLPadher iAW hiiBFRIEs {88! G
34B, a portion where the texture peculiar to 25 the Bayer type dither

process changespiadud porLiomaer ebhe W03 08360,k /EAEQ&/ pgrep 13

dots are flnely allgned and no Texture appears, are er eby
resul t a co rab oor. pictur ual it t th hand, . in the
case of Ehe é%J 59f¥%§p% msﬁﬁ%’ %ﬂﬁﬁ ﬁ%?ér%ﬁ%gfgfﬁﬁg &Pfhoﬁ 1%@%ut
whi ch 5 appears randon1at first Iance This random dot |ayout is

mai nt ai ned B altheoflof nea ¥ all Rt rRedsl €irami hhd ncopsnieuons | to rigte

change at .the gradation levels and no fixed texture exists, as may be seen
fromFI G 330maBeesgseand It xiexl possible to obtain 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 lcw 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



texture exists, interferences with respect to nechanical 10 deviations in

the image form ng apparatus are less likely to occur, and a high
resol uti omoohmessél eri stic is obtainable conpared to the Baygroxops dit her
process or the like since there is a certain degree of freedom of the dot

| ayout. However, according to the error diffusion process, 15 the
granularity may be poor when conpared 78+ he Bayer type dither process, as

shown in Fl Go35 I is a diagram showing the granularity measured at
tone intervals o?rgo%?%?y %ﬁ@%&@gpdt Dpeterites anmepesn and thecerioor

di ffusion patt erreﬁ rec‘gided at 300 dpi. Hence, the random nature of the dot
20 tayout used TnYtheESertot? i frusigarppby axmr ifdtcendedgtel 0B ai N vari ous

advant ageous effects, actually cause problens at the lowresolution. In

other words, at the | oW rigwlaitiesnhaad, consflic uiss B $8.CORPONENt i
easily recogni zed in the case of the error diffusion process, and the

al i gned t exddféugboyemertatdd the tbescase ofmihe Baye di ther process
tends WO 03/ 028362 PCT/ JP02/ 09726 -74 to be betier émie‘#pg %eﬁ?&&?ﬂ

eval uation appaade. rath®melar €1 k& u rstood fromthe above that
the kind of texture pattern for rred&%%m?f'e ggltﬁsl g?gg?m Qattdyoudi facts t he

PLot ire fushitiee rgar o 0BAME G RLIALSIactory BLPLULE BuoliLY, oL the
e TS R e S R e P h
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



pattern or not to nake the change in the dot |ayout pattern 10 visible for
each of the gradation levels. In the enbodi nent of the threshold val ue
mat ri x, WDe3aezs362 eproduction is nade whil e constantly naiPRTAPIN/09g26a
predeterm ned. | i ne keytone (dot |ayout pattern having an aligned property)
for all halftone |levels, using only the dot 15 | ayout pattern. Hence, it is
possible to inprove the picture qualitpam-when naking a nulti-|evel
representati.gn.by. a small. nunber of values, on the order of approxinmately
one bit to tt%rbeeebﬁtf?f WA fy SEREVREcoY ] watiom tive makmge. f or m ng appar at us
at the lowresolution. It is possible to obtain 20 satisfactory recording
(print) data particul aFi§reftnae appl ned beé outdrerstod etofif EAE eXL&AP1RYiNY
the dot size (dianeter) nodulation. Wen considering the dot |ayout

pattern havith§ kied of itgnechner ppectyn (pse6ed _?fymt%ddbic”faﬁy% %ree)a:til it is
| Wi

al ways 25 necessary to take into consideration the correlat K the WO

03/ 028362 PETLaPOR/ €9y 26 ctufe ABShap) calg iatiqns t he image forning
apparatus. In other words, asqign ?ﬁ% casrg%\ggg%hggi ?1%‘?]& $rinter described

above, the ggeosel [0 P udi. ng. t he recordi ng heads 14 and the
i cite %Llrl%?lr;égY v Iec en&??’%ﬁe?ﬂl‘ﬁﬂé?%uﬁémﬁ sbanni ng

carriage 13 carries out the rec

direction depgngi he _transport of the paper 3 as shown in FIG 36.
FIG 36 is a d%é%m%&o%aﬁgiﬁlﬁi ?‘Fgestsr?élgef“fségt)@Softl‘WleDn@celm&ni cal
deviations in thte i r}k-' et gri nter. In this case, if inconsistencies exist
in ventors found that it 15 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 property (predetermined line keytone), it is always

25 necessary to take into consideration the correlation with the



the accuracy of. the paper transport in the sub scanning 10 dirfcﬁgggeaggy
t he head noving speed in the main scanning direction, an |nteirm§mﬁe
occur w twotohe2g3sedet ermined i neFr(egét ogsAagﬁdggggr 2:2 &;ng?:rm i
ical and horizontal stripes. : :
gi;f;?ﬁing 15 interference between the Bayer type dither pattern and the

i i ati - i nk-j 5t er. FIG 37B shows the
mechani cal devi ati ons-of the |nk,jeL gﬁtputting one gradation pattern of

i i i ener.at ed whe . _
e beyer RSP RL? BEPELPISG R B Bty el o
37B t hat mh%ﬂ:the ke¥tone 20 is aligned in the vertical and horizo

i i neg i Zatd i Py Ooe uirsc-width pdevicati @ascA g B in
syRehroni Fatitrfhes caasi b§ .
?L;eﬁ;:ﬁnZhdasubyscanning directions. Since the human eye is sensitive

Wi th respectfPPBey hEh®- krepmsk ngndnde- tiegles dd 80re @%QB%SiBSdmélgiqg?%ﬁ )

directions, it is desirable to avoid 25 the keytone whi ch”easi S in

t he verticaWhandatmﬁagﬂnﬁ3ﬂcd%6ﬁ@§/Qgg3@§3agik&gg%éogﬁgﬁﬁiégggg%ﬁgﬁ%%%gg;

[ i to the rror
However, as described above with respect ron net od,
| undesi rabl 6 for tha l ou FosolLtr B btk e WPHothBr S Eorforiam | o
i i le for the | ow _
;zpﬁggsiggagaaﬂé;pggp@%o%ﬁcggn%fgb!f Aggordlnngz qifotéggéggéngagggrn
having an 1 nclined keytone I's desi %di &E%ﬁﬁérﬁe|30t ?ﬁzout -

i ni

FI GS. 38A a@gbfgy%fyéetggag%?ns for_explai g

ects of the mechanical deviations in the
ink-jet printer. 1In this case, 1f inconsistencies 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 predetermined
line keytone and generate recognizable vertical and horizontal
stripes.
FIGS. 37A and 37B are diagrams for explaining
15 iﬁterference 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 Trespect to the 0-degree and 90-degree (180-
degree and 270~-degree) directions, it is desirable to avoid

25 the keytone which easily aligns in the vertical and horizontal °



pattern having the inclined keytone in an enbodi nent of a 10 threshold
value matri x according to the present invention. The sane effects can be
obt ai ned wDtob/oes3spect to deviations in both the nain scamairagodiyrsct i on
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. Furthernore, sinc&+he human eye is slightly |ess
direction, the inclined keytone

sensitive wdihd t ot e obli que r
tends to be ﬁésggggﬁgbic%%%%w?ﬁaﬁstﬁ@sc§éP?¢c%@°%mdﬁH@rE@@péat kevyianes.

But since tQﬁr@§i§'E agose here is to align the keytone, and not to nake
the interferencé 20 % TTh oiReht ithRarfydenuses Jpvehi-ewn) ch nEoNsRiguUoUS,
an advant age ui characteristic can be derived therefrom The |ine-group
keyt ones showr i-¥ EP @Snasrtande3sBteafersmferiedniasasail i NEsOTQUP 1Ly Pe

di ther" and useg ;n el ectrophot ography .recording. In the

el ect r ophot 6§FapRYLIXE bemorsti nthe Aok 8 emidRGe i onh a charged WO
03/ 028362 PCT/ JP02/ 09726 -77 phot oconductﬂi ve %oé% %@Efgg?%zseeo{: HB¢hm and the

| at ent iTagbetsme visuajriizetkiBy a toner into a toner image. The toner image

is transferred onto a recording nmedium such as paper. Hence, the dot size

can be controlled in sgveral; ge dulating the 5 |aser power, but

t he el ect rophot ogr aphy reco%gg%g’ié #ﬁﬁri%ﬁQPgdpPgFeﬁﬁkmﬁguﬁh@Dgradation
|| .dots because the toner adhering and transfer

represent at { 9oy Usd '
characteristiC§H§%E%E§g?89i65a 15 s RS Fhavesin Heke®, 302 anda3spdul at ed

(AM

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 derivea 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



di t her met hod which gradually forns the | arge dot by 10 concentrating the
dots as nuch as possible, is generally enployed for the el ectrophotography
recor di ngwoTh@243sne-group type dither nmethod is a kind ofPCANPe/GNBY

met hod. Al though the |ine-group type dither. nethod has directionality, it
is 15 advantageous in that the dots can be grown in a spiral nmanner and
that the recording density (nunber of-4ynes or line density) can be

i nproved conpared to the concentration type dither method. However, when
t he |i ne- grouptasarsiudittier bady eyl a 2@ sgseteqn, t ded etler thediehdt dyaaphis
recording is applied as it is to the ink-jet recording or other recording
t echni ques widerl idcdlanyt hetehect iophet aghaphymageor ditieg, tonke keygenes wi | |
not be aligned appropriately. In other words, in the case of the

el ect r ophot gg Y- He@CRORELNG, rddotSiRPTRURLA s0cRH JIaiat. 2hepBbY the dot
size but also the dot form ng position, as may be WO 03/ 028362

PCT/ JPO2/ 09(?%2 S {28 c%%ggggEg&féﬁe&)’ 9% s?@@%%% t 8B LR;Q m%%ﬁﬂa%%l\?\g][ iglléee

39B, no nma ow t ts are arranged, I's, no"matter
gradati%p | evel changes %t %s gossibl 0 regéesent t he radation | evels
wi t hout “dest?%h M“Efe BHEpERSf St ORAPGRE 8PRY neSC a8 gﬁAP% d 39B are
di agrans for explaining the,dot pattern of a |ine-group keytone used in
el ect r ophot ¥Fgshyforr BesiagnEhant adie ioRak BT PREK e}t it YSAREhemgt-hdat i on
| evel . On the other hand, when the |ine-group type dither

dots because the toner adhering and transfer characteristics

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 i£ 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



met hod used in the el ectrophotography recording is applied as 10 it is to
the ink-jet recording, the dot formng positions are fixed to the pitch
det er m newOlwg/o24362 r ecordi ng resolution, as shown in Fl G PERAPOFDIN26 hi S
reason, the keytone changes even when the nunber of dots slightly

i ncreases, as shown in FIG 40B, and it is inpossible to achieve the
original intention 15 which is to realyge a processing nmethod whi ch does
not change the keytoone or does not make the change . in keytone conspi cuous.
FI GS. 40A asded(Bcar &1di.agPans Eorcexpsaimivnyet becdofrgpatitlér.n 3981 nthe

| i ne-group keytone applied to the ink-jet recording and the change in-
keytone of hbergr adat itore devel ar@laRafrideeyl abky i, the waserohotvhehgener al
dither process, the sane mask is tiled into square shapes and used, in

order to si aPéaiyl&rhqe@rechﬁahags mechani wsaeglachb ey@préyegﬁ speed
proce55|ng at a | ow cost. Hencé, even if the nunber of dots increases by

vortical |y B D 0o oI s PCi P og aas. Fa nEr e R G

tiling peri For__exanpl e, en a4 x 4 dither nask s omn in 41A is
used to ?&n%ut Rl ?%PPNGMQ ST AUE i aErens4iRr ¢ g €of8%al i gned
as a mhole vertically and horizontally. 5 As a result, Iattlce keyt one

i s gener at eBaEESBh&Vin & A iRPCOTrouR (keyIdns, UseA, lﬂl@%@l@%@t@@é‘aﬂhﬁgram for
explaining the keytone forned by tiling the dither mask. Accordingly, in
order to nmarataidirtchengr abp- thaege in keytone of 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



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 vertygally and horizontally is obtained
as shown in FIG 42C. FIGS. 42A, 42B and 42C are diagrans for -explaining
the tiling hamdatielleywonk the theincapenikdre the nmask has one dot per
gradation level. 20 In addition, in a case where the reproduction is nade
by the inclined |ine-goaupxkeyloneshavhen 4axmdaskithayimgsk adilawguehyFa6r ange
dot layout) having two dots per single gradation |level as shown in FIG

43A is tileghas showy ik EhGr %@t@mnqhgngs keyione which sh g, athgned
obliquely is 25 obtained as shown in FIG 4 In FIG 43C, the inclined WO

03/ 028362 P RQ 7 Y. he gggg he

135- degree éﬁ%%nﬁ%%g% %ﬁlgﬂg %%f%e 1% 8§§%g§%if§§%£ Qéngggl i agr ans
for explaining the t|||n tone for th ase ere.th mask has
two dot pe%sggdﬁ§¥ﬁ5ﬁ Feg@?gl%egﬁﬁbﬁéloﬁﬁegeﬁﬁﬁﬁ ?Q%@lmﬁegéGthe
reproduction is nmade by the inclined |ine-group tone when a nask

havi ng thr%k?cknﬂieﬁer4§ﬁmgﬂéBg?%ékﬂ%QMﬁqee¢éPgéém§h $¥plEiaingsahe s

tiled as shown in FIG 44B, an inclined keytone which is
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



aligned only in one oblique direction is obtained as shown in 10 FIG 44C.
FI GS. 44A, 44B and 44C are diagrans for explaining the tiling and the

keyt one fwp oa/ozssse2 where the mask has three dots per graaatiyese/dsewel . A
simlar inclined keytone is obtained when the mask has nore than three dots
per single gradation level. 15 In this case, sinmultaneously formng three
or nore dots per single gradation |evgd, requires a mask size which is 3
X 3 =9 tinmes or greater in order to obtain the same capability of

r epr oduci ngeeshorngr dltat kondeevet lipmmengahnd bhe B31idporsle grégreents snal |
conpared to the size of the buffer 20 nenory or the like required for the
error diffusiiom graeesectUnl BEGS ani3ext KéBebyd| ABQearmskisigzransefions a
reference, this size of the mask size will not decrease the processing

speed or ifgIRATANGNene0st1i ) HRUAIR kkPtOhderot orachipvee waehighhe speed
processing, it is desirable that the vertical and 25 horizontal sizes of

t he mask cap, sﬂalsytgg %ggeséf a&-@? 93(928362 PCT/ JP02/ 09726 -81
'S e

conputer. I'n ot her words, It esira to make the mask size a multiple

of ‘8, sq that odds are_n generated upqon _devel oppent intq a ... Next ,
a descri%pti on will be%@i 3éﬁ 8&%51 }éarﬂd;r gEmEnf255 e%%ethr(reasrl?pglggg& A
referring to FIGS. 45A through 45F. FIGS. 45A through 45F are diagrans for
expl ai ni ng ¥ ViaiokYofthg BAST ERemtineIFOYPshBY ek 1 XEED WhBASK PaYEHi%nce
mask shown in FI G 45A which has

three dots per single gradation level as shown in FIG. 44A 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



the inclined line-group keytone is used as a reference to form 10 a mask
shown in FIG 45B for the case where four dots are sinultaneously

gener at edwo@aos3cel | of the reference mask shown in FI G PEFAPIR092er t her
divided into smaller sub matrixes as shown in FIGS. 45D and 45E so as to
obtain the necessary nunber of gradation levels. In this case, by making
the sub 15 matrixes simlar figures to-8he reference nask so as to have

the inclinedd}ng.group keytone, it is possible to prevent a pattern which
destroys the kg%ftg%é fﬁp'%rr?%%?%djodféi:?er atedsS #oFiesldifplte, meke Bhx @asiub
matri x shown iizn FI G 45D can represent 36 gradation levels. In addition,
the 4 x 4 siB?*%26 MLHRISHWE i FoFltat4s&is aare eprtegenbrbdegrastat i on

|l evels. It is possible to use a 2 x 2 sub matrix shown in FIG 45F, but a

checker boar §Sy&leerAnkejnone imsmgeyer at ed during the process of .
representing the gradation |evels when the 2 x 2 sub matrix is used. For

this reason, this enboéxenta seissrap2bofi M MUBURit,f oEhe, S rix,to be
a.3 x 3inclined line W 03/028362 PCT/ JP02/ 0972? -e829 gr%u%pln%%gmeﬁ)y

usi ng the soli mAbrixes descr ib%@e@@?i’fm? ion IS PSS %ég‘i"::’f%ﬂ ?%%gr F%ﬁg,_sgr oup

generation of another keytone which wou estroy t

keytone. 5 E¥gn:MASH NISIdI0 et shold value matrix (dither matrix)
formed to the Ii ne&a}eyt one a}rrl% F%g&%?%sde T rﬁ}ﬁ?g&ln&flgeéﬂ’b?ﬂ% qfnhat he case
of the |inepgLoun, eyione descgi bed , above, a picture quality deterioration

may occur at sone ones,lnto Sub matrixes.
When a reference mask shown in FIG. 45A which has
the inclined line-group keytorie 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
number 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-



due to reduced resolution, that is, discontinuity of the 10 gradation

| evel s. In other words, as shown in FIGS. 46A and 46B which show portions
of matrixwpatwoessns formed to the line Kkeytone in,the prederdprom/ovezh
direction, there exist tones at which it is difficult to maintain this
kind of line keytone. FIGS. 46A and 46B are diagrans for explaining the
matrix 15 patterns having the |ine keygpne in the predeterm ned direction.
FIGS. 47A and 47B are diagrans for explaining a gradation imge and a

mat ri x patt@FPthaASYg reduced resolution for a certain tone. For the
gradation i mage shown in FIG 47A, 20 if the resolution is reduced in the
matri x pattern shown By uBiGy 408 $Wr maieikesedebcailped talmveh0it tike
continuity of the gradation levels nay be |lost to generate deterioration

of the picpeseimualdct uppberse, gt s @mhodirmanbtpeevesfordetanicar abh0a of
25 the picture quality due to reduced resolution at a certain WO 03/028362

PCT/ JPO2/ Oggg&rdﬁ%hkoﬁﬁclj@}{eéeifgg%{?l%;?)uﬁc%%oﬁéﬁge portion with the

reduced resoluti'on in the thres _ e matrix (dither matrix) forned
to the Id ne keytone i theWRrede-t er mtrheedt i reresgtgl% N4, Ac di.ti Bg%gkhe dot

| ayout of the matrix bDetweén the t'ohes s ju‘é“fliede 6 ds Ve a

hi ghpass filter, characteristic and the I|i ne,kextone in the predeterm ned
direction. HhEFSPaticalerr equehR vy it keyitonestRctie RIRASRAERIH RS si on

obtai ned by spatial frequency analysis is applied to ‘
direction 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



t he highpass filter characteristic, to extract the |lower 10 spati al
frequency characteristic. FIG 48 is a diagramfor explaining the human
vi sual chaipaswesssstic. In FIG 48, the ordinate'indicatesPChaPeRIci vity
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 foll ow nggFernmula (4) froma spati al

frequency f t he reti . VIF (f) = 5. 05 (e-'38f) (1-e_0.3-f) (4) 20
FI GS. 49A ar}gﬁll EQB%gr gg%i?(g%}%sa gté)flee%ﬁflg?nijﬁﬁt%?n porah ¢he oefleced han t he

keyt one, of J:aesrrgtri.x pattern having a highpass filter characteristic. FIG
49A shows t Re FOPFEBR, 10 otiterthinsghotieviine haytione(didhetrheatBi£) X pattern
having the highpass filter characteristic, and FIG 49B shows a hi ghpass
25 filter cK&FEEHeE?sthe Wine tieytpoet inntisd hereddiimthed! 08 MO Q3/ 033362
PCT/ JP02/ 09726 -84- keytone. FIGS. 50A, 50B, 50C and 50D are diagrans for

expl ai ni ng adgiaden orhe nige 1bgbuedobytige MRl BaVLAG, AL O det erni ned
| i ne keytone and a highpass filter 5 characteristic at a portion other than

t he keytonerebifusEOA ssshews ot RgROL L) Vi he Line keytone, FIG 50B
shows the portion other than t he Iinepihéyt oéngg“&tr'f&rhgb?ﬁ%q $highpass

filter charagterisd iiGyd@ ;R0 ws-the dither matrix which is fornmed by
this enbodi ment based on t hégpo%r] i DREOSHORHTSH $4TRFEEON50A and 50B.

Further, FIG 50D sho%'the %r.afla%i on
€ spatla requency characteristic of the human

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



i mage corresponding to the dither matrix shown in FIG 50C. In other words,
by using the dither matrix showmn in FIG 50C which is the conbination of
the portiwolseissen in FIGS. 50A and 50B with respect to tPha/JrP@i@7mmorti on
501 shown 15 in FIG 47A;it is possible to obtain the gradation inmage in
whi ch the tone is continuous as shown in FIG 50D. Therefore, for the tone
for which the continuity of the gradagioen levels is lost if the |ine
keytone in the predeternmned direction is sinply forned, the matri x having
20 the hi ghp8¥§°®¢iter characteristic in the portion other than the
keytone and the predetermined |ine keytone is used. As a result, it is
possi bl e to suppress tRESdet5ORA, 0baB| 00O fartch&0Dr esel diagnarisd ass of
continuity of the gradation levels), and to inprove the continuity of the
| i ne keyt onexplhet ey 2%ramprevhngndde fhialdd yyohk hheriepaduged picture.
WO 03/ 028362 PCT/JP02/ 09726 -85 In this case, if the dither matrixes for
sone tones ishag i f teristic is _

obt ai ned bypgégie%redrl%\r%e lﬁ%g?%?%%\b%ﬁ%dhpg\%l E:ﬁ%‘gﬁs.- I n ot her words,
accor di t he dit.her. method, a .5 threshold value dot set th ow
tone si 8% afgl\}\/%sg/%cJ‘Iﬁ}llsstecslcor“ilLc £ hgoﬁFb%nt%cnheers?c an %lé’ﬁc]é,ey%?n‘?'he%{}\ﬁo glq%\her
matri xes for. sone tones described above, if the dither matrix for the | ow
tone side i SPPEFarHePHLIRTMAEKIRT e tHd Ui eNéP Rmt FF%- OB SEREShERR tone
side is regarded as a mask B, the |ine keytone 10 existing in.the mask A
al ways exi sPeriion mthegskhBndighet bingigeytone 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.



i i i ifference imge is
re of the dither method. Accordingly, if a di _ _
ggtgined by subtracting a binarized I mage of phe mask A fron1a blgsélzig
i mge of wbes3nessk2 B, this difference i mage W Il have no IP_CITBmed_ w -rence
FIGS. 51A, 51B, 51C, 51D and 51E are dlagranﬁ for gxplalggpgign %01e0f oo
i bet ween matri xes of sone tones. In other words, a
bpgg:tion i mage shown in FIG 51A uses8& nmask A shown in FIG 51B, and a

i j i ' 51A uses a mask B shown
t 602 of the grada e, i.n, FI G \
"n 20 FI G S1C 11 a drtT SencE (D LIAP RS GGG R et et Rone rashes A

i I i hown in FIG 51D is
and B, a dif [o} ge (difference pattern) s 1 G 51D 1
obt ai ned. Tﬁ%%ygg ?S&g%c%m%ﬁﬁbeah§§gapﬁF§h%%% T fgharactelmasatt eis sti ¢ shown

[ it [ [ ‘of the threshold 25 value
FIG 51E_,ln.addition, when this enbodinent'of tl

Imra]tri x is applPedctoPy ohedtigireense ineomof i twgr adathi bn-Y6ve8/ 4 2

PCT/ JP02/ 09726 -86 |evel image, the power spectrumdistributions '?n e

angl es other than thelliddhekewoods,i acthedpiedet e aedndireotiQn i

i ' - di ial frequency becon¥
ol ar coordi nates due to two-di nensional spatia _
Ui o MY sithireahold tailiot lier werdsn BndOMES SRRCLE U B %y%/%xqs\ﬁt,?glgg | mage
spatial frequency may be defined by the foll ow ng or mu )

i f the, imge, F denotes a
denotes a spaélHigﬁr@ﬁugagﬁepomgéncépe r (1 g h N ot e:
spatial frequency anplitude spectrumo 1#%% ' mage, ﬁﬁg“% E>1 110 Y]

respectivel ¥of€nas s RaAtdA L4 glgc?\%],enictj qc%eC%rlEgggorgg’lcggx ttporx t?lgdlgwaxes °
t he i mage.
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: S1A 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



P(u, v) =1F (u, V)12 (5) The value of the power spectrum P(u, v)
indicates 15 the strength of the spatial frequency (u, v). The

di recti orabioBy28sen be extracted fromthe spatial frequencyCrupo2/ooy2by
describing the spatial frequency (u, v) in polar coordinates P (r, 0) and
using the following formula (6), where r denotes a polar coordinate radius
of the power spectrum 0 20 denotes a-pglar coordinate angle of the power
spectrum q denotes a O-direction conponent of the power spectrum and w
denot es ‘a safpel ngndgequdisc poutrt fiee wage diwtr ipoadions Pfer @)9l(Ed) otsrr 30
WO 03/ 028362 PCT/JP02/ 09726 -87 As described above, the threshol d val ue
matri x of thas embddimemkieyitonbotnethd pidiedarmgnkdytidbnectiv:d hiew the
predeterm ned direction, and has the highpass filter characteristic in the

portion ot hgpléhadbder@Hs0B8e BbNERo21 it RONLI 0BpAaYANGrtdidricRe keytone
includes the line keytone in only the predeterm ned direction, the power

spectrun1inbgggmegggﬁﬁnﬁagrgg tes has a strong value only for the angle in

R as :
the predeterm ne irection. ?n addi ti on, because the portion other than
the'line keytone has the highpass filter 10 characteristic,, th ower
spectrum val ues in théﬂbéﬂggr g85?ﬁid%ﬁ%?“ﬁ%é%ﬁ§%ﬁﬁpfg?H#vaiQﬁﬂéﬁg FI GS.
52A and 52B are diagranms for explaining a )

image spatial frequency may be defined by the following

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 (é), 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



power spectrumdistribution in polar coordinates of the matrix. FIG 52A
shows the power spectrumin the polar coordinates of 15 this enbodi nent of
t he t hreswolod/ozsabre matrix. In addition, FIG 52B shows &Cpawrexossmect rum
distribution in the polar coordinates excluding the Iine angle of 45
degrees. As may be seen fromFI G 52A only the 45-degree portion has a
strong value in the power spectrum i n-g7he pol ar coordi nates of the 20
threshold value matrix. On the other hand, the value is uniformy simlar
in the power spectrunsA$rﬁ@%ﬁ?ﬁ&ﬂda@boﬁéerHh%aﬁé§*€%@ﬁbﬁﬁheet%@tﬂsidé@ree
portion. Accordingly, the threshold value matrix is formed to the

45- degr ee ditheéet eohodimerhe 15 Mferkeyt bnethantirtehé&keaydlonesin2share unifornly
simlar due to the highpass filter WO 03/028362 PCT/JP02/ 09726 -88

char act er i sbiredefethen OWRIrEREGh! UABJ OhAertidanidipas45rdegeee direction.
As descri bed above, the Bayer type dither matrix and the concentration

type dither cﬂa&ab%eai@tia/pirpaéhengaksmé L eedhnigues ok keyt&@@ve@m%a'

systemati c dither nethod is a dlagran1for explaining a power

spect r ung di %g%'ggg%g& bR A Co0RdIPRLES, OF INE BAYRL | ypg, diLher.

matri x, and gram or e ai ni'ng-a powsr spec

dlstrlbutlon ol ar coordi nates of the concentratlon type dither matrix,
10 with resﬁ@c?n% YWﬁaQﬁﬁd?qﬁﬁ%énﬁg BHECHEIN 4G BOBST ASPREY B 155&&K from
FIGS. 53 and 54, the power spectrumvalue has a high value at a plurality

of “angl es, Qﬁﬂﬁkec@@p gty Ragher etrpeg value only 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



power spectrum value has a high value only at the 45-degree angle. 1'5
Therefore, the continuity of the line keytone in the predeterm ned

di recti orwp3jozg3sDved by the threshold value matrix whi cRCTUP@®IBES
deterioration of the resolution, and it is possible to reproduce a

mul ti-gradation | evel image having a desired quality using the conti nuous
gradation 20 representation. |In additi-egg-conpared to the error diffusion
nmet hod, the process is sinplified by the use of the mask technique, and it
i s possi bl e TEIHTEFEISELEhiR prlft exsiasg spetaEyS @t harabihenhithh- $pedebree
printing, high-speed inmage processing or high-speed image formation. In
this case, bgléﬁﬁﬂéying the 25 |line-group keytone which sets the
predeterm ned direction of WO 03/028362 PCT/ JP02/ 09726 -89 the |ine

keytone to an oblique #sréetinibed Rdokenetkeytaper i1ypd ke +abli gie-di rection
reduces the horizontal stripe noise in the imge form ng apparatus,

t her eby enabhbngh@ub@ﬂ&e@{rétidﬂﬂﬂypégH§€Hé£(Eh%fﬁﬁﬂaﬂe”%%ﬁgEQYHﬂﬂﬂgPiOn

extrenely high quality. 5 The thréShold value matrix an e gra

r epr oducikng SGEI \ e .applied to.a multi- color inage

prgcessiag ﬁ%?ﬁ%%qgﬁﬁcﬁfd@%%ﬁ%%§g§t§gﬁﬁ t?y%%%%ﬁiui%ﬁ%&efn?%t%T%1uﬁaﬁ?ty OI

col or conpongnt.s and. uses original ,image of at |east one col or conponen
2345 A5 5in o S dasinind s

as the input ITTH tHi $¥PA8ENIRY T PP IBEE trgodt prkikmtion

mul ti-col or , image having a high picture quality. In a nulti-col or inage

forning appépapa ar sGRMT iqnates” 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 at 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. 1In this case, by employing the

25 line—-group keytone which sets the predetermined direction of



the general color printer, three basic colors cyan, nagenta and yellow are
used for the printing. In addition, in the 15 color ink-jet printer, in
order to wWopBo361 he perceived color by taking into consipdenaed/ome he

i ghtness 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. Furthernore, in order to-89rove the picture quality 20 of
the prints, 5Q qringrj(g%%s ich use nore colors have also been proposed,
by preparing oné or not e ¢ol ot SIIPCHIER el ERfbE ot i tdres 1ahet wey donemire
basi c col or T, Acg&r.di ng to the multi-color imge formng nethod enployed
in these nul'ti™ O dEUF NSt Fohafi Agdtppar Bresessiahitell s25igdecosmases, t he
original nmulti-color image into a plurality of WD 03/028362 PCT/JP02/ 09726

-90 col or coMoRBATS nglppheamnisgiﬂ]@érémmmfinbhgugl%grof cpnponent s
as the input inmages, the pseudo gradation representation process is

carried out Muhtingtradatidihe selotmagoMRORal Sin RO LRLS, reason, th
continuity of the line 5 keytone is inproved inn unirts of {?ﬁ cqa(}rlecy

conponenis when the priaseMrdsA%eat {90,d gﬁgl j ed, d as a result, it is
possible to forman rmnochrrorsre or rruFLtJ%-Sﬂcl:o or iaﬁl'ﬁlg%p‘ﬁa%ﬁ e gh picture
quality. Parthsshaddyy i f the inmage form ng 10 apparatus which
uses the thr e!;hol d val S{é]eﬁr?g?r gi)%g?](:)%():%%\ﬁg}r Ve g‘éé’hbﬁoﬁpp%%%ﬁ Bic leewell tor

mul ti-level Jipage a, It is, possible to increase the imge form ng speed
and, t he priﬁ%|nggU&gge processlng method which decomposes a multi-color _

image 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



inprove the picture quality, by applying the present
?ﬁsgﬁt?gﬁ Eg tﬂg inage-fo?nation at a lowresolution 15 of 308M££L38;es
| ess. |n wolam2ssez ds, in the general image formng appar a’CEISJlPi et
the pseudo gradation representation process, the plctuLetq?S by
i nproved by increasing the dot density per unlt_area,h t ha oluiio%'
i ncreasing the resolution. 20 Howevers9G-ncreasing the res

[ ' d per unit
[ n he ampunt of innge data to be processe _
area, to tnerchy cPRESEEncl M IREE (Br T Phee | adre edbshef cober | mage

' - i i f 300 dpi, it is generally
form ng appar having the resoluytion o _
considgred §O§%§ﬁﬁﬂﬁ§l?%1Th?ﬁlqﬂﬂ§ p8egas. 2sheresrutdogradptésent at i on

[ JP02/ 09726 -91 150
to represent approximtely WO 03{028362_PCT/. _
P{ﬁggsger iﬁ@EFeﬁEPEﬁtféﬁtHﬁ?qa§§sgﬁ whyried i suigeneialiky o§09§écgg$?} I
difficult to realize a high picture quality. But in the case of the pseu

i j i i : i i . the line
tion Feppesentati dfoprddessensbng the @irfthehimgt bexchavif
grﬁgstgﬁe in ?he predeterm ned direction, the deterioration 64q%%e

i §f SRR he .resol ution
i toset Ds tidowsan 1% §H 9P f OF henes, and t (
{gs?LEEEZP ?Zgucéz at:2§3 dpi,lthere5§ l'osi ng ~ cont I RUFEYSBFS A g hGat i on

representatb@@séﬁﬁiiﬂv@ﬂﬁldhhgfygggf{% raﬂkggﬁfgi%@gHE%gLfaﬁgﬂgﬁgkg%ﬁg t he

, a
conspi cuous. Hence, by 10 app e pre o oo otr Tor et (Phat
i mage on thg, fga?QHI%kngg gggaratus havi ng su p

is, output at ow resoiutrén) O it 1S s srbieage sapress ik
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



deterioration of the resolution and inprove the continuity of the |line
keytone in the predeterm ned direction, so that a 15 nulti-gradation |evel

i mge hawog3m2ssesi red picture quality is formed by a comCiraee®7zr adati on
representation. In the enbodi nent described above, the threshold value
matrix is held in the formof a table in the printer driver 101 of the
host unit 100. However, it is possiblegtito 20 enploy a structure shown in
FIG 55. FIG 55 is a systen1b|ock di agram showi ng anot her enbodi ment of
the i mage féPRi hgneppeeatimrhacwdidghngstdhe eeagresdint itnyengdsrally t he
host unit 100 shown in FIG 55, the printer driver 101 includes only a CwW
process sectbonid@Pedndl 26 canlBGEtUCReahtlze ya -Icigyh edictanes@aedaivty 103, whi ch
process the i mage WD 03/ 028362 PCT/ JP02/ 09726 -92 data from application

software or the |ike exgeuirecnly chBe oROshe GRAUHELIGri@8+idnz0o0M Ng process
section 104 and a threshold value matrix (table) f.S are prOV|ded in a

control | er %pggséﬁl%ﬁ S RLIdUeRE, 6095 Tt I GRNONA Y& Ufaps 16Habl e)

105 is forne the Tike stores resho d va ue matri x

of the p es inventi t he .conversi on dot .out |s made
" the | P FEEOBF Mt ervergt ooh CEATEPeds lre@ﬁl%giﬁﬁm dE L B ot = he

converS|on of the dot |ayout is nmade in the host unit 100 or 10 the ink-jet
printer 700FhPt TPEOPEELIDHIRF G SrRe RS 1NN GHSaOs SAT pP R SETAS h aPdspect

to the input image data, thereby enabling i mage processing at a high speed
and a | ow the resolution is further reduced at 300 dpi, 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 anothér
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



cost. In the enbodi nent described above, the present 15 invention is
applied in particular to the host unit and the ink-jet printer (inmage
form ng awpasmesis) . However, the present invention is si®Crardyodampl i cabl e
to any type of image form ng apparatus which fornms an i mage by dots, that
is, forms the inmage by dot representation. Hence, the present invention 20
is applicable to thermal transfer typegpnage form ng apparatuses
(printers),. for exanple. The present invention is also applicable to

el ect r ophot dyjraapinemt wpplirageot o3afi g reappaicheubike strdruaed A¥ektherinters
and LED printers. FIG 56 is a diagramgenerally show ng a thermal 25
transfer typest megeuternlog. appatadnisg AsoghewvnseatfdrG1036and O 03/ 028362
PCT/ JP02/ 09726 -93 paper 304 and an ink sheet 305 are transported between

a preSSUfetﬂﬁsllﬁﬂd:%%lﬁ@dmétfﬂerﬂ@ébl@a(iO%OQré\%E&‘vic%cpﬁ(ﬁVbded with a
heat i ng elenent 301. By driving t heating el enent 301 of the thermal

head 300, eetcll%? 0$04n! PR Do ggﬂ%tt% 8‘?' rﬁgéqgg%f srd3183581] éyer 306

of the ink s i's transferr onto t e paper {0 thereb y form an

:almégter gghot & rtlag’g Eég l%ﬁiﬁ“}% g’lé’ggr g%genle:{%} I%/é(showégg f)@%ﬁ%tsgr am

general ly shomﬁng a process cartridge of the electrophotograpgé type i mage
form ng apdﬁﬁaﬂﬁ§e$Rﬁlﬁnﬁaéu?dW%#ﬁ@‘éﬁbé?&tH§eﬂﬁ®t§H6WWFlﬁnFl BT s

the conversion of the 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



a kind of laser printer which forns a full color imge using four basic
colors of magenta (M, cyan (C), yellow (Y) and 15 bl ack (Bk). The i mge
form ng awpasmesis2 440 general ly includes four optical w iPC&JPoxeoredi ng)
units 442M 442C, 442Y and 442Bk for emtting | aser beans dependi ng on

i mge signals of the corresponding colors M C, Y and Bk, four process
cartridges 441M 441C, 441Y and 441Bk-der form ng inmages in 20 colors M
C, Y and Bk, and a paper supply cassette 443 which accommodates recording
paper on whagen BO4i aadesnarrk thast 30bapskebraBsPX rth&etyappl § rol l er 444
supplies the recording paper fromthe paper supply cassette 443, and a
resi st rol l@fessAde rbanspopd3 drte a eterdbhghpape’0@twha ghr edepeoni ded
timng. 25 A transfer belt 446 transports the recordi ng paper to a WD

03/ 028362 RGHWR02,:097126 e18ferdt 8f er sRonti oin@f tieacteofinghel phesess
cartridges 441M 441C, "“441Y and 441 Bk. A fixing unit 449 fixes the inmge

transferre 0 e i r. p | rol Ler 450 ejects the
recordi ng gjaople%tfgftﬁigr tb %gﬂéfxl?%g&)gﬁ@d SAgggegé%‘?%g%di rlgly a451. 5 The four

Chown 1 7 IS RETGHOTAOI 4 & 156° {A4=Tr SRGSE At 71 dg8  PhE by Al |y
includes within a casing a drum shaped phot oconducti ve body 452 which is
provi ded aslsarFiamsderBedr PREC nethérPes SR4r §P nER et et 4BR ahgimgge on
devel oping unit 454, and a cl eaning bl ade 459. A toner supply roller, a
char gi ng rothemarer 36Kectrostatic transport plate 457 and a toner return
rotter 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



458 are provided within the devel oping unit 454, and toner of a
correspondi ng color is accombdated within the developing 15 unit 454. In
addi ti on,we 031024362160 t hr ough whi ch the | aser beam from t ReTABOZ®3IWONdI Ng
optical wite unit enters is provided in a rear surface of the process
cartridge 441. Each of the' optical wite units 442M 442C, 442Y and 442Bk
includes a sem conductor laser, a collogmtor lens, 20 an optical deflector
such as a pol ygonal mrror, and a scanni ng and i magi ng optical system and
emits a | aseramzfem palitéhni of nech atfedhdependppg oartheddamadé at 446¢, t he
correspondi ng color input fromthe host unit (inage processing apparatus)
such as a pesspnrald canpit er Aproxintedireixt ddnalfliyes otl2d ineeyd negesternedg
apparatus. The | aser beans fromthe optical WO 03/028362 PCT/JP02/ 09726

-95 wite uts AA2Me A43Eng4hdyeAnd 4Bk rsedact heol photamordeetkvendodi es
452 of the correspondi ng process cartridges 441M 441C, 441Y and 441BKk, so

as to wite §ﬁ¥ Cc egp Qé’h(g% b es 452.
5 When the e&l go%ﬁegnagﬁéf%hé [%g{eﬁl h%’trltggo %%gl ve bo yl%gg Q?keach of
t he process cartrldge 4 441C, 4'41Y and fornly arged b
t he g’r ging roller f%@ %8}% PRe°T3E 17 d‘%gF %?lg% ‘th4élrIiY inlgca? d
W i te units 442M 442C, 442Y and 442Bk scans the 10 hot oconductl ve body
452 of the tbtBledioivdithg 6ABSOF LERREULS GPOEE éarFF‘?dg%% A8BVEPRNRCIN 441

and 441Bk, so as to wite electrostatic |latent inage on the
photoconducEI@e!ﬁhd¢h¢52:ocess cartridge integrally includes within a

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 tfanspor£ plate 457 and a toner return roller
458 are provided within the developing unit 454, and toner of
a corresponding color is accommodatgd 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 tﬁe
corresponding color input from the host uﬁit (image processing
apparatus) such as a personal computer provided externally to

25 the image forming apparatus. The laser beams from the optical



The electrostatic latent imge forned on the photoconductive body 452 is
devel oped and visualized into a toner inmage by the' 15 toner of the
correspormiprig/oessbor el ectrostatically transported by thePelrgeoresteati c
transport plate 457 of the developing wunit 454. A pul se-shaped devel opi ng
bias is applied between confronting portions of the photoconductive body
452 and the electrostatic transport pt2a%e 457.for the devel oping and 20

vi sual i zat i op.ofs the &l ospatic Jatent i e into the toner inmage. The
toner not used for ?ﬁ% ggégro%?%%’i%§ %fgﬁgpg?g%ﬁ SERP tHE el ectrostatic
transport plate 457 and.returned by the toner return roller 458. The
recordi ng pé%%ﬁ %ﬁQﬁ%uﬁ%fﬁg ?@ﬁﬁﬁssﬁﬁgpp§ $hecaaseeIromiydg proapssi ed by the
paper supply roller 444 in WO 03/ 028362 PCT/JP02/ 09726 -96 synchronism
with each cHlHtLiNEGe féilat 4D atd4liNeapdotesBk, car tas dgewrdddM 441C, 441Y
and 441Bk, -and is transported towards the transfer belt 446 by the resist

rol l er 445 @&legtrpsédeter itk tinmigeg. odhehe et GdRRRE i SoSLd i£G by
the 5 transfer belt 446 and successively transported to pass by the

phot oconBuct i ve body 4fRenftieach-ek E6§m9£9858§t§fgglﬂtﬂges 441M 441C, :
441Y and 441Bk. Hence, the toner inages of each of ‘the colors Bk, Y, C and

M are succegsiceekynlihapsiery, QRbo <t ecordin aper in an, overl appi ng
manner. The record?ng 10 paﬁggrhggiﬁg ?%%ﬂt%ﬁéﬁﬁﬁ%ﬁg&gsﬁfc?Fﬁf¥qﬂﬁﬁ.colors

e oo 90 DA SR 0P 19 OB s e Lo the 100
A 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 the 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



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 ej ed0D 0sokd3er 450. FIG 59 is a timng diagramfor epplraPom/ovgea dot
size change in this el ectrophotography type inmage formng apparatus. FIG
59(a), FIG 59(b) and FIG 59(c) show various ON and OFF tinmes of the

| aser beamwhich is emtted fromeach-2¢-of the optical wite units 442M
442C, 442Y and 442Bk. It is possible to change the dot size fornmed on the
photoconducﬁW@@hr96H§m4%%¢hnﬁqg@aﬁ@ﬂﬁ§ RN R tdPR eitnEke aprQIRsy aser
beam as shown. O course, the structure of the recording head of 25 the
i nk-j et primﬁetrdég6$ihéﬁﬂath€,i§4m®tamﬁmﬁ4kﬁkﬂwanbhas bFa PO QP 8362
PCT/.JP02/ 09726 -97 the descri bed enbodi nent, and various other structures

may be usedowsueb BBe actdreyme peypessbkoy ethdaad iwhi eb1usessss haatd ng
resistor and an electrostatic type ink-jet head which uses a vibration

plate and a?)r%bgﬁéfﬂﬁ?edlﬂr&% tiefe ALLOQVGN thet%e ®e> REESERL: dvRNtian 1S

applied to the inmge formng apparatus In scri bed enbodlnents it is

al so pos |b| t i rl the pre |nvent|o or t he .i
ot ocebel ho. dia GPAdAT bt T B EREAEPOR GbrE SULRUEE g P e ot 220 an
i mage di splay apparatus, 10 Further, the present invention |s not limted

to these eRBGAPRBRTSCTHIR Rpgki §ge 9§r?%ﬁh(ﬂﬁ;§¥ﬁdPﬁBHFF?C%f¥?ﬁﬁQQQ?ay be

made wi t hout departing fromthe scope of the present
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



i nvention. WO 03/028362 PCT/JP02/ 09726 -98 CLAIMS 1. A threshold matrix
creating nethod which creates a plurality of threshold value matrixes for
guanti zi ryOI3ed361 - | evel i mage data into three or nore valPaedreaivaze n or der
to represent halftone by ON and OFF states of a plurality of kinds of
dots, conprising: a first stage which determ nes a threshold val ue | ayout
order of the threshold value matri xes-fpr binarizing the 10 nmulti-I evel
image data in order to represent the halftone by ON and OFF states of one
kind of dotthardrsrsidsshémbrdguenhi Nt reatiesseathesf s arptirasi mpyobe
threshol d value matrixes for quantizing the nmulti-level imge data into
three or nousedalueth dat @ thecnadi typd dnkhg etShehdeshotid wsdsue haybihgor der
determ ned by said first stage. 2. The threshold value matrix creating
method as gbaidEsh idhCladl B dctWheELl It S3igd fihkst o8t RELI iwclddesessel ecting
random gradation levels fromall gradation 20 sections; determ ning a dot

L 2yout of thensel aat o HLAdai 0n Levelzodrcond FQ%RQl&Pt'ﬂtzrfo%%hCQHg't'Ons

determ ni ng o] eac gradation | eve efweenh a starting side
gr adat i %n I e¥el ﬁag%d an %ridl ng\bm dejo%égg:ftl 25 | eg V\I@I cah %rr%t%gl ect ed,
accor di mg tB THE opt 1 m"2ithg 5%?/5585?0 72619 PP

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.



-99 conditions based on optim zed dot |ayouts of the starting side and
endi ng side gradation |evels; and determ ning the threshold val ue | ayout
order of wbe3/oedsseshol d val ue matri xes for the binarizati ecr/Jees@d2eon t he
5 determ ned dot |ayout of each gradation level. 3. The threshold val ue
matrix creating nmethod as clained in claim2, wherein said first stage

i ncludes: carrying out an adjusting ps®cess to include the 10 optim zed
dot layout of the starting side gradation level in an initial dot |ayout
pattern of the ending side gradation &&¥81S and deternining the dot Iayout
of the ending side gradation |evel according to the optim zing conditions,
based on the 15 initial dot |ayout pattern after the adjusting process,
while mintaining the dot |layout of the starting side gradation |evel. 4.

A conput er-readabl e stiQr agetREsERBN MG it @Festing metdidgywatchor causing a
conputer to create a plurality of threshold value matrixes for quanti zi ng

mul ti-level %@& a Lt o, thF 68 Qs iBke v phyeth datad Foer g8hnt 0
repr esent hd{ to% & %éuEN e%% OFF sté&es o? a pl u?a lity of kgnd% o?lncns

et or i o B 037 038582 Be4F 128 G755 L FB00E ThE b R AVATe Ty SOt or der

of the threshold value matrixes
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

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 seetions;

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



for binarizing the nulti-level inage data in order to represent the

hal ftone by ON and OFF states of one kind of dot; and 5 a second procedure
stage whiwb osaesses the conputer to create each of a pl ur &Cirtpoa972éhr eshol d
value matrixes for quantizing the nulti-level inage data into three or
nore -val ued data, according to the threshold val ue | ayout order

determ ned by said first procedure. 13d%. The conputer-readabl e storage
mediumas claimed in claim4, wherein said first procedure includes:

causi ng t heaopires based| ex tontdmdsrdglatal avantewd &her pbat g gridifat i on
sections; 15 causing the conputer to deternine a dot |ayout of the

sel ect ed gradatndinbeyétie ageadadiing tlevepsi nazd ng conditions; causing the
conputer to determ ne a dot |ayout of each gradation |evel bet ween a

starting side gr@@l@éfﬂmu%v%ea@ar@@homd}mesildgogtaaméprbﬂ awel which are
sel ected, according to the optim zing conditions based on optim zed dot

'ayouts_of tﬁ&%hgteltéfeﬁrf%‘ﬂgeé%ﬁ&@%%egﬁg: Hesbﬁ%ﬂf%to‘nonblagg@én @f{w causi ng

the conputer to value [ayout order of the
| ayour o1 eoeirendaed, 565 IS ng BAE ahthsthn "BELiR0. 05726 016,
The conputer-readabl e storage nedi um as cl ai ned
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



inclaimb5, wherein said first procedure includes: causing the conputer to
carry out an adjusting process to include the optim zed dot |ayout of the
starti ng WDda/0%3g2 adati on level in an initial dot |ayout partee29sic t he
ending side gradation |evel; and causing the conputer to determ ne the dot
| ayout of the ending side gradation |evel according to the optim zing
conditions, based on the initial dot 4ayput pattern after the 10 adjusting
process, while maintaining the dot |ayout of the starting side gradation
level . 7. An thregeoddt petusykaritc eFperrsPhgthe ThiashoddcVAbhe vifd ehtxes
determ nes a threshold value layout 15 order of a plurality of'threshold
val ue nat risces biiarribinartize ngultthie lewkli iheyelddtage datlari hoorder to
represent the halftone by ON and OFF states of one kind of dot; a second
section whigheiseatesheaghl pfore Pyund bhy OFF dtueshelfdoval kendredf i xes for
gquantizing the nmulti-level imge 20 data into three or nore val ued dat a,
accordi ng tgithe threshold value |ayout order determ ned by said first
section; and ‘a third section which quantizes the nmulti-level imge data

into the three or nore valued data_ in orvgqr t e t ?@%@r} one by ON
and O:ngtat es of FPMGF riotcﬁdgfek?%%%eo & &%éﬁg\%gogﬁégz% P02/ 09726
-102 using the threshold value matri x created ba/ sali d second section.
- 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.



8. The imge output systemas clained in claim7, 5 wherein said first
section includes: neans for selecting random gradation |evels from al

gr adat i orweas2s3ns; neans for determ ning a dot |ayout of PChgPexisent ed
gradation | evel according to optim zing conditions; 10 means for

determ ning a dot |ayout of each gradation |evel between a starting side
gradation level and an ending side gradati on | evel which are sel ected,
according to the optimzing conditions based on optin zed dot |ayouts of
the starting side and®endiify SF@etgratarddnl ¢ el geapgdl gm sl Figed
determ ning the threshold value | ayout order of the threshold val ue
mat ri xes fodint héabhnar iwedniedm sbadefiost piwecatbtmer ninpédddst | ayout of each
gradation |level. 9. The inage output systemas clainmed in claim8, 20

wherein said firslasgely @Rei Behpees: dRASriObutass yAdPhAitngapradesistidg
process to include the optim zed dot |ayout of the starting side gradation

level " in agabniblathdapdianouls Bt ehgodf dherendiageshdes giadation

| evel ; and 25 nmeans for determning the dot |ayout of the ending side WO

03/ 0283 PCT/ JP02 72 -.103 gr.adation. l.evel according to-the apti.m zing
oonar o) o PopLdRReb R &R 3 RGRIL Pt E vy RO DR R, | O 0% SRLAHLZ

process, while maintajning the dot |ayout of the starting side gradation
| evel . side gradation level; 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,



5 10. A gradation reproduci ng nethod conprising: converting a
multi-gradation image into a bi-level or nulti-level imge data
representwog@sezsshz dot by a bi-level or nulti-Ilevel repre®emjaed/®mesi ng a
dither matrix, 10 said dither matrix having a |ine keytone in a
predetermned direction for at |east sone of tones of the nulti-gradation
i mge, and having a highpass filter chapacteristic at portions other than
the line keytone. 15 11. The gradation reproducing nmethod as clained in
claim10, wheied ke difffeshendevhaganadfripwersptrevey $aveheecoadr r espondi ng
to certain tones of the dither matrix has a highpass filter

characteri sseeti@0. 12. The gradation reproducing nmethod as clained in

cl aim 10, wherein power spectrumdistributions for angles other than the
|l i ne keytone in the predeterm ned direction in polar coordinates due to

t wo- di nensi onal spatial frequency are uniformy simlar for certain tones
of the dither matrix. 25 03 3 / 0972 - 13 ]

gradati on reproduci ng 8r2fet hﬁgg gégﬁéa%rﬁg%@i %Zl :,La%@kljenyt%%gﬁi g' a

i ne-grqup keytone. 14, A threshpld value matrix for converting a 5

Ul £1 JGrhOat TSR e F0G5H BPCFI ORI || evel | mage  data
representing each dot by a bi-level or multi-level _representation,

conpri si ng: . means foOr selecting random gradation levels 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



a line keytone in a predetermned direction for at |east sonme of tones of
the multi-gradation imge; and 10 a highpass filter characteristic at
portions wOohaw2#3ban the |ine keytone. 15. The threshol d walrgeozmvze x as
claimed in claim 14, wherein a-difference inmage of two bi-level images 15
corresponding to certain tones of the dither matrix has a highpass filter
characteristic. 16. The threshold valug3mtrix as clained in claim 14,

20 the line
keyt one i n ¥¥RGregetlevailnedceF ¢t itonthe pBEHRL ebHeT digreiiédonse ppsed

t wo- di nensi onal spatial frequency are uniformy simlar for certain tones
of the dither et dindtid?. dFheldymes peltdeval aftent the aaf uslitangedrocesd ai m
25 14, the keytone i's a line-group keytone. WO 03/028362 PCT/JP02/ 09726
-105 18. Anyhimegenaihecesshfdihetdnd 1eQupti sEnghe slecaiipesisagea multi-col or
image into a plurality of color conponents; and converting an original

i mge of atyleast; gneQb the color 5 conponents into a bi-level or

wherei n power spectrumdistributions for angles other than

multi-level 1 nage data representing each dot by a bi-Ileve

or

mul ti-1evel

represegtation using a dither matrix, said dither matrix having a |ine
keytone®in a predetermned direction for at. |east sone of tones of the

10 nulti-gradation in%%e, and having a hi ghpass filter

A gradation reprdoducing 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 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.

25



characteristic at portions other than the Iine keytone: 19. An inmage
processi ng apparatus conprising: a section which deconposes a multi-color
i mage i ntwoasam3pt urality of col or conponents; and a sect iPom/JRbD/@M26convert s
an original image of at |least one of the color conponents into a bi-|evel
or multi-level 1imge data representing each dot by a bi-level or
multi-level representation using a ditdwer matrix, 20 said dither matrix
having a |line keytone in a predetermned direction for at |east sone of
tones of the multi-grddatTen yradpLicandepaePHgliag HigiHpPas &sf cleéped in
characteristic at portions other than the Iine keytone. 25 20. An

i mage- pr ocesising ldppahat ksy camprisiandin¥OgO8hP 28362>RCT/ JP02/ 09726 - 106
means for deconposing a nulti-color image into a plurality of color
conponents; and neans for converting an original inmge of at |east one of
t he col or conponents into a bi-level or nulti-level inmage data 5

representing each dot 1Ry anbip)euel OLaMkt hakeYEl ed LRIRRRALRRL0R USing a
dither matrix, said dither nmatrix having a Iine keytone in a - predeterm ned

directign for. .at le st.;sone of t.or]c[esa_og).t_ g efulli-gradatian ima(gee, and

having 3 hi'GhpasS Frrtart 10 s arattefi St e 8 pot t16ns otier FAaA t he |ine

keytone. 21. An inage form ng apparatus conprisjing: a_ ' deconposing section
whi ch decoﬁﬁﬁ§b§e§rﬁﬁFPFiﬁ%l%ﬁCh ot 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.



image into a plurality of col or conponents; 15 a converting section which
converts an original inmage of at |east one of the color conponents into a
bi -1 evel Wooake362 | evel inmage data representing each dot Poy/Jaom97tevel or
mul ti- level representation using a dither matrix; and an inmaging section
which forms an image froma plurality 20 of dots depending on an out put of
said converting section, said dither-gg6rix having a |line keytone in a
predeterm ned direction for at |east some of tones of the mlti-gradation
i mge, and having a hithpadd® fiFpgerPrefRiHaEmMedtre §empbitinshs ot her than
the line keytone.- 25 WO 03/028362 PCT/JP02/09726 -107 22. An inmage
form ng appar at usiecomprisngige mulddomedsirngmagansniora géeaaposy ngf acolor
multi-color inage into a plurality of col or conponents; converting neans
for convert tagpamemts giatal i mage-of at 5 | east one of the col or conponents
into a bi-level or multi- level inmage data representing each dot by a

bi -1evel or ml tlcunbeyehn@e&ﬁeoi%r@tﬁatallo@magéngfaa@ﬂ&%rt BREr b¥; 804 1Bgi ng
means for form ng an |nage froma plurali dot s dependlng on an out put

of said gon 0 t her hav e keytone in a
LONUERLLATPANS, 10p3a) 0yl LRl fTALL X 09 i@gﬁ 44X

predeternlne or at sone ones nultl-gradatlon
i mage, and havin h a ter char acteri sti ortions other than
thegl i ne ke§?]83r:|%sqena’c gge%c by a b %.eve or muft -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:



15 23. The image form ng apparatus as clainmed in claim22, wherein said
i magi ng means forms the image on a recording nediumby a recording
t echni queweaBseasezl from a group consisting of an ink-jet PCEgeoxiomzy, a
thermal transfer recording, and electrophotography recording. 20 24. A
printer driver, to be inplenented in a conmputer, for supplying an output
i mge data to an inmage form ng appgrafu@6mh|ch fornsfan hnage froma
lurality of dots, _ conprisjing: 25.deconposing nmeans for deconposing a
gulti-coror inagemeﬁP%gEﬁQ TPEPFIB02/ 109726 CoLrgs imARe nfr wral ity of
col or conponents; and converting neans for converting an original image of
at |east omelwRRlify €8] 6plebnporanesitisat 8nd bi-1evel or nulti- l evel inmage
data representing each dot by a bi-level or multi 5 [evel representation
using a dither mameans &ur apnvergengrat eoridimadutiprtei dRget dadadt sakdor
dither matrix having a line keytone in a predeterm ned direction for at
| east some ofhd @wa®rotoipeneits tirt@y adati-08veBEe mARd -NaVkn; Axdy Gpass

filter 10 characteristic at portions other than the |ine keytone. 15
5 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

10 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;

15 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
20 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. -

25
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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.



