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TECHNI CALWBIoBl1s46he present invention generally rel ates t@cTuRrIE®hel d val ue
mat ri xes, inmage processing apparatuses, inmage form ng apparatuses and
printer drivers, and nore particularly 10 to a threshold value matrix
which is used for a hal ftone processihg an i mage processi ng apparatus, an
i mge formng apparatus and a pﬂﬂﬁ HrMET whi ch use such a threshol d
val ue matrix. 15 BACKGROUND ART In e conventlonal i mge form ng
apparatuses (or image recording apparatuses) such as the printers,
facsimle nachines and copying nachines, a digital inage data which is
formed is a bi-level imge made up of "11's and 1101's or, dots 20 having
ON and OFF §W§@@§QLBUVA88% M%W%ﬁ%xy@%@@@spﬁﬁaﬁs$¥N$rﬁﬁﬁﬁRﬂﬂﬂsnlﬁ@Aéﬁglnes and
the demands for realizing a high-quality inage, it is becom ng nore
popul ar to form pl uralFRRMEG ABPARAIVS i ANIE\RHINTERAQBRIUWARA Whi ch represent
each pixel in a plurality of gradation levels. 25 In this specification,
the "plural-level” is used WO 03/105461 PCT/ JP03/ 06667 -2

TECHNICAT, FIELD

The present invention generally relates to
threshold value matrixes, image processing apparatuses, image
forming apparatuses and printer drivers, and more particularly

10 to a threshold value matrix which is used for a halftone
processing, an image processing apparatus, an image forming
apparatus and a printer driver which use such a threshold

value matrix.

15 BACKGRQUND ART

In the conventional image forming apparatuses (or
image recording apparatuses) such as the printers, facsimile
machines and copying machines, a digital image data which is
formed is a bi-level image made up of "1"s and "0"s or, dots

20  having ON and OFF states. But due to progresses made in image
forming engines and the demands for realizing a high-quality
image, it is becoming more popular to form plural-level (or
multi-level) image data which represent each pixel in a
plurality of gradation levels.

25 In this specification, the "plural-level" is used



simlarly to the generally used terns "nmulti-level"” and "bi- |level", but
the anount of information included in the plural- |level imge data is
greater twenstibsbl of the bi-level image data but |ess thaoToPoxgeed to
that of the multi-level image 5 data. Nornmally, when carrying out an inmge
processing, the multi-level inmge data which is used as the input inage
data has an anount of information of the order of approximately 8 bits

(256 val ues): 18€h  PL¥elne Blnd i B L A8RAVDEERS t iRy 1 {RO&,10r BLAGgPpar at us
whi ch actually forms an inmage based on the 10 input inage data 1s only

capabl e of _representi r.oxi nat.el 1.bit to ifs.p pixel,.the imge
dat a hasqﬁ%F§ Ve@ggskggaﬁggu%?fﬂg&%ﬁ%rgﬁFl%%I?ﬂ é§£§}§ﬁhﬁken8f E?lof | evel s
as a "multi- level", and js thus referred to as a "plural -l evel inmge
data". ForV&xanPree FRALE S iTHET & pieht efati e T irg SVsdulBe¥®n net hod
whi ch changes the tone of the ink, the dot size nodul ation nmethod which
uses dot Sayavicny Heffeklemt @F &2l dadthhd ebtHud wHitdhrleses botdiet he t one
nodul ati on nethod and the dot size nodul ati on nethod are nost comonly
used &t tdaga.prusembtllP) Whern hminyknpebupr ant Bnggea proesstsieggeties at i ng
means of an ink-jet head is formed by a heating resistor which generates

ai r bubblgg tip1thel casegefadthe Whehmak 1BK4) &% e ipiRAOGhEgEr E&tLl ement in
the case of the piezoelectric ink-jet, and an electrostatic elenment in the

case of the sheChiost abk i 28 dileilod! on Thee dotsl 28 Iprz0Rthatbeyl Y
controlling an WO 03/105461 PCT/JP03/06667 -3
bits (256 values) per pixel. But in a case where the image
forming apparatus which actually forms an image based on the

10 input image data i1s only capable of representing approximately
1 bit to 3 bits per pigel, the image data has more levels than
"bi-level" but only has a small number of levels as a "multi-
level", and is thus referred to as a "plural-level image data'.

For example, in the ink-jet printer, the tone

15 modulation method which changes the tone of the ink, the dot
size modulation method which uses dots having different sizes,
and the method which uses both the tone modulation method and
the dot size modulation method are most commonly used at the
present.

20 In the ink-jet printer, a pressure generating means
of an ink-jet head is formed by a heating resistor which
generates air bubbles in the case of the thermal ink-jet, a
piezoelectric element in the case of the piezoelectric ink-jet,

and an electrostatic element in the case of the electrostatic

25 ink—-jet. The dot size is controlled by controlling an



anplitude, a pulse width, a nunber of pulses and the like of a driving
vol tage which is applied to el ectrodes of such pressure generating neans.
However, woe3tiassbhe spreading of the ink and the |ike, tRETIBII/®6oeR
control can realize only 5 four states at the nost with a satisfactory
reproducibility, nanmely, a |arge dgt, a nediumdot, a small dot and no
dot. FIGS. 1A through 1C are diagrans for explaining dot |ayout patterns
whi ch aranpisedidsher palspi Agdout a hemypereod] pubeaar azdttiton lgkecegsaand t he
plural -l evel process. FIG 1A 10 shows the dot reproduction for a case

wher e t hierbiingy vedttage RhOeRSSss i Spldrad ed elbctFbées 1 s t he dot
reproduction for a case where the plural-Ilevel process (tone nodul ati on)

i's carrjed Qut. g@ﬁ@r'éh;@nglge%@m HhRRl BeRr pduchd abdliacage  where

the plural-1level "process (dot size nodulation) is 15 carried out. In FIGS

1A t hrough 1C, bl ac i | ar r i.ndi cat e _dot and circul ar marks
with hattT %rﬁfﬁ A |C§P§ &gg?é H%%f%%iéhﬁﬁmanﬁgég fhan %ﬁﬁ%%ﬁnﬂ?l'ndicated by
the hlack circular ma Furt her,, 1A through 1C, the dot pattern

rks. in FIGS.
on tRe I'&4r iST@itESt 85 EPPolPEFigHtD & SAEISERETARY TRFPHTEH ALY -t he ni ddl e
i ndi cates a nediumtone, and the dot pattern on the right indicates a high
(dark ornamsdvium legae. dagcor diery-Ud dofe dosmpépréeuciicbmosiiiedn in FI GS. 1A
through 1C, the anount of information is basically determ ned by the
control | abl e dot siFZ€S.Tha Gnpeungh ofC iarfeodimtirems 28501 nerElssies ngs dblie nunber
of controllable dot sizes increases, WO 03/105461 PCT/JP03/ 06667 -4
layout patterns which are used when carrying out the general
binarization process and the plural-level process. FIG. lA
10 shows the dot reproduction for a case where the binarization
process is carried out, FIG. 1B shows the dot reproduction for
a case where the plural-level process (tone modulation) is
carried out, and FIG. 1C shows the dot reproduction for a case
where the plural-level process (dot size modulation) is
15 carried out. In FIGS. 1A through 1C, black circular marks
indicate the dots, and circular marks with hatching indicate
dots having a lower tone than the dots indicated by the black
circular marks. Further, in FIGS. 1A through 1C, the dot
pattern on the left indicates a low (light) tone, the dot
20 pattern in the middle indicates a medium tone, and the dot
pattern on the right indicates a high (dark or maximum) tone.
According to the dot reproduction shown in FIGS. 1A
through 1C, the amount of.information is basically determined

by the controllable dot size. The amount of information

25 increases as the number of controllable dot sizes increases,



to thereby enabl e reproduction of a high-quality picture close to the
original inmage data. But as descri bed above, the nunber of controll able
dot sizeswD3a0d4y1 on the order of 1 to 3 (or 4 when 0 isPCcaAgPwd®dd7 i n t he
case of nost ink-jet 5 printers. It is possible to inprove the picture
quality to a certain extent by conbjning the dot size npdul ati on method
and the tone nodul ati on nmethod, but 'the load is then put on the coloring
agents (dyesihearthyr eeabdengepibdisciibobdes hogashhievery thewesl redspi cture
quality. Consequently, due to cost and 10 size restrictions on the inmage

form ng appanal YsighhalSielhy aP9sSi e e LARELYS.d heg RiLt yhe quality to
two tines at the nost, even when the dot size nodul ati on 'met hod and the

Lo ¢ ol 08 BRI 2 S LoD Bl lsn 107 SRE w1 60 S ENRRLE L0 e

i nsufficient anount ormat1 on pér piIx a pse

representatjon ich is generally referred to as a halftone process is
used as A etogcﬁn}xgﬁﬁ Po?scHh%r‘%AQQI)ngmt rEenGABRrOHIMIFGt d1¥ePSlnit area. The

pseudo gradation representation represents the nunber of dots which are
arr anged g g eESne, TAndS reprEideift $oa 1POrPEPgehaupbuS ayeddayi 6a devel s by
changing the density of the dot. The hal ftone nethod includes the dither
met hod anckrtehe extentdby fosimimimet hbe. dPhestié hevdutettiocd methopubad|y used
for the pseudo gradation representation, and typical dither nethods are
the 25 syst ewdki Rodil Aelomeidud@ndutheneandsm di them metched. tAke WO

03/ 105461 PCT/ JP03/ 06667 -5
coloring agents (dyes) and recording units in order to achieve
the desired picture quality. Consequently, due to cost and
10 size restrictions on the image forming 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.
In order to compensate for the insufficient amount
15 of information per pixel, a pseudo gradation representation
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
number of dots which are arranged as a tone, and represents a
20 large number of gradation levels by changing the density of
the dot. The halftone method includes the dither method and
the error diffusion method.
The dither method is popularly used for the pseudo
gradation representation, and typical dither methods are the

25 systematic dither method andAthe random dither method. The



systematic dither nethod sets a sub matrix (or dither matrix) made up of n
X n threshold values, and overlaps this dither mtrix wth the input inage
t o conparwotoBaoisene | evel of each pixel and the correspomrdiragoyisseshol d
value in the dither 5 matrix. A bi-level representation is made by setting
a value "1" (black) if the pixel value of the input inmage is greater than
or equal to the corresponding threshdld value, and setting a value "0"

(white) idydiamaplixebivabyen®fnddesdnput subnReeris |Qsuitdhr hherix)
correspon&;ng threshold value. If the 10 processing of n x n pixels ends,

the | mgedds for ued:by of epeatiedly \BALEY NGoQUL,Lite, Abaye aseriped process

whil e successrvely noving t ither matrix to t ion of the next n
x n pixels. FEIGS., 2A,.2B, and 2C are diagrans for explaining the 15

Syot bt I Ch@ ShorRad: ROr SHRIE CHTPRE cliRcicts 7eh Rpueach

mul ti-level image data shown in FIG 2A a_conparison is nmade with an n X

n di t her Metsi @h&RA FAT FPROTBIfhitdEessoler eaterl 1By theprédbesr mi ned

nmet hod. Hence, only the pixels of the input inage having val ues greater

t han 6r ewuialix.o Bhei2Devel respomdinigtibreshohade dhwestdariegr eplrated by dots
as shown in FIG 2C. O course, it is possible to replace only the pixels
of the input WIREe)hayi tge viad:tEels dAse blfafhéhenpeiorineseondi agebheeshol d

val ues by the dots. FIG 2C shows a case where the dots are bi-level, 25

that is, g ¢t sqhaveran- &lald @hdanqOFF et 81 JAaWeyenngV\0 03/ 105461
PCT/ JP03/ 06667 -6

setting a value "0" (white) if the pixel value of the input
image is less than the corresponding threshold value. If the
10 processing of n x n pixels ends, the image is formed by
repeatedly carrying out the above described process while
successively moving the dither matrix to the position of the
next n x n pixels.
FIGS. 2A, 2B and 2C are diagrams for explaining the
15 systematic dither method. For example, with respect to an
input multi-level image data shown in FIG. 2A, a comparison is
made with an n x n dither matrix shown in FIG. 2B which is
created by a predetermined method. Hence, only the pixels of
the input image having values greater than or equal to the
20 correqunding threshold values are replaced by dots as shown
in FIG. 2C. Of course, it is possible to replace only the
pixels of the input image having values less than the
corresponding threshold values by the dots.
FIG. 2C shows a case where the dots are bi-level,

25 that is, the dots have an ON state or an OFF state. However,



the dots may be nmade to have plural-levels by sectioning the reproducible
gradation region into small, nediumand |large dots as shown in FIG 3.

FIG 3 iswaodiiegsam showi ng a correspondence between si zeCroded/@bed dot s
and dither masks. 5 In this case, a threshold value matrix corresponding to
the dot size is used for each of tbg_snall, medi um and | arge dots, when
maki ng the conparison with the input 1 mage data to nake the replacenent to

the dots.ifd GrsAhay4BeanfadC el a0raas-1EesPeahy Vel ishawgngnthe
threshol d value matrixes for the 10 small, nmediumand |arge dots. On the

ot her ha%fe%@cﬁgggo&géig@fén r&t&md i%%@egﬂ%ff %é@iqg@;gn%ﬁllg%gwth respect

to each pi I nput 1 mage and uses the generated value~as the
t hreshol d, val ue. . However %he [ farned_using the random dither 15
ot hod | SHB VerYORROBEHE T ghnerdC: dnd’i § GHSTTEETH TS fipr ovi ng ¢ he
picture quality as conpared to the systematic_dither method. Furthernore,
t he pseud®PGikPLRAERCE PP EERMR attash Marey2bed naeles id e tderomagiket usi on
nmet hod. However, the error 20 diffusion method requires a considerably
conpl éx prodess when, canpareshals tisd udi mhsrixethodsspdEdings tos taedi agr am
for explaining a bi-level error diffusion technique. In FIG 5, a step ST1
carries aidt atizeetibotsdif fosi eacipratesse shawn, Mmd@ckn Gind Waagenabks,
i ndicate 25 the pixels having the dots which are ON, circular nmarks WO
03/10546kﬁﬁ§?&%ﬁ@§@0§§@7com§érison with the input image data to make
the replacement to the dots. FIGS. 4A, 4B and 4C are diagrams
respectively showing the threshold value matrixes for the
10 small, medium and large dots.
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
15 method is not very smooth in general, 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
20 diffusion method requires a considerably complex process when
compared to the dither methods.
FIG. 5 is a diagram for explaining a bi-level error
diffusion technique. In FIG. 5, a step STl carries out an

error diffusion process shown. Black circular marks indicate

25 the pixels having the dots which are ON, circular marks



indicated by a dotted line indicate pixels having the dots which are OFF,
and nunerals indicate the pixels which are not yet processed. A step ST2
carries owDo103aseshol d val ue process shown. e.Y denot es Pam/JeoOY w667
generated by the threshold 5 value process, and X indicates a target pixel
which is the target of the next error diffusion process. A step ST3
multiplies an error weight matrix EWlto the error val ues of the processed

peri pher a), 4 pixel$ v And actakauh ahesi Racosfeied 18 kaling! tiee @ty addi ng
the error 10 weight matrix EWM to the value of the next processing target

ixel. ? jndicate e r Lxel . whi i he . t error
8iffusioﬁhb?%d%§%§) 'sﬁég'%ﬁﬁeggﬁga%%@iﬁ_6%3%% gfggiggﬁ?g%?é§ﬁfﬁ?g§hold

value and th t ed pi xel CPV d | at ¢ N and OFF
St es OFSENE GRS Ghd Phe T8 BIPorTaite Tox) AREPE oK SEgment

oh-segnment ed i nage
is indicated by "255" and solid color is indicated by 110". Hence, the
error di broseen shawiod Car HeBStEGt 2RheT T hr EYIRFAFFaPe thFotREeSEN each

pi xel and holds the error while reflecting the error to the latter

cal cW at yense apr el praedetér Mhabck tet 20 tabgrtepizdk eriar idi fidhesi on net hod
can feed back to the output imge even the anount of information which is

forci bl yrdigeargedid e dirt-her dproaessn dhweresy making it possible to
obtain a picture quality which is inproved over the dither imge fromthe

poi nt of view of the 25 r@sokitic9p1a8d fhetide weehe3hd0bAB1EWM to
PCT/ JPO3/ 06667 -8

the error values of the processed peripheral pixels, and
calculates a corrected pixel value CPV by adding the error

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

15 error value (e,), where non-segmented image is indicated by
"255" and solid color is indicated by "O0".

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

20 predetermined ratio. Hence, the error diffusion method can
feed back to the output image even the amount of information
which is forcibly discarded in the dither process, thereby
making it possible to obtain a picture quality which is
improved over the dither image from the point of view of the

25 resolution and the like.



Devel opnents are being nmade to further inprove the resolution while
obtaining a high picture quality by the dither nmethods and error diffusion
nmet hod deworBhedenbove. This is because the individual deCTgPexzocasd
separation of the 5 dots becone snmall as the resolution becones high, and
the dot patterns created by the dither method or the error diffusion

nmet hod becone nore difficult to recognize. |If the dot pattern is not

recogni zabl e by thepByERBL@YE:s &S HeSingOwbMal eat fhorhdrmkinigoaenyhti - | evel
representation by 1 pixel. In ink-jet 10 printers which have been recently

devel oped, ]{u‘%ﬁghu&hgﬂeoébtﬁg’?ﬂ}# H13s Begpureakized.y Ayt haugh the

picture quality 1s 1 nproved roving the resolution, 'the cost of the

recording unit increases_and the recordin ri.nting)..speed decreases. In
15 order 4% aFngogﬁeaﬂ?gﬂr?%%d?ﬂﬁﬁgﬁPna%ﬁ%g%qd%%%¥§%§%F€%ﬁ¥FOI is
required to maintain the high dpﬁgfosition accuracy, in addition to the
requi r emefitia ¢ sf BRRABEE SR LR EFE Whacrér S1ERaRRY EPRGFREAT 8haFl§ used

dots. As a result, the cost of the imge form ng apparatus inevitably
becomds higits begoR® addiiian, tiwhereassiutgonhbesames rivedy diang! ¢het dott t akes
nore time to make the recording for the higher resolution because the
cover age pHeamper cdehtbacopeshs miltierr ethblieohi ghererresaiftfuenonBut i n
actual practice, there are cases where a 25 high picture quality is

preferred,ougly HReomeCRLLENG: spEAd NG WO-0341064611 PGHI R B666&rn - 9

is not recognizable by the human eye, this is equivalent to
making a multi-level representation by 1 pixel. In ink—jet

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

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

15 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 result, the cost of
the image forming apparatus inevitably becomes high. In

20 addition, when using the same recording unit, it takes more
time to make the recording for the higher resolution because
the coverage area per dot becomes smaller for the higher
resolution.

But in actual practice, there are cases where a

25 high picture quality is preferred over the recording speed and



cost, and al so cases where the desired recording speed and cost are
preferred as long as a picture quality higher than a predeterm ned quality
i s obt ai mablog/1034n1 ot her words, it is not always the casePChaPO¥dseshi gh
picture quality is required. 5 But up to now, all enphasis was put on
further inproving the dot form ng eed and further inproving the

nmounting density of the recording umts by neans of hardware, while

mai nt ai niag.t he,hi ghsf esoldl @R rel RHOt HEE 1 M dSscddd@ngeRpBagi sngvas put on
i ncreasing the recording speed of the 10 i nage form ng apparatuses which

desi f th L.gh ] Gt | i : I ' t
o1 cture QU TY° orES ERE T bl ) R e T b aparabuSes wht ch- have

| ow resolutions. Wen increasin he recording eed of .the,jinmage 15
f or mi ng éﬁﬁé?&?ﬁ%lﬂﬁﬁxﬁP?%”ﬁ%§ﬁg%@%aFB?b %e Hﬂbﬁ eEtUPﬁdsqu%#i% it is
impossible to realize considerable inprovenrent in the recording speed

unl ess t hetr etvads nghe eepiehddgt §8kf Nigh PRy ieduapesdusd BFIEHeETost
restrictions and restrictions on the nmounting area. In addition, when the
recordi ng sequence R20tisp nodidfdwed alilt emshasposa bt onappkyhehe | mage
processing for the high resolution unless the inmage processing itself is
al so nodiifiedyviAs Bn& essit tEorntincs spee@ssed yrdecHmdiifnprokeéngi tage processi ng
depending on the nodified recording sequence. But in the conventional

i mage fornng: ANPALAL LSESor Qe 2 c824ash @iw&%ﬁ RL8Gessi Agriwaappl i ed,
and no attenpts were nade WO 03/105461 PCT/JP03/06667 -10
while maintaining the high resolution. In other words, the
emphasis was put on increasing the recording speed of the
10 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
15 forming apparatus which is designed for the high picture
quality, it is impossible to realize considerable improvement
in the recording speed unless the recording sequence itself is
modified, because of the cost restrictions and restrictions on
the mounting area. In addition, when the recording sequence
20 is modified, it is impossible to apply the image processing
for the high resolution unless the image processing itself is
also modified. As a result, it is necessary to modify the
image processing depending on the modified recording sequence.

But in the conventional image forming apparatuses, only a

25 simple image processing is applied, and no attempts were made



to positively inprove the picture quality. DI SCLOSURE OF THE | NVENTI ON
Accordingly, it is a general object of the present 5 invention to provide
a novel awooadefsol threshold value matrix, inage processiPOl/JREBIEHET US,

i mge formng apparatus and printer driver, in which the problens

descri bed above are elim nated. Anggber and nore specific object of the

present 10 invention is to provide threshol d value matri x, an inmage

processi pg aRparatds, iaprbiegent osengARpRanatys and a printer driver,
whi ch can obtain a Satisfactory picture quality for a |owresolution
recordi ng and/ or a high-speed recording. Still another object of the

present inventionis to 15 provide a threshold value matrix used for

converting a multi- |evel | ta into a plural-level imge data which
represen R édf | er nunber of gradati |l evel s than th
P graaat1 on evel s an e
mul ti-level inmage data, conprising threshold_ values used for naking a dot
representati on sol AGeEiagdgr 20 patd FeraaTl ePrerat af ntiy REFSSHeént i cal
keytone for all halftone levels. According to the threshold value matrix
of the pnesentor rmeentbdooridet henvheeshol disedluleshepabdedt vl wfomatrix,
representation solely by a dot pattern while constantly maintaining an
i dent i calnkgytonadying hpbakbtose ievpl Torkang2bpphistueasah, it is
possible to inprove the picture quality in WO 03/105461 PCT/JP03/06667 -11
the Iow pesolution y&condi pg:eRdenansk-died absepesddr asordliag
eliminated.
Another and more specific object of the present
10 invention is to provide a threshold value matrix, an image
processing apparatus, an image forming apparatus and a printer
driver, which can obtain a satisfactory picture quality for a
low-resolution recording and/or a high-speed recording.
Still another object of the present invention is to
15 provide a threshold value matrix used for converting a multi-
level image data into a plural-level image data which
represents a dot pattern by a smaller number of gradation
levels than the multi-level image data, comprising threshold
values used for making a dot representation solely by a dot
20 pattern while maintaining an identical keytone for all
halftone levels. According to the threshold value matrix of
the present invention, the threshold values enable the dot
representation solely by a dot pattern while constantly

maintaining an identical keytone for all halftone levels. For

25 +this reason, it is possible to improve the picture quality in



node which do not carry out a dot gravitational center position control or
a gradation representation of each pixel by a representation close to a
mul ti-| ewsb mBapidesent ati on. 5 The threshold val ue matrix mag/JPedasher
conprise a plurality of sub matrixes; and a basic matri x for conbi ni ng
the sub matri xes, where said sub matrixes and said basic matrix have
simlar line-group keytones. At | east'said sub matrixes may have a size of

3 x 3 angnanibfckioetutife- MR ndOmkaxt gRe. tidie idn-epheld r¥abr@i st ri x
may be used to always sinultaneously generate three or nore dots per

dat i I h [ dj ! it chi dot
may oo EoRoy g BB TRaT S BT PeOEny Se ROl A e Tor 5 dot 15 8iz6 of

a next stage.,The thresfold valug mat ri x nqg excl ude % matri x, whj ch

i ndepend@AEEFIGRNEPREER! 2 TWén & 2B Bht FEPRET T2 Wi R aeﬁgsth%e s not
visually recogni zabl e by human eye. - Only odd nunbered threshol d val ues may
be used ¥ PorgPaASCRER atlesgefoof WotElatewehriaPAes6RtREVRR - where a
keytone is 20 easily lost due to increased dot density. One side of the

t hreshol d val ue nat The teyesdlolay yaBeecamaburik phay ofumihght comprisetder obj ect
of the present invention is to provide an inage processing apparatus

conpri si pQuaaPlegessi Hgh eGtiixes ;cantyhnPadld maidiy dorl evRbipingess Wi th
respect toa 25 multi-level image data to output a plural-Ilevel inage data

WO 03/ 103461 sRETHIPPBL 0666 herel 3aWAI chn! RRELSEN SRy datiapBhbesn by a

smal | er nunber of

matrix have similar line—group keytones. At least saild sub
matrixes may have a size of 3 x 3 and an inclined line-group
10 keytone.
The threshold value matrix may be used to always
simultaneously generate three or more dots per gradation level.
A threshold value immediately before switching a dot size may
gave a value identical to a first threshold value for a dot
15 size of a next stage. The threshold value matrix may exclude
a matrix which independently generates a dense dot pattern for
which a keytone is not visually recognizable by human eye.
Only odd numbered threshold values may be used to form an
incomplete set of dots at a gradation level where a keytone is
20 easily lost due to increased dot density. One side of the
threshold value matrix may always be a multiple of eight.
A further object of the present invention is to
provide an image processing apparatus comprising a processing
section carrying out a plural-level process with respect to a

25 multi~level image data to output a plural-level image data



gradation levels than the nmulti-level imge data by use of a threshold
value matri x; and a holding section holding said threshold value matrix
whi ch i ncwodagoihr eshol d val ues which 5 are used for maki RGTAPENI6667
representation solely by a dot pattern while nmaintaining an identical
keytone for all halftone levels. According to the image processing
apparatus of the present invention, it is possible to inprove the picture

qual ity kRitherbomesased W i peeeedhngy ot hembOrhogh- speed
recordi ng node by use of the threshold value matrix. Another object of the

present 5&%@?&&89 18vd s BAVide Auptini&redringfe db@absyi dpbeserdied in a

conput er supplying an out put inage data to an i mage form ng appar at us

Sect i on GHFPSPRLTo0E e pRUrAR 8081 CpPReatld s Lt ge it d R DTS (e

section process® w a multi-|evel

i mge data to output, as the output ,inage data, l.ural -1 evel , i.mage data
whi ch rephesehpsdavabie Tadttier B¢ halBRR @%@'Hﬂﬁﬁg¥88fvaﬁﬁﬁﬁtf%ﬁFﬁeveIs
than the multi-level inmage data by use of a threshold value matrix; and 20
a tabbe strer ingdséprd mdriaxhd dovairapraaerixtini cplicdel Bded dekreshol d

val ues which are used for naking a dot representation solely by a dot

pattern whickerfaaini Bé nhathtainindenti ¢dbnkeyd breeftomealfbrhalit one | evel s.
According to the printer engine of the present invention, it is possible

to 25 i npravechbel Pt r e Kiedrdivigi Rot BBe | DMk §@ SOlddciseAngeappatiagiaND
03/ 105461 PCT/ JP03/ 06667 -13 node and the high-speed recordi ng node by use
of the t%%e§ﬁglgresent invention, it is possible to improve the
picture quality in the low-resolution recording mode and the
10 high-speed recording mode by use of the threshold value matrix.
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 a
15 processing section carrying out a plural-level process with
respect to a multi-level image data to output, as the output
image data, a plural-level image data which represents a dot
pattern by a smaller number of gradation levels than the
multi-level image data by use of a threshold value matrix; and
20 a table storing said threshold value matrix which includes
threshold values which are used for making a dot
representation solely by a dot pattern while maintaining an
identical keytone for all halftone levels. According to the

printer engine of the present invention, it is possible to

25 improve the picture gquality in the low-resolution recording



value matrix. Still another object of the present invention is to provide
an i mage form ng apparatus which forns an i nage on a 5 recordi ng nedi um
froma plwoaBitbdsepf dots, conprising a processing secti oRCTAPOII6AEy out a
plural -1 evel process with respect to a nulti-level inage data to output a
plural -1 evel image data which repgﬁg_e_nts a dot pattern by a smaller nunber
of gradation levels than the nulti-Fével imge data by use of 10 a

t hr eshol g, yal 4gy MRl X ghashabh ersddrding saidd bireshodsl wiad udrashbiidx whi ch
i ncl udes threshol d val ues which are used for naking a dot representation

solely by a dof_.pattern while maintaining an identical keytone for all
hal ft one’ Tevel S; "and an imagi ng section formng the imge on the recording

medi um 15 based on t, | ural -1 evel i data, _Accor di tq t.he.inmage
f ormi ng appar at us osftlﬁﬁegﬁf’%ggﬁto %?/%thfm%ﬁc,hei Prfege%gsisﬁg%%gutogl J'Frrf)croove t he
picture quality in the |lowresolution recordin node and the hi gh-speed

. . 11 ng
recor di NBrovide R JFEI6f TPRBLIRGr FWTaF Uy MPGEM AP FT% . 2 oM &9 Fe P obj ect s and
further features of the present invention will be apparent fromthe
f ol | &M ngedetdiledieddesc ficpini anpwhenl Fteadf Alocsn] OPERT BN teh t he
acconpanyi ng draw ngs. WO 03/105461 PCT/JP03/06667 -14 BRI EF DESCRI PTI ON
OF THE DRAVEANGS i} GSctlAnt breugind G & dilagranbetol pxpiadimiwighdot | ayout
patterns which are used when carrying out a general
respect to a multi-level image data to output a plural-level
image data which represents a dot pattern by a smaller number
of gradation levels than the multi-level image data by use of
10 a threshold value matrix; a table storing said threshold value
matrix which includes threshold values which are used for
making a dot representation solely by a dot pattern while
maintaining an identical keytone for all halftone levels; and
an imaging section forming the image on the recording medium
15 based on the plural-level image data. According to the image
forming apparatus of the present invention, it is possible to
improve the picture guality in the low-resolution recording
mode and the high—speed recording mode by use of the threshold
value matrix.
20 Other objects and further features of the present
invention will be apparent from the following detailed

description when read in conjunction with the accompanying

drawings.



bi nari zation process and a plural -level process; 5 FIGS. 2A, 2B and 2C are
diagrans for explaining a systematic dither nethod; FIG 3 is a diagram
show ng awomsnespondence between size nodul at ed dots andPdirtireyoonersks;

FI GS. 4A, 4B and 4C are diagrans respectively 10 show ng threshol d val ue
matri xes for small, nmedium and Iarg@i dots; FIG 5 is a diagramfor
explaining a bi-level error diffusi 6h techni que; FIG 6 is a perspective

vi ew Showh g asitustyrg 8F ri5 @uyenkedi ment of the image forming

apparatus according to the present 1nvention; FIG 7 is a side view

showi ng the struct yre of ;the, enhpdi gent. of, e LMage {51 1o ApRasat us

FIG 8 is a disass ed “perspective view o 0 recording head; FIG 9
is a cross sectional view of the rec rvgi ng head al ong a | ongit.udi nal

di rect i ohavPuarPatierdRaitber! &re usﬁff' %h BAFEFRRP VT v SHEWHY an
inmportant part of FIG 9; 25 FIG 11 is a cross sectional view of the
recor di nigiGr 03411084 L oreTE) POd/ 86867 al 15 vRdaBraf8hy  a shorter side of the
ink chanber; FIG 12 is a plan view showi ng a nozzle plate of the
recorgdi ng head; . FIGS. 2A, 2B and 2C are diagrams for explaining a

systematic dither method;
FIG. 3 is a diagram showing a correspondence
between size modulated dots and dither masks;
FIGS. 4A, 4B and 4C are diagrams respectively
10 showing threshold value matrixes for small, medium and large
dots;
FIG. 5 is a diagram for explaining a bi-level error
diffusion technique;
FIG. 6 is a perspective view showing a structure of
15 an embodiment of the image forming apparatus according to the
present invention;
FIG. 7 is a side view showing the structure of the
embodiment of the image forming apparatus;
FIG. 8 is a disassembled perspective view of a
20 recording head;
FIG. 9 is a cross sectional view of the recording
head along a longitudinal direction of an ink chamber;
FIG. 10 is an enlarged view showing an important

part of FIG. 9;

25 FIG. 11 is a cross sectional view of the recording



FIG 13 is a system bl ock diagramgenerally showing 5 a controller of the
ink-jet printer; FIG 14 is a system bl ock diagram showi ng a driving and
control swotmsoes4ef the controller; FIG 15 is a system bl ech/Jddzagsem
showing a head driving circuit; 10 FIG 16 is a timng diagramfor

expl aining the operation of the driving and control section; FIG 17 is a
system bl ock di agram showi ng an eddi ment of an i nage processing

appar at ug3acor Al g, (9, hhe . RISSCHE LAYODH GRandd:FI G5 18A 18B and 16C

are di agrans Xpl-al ning of pattern after carrying out a Bayer type

di ther process .and_ an errar diffusion process w_t I nput
i mge; FIGS. 19A an%lacigézarlg & & ?Em\gl(?‘grs eo>‘<'vp%gi R ﬁaEg%Q?%aH%eg O?z;t a after
carrying out the Bayer type dither process 20 with respect to an input

i mge; FItBe 2ecesdingi rm showi ng the granularity mneasured at tone
intervals of 10%for the Bayer type dither attern and the error diffusion
pattern recorded atFB®O Idpiis Bl Syskemiklecki Y GENEXPAY MRy ifRe

effects of 25 nmechanical deviations in the ink-jet printer; W 03/105461
PCT/ J$03/20666¢rot 1ér GEhe?2 2Akandt2@Bimtex di agrans for expl ai ni ng
interference between the Bayer type dither pattern and the nechani cal
devi ations of the ipKsjets prd Rt @ystem block diagram showing a driving

and control section of the controller;

FIG. 15 is a system block diagram showing a head
driving circuit;

10 FIG. 16 is a timing diagram for explaining the
operation of the driving and control section;

FIG. 17 is a system block diagram showing an
embodiment of an image processing apparatus according to the
present invention;

15 FIGS. 18A, 18B and 18C are diagrams for explaining
a dot pattern after carrying out a Bayer type dither process
and an error diffusion process with respect to an input image;

FIGS. 19A and 19B are diagrams for explaining an
image data after carrying out the Bayer type dither process

20 with respect to an input image;

FIG. 20 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;

FIG. 21 is a diagram for explaining the effects of

25 mechanical deviations in the ink—jet printer;



FI GS. 23A and 23B are diagrans for explaining a dot 5 |ayout pattern
havi ng an inclined keytone in an enbodi nent of a threshold value matrix
accor di ngwoestibsepr esent i nvention; FIGS. 24A and 24B ar e Pdiragozesem or
explaining the dot pattern of a line-group keytone used in

el ectrophot ography recording and [_%_phange in keytone of the gradation

| evel ; 10 FIGS. 25A and 25B are diagrans for explaining the dot pattern of

the |ine-group keyt®ngs appld eddt 02BNKré ediade® dorgeapdat Aenghange in
keyt one of the gradation level; FIGS. 26A, 26B and 26C are di agrans for

expl aining, the ke I by LLLi idher Jamskin 151G 27A, 27B

and 27C éggeﬁ?%ﬁ?g%% g?kgigﬁgﬁnﬁﬁg tﬂ%x?fﬁf%g aﬁﬁ thgnkeﬁtone for a case

where the mask has 1 dot , per %r%ﬁation qu%%; Fl GS. 28A, 28B and 28C are
il

di agr anms *E6REREPA R HTHF CARE £F1 FRg AT 1He HeViShé for a case where the
mask has 2 20 dots per gradation |level; FIGS. 29A 29B and 29C are diagrans
for explaining theiG3i mplaridct REBkeyEe ohERI SR TOFs EXRPBFBI IR Mk has 3
dots per gradation level; FIGS. 30A, 30B, 30C, 30D, 30E and 30F are
di agraums 1agbuf opaexetaitmigadian $hohindd akdsine iat aRxenRedime: Mt ri xes;
WO 03/ 105461 PCT/JP03/ 06667 -17 FIGS. 31A and 31B are di agrans for
expl ai ni ag+8r8ohol Patd i raemxwatebriheg keytore preseatognveabie;; FI GS. 32A
and 32B are diagranms for explaining a dot
FIGS. 24A and 24B are diagrams for explaining the
dot pattern of a line-group keytone used in electrophotography
recording and the change in keytone of the gradation level;
10 FIGS. 25A and 25B are diagrams for explaining the
dot pattern of the line-group keytone applied to ink—-jet
recording and the change in keytone of the gradation level;
FIGS. 26A, 26B and 26C are diagrams for explaining
the keytone formed by tiling a dither mask;
15 FIGS. 27A, 27B and 27C are diagrams for explaining
the tiling and the keytone for a case where the mask has 1 dot
per gradation level;
FIGS. 28A, 28B and 28C are diagrams for explaining
the tiling and the keytone for a case where the mask has 2
20 dots per gradation level;
FIGS. 29A, 29B and 29C are diagrams for explaining
the tiling and the keytone fdr a case where the mask has 3
dots per gradation level;

FIGS. 302, 30B, 30C, 30D, 30E and 30F are diagrams

25 for explaining division of a basic matrix into sub matrixes;



pattern from which the keytone is not recognizable; 5 FIGS. 33A through 33D
are diagrans for explaining the |oss of keytone at a dot size sw tching
part; FI G80 034#s46hr ough 34C are diagranms for explaining ®Pog/JPeR6er
keytone at the dot size switching part for a particular case; 10 FIGS. 35A
t hrough 35C are di agrans for expl ai ni7ng a process carried out with respect
to the | oss of keytone at the dot "¢iZe swi t chi ng part; FIG 36 is a

di agram for expl ai fﬂ% a3t had 9fp &Featingahde rbhr espohthmad wedmtrix; 15
FIG 37 is a system bl ock di agram showi ng anot her enbodi nent of the inage

form ng aggﬁ%r)%tlu Ogg:gﬁlrioghn%hteokggg?n@riessezrétcoiﬁg\égg [Lgp; FIG 38 is a diagram

gener al Iy erfral” "tra er type i e formng apparatus; 20 FIG
apparatus: F1G. 90 15k dPaorih SRACTER 19 OGS BPRBL e a thdge of -
t he el ectrophot ography type inmage form ng apparatus; and 25 FIG 41 is a
tinmng dpagtem foroexplisibnithg sedbens\d D3T0SLSPIPETAIPDB/ 06667 - 18 size
change in the el ectrophotography type i mge form ng apparatus. BEST MODE
FOR GARRYI NG OUT THEGINVEYR @Nrough 33D are diagrams for explaining
the loss of keytone at a dot size switching part;
FIGS. 34A through 34C are diagrams for explaining
the loss of keytone at the dot size switching part for a
particular case;
10 FIGS. 35A through 35C are diagrams for explaining a
process carried out with respect to the loss of keytone at the
dot size switching part;
FIG. 36 is a diagram for explaining a method of
creating the threshold value matrix;
15 FIG. 37 is a system block diagram showing another
embodiment of the image forming apparatus according to the
present invention;
FIG. 38 is a diagram generally showing a thermal
transfer type image forming apparatus; |
20 FIG. 39 is a diagram generally showing an
electrophotography type image‘forming apparatus;
FIG. 40 is a diagram generally showing a process
cartridge of the electrophotography type image forming
apparatus; and

25 FIG. 41 is a timing diagram for explaining a dot



5 A description will be given of enbodinments of a threshold value matrix,
an i mage processing apparatus, an imge form ng apparatus and a printer
driver (twoOla/10d4npl enented in a conputer) according to theCcpresxsse?
invention, which can obtain a satisfactory picture quality for a |ow 10
resolutlon recording and/or a hlgh gped recording, by referring to FIGS
6 through 41. FIG 6 is a perspective view showing a structure of an
enbodi ment ,of -t heyd MBYe-HOTR8 rapRAt SGHspIRE GO Ngabe tbhemipy esent

i nvention, and Fl 7 is a side view show ng the 15 structure of this
enbodlnegt gfa£ i mge form ng apparatus. For the sake of convenience,
FIGS. 6 anid~7 s%omllnportant internal parts of the imge form ng apparatus
al though actually not visible in the perspective and side views. In this
enbodi mrent of the imge form ng apparatus, the present 20 invention is
applied to an ink-jet orlnter In the ink-jet printer shown in FIGS. 6 and
7, a pr BBELnYORE AN 2Lt main printer body 1. The
printing nmechani sm 2 |ncludes a carrlage 13 which is novable in a nain
scann$ ng directi on, Aréesrdinig oneadsd 114e28iveournmedmhedinentar efagye 13, and
ink cartridges 15 for WO 03/ 105461 PCT/JP03/ 06667 -19 supplying inks to

t he recordi-Bgnbeadss1lde Ranerk,3ahsisdppl pescedsiony appapetusupphy cassette 4
or a manual paper feed tray 5, and the printing nmechanism 2 records an
lrfage on;t0E-PaReRi Fy aghte-R3REEN Eepoides: Wiivdrhatomge is ejected to a
paper

implemented in a computer) according to the present invention,
which can obtain a satisfactory picture quality for a low-

10 resolution recording and/or a high-speed recording, by
referring to FIGS. 6 through 41.

FIG. 6 is a perspective view showing a structure of
an embodiment of the image forming apparatus according to the
present invention, and FIG. 7 is a side view showing the

15 structure of this embodiment of the image forming apparatus.
For the sake of convenience, FIGS. 6 and 7 show important
internal parts of the image forming apparatus although
actually not visible in the perspective and side views. In
this embodiment of the image forﬁing apparatus, the present

20 invention is applied to an ink-jet printer.

In the ink—jet printer shown in FIGS. 6 and 7, a
printing mechanism 2 is provided within a main printer body 1.
The printing mechanism 2 includes a carriage 13 which is
movable in a main scanning direction, recording heads 14

25 mounted on the carriage 13, and ink cartridges 15 for



5 eject tray 6 which is located on a rear side of the main printer body 1.
In the printing nechanism2, the carriage 13 is slidably supported by a
mai n gui oworedosdlr and a sub guide rod 12 so as to be novabTaPiawesére mai n
scanning direction (in a 10 direction perpendicular to the paper in FIG
7). The main and sub guide rods 11i1@and 12 are provi ded between right and
left side plates of the main printer body 1. The recordi ng heads 14 are
made up BPHKNPetnkeals tor Feapwbmiovekends) éét i Nprsield dw Evpplégdn (O,
magenta (M and black (Bk) inks in a 15 downward direction. The ink

cartri dgesn( iankapamk shipiby fors sesuipEpldy iomg at henyel | mapdrY)feecy amafyCp, nagent a
(M and black (Bk) inks to the corresponding ink-jet heads is detachably

nount ed aren theppefinthegCaddiagesn 3 rfLashdknkncatddd dge the ?@@e@% upper
openi ng which 20 opens to the atnosphere, a | ower opening for supplying the

ink toqthe esp | b Nk-dyetihe nd.a eri which is
providegﬁ?hggggEtg %%?gﬂ?ﬁ%qﬁﬂﬁft%%éaﬁﬁ%ém??h?ﬁg% e ﬁ%ﬁg'@ggkfidge 15 is

mai ntai ned to.a_slightly negativ ressure b the capillary force of the
poro%s NS A YT ew%ﬁ%hi% g%”?hﬁ%lf@dat5e?%es% % Car 6188§n15 to the

correspondi ng ink-jet WO 03/105461 PCT/JP03/ 06667 -20 head. The rear side
(downst FEAMESTFdBO4Y ohg t he paper transport direction) of the carriage 13

is slidably supported by the main guide rod 11, and the front side
(upst ream si de In the printing mechanism 2, the carriage 13 is

slidably supported by a main guide rod 11 and a sub guide rod
12 so as to be movable in the main scanning direction (in a

10 direction perpendicular to the paper in FIG. 7). The main and
sub guide rods 11 and 12 are provided between right and left
side plates of the main printer body 1. The recording heads
14 are made up of ink—jet heads for respectively ejecting
yvellow (Y), cyan {(C), magenta (M) and black (Bk) inks in a

15 downward direction. The ink cartridges (ink tanks) 15 for
supplying the yellow (Y), cyan (C), magenta (M) and black (Bk)
inks to the corresponding ink-jet heads is detachably mounted
on top of the carriage 13.

Each ink cartridge 15 has an upper opening which

20 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
cartridge 15 is maintainéd to a slightly negative pressure by
the capillary force of the porous material. The ink is

25 supplied to the ink cartridge 15 to the corresponding ink-jet



5 along the paper transport direction) of the carriage 13 is slidably
supported by the sub guide rod 12. In order to nove the carriage 13 in the
mai N scarmwomg/1ti4section, a timng belt 20 is between a dPCTIRE/(@61 ey 18
which is driven by a notor 17 and a following pulley 19, and this timng
belt 20 is fixed 10 to the carriage,d3. Hence, the carriage 13 nakes a

reci procal novenent as the notor 17 is rotated in the forward and reverse
di recti amsad The recordi ng heads 14 are nade up of the ink-jet heads which
eject the yellow (Y), cyan (C, magenta (M and 15 black (Bk) inks in this
enmbodi ment. Howeverpnhd trehs pO8SI bi@viotisen 3igknglend eeios diargrhead which

ej ects the yell

pi czo0l cEU TS

at | east, a port

ow (Y), <cyan (O, nmagenta (M and black (Bk) inks. As wll

Al &firelct by POSSHRL &-4:0-1use herithe resordifgheadqs 14 a

ype i nk-jet head which includes a 20 vibration plate formng

i f. || i i . ;
el enent W”]i e d‘lé?qlgjr Ol%llﬁﬁ;’\%odv?%f Za?nc'{ q:'%ﬁ %%%%ggidgn&&@e%no%l%t rec

O course, the

above. FetorXdmt @20ef FE2PBRLT bl E-1%St

ion"plate to apply pressure on the ink.

structure of the recording head 14 is not lim.ted to the
l?%”u?% Eﬁee?%%lf%a&? ati ¢Stype ink-j et

head having a vibration WO 03/ 105461 PCT/JP03/ 06667 -21 plate form ng at

| east a pbrdilly cfuprieatadl Pyothe hel iiidsagedge? - ant fr&dedr 5@&e
confronting the vibration plate, where the vibration plate is defornmed by
el ectrostati caforae 1Boiapphy paissuranroma kiérenkion n addiningh el is

possible to

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

10 to the carriage 13. Hence, the carriage 13 makes a reciprocal

movement as the motor 17 is rotated in the forward and reverse

directions.

The recording heads 14 are made up of the ink—jet

heads which eject the yellow (Y), cyan (C), magenta (M) and

15 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

described later, it is possible to use for the recording head

14 a piezoelectric type ink-jet head which includes a

20 vibration plate forming at least a portion of a wall of an ink

passage, and a piezoelectric element which deforms this

vibration plate to apply pressure on the ink.

Of course, the structure of the recording head 14

is not limited to the above. For example, it 1s possible to

25 use an electrostatic type ink-jet head having a vibration



5 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 WO ohes4bnk by the air bubbles. On the ot her han@CTiIRO6dET t O
transport the paper 10 3 which is set in the paper supply cassette 4 under
the recording head 14, the follomﬁna_nechanisns are provided. That is, a
paper supply roller 21 and a frictiompad 22 are provided to separate and

supply e a r t pap P e 4 {gs a paper guide
menber 2§$Q5g1g8%$§§1[éyql%%atlgrséﬁt?ﬁgﬁgyaggf%%ﬁé gidgﬁ%? t he paper 3. A

transport roller 25 pushes ai.nst _the peri ral_.surfa he transport
rol | er 2B35A2EFp %Wﬁéybfﬁgf ngeg?P?E?§%%P ggl V&%g %lgﬁ ?%%t%hper 3 fPom
the transport roller 24. The transport roller 24 is drivep by a notor 27
via a ge#fere Feehehior pdpér 4 ﬁ%f?@?ﬁf%rbYZQlﬁﬁF68§t?Fécp% €3 which
is fed fromthe transport roller 24 in correspondence with the noving
range of tbheppayrpeepsur® ion tthe dnkn sEamddigidin,eéti oA, posmidere the
recordi ng heads 14., A transport roller 31 which is 25 driven to feed the
papers 3 iuBet Betpapesl ejaet idikgeti baadish WD GRnERD46% RCT/ JRISIOH6E7 - 22
provi ded at a position confronting a roller 32, on the downstream side of

the pap%eateii{%§ pRabalk 28 @liengnthenpapessadd ansper b desechgon. Further, a
paper eject roller and a roller 34 are provided to eject the paper 3 onto
the pape&esistor, so as to apply pressure on the ink by the air
bubbles.
On the other hand, in order to transport the paper
10 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
provided to separate and supply each paper 3 from the paper
supply cassette 4 towards a paper guide member 23. A
15 transport roller 24 turns over the side of the paper 3. A
transport roller 25 pushes against the peripheral surface of
the transport roller 24. A tip end roller 26 restricts a feed
angle of the paper 3 from the transport roller 24. The
transport roller 24 is driven by a motor 27 via a gear
20 mechgnism.
A paper guide member 29 guides the paper 3 which is
fed from the transport roller 24 in correspondence with the
moving range of the carriage 13 in the main scanning direction,

under the recording heads 14. A transport roller 31 which is

25 driven to feed the paper 3 in the paper eject direction, is



5 eject tray 6, and guide nenbers 35 and 36 are arranged to form a paper
eject path. At the tinme of the recording, the recording heads 14 are
driven i rwpa@speiase to an i mage signal while noving the c&CTiJRg#68&, so as
to eject the inks onto the stationary paper 10 3 and record 1 line. The
next line is recorded after transpgrfing the paper 3 by a predetern ned
anount in the paper transport direction. The recording operation is ended

and themEilB@EdédiaStei%s%Gkiio& BspeRseit® & FRaerdizng endthsi gnal or a
si gnal Ich indicates that a rear end of the 15 paper 3 has reached the

recordi ng region of the rdi h A 8GoVery  upit 34,48 arranged
at a pos%fgfﬂg%ué%al{l hselé]eriozgfﬁfc%ﬁ gggfﬁ ?ﬁgéemj)rﬁ/lelmr% directi or%I of t%epcarri age
13, outside the recordin re%i on, The recover includes a cap 20

‘a

. uni t
means, a ‘SBEEPBRT MEERE PELRPRg fredpRS™ f%rec&eg&i%ﬁrn%n the recording
heads 14 froma state where the ink-ejection is deteriorated or
unsat i sf acfldey. 3There ATIEGEN 30; 87 /B el P2RHe &SI 5heoP2®Fe recovery
unit 37 during a recording wait state, so that the recording heads 14 are
cappesl byijthe 2bavappiavg needs mempeevedd atk Ihlkens ecsrpbgeAozy| EHf t he
WO 03/ 105461 PCT/JP03/ 06667 -23 recording heads 14 fromdrying and
cl oggi nga bApaddéidé®n,patshen a purge operation is carried out with respect
to the ink which is not related to the recording during the recording or
the like, the suctigpn fRANS RUCKS thierbhKr&1aM the ifdcording heads
14 are driven in response to an image signal while moving the
carriage 13, so as to eject the inks onto the stationary paper
10 3 and record 1 line. The next line is recorded after
transporting the paper 3 by a predetermined amount in the
paper transport direction. The recording operation is ended
and the paper 3 is ejected in response to a recording end
signal or a signal which indicates that a rear end of the
15 paper 3 has reached the recording region of the recording
heads 14.
A recovery unit 37 is arranged at a position on the
right side in the moving direction of the carriage 13, outside
the recording region. The recovery unit 7 includes a cap
20 means, a suction means and a cleaning means, for recovering
the recording heads 14 from a state where the ink-ejection 1is
deteriorated or unsatisfactory. The carriage 13 is moved to
the position of the recovery unit 37 during a recording wait

state, so that the recording heads 14 are capped by the

25 capping means to prevent the ink ejection nozzles of the



5 ejection nozzle of the corresponding recording head 14 and cleans the
ink ejection nozzles by the cleaning neans, so that the ink viscosity is
mai nt ai newotoaoBane at each of the ink ejection nozzles POTHARIIEESM a
stabl e ink-jet performance. Wien the ink-jet deteriorates, for exanple, the
10 suction neans sucks the ink, air_Bﬁpbles and the like fromthe ink-jet
nozzles in a state where the ink-jet“nozzles are sealed by the capping

nmeans. As,a.Jd&8Wdt nebhe ¢heapbRoirpans ancaR1HEAPNE. t Nen idgiust, particles
and the |like adhered in the vicinity of the ink-jet nozzles, to positively

recover the 15 ink-je e A cordin 4 he_i nks
recover ed" ?lfhgufg%o§8§$5%%§$ag§ %%%ﬂ'pgfﬁgdggghaﬁegﬁ dﬁ%i}hgtgﬁ (not
shown) located at the | ower portjon of the main ,printer body .1, and is
Sboor bed B4 Gh SenRCRn S BERG. Fat Bh e CoT GpBaEN= WY IS (RS BFn t ank.
20 Next, a description will be given of the recording head 14 of the

i nk-j et peistleke bheefBEELAY TOATY GSicks ther dbhfaer HiGing s a

di sassenbl ed perspective view of the recording head. FIG 9 is a cross
sect i 6Gnal ejgcvicnf nbheler e€otdée ngotesabcalddng ackbondginwdier 1di medti on of an
ink 25 chanber, and FIG 10 is an enl arged view showi ng an i nportant WO

03/ 105461- RGHsIRD3/ 06664 ecldopatidztfesFibi tle El&anidg inezhLr @®street i onal
view of the recording head al ong a shorter side of the ink chanber

Egggher, FLG 172 S cBsRhaN: ¥i a3 SHOWidRg +&eNQzAkeapl & ofr the ihecording

ejection nozzles to maintain a stable ink-jet performance.
When the ink-jet deteriorates, for example, the

10 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
can remove the ink, dust particles and the like adhered in the
vicinity of the ink-jet nozzles, to positively recover the

15 ink-jet performance of the recording heads 14. The inks
recovered by the reco&ery unit 37 are drained to an ink drain
tank (not shown) located at the lower portion of the main
printer body 1, and is absorbed by an ink absorbing material
provided within the ink drain tank.

20 Next, a description will be given of the recording
head 14 of the ink-jet printer, by referring to FIGS. 8
through 12. FIG. 8 is a disassembled perspective view of the
recording head. FIG. 9 is a cross sectional view of the
recording head along a longitudinal direction of an ink

25 chamber, and FIG. 10 is an enlarged view showing an important



5 The recording head 14, that is, the ink-jet head, 1includes a flow
passage form ng substrate (fl ow passage form ng nenber) 41 nmade of a

si ngl e cryetoaliossbl i con substrate, a vibration plate 42 becdg#oywesr | ower
surface of the flow passage form ng substrate 41, and a nozzle plate 43
bonded to 10 an upper surface of the,flow passage form ng substrate 41.

| nk-j et nozzles 45 for ejecting the Tnk are forned in the nozzle plate 43.

The i nk-j@i-NQzzlkes 45 copmuni cat®s 0 crPpEeSsUELichabarsy 46 whkch formink
fl ow passages. A common ink chanber 48 supplies the ink to the ink

chamber s A& -ANntad BroAYPRI ¥ 9eadlophtol funciops as a flow

passage reS|sta ce portion: reS|stant thin f1Ilmb50 nmade of an
organic r r.med.,on each ma of .pressure cha 46, the ink
suppl y pd@?ﬁ r tEgﬁ‘d gﬁe 2 ofmort %eghg F838 W T g%tchf g%eink on
the fl ow passage form ng substrate 41. 20 A stacked type piezoelectric

el enent 522G4% vicged- in correspondence with each pressure chanber 46 on
the outer surface side (surface side opposite to the conmon ink chanber
48). I5n addition, tHéepirezostieed riieack|ldnenhas2ips thxediloned hbade
substrate 53. A spacer nenber 54 is provided around the 25 rows of

pi ezoel ecirndlaidelseaeflswbRas Wy 3f ddh46G] sBEILIRP03/ 08667 pasdBhgAs shown in
FIG 10, the piezoelectric element 52 has a stacked structure alternately

having a pi.ezegl aehbbe) BRtEshaloD% andgan boyeramlselieed edesbbatdhe
correspondi ng pressure chanber 46 is nmade to expand and contract due to
a vibration plate 42 bonded to a lower surface of the flow
passage forming substrate 41, and a nozzle plate 43 bonded to
10 an upper surface of the flow passage forming substrate 41.
Ink-jet nozzles 45 for ejecting the ink are formed in the
nozzle plate 43. The ink-jet nozzles 45 communicate to
pressure chambers 46 which form ink flow passages. A common
ink chamber 48 supplies the ink to the ink chambers 46 via an
15 ink supply passage 47 which functions as a flow passage
resistance portion. A ink resistant thin film 50 made of an
organic resin is formed on each wall of the pressure chambers
46, the ink supply passage 47 and the common ink chamber 48
which contact the ink on the flow passage forming substrate 41.
20 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
48) . In addition, the piezoelectric element 52 is fixed on a

base substrate 53. A spacer member 54 is provided around the

25 rows of pilezoelectric elements 52.



5 contraction and expansion of the piezoelectric elenent 52 having a

pi ezoel ectric constant of d33. Wien a driving signal 1is applied to the

pi ezoel ecwpiog/1ed4enent 52 and a charging is carried out, ®OTAREH®S670N t akes
place in a direction indicated by an arrow Ain FIG 10. On the other
hand, when the charge 10 which is ch9$ged in the piezoelectric elenment 52
IS dlscharged a contraction takes prace in a direction opposite to the

direction indicatednbyshhenaisonwd 1he thaseisubsisatei Sri1ame@ntt Be spacer
menber 54 have penetrating holes which forman ink supply opening 49 for

suppl yi n%@g‘ao s%gkga%wsceyfé'ﬂecetx%a%élyhﬁag D 4k chaaher c48. A head

frame 57 rom an epoxy resin of~ polyphenyl ene sulfite by

ej ection dln uter eripheral _porti of t he fl ow passage form ng
substrat & dSE oﬁ%rl%gi%Fﬁeflec 9Pfilo of THe SABraPi ﬁ ngate 42
are 20 bonded to the head franme 57. The head frame 57 and the base

subst r at @IFSIE FRRBASE 04Bath Mdfertoat*RaBEr BRONCYHOTR ZhGWR) toby use of an

adhesi ve agent, for exanple. A flexible printed circuit (FPC) cable 58 for
suppl pi ncatdrioring shgnakparsikunmdcttde poeehel previveldement SRenments 52 by
sol dering, 25 anisotropic conductor film (ACF) or wring-bonding. A driving
WO 03/ 105464 ridCH pPe3L66667ric 2Mpraitatuti bf( dBBverwhds) HUfioringebeghavel y
applying the driving signal (driving waveforn) to each piezoelectric

el ement 5% ispp1aeanest edet pidhee RRG Gabkech8nt Aot 1) Licpskalintage of the

single crystal silicon

carried out, an expansion takes place in a direction indicated
by an arrow A in FIG. 10. On the other hand, when the charge

10 which is charged in the piezoelectric element 52 is discharged,
a contraction takes place in a direction opposite to the
direction indicated by the arrow A. The base substrate 53 and
the spacer member 54 have penetrating holes which form an ink
supply opening 49 for supplying the ink from the outside to

15 the common ink chamber 48.

A head frame 57 1s formed from an epoxy resin of
polyphenylene sulfite by ejection molding. The outer
peripheral portion of the flow passage forming substrate 41
and the lower outer edge portion of the vibration plate 42 are

20 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
circuit (FPC) cable 58 for supplying a driving signal is
connected to the piezoelectric elements 52 by soldering,

25 anisotropic conductor film (ACF) or wiring-bonding. A driving



5 formng the f
ani sotropic etc

| ow passage form ng substrate 51 nmay be subjected to an
hi ng using an al kaline etchant such as a potassium

hydr oxi dewQKGHP546Dl uti on, so as to formthe penetrati ng hecegrodesér becone

the pressure ch
passage 57, and
chanber 58. As

metal, sughcast
portions 61 cor

def or mat |
bonded tgggﬁgi

anbers 56, a groove portion which becones the ink supply

10 the penetrating ol e which beconmes the comon ink
showmn in FIG 11, the vibration plate 42 is nade of a
nigkeber byc)elsactre- tel stagve Mheaptlyriati ahe prkaveEndt2 has thin
respondi ng to each pressure chanber 46 so as to facilitate
thes YR aldwiEokn) Pt 8248, pidi & Ranticorschdnvhszhi ar e

pi ezoelectric elenments 52, and thick portions 63

correspondin t artition I bet ween the pressure chanbers 46. The
Vet oo FaEBYeree BY he braR En ]

ration"plate 42 is bonded to the flow passage

form ng substrate 41 by an adhesive agent, and 20 the thic ortions 62 and
It Eafted 5595

63 of the vibration®pf

adhesi ve agent.
53 and t fierméog
col um portions

© grystel ed” t 6% e THELd Fr e Y Eh

Col uim portions 64 are provided between the base substrate
r espohttnPaTFeck POrTiBAsSERS Bidthe lviBrabPPofWpl 2842, The
64 have the sane structure as the 25 piezoelectric

el enment s t62anV\h 034 105464 PRCHLIRBOBL06663Fn aRalihee mdzzbatpbatke &3 & ncl udes

the ink-jet noz

zl es 45 having a dianeter of approximtely 10 umto 30 gm

at  posi ,ensscoR BsRERGiY (xom heoptiesstf esshanher $o46. thhe nozzle plate

43 is bonded to

the fl ow passage form ng

penetrating holes which become the pressure chambers 56, a

groove portion which becomes the ink supply passage 57, and

10 the pen

etrating hole which becomes the common ink chamber 58.

As shown in FIG. 11, the vibration plate 42 is made

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

plate 4
chamber
15 plate 4

piezoel

2 has thin portions 61 corresponding to each pressure
46 so as to facilitate deformation of the vibration
2, thick portions 62 which are bonded to the

ectric elements 52, and thick portions 63 corresponding

to partitioning walls between the pressure chambers 46. The

flat surface side of the vibration plate 42 is bonded to the

flow passage forming substrate 41 by an adhesive agent, and

20 the thi

bonded

ck portions 62 and 63 of the vibration plate 42 are

to the head frame 57 by an adhesive agent. Column

portions 64 are provided between the base substrate 53 and the

corresponding thick portions 63 of the vibration plate 42.

The col

25 pilezoel

umn portions 64 have the same structure as the

ectric elements 52.



5 substrate 41 by an adhesive agent. The plurality of ink-jet nozzles 45
forma plurality of dot formng neans. As shown in FIG 12, the rows of
nozzl es AsO(noaabe rows) are arranged perpendicul arly toPCREPoBEIcR67SCanni ng
direction. In each row of nozzles 45, a pitch between the nozzles 45 is 2
X Pn. A 10 di stance between the two % ws of nozzles 45 is L. In addition,
one row of nozzles 45 and the adjaceht row of nozzles 45 are nutually

shifted by a pitch Rp.ahgng: &he sub Scamdiingesdireciianesadpabst he
nozzles 45 are arranged in a zigzag mnmanner. Accordingly, an inmge having a
pitch Pn _can be farnmed 15 by one mmin.scan.and sub scan. The nozzle plate
43 may b&Hede 6f A MELEF Q CW%%OX%[{aécieﬁVe% é‘tnégclo §§d Hreidtr, a

conmbi nation of a nmetal and a, resin filmnade of a ohyiq?de esin, for
exanpl e, RI95EERS 6PTTESROMBIHAL F D hEFESFULEnC Fi%rE° i nTg?der to
secure an ink 20 repellant characteristic at the nozzle surface (ink

ej ecti ng ncanlfeapéagk thelpozzided e &hed fRavi RysI3Ee FR2A1EY 45 t hr ough
which the ink is ejected), an ink repellant layer is formed on the nozzle
surfaee hyussddaman 4nebhodn sadite isveplaateinity afiei pkuralepst lcentinkeatkng. 25 In
t he ink-jet head having the structure described WO 03/105461 PCT/ JP03/ 06667

- 28 abovg,othe PisezeskAchrpruel BMBNicy 2Rrarerfeh§ahdare) y appkhedn whth a
driving pul se voltage of approximately 20 Vto 50 V, so that each sel ected

piezoelegiﬁ;c %Legﬁ@tr$@écgfiﬁbfgﬂgé ed Whhb,1Eheogl) \ARg uasgeMol tage is
di spl aced in ﬁhe irection in
perpendicularly to the main scanning direction. In each row
of nozzles 45, a pitch between the nozzles 45 is 2 x Pn. A
10 distance between 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
direction, so that the nozzles 45 are arranged in a zigzag
manner. Accordingly, an image having a pitch Pn can be formed
15 Dby 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
resin film made of a polyimide resin, for example, silicon, or
a combination thereof. In addition, in order to secure an ink
20 repellant characteristic at the nozzle surface (ink ejecting
surface of the nozzle plate 43 having the nozzles 45 through
which the ink is ejected), an ink repellant layer is formed on
the nozzle surface by a known method such as plating and ink
repellant coating.

25 In the ink-jet head having the structure described



5 which the layers of the piezoelectric elenent 52 are stacked. As a
result, each selected piezoelectric elenent 52 deforns the correspondi ng
vi brati orwploaties4d2 t owards the nozzle 45, thereby causi ngCa/Jemwege i n t he
volune of the corresponding pressure chanber 46. A pressure is thus
applied to the ink 10 wthin the p[§ sure chanber 46, and an ink drop is
ejected fromthe nozzle 45. The egj 1on of the ink drop fromthe nozzle

45  causggohe LRK PrEssure i bhinehber Pressiee seharberedp dspfadd, and a
slight negative pressure is generated within the 15 pressure chanber 46 due

to inertia,of the.ink flow. i t when the,dri;ving se,vol tage
appl i ed W&tghg Qﬁ%%%%%ﬁ%@%%ﬁg%%%ghén%§5§$§%9turﬁgﬁgcég,vt g %@ﬁ{bgﬁ%nding
vibration plate 42 returns to its origin osition and the. . corr.espondi ng
pressuret@ﬁ&nﬁéFh4%?%%RTW%§”FﬁOFi§C%F?@iéiﬁé) §%ﬁ68 %éo?ﬂﬁ&ﬁ?énW£$£by
further generating a negative pressure wthin the pressure chanber 46. In
this statde théevink pslssyepitiees LFoft sPEAGek Suppy dbpeRFAY 49 and i s
supplied into the pressure chanber 46 via the ink supply passage 47 which
f or me5 t hehfibawtpaskagers esi shanpeepoet ¢onridtHeneeenaf bar arhesackadr at i on of
the ink neniscus surface at the nozzle 45 decays WO 03/105461

PCT/ JP03/,Q666 7520, adutbistshiddtzaspithee dwiing pehseatveobt ageoims appl i ed to
the piezoelectric element 52 for the next ink ejection. Next, a

descriptign WhiboBEo i el A Gt pokterss dlovchersl RKel 8bzRTEMES . by
referring to 3. Fl 13 is a
thereby causing a change in the volume of the corresponding
pressure chamber 46. A pressure is thus applied to the ink
10 within the pressure chamber 46, and an ink drop is ejected
from the nozzle 45.

The ejection of the ink drop from the nozzle 45
causes the ink pressure within the pressure chamber 46 to fall,
and a slight negative pressure is generated within the

15 pressure chamber 46 due to inertia of the ink flow. In this
state, when the driving pulse voltage applied to the
piezoelectric element 52 is turned OFF, the corresponding
vibration plate 42 returns to its original position and the
corresponding pressure chamber 46 returns to its.original

20 shape (volume), thereby further éenerating a negative pressure
within the pressure chamber 46. In this state, the ink is
supplied from the ink supply opening 49 and is supplied into
the pressure chamber 46 via the ink supply passage 47 which

forms the flow passage resistance portion. Hence, after the

25 vibration of the ink meniscus surface at the nozzle 45 decays



5 system bl ock diagram generally showing a controller of the

i nk-j et

printer. The controller showmn in FIG 13 includes a mcroconputer (CPU) 80
whi ch gerwoaBlhigs46pntrols the entire ink-jet printer, a REUTSRIIMSE€h Stores
predeterm ned fixed 10 information, a RAM 82 which is used as a work area,

an image nenory (raster data rrermr%é)r% 83 which stores imge data (dot data

or dot pattern data) transferred fr

'a host unit 100, a parallel input

and out py dgg%&%}ﬂ%yéé,8%mea@rEOEH& putier,Bra@d iBakphl ebaifpuineaan out put

(PI1O por

wavef'orm generating 15 circuit 87, a head driving circuit

88 and a driver 89.., Various. i nfornation an a : t he i mage data
t r ansf er PEEZPPONT & Pt iTHBE dr Sge;ofoﬁg%fnﬁ%eq%%steﬁg%?%&ioo, and

and detecti on

signals fromvarious sensors are input to the PIO ggrt 84.

predet er mi ned i nf orN¥gEth o ICSSGHLBEEOR0Y I+ PG SEYES

I n

02t H8™hbs

flddi tion,
Uit 100

and an operation panel (not shown) via the PIO port 84. The waveform
generati ng theclik-B% generaresPd Tefeviing iy &L6r-mlBo bBI@ppl3 ef to t he

pi ezoel ectric elenments 52 of the recording heads 14. As w |

be descri bed

| at ers t Bes2Bmdssddlediigramngenavel by nslcani e agenartabétiebyos siempl e WO

03/ 105461 PCT/ JP03/ 06667 -30 structure by using a digital-to-analog (DA
converterwhich ,subjscts a driving waveformdata output fromthe CPU 80 to
a digital-to-analog (D)A) conversion. The head driving circuit 88 applies

the driVing The controller shown in FIG. 13 includes a

microcomputer (CPU) 80 which generally controls the entire

ink—jet printer, a ROM 81 which stores predetermined fixed

10 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

parallel input and output (PIO) port 84, an input buffer 85, a

parallel input an output (PIO) port 86, a waveform generating

15 circuit 87, a head driving circuit 88 and a driver 89.

Various information and data such as the image data

transferred from a printer driver 101 of the host unit 100,

and detection signals from various sensors are input to the

PIO port 84. In addition, predetermined information is output

20 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

driving waveform to be applied to the piezoelectric elements

52 of the recording heads 14. As will be described later, the

25 desired driving waveform can be generated by a simple



5 waveform fromthe waveform generating circuit 87 to the piezoelectric

el ements 52 of the selected channels of the recording heads 14, based on
vari ous dwDasamdesi gnals received via the PIO port 86. Fectrhees/oshére dri ver
89 drives and controls the nmotors 17 and 27 based on driving data received
10 via the PIO port 86, so as to nove the carriage 13 in the main scanning
direction and rotate the transport‘ﬁ@rler 24 to transport the paper 3 by a

predeterg}tpﬁ QD m%en%e%%iiggggm—%lén%@W@)Oanvefsw't%ﬁrd control

section e con rela to the driving and 15 control of the
recording heads 14 wil |, now be described with r r e 4 t hrough
16. FIG.%TQJ?gt%.% %ﬁﬁqg(ﬁﬁyefﬁfgg?%ﬁ?s%%ﬁﬁé%;ﬁﬁé@ %gng%g §%§§%5%trol °
section of the controller, and FIG 15 is a system bl ock di agram show ng
the headigitadriepdraciad @BAFrFERVEES<a tim ng di agram for 20 expl ai ni ng
the operation of the driving and control section. In FIG 14, a main
controll er (CPU) 91Tl deesbel iviingnridavat (Ybtartbti®)s WhecATE% 1 2@cei ved from
the host unit 100 as print data, and carries out a vertical-to-horizontal
conves si @avedependi fgn ofthd hevdedypaut gohetheinecordivig Béads the 25 In
addition, the main controller 91 generates a 2-bit driving WO 03/105461

PCT/ JP03L 066641 o =3 dat Aerald 1ehiseh oirS t e ek T &sk 4D geRihieok bhethak drop to a
| ar ge dfbp, medi um drop and small drop (and no drop or no printing) in

corr espondence, w LA AU o valued CLeLORIY)s dalid AR s34ARkLesethid bi t
driving data g&??o The hedd §r|V|ng circult
via the PIO port 86. Further, the driver 89 drives and
controls the motors 17 and 27 based on driving data received
10 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.
A description will be given of a driving and
control section of the controller related to the driving and
15 control of the recording heads 14 will now be described with
reference to FIGS. 14 through 16. FIG. 14 is a system block
diagram showing the driving and control section of the
controller, and FIG. 15 is a system block diagram showing the
head driving circuit 88. FIG. 16 is a timing diagram for
20 explaining the operation of the driving and control section.
In FIG. 14, a main controller (CPU) 91 processes
front data (dot data) which is received from the host unit 100
as print data, and carries out a vertical-to-horizontal
conversion depending on the layout of the recording heads 14.

25 In addition, the main controller 91 generates a 2-bit driving



5 (driver I1C) 88. The main controller 91 also supplies to the head driving
circuit 88 a clock signal CLK, a latch signal LAT, and driving waveform
sel ecti orweiogned4s1 M t hrough MB for selecting the drivi ngCravel@sen i n
correspondence with the dot size (size of ink drop) to be forned.
Furthernore, the main 10 controller 91 reads driving waveform data stored

in the ROM 81, and supplies the dI’_I3 ing waveformdata to the driving

wavef or my, genay afding Gis! ¢digh184d dhecdirtingingnhway ek ot generatliargeci rcuit 87
includes a DI'A converter 92 for converting the driving waveform data 15

received,fromth [ ont r.o 91 4.t n.an ] lsrigfinanypl i fier
93 for a ?nynlgen%"{%ﬁéﬁg t%b'? z%}rqg %g&rscé%n%ln%lo%@t %EQED}éigfg%r?vrerter@gg to the
actual driving voltage, and rrent - anplifier 94 f a j fying an

out put of™t FRFEGHIIG 893”1% ggr%%_f‘f?]&fee i ERPGH c%érl){'ae’n{g}lgapabl e of
driving the recording 20 heads 14. For exanple, the current anplifier 94
out puts aupmitiad rgiadrdficr AEPViRacleh P £DithealPey SF GV iTd Pditses

W thin one driving period as shown in FIG 16(a). The driving waveform Pv
i s suppl i(editer t1® Head dhievinagnceortial sy %As adhowAupPpl G to1ghe he head
driving circuit 88 25 includes a shift register 95 for inputting the

driving gdai@ SD-WRPHiRA61 sBCT/ JRO3Y QGGHAL C3Z,i B Lesporsiansd LAE,cl ock
signal CLK fromthe main controller 91, a latch circuit 96 for |atching

the val ug, 9f 5t e Shifdve fRH SLEECODA s IENNSR tarbhgn I cfoisi gnal  LAT
fromthe main controller 91, a data selector 97 for selecting one of the
selecting the driving waveform in correspondence with the dot
size (size of ink drop) to be formed. Furthermore, the main
10 controller 91 reads driving waveform data stored in the ROM 81,
and supplies the driving waveform data to the driving waveform
generating circuit 87.
The driving waveform generating circuit 87 includes
a D/A converter 92 for converting the driving waveform data
15 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
amplifier 94 for amplifying an output of the amplifier 93 to a
sufficiently high current capable of driving the recording
20 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. 16(a). The driving
waveform Pv is supplied to the head driving circuit 88.

As shown in FIG. 15, the head driving circuit 88

25 includes a shift register 95 for inputting the driving data SD



5 driving waveform sel ection signals (logic signals) M through M from
the main controller 91 depending on a 1-bit driving data which is |atched
by the | awoh3adzdcuit 96, a |level shifter 98 for shiftingPramn/Jew/es’ (| ogic
signal) of the data selector 97 to a driving voltage |evel, and
transmission gates 99 10 having ON and OFF states thereof controlled by an
output of the level shifter 98. The transm ssion gates 99 receive the

dri vi ng mavefimsBY tbr eret Beodt istigigiwaref 6rom generatimgontirpéliet 87, and
is connected to the piezoelectric elenents 52 of the correspondi ng nozzl es

of the recordingheadscle: 95 Ascortlihaky, cha vheuhead i ehngcireui t 88,

the data 'selector selects one of the driving waveform selection signals
M through M3 depending _on the drivin a_s it snkhgasgl ect ed
dri vi ng nggeﬁgc?FSHo%?%ﬁg{1%#5gﬁgéksfg§%??nggrt & driving vol t age

| evel by the | evel shifter 98. 20 The drivin ol tage | evel tput fromthe
| evel shedrerol9er 91 appPRrEY ?%l?q?éjrgz??eg%f g?%%(:ifjr%]sorﬁessolfo%HSat es 99. As
a result, the transm ssion gates 99 are swi tched A depending on the duration
of the sétictrar vwevefofmt Reldeiiah@ianadsr dLRPSEI TG0 st &PEONERt hr ough
M3, and the driving 25 pul ses fornming the driving waveform Pv are applied
to each M £33l 546 haRGTEIPOBI NEHE P L -EPechangebn connadittedriyitnge

transm ssion gate 99 which is ON.  For exanple, in a case where the driving

wavef or m £y dineudes 1thenplusal iy loftdlr icvirsgipubsesa dsswtlowhiifnell G
16(a), each transm ssion gate 99 which becomes ON only from a

98 for shifting an output (logic signal) of the data selector

97 to a driving voltage level, and transmission gates 99

10 having ON and OFF states thereof confrolled by an output of
the level shifter 98. The transmission gates 99 receive the
driving waveform Pv from the driving waveform generating
circuit 87, and is connected to the piezoelectric elements 52
of the corresponding nozzles of the recording heads 14.

15 Accordingly, in the head driving circuit 88, the
data selector selects one of the driving waveform selection
signals M1 through M3 depending on the driving data SD, and
shifts the selected driving waveform selection signal (logic
signal) to the driﬁing voltage level by the level shifter 98.

20 The driving voltage level output from the level shifter 98 is
applied to the gates of the transmission éates 99.

As a result, the transmission gates 99 ére switched
depending on the duration of the selected one of the driving

waveform selection signals M1 through M3, and the driving

25 pulses forming the driving waveform Pv are applied to each



5time TOto a tine Ti outputs one driving pulse as showmn in FIG 16(b).
Hence, when the driving pulse shown in FIG 16(b) is applied to the

pi ezoel ecwoiog/1ed4enent 52, a snmall ink drop is ejected fr@cTREs/06667
correspondi ng nozzle. Simlarly, each transm ssion gate 99 which becones ON
only fromthe tine TOto 10 a tinme 42 outputs two driving pul ses as shown
in FIG 16(c). Thus, when the driving pulse showmn in FIG 16(c) is applied
to the pheaaeleebhhecedenenttie? transedssnon nkaidy & iwhiehedsedN.fromthe
correspondi ng nozzle. Further, each transm ssion gate 99 which beconmes ON

fromthe time TO t opg,t B did OULPY $at8 fh¥ee dihy/idIg WS @S vaSosAOWN i N
FIG 16(d). Accordingly, when the driving pulse shown in FIG 16(d) is

applied o the, RLezogl al(ln 6lernnt.52:n3 baln ik dean ke grected from

the corresponding nozz ore, by generating the driving waveform
20 including a plurality of driving p ése : nq?selecti g the _nunber of
dri ving &@“gés £6° et5$$#W%ﬁfﬁﬂ§ @ﬁgep? z%ﬁ%g%t TETE gﬁéﬁp P 2
possible to generate the necessary driving, waveforns for ejecting t he
smal | 5i nkigheof0 FedpuRtPHKIHroprand ORSr §81YHRI WP S ASmSORER A+ VT He-
wavef orm Consequently, only 25 one circuit is required to generate the
drivi ng veuveéhor nHande WOVIOS31 106461 iPCTHIPO3#O68BTWn -134 FaRl-y Lonnk) signal |ine
is required to supply this driving waveform For this reason, it is
possi bl e fpireduee the sigmelafctitie eilenwht boarad sawrdlt Laksdirssi b |ines
and al so reduce the cost thereof.
ejected from the corresponding nozzle. Similarly, each
transmission gate 99 which becomes ON only from the time TO to
10 a time T2 outputs two driving pulses as shown in FIG. 16(c).
Thus, when the driving pulse shown in FIG. 16(c) is applied to
the piezoelectric element 52, a medium ink drop is ejected
from the corresponding nozzle. Further, each transmission
gate 99 which becomes ON from the time TO to a time T3 outputs
15 five driving pulses as shown in FIG. 16(d). Accordingly, when
the driving pulse shown in FIG. 16(d) is applied to the
piezoelectric element 52, a large ink drop is ejected from the
corresponding nozzle.
Therefore, by generating the driving waveform
20 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
waveforms for ejecting the small ink drop, medium ink drop and

large ink drop from one driving waveform. Consequently, only

25 one circuit is required to generate the driving waveform and



5 Next, a description wll be given of an enbodi nent of the inage
processi ng apparatus according to the present invention, by referring to
FIG 17. WD@3/14546i s a system bl ock di agram show ng t he emroadPesisteof t he
i mage processing apparatus. This enbodi nent of the inage processing
apparatus 10 is forned by the host_qut 100 which'transfers the i mage data
and the like to the ink-jet printer,” and includes the printer driver 101,
that is, e L4 finkkhe sprbpt eredriyedu endingrivindie present

i nventi on. %Hggﬁgggﬁﬁﬁi?'loo and ?he printefmggfver 101 use an enbodi nment

of the threshold val ue Li.x_.accor di t:he +pr I wyendin. In the
case of tA&® ﬁﬁ%di?%ﬁit%gs?%%a%éﬁgegﬁogiﬂﬂaﬁﬂgﬁgaﬁgtﬁ%gﬁ%%at is, the

ink-jet printer described above, .the dot, pattern to _ be.act recor ded
is recei 9édth%g%%¥f€%l%%r%aaﬁ}§i ﬁifailﬁ‘&%sr%?ri onrse 88%%%%8#%%%% host

unit 100, and no 20 neans is provided wthin the inage form ng apparatus
t o gener &ahe thetdotepestfi.ern to be recorded. Hence, the dot pattern data
must be generated by the printer driver 101 which uses the enbodi nent of
t he tfireshol d val ueNemit r iax demod ipttianstetl tihre afoterpaift apneBaPElRedM t he
host unit 100 (the 25 enbodi ment of the inmage processing apparatus) to the

i mage mob93éﬂg5ﬁ@i?EQ£kiﬁgﬁﬁ9@ﬁéﬁpar&ﬁuiOﬁﬁddnﬁﬁﬂ@pabaths prakenet printer).
As shown in FIG 17, the printer driver 101 of the host unit 100 incl udes

a col or ﬁ%@%ﬂ%ﬁ&@t kS‘_{PdHeldt?er(r_‘éE'M +Br peess17sectin 1025 a biaekm block
gener at e/ under col or” reducti on ( BG UCR)
diagram showing the embodiment of the image processing
apparatus. This embodiment of the image processing apparatus
10 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
according to the present invention. The host unit 100 and the
printer driver 101 use an embodiment of the threshold value
15 matrix 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

20 means is provided within the image forming apparatus to
generate the dot pattern to be recorded. Hence, the dot
pattern data must be generated by the printer driver 101 which
uses the embodiment of the threshold value matrix, and

transfer the dot pattern data from the host unit 100 (the

25 embodiment of the image processing apparatus) to the image



5 and y -correction section 103, a zoom ng process section 104, and a
threshold value matrix (table) 105. For exanple, the inmage data is

gener at edwby3ases4appl i cati on software of the host unit 10@CTRES/G66eige dat a
is processed by the CMM process section 102, the BG UCR and y -correction
section 103 and the 10 zoom ng pr ocg s section 104, and the threshold val ue
matrix (table) 105 is used to conv the multi-level inage data into the

dot patt r AHeschihpthen whihtde given of the nmethod of creating
the thr eghpﬁnéﬁ%aﬁjea mat r i >C<(lf orbrep%dum ng the 15 gradation by a

predeterm ned |ine keytone ( havi-nge.ani &l i gned
property), by referir(l ng tW% ﬂGgIb fhrouéﬁ!ﬁte &V\he're\ carrying oeut t he

i mage processing, possible to realiz I utf an ssuch t hat

t he resoh@??:o’ﬁnl?ol% ltnr?eluldﬁlsrr@dcf) 6emae1§€3cgeeér}?§l%t ﬁ‘@g}‘lggol Vi ng Hower of the

human eye, the picture clallty IS theoretlcall unaf f ect ed the kind of
process eartied bid. Bk orecgase/ ‘élfd?%émltoéséﬁ%%ho%f Bﬁ/%er whi ch
can be recogni zed by the human eye, there is a possibility that the

i nconyenkeAces-genecated 25chyot he0Ppr acessmingebfowedd decome ddrhspi cuous
to the human eye. WD 03/105461 PCT/JP03/06667 -36 FIGS. 18A, 18B and 18C
are di agnansaf ohr&xpial Ridlgie aadetxpatiere) aftser eatrr gkagpbat hdBayer type

dither process and an error diffusion process with respect to an input
| mage. Ehgée &§€ht{gcﬁgﬂéfg¥§dsB?“hﬁh§p§@&cé¥ﬂdhe%@$tW@E§hoﬁrfhéuﬁdﬁﬂ |y
unit 100. The image data is processed by the CMM process
section 102, the BG/UCR and vy -correction section 103 and the
10 zooming process section 104, and the threshold value matrix
(table) 105 is used to convert the multi-level image data into
the dot pattern.
First, a description will be given of the method of
creating the threshold value matrix for reproducing the
15 gradation by a predetermined line keytone (dot layout pattern
having an aligned property), by referring to FIGS. 18A through
29C.
When carrying out the image processing, if it is
possible to realize a high resolution such that the resolution
20 of the formed image exceeds the resolving power of the human
eye, the picture quality is theoretically unaffected by the
kind of process carried out. But in the case of the
resolution of an order which can be recognized by the human
eye, there is a possibility that the inconveniences generated

25 by the process itself will become conspicuous to the human eye.



5 formed by the generally used hal ftone process for a | ow resol ution
recordi ng of approximately 300 dpi. FIG 18B shows the output imge after
carryi ng wotostibseBayer type dither process with respect POTURE/G66EUL | nage
data shown in FIG 18A. FIG 18C shows the output image after further
carrying out the 10 error diffusiogﬁprocess. Hence, in order to reproduce
t he data which should be represented by 1 pixel in nulti-levels on the

image formng appagatds Ot hayw Baqalbarges el tbepeagusi ey
gradation levels, 1t I's necessary to nake a pseudo gradation 15

representation by the nunber of s per ' I - LSy rodysd he dot
area rat iaofjo$h8a¥5\%rrf<ian%£sero a%gpg?‘gngggr%t:geg ;elrﬁé: St Eggée d%lé%risbed_ as

Tt Ch ¢ hengr aBae OhF |Gl i PERES8D. & b YRGS TBuBal PANDOUFIR Gots
approximately uniformly so that the dot |ayout is not_ biased, and adj ust

the dot [FAp6uUt 18&otasonah Haife sRomi Ghef Pl RHE e EavRACEr PERI CWACY is | ess
conspi cuous to the human eye. Wen such a processing is applied to the

hi gh- 5 es@outteanby ecios diarge fl 160Qisepi hat fUQ0H p2Eadsi forhe dov—| ayout
pattern is virtually inconspicuous to the WO 03/ 105461 PCT/JP03/ 06667 -37

human eyesandiibniScOssity &1t eppbbainaasl ©x3oeneliy FatisisBtaorgwpicture
qual ity having no unevenness in the dot distribution. On the other hand,

when theiﬂﬁy%ﬁ%ﬁﬁ%LE$§ﬁé after carrying out the Bayer type dither
process with respect to the input image data shown in FIG. 18A.
FIG. 18C shows the output image after further carrying out the
10 error diffusion process.

Hence, in order to reproduce the data which should
be represented by 1 pixel in multi-levels on the image forming
apparatus not having a large number of reproducible gradation
levels, it is necessary to make a pseudo gradation

15 representation by the number of dots per unit area, that 1is,
by the dot area ratio.

The two kinds of halftone processing methods
described as examples of the pseudo gradation representation
method, not only simply match the gradation levels and the

20 area ratios, but arrange the dots approximately uniformly so
that the dot layout is not biased, and adjust the dot layout
so as to have a high-frequency characteristic which is less
conspicuous to the human eye. When such a processing is
applied to the high-resolution recording of 600 dpi or 1200

25 dpi, the dot layout pattern is virtually inconspicuous to the



5 recording of 150 dpi or 300 dpi is carried out, the dot |ayout pattern
becones conspi cuous to the human eye even after the adjusting process to
make t he wotoshesseut pattern having the high-frequency cha&cCaorPexicsér C.
Since 1 pixel in the original imge data is represented by a plurality of
pi xel s by the 10 pseudo gradation representation, a texture pattern not
present in the original imge appears in the output image. FIG 18B shows
such a t gxha et toid.id Nsagdskibbe tovgstam iampektiramgeydata shown in
FIG 19A is output with a considerably |ow resolution of 72 dpi, the

texture patlerllds. PeconBs LYeRITR] Cniiphabl® as.cslamasbnikl Ghe W05 FI G
19A and are difagrans for explaining the inmage data after carrying out
t he Bayer, t dither process with respect to the input imge. In FIG

19B, a p8ﬁ?¥gﬁbﬁhﬁFé'the texture peculiar to the Bayer type dither process
changes, and a portion where the 20 dots are finely aligned and no texture
appears, are nixed 9% “hh&ERF ﬁ@&gktw?%n:tQﬁnﬁﬂWﬁgé§899%588r pi cture
quality. On the other hand, in the case of the error diffusjion method, the
dots @rerkopnethqiah 60 apdurrwiPehdrhppeFariiatdotitat ther 9ot g3 Thi s
random dot |ayout is 25 maintained for all of the gradation |evels, and the
texture WO-03+105465mRCHIRYE/D6667 Lo - B8 itudamatyec kangeadtet heiqgr adat i on

| evel s and no fixed texture exists, as may be seen fromFIG 18C Because

no fixed,qtgXture SXbsdss dNtekkerascest idfoutespatirhohrethantioal
deviations in the imge form ng apparatus are less likely to
high-frequency characteristic. Since 1 pixel in the original
image data is represented by a plurality of pixels by the
10 pseudo gradation representation, a texture pattern not present
in the original image appears in the output image.
FIG. 18B shows such a texture pattern. In addition,
when an input image data shown in FIG. 19A is output with a
considerably low resolution of 72 dpi, the texture pattern
15 becomes even more notable as shown in FIG. 19B. FIGS. 19A and
19B are diagrams for explaining the image data after carrying
out the Bayer type dither process with respect to the input
image. In FIG. 19B, a portion where the texture peculiar to
the Bayer type dither process changes, and a portion where the
20 dots are finely aligned and no texture appears, are mixed to
thereby result in a considerably poor picture quality.
On the other hand, in the case of the error
diffusion method, the dots are formed with a layout which

appears random at first glance. This random dot layout is

25 maintained for all of the gradation levels, and the texture



5 occur, and a high resolution characteristic is obtainable conpared to
the Bayer type dither process or the like since there is a certain degree
of freedowpaB/10d3e1 dot | ayout. However, according to the emPconpdi/debersi on
process, the granularity may be poor when conpared to the Bayer type 10
dither. process, as shown in FIG 20.5#1G 20 is a diagram showi ng the
granularity neasured at tone intervals of 10% for the Bayer type dither
pattern andit heteehengdi &f usiomyreattteprn leeebs dadtd ato 3QGedpiextienee, the
random nature of the dot |ayout used in the error diffusion process,

i ntended 4,9 sQRt abg $58, Ve | Qas, advantageouscel festsusasiuahkygcause probl ens
at the lowresolution. In other words, at the |low resol ution, a

conspi cuQus,.noi.s on j iy . tecogni i of the error
i T 0si o 008e S e T H e Ty o HERey L= 100e of the

Bayer type dither process tends 20 to be better when _a sensual eval uation
e e B aREAaRe Tt Sy TS (BTG aPPS b L he b d e S Nare LY RSk nd of

texture pattern formed by the dot |ayout greatL¥. affects the picture
qual i By. dasuer dapdt ® bb¥li Fepludrnsraeraryept etif e geRtPLp2atet he | ow
resol ution using the 25 two kinds of hal ftone processi ng nethods, the
present WOm@at:05461tPETBIROZ/BE67A1IthE8e pneeatorer fihwend ikhasincei s
necessary to forma dot |ayout pattern having good alignnent and not to
change t heedat ikayogértpat t@sdrery ofotrreademker tiee changaybntt he dot | ayout
pattern visible for each of the gradation |evels.
However, according to the error diffusion process,
the granularity may be poor when compared to the Bayer type
10 dither process, as shown in FIG. 20. FIG. 20 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
layout used in the error diffusion process, intended to obtain
15 various advantageous effects, actually cause problems at the
low resolution. In other words, at the low resolution, a
conspicuous noise component is easily recognized in the case
of the error diffusion process, and the aligned texture
generated in the case of the Bayer type dither process tends
20 to be better when a sensual evaluation is made.
Therefore, it may be understood from the above that
the kind of texture pattern formed by the dot layout gréatly
affects the picture quality. In order to obtain a

satisfactory picture quality at the low resolution using the

25 two kinds of halftone processing methods, the present



5 1In the enbodi nent of the threshold value matrix, the dot reproduction is
made while constantly maintaining a predetermned |ine keytone (dot |ayout
pattern h&oioagosnt aligned property) for all halftone | evelCs/Jrusiosegy only
the dot |layout pattern. Hence, it is possible to inprove the picture 10
quality when making a nulti-Ilevel representation by a small nunber of

val ues, on the order of approximately 1 bit to 3 bits, during the

recor di ngpgnitdys ifivaige £behi g EppEcatsgerat tot herth ow dagsdlayoudn. It is
possible to obtain satisfactory recording (print) data particularly when
appl i ed poctidie ihakrihy pebd pilderersimpingy nbg thecipigsivr @ditameten)y
nodul ati on. Wen considering the dot |ayout pattern having the aligned

proper t yodpradeter moneds! hiee kayd Uihgd tini $hal Y S 2 RRAESI/EK L0 take into
consideration the correlation with the nechanical deéviations of the inmage

form ng fﬁgﬁﬁyg'f%r Egcgoogtgﬁiéﬂﬁﬁgﬁﬁﬂ%s EQeEQ? case of the ink-jet printer

descri be ove, the recor inclhuadrng the recordi ng heads 14 and
the carriage 13 carri out. the recogfi mgile ing in the, min
scan%ing directionI&egEﬁd?TEF%hW?m%‘1 §%§p5 Feﬁ?gﬁxé’ Ma3II& shown in
FIG 21. FIG 21 is a diagramfor 25 explaining the effects of the
mechani cdle ¢ FEPSRIVFRL¢hel s\magly 1h5461 CPETEIPOL 0BE6La1inipgi ak- | et
printer. In this case, if inconsistencies exist in the accuracy of the
paper t ransiorrminethéliseabkscanmsd ngotdilegott opaanekt theeviegdanovi ng speed in
the main scanning direction, an interference may occur with the
pr edet eramirgkd property) for all halftone levels, using only the dot
layout pattern. Hence, it is possible to improve the picture
10 guality when making a multi-level representation by a small
number of values, on the order of approximately 1 bit to 3
bits, during the recording of the image forming apparatus at
the low resolution. It is possible to obtain satisfactory
recording (print) data particularly when applied to the ink-—
15 Jjet printer employing the dot size (diameter) modulation.

When considering the dot layout pattern having the
aligned property (predetermined line keytone), it is always
necessary to take into consideration the correlation with the
mechanical deviations of the image forming apparatus. In

20 other words, as in the case of the ink-jet printer described
above, the recording unit including the recording heads 14 and
the carriage 13 carries out the recording while moving in the
main scanning direction depending on the transport of the

paper 3 as shown in FIG. 21. FIG. 21 is a diagram for

25 explaining the effects of the mechanical deviations in the



5 Iine keytone and generate recogni zable vertical and horizontal stripes.
FI GS. 22A and 22B are diagrans for explaining interference between the
Bayer typwodstbmst pattern and the nechani cal deviations @CTURe/G6nk- | et
printer. FIG 22B shows 10 the interference which is generated when
outputting one gradation pattern ofgthe Bayer type dither pattern shown in
FIG 22A. It may be seen fromFIG 22B that when the keytone 1is aligned in
t he ver tirdal] sdn@rhseezont &b dikectdsens 1 fainsynetsomiczats exiss éasily occurs
with deviations A and B in 15 the main and sub scanning directions. Since

t he humameeypedusacgensi the epapdh trespect-tt ont tite Gude@eanang 90- degree
(180- degree and 270-degree) directions, it is desirable to avoid the

keyt one aieeh 18aSkhy hd GNSad MdN@VELEEak K and: horizanta ini rections.

However, as described above with respect to the 20 error usi on met hod,

t he ra”Qﬂﬂk%QHo ayoyt, Hﬁ%f%%féhd 59'%1 en%%%%%t%ge é%éﬁ[f?;ence

is undesir or th €50l ecause t

enphasi zed and ,becone_ reco |zable Accordin dot | ayout pattern

havi Rg ar 55 XCHEPRRCH R RGHE 1 r&ggspéaa% i in 2pecBY P aaR b 038, o
03/ 105461 PCT/JP03/06667 -41 FIGS. 23A and 23B are diagrans for explaining
the dot ST&}®EE- pattern having the inclined keytone in an enbodi ment of a

threshol d value matrix according to the present invention. The sane effects
can be obt ai ned w FRG? espeetanc 2@&vieaki dnsgrams for explaining

interference between the Bayer type dither pattern and the
mechanical deviations of the ink-jet printer. FIG. 22B shows

10 the interference which is generated when outputting one
gradation pattern of the Bayer type dither pattern shown in
FIG. 22A. It may be seen from FIG. 22B that when the keytone
is aligned in the vertical and horizontal directions, a
synchronization is easily occurs with deviations A and B in

15 the main and sub scanning directions. Since the human eye 1is
sensitive with respect to the 0-degree and 90-degree (180—
degree and 270-degree) directions, it is desirable to avoid
the keytone which easily aligns in the vertical and horizontal
directions. However, as described above with respect to the

20 error diffusion method, the random dot layout which is least
likely to generate the interference is undesirable for the iow
resolution because the noise component is emphasized and
become recognizable.

Accordingly, a dot layout pattern having an

25 inclined keytone is desired, as shown in FIGS. 23A and 23B.



5 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- degr ewoinabi4ned keytone, as shown in FIGS. 23A and 2¥BI/JPwicker nor e,
since the human eye is slightly less sensitive with respect to the oblique
direction, 10 the inclined keytone tends to be | ess conspi cuous than the
vertical and horizontal keytones. Bdtl si nce the main purpose here is to

al i gn the keytong...and oL Loamakehbesdniarfenente thuhash copyantionally

causes pro i nconspl cuous, an advant ageous characteristic can be

derived therefrom 15 The line-grqup keytones sh Ik A and 23B
are ref ePREESTD %&Flﬂq|%§?gﬁ8ﬁglﬁ§§eE%Y¥%ﬁﬁ"fﬁu§§ %@gahgﬁgﬁgﬁgggsophotography
recording. In the el ectrophotography, recording, a latent inage is forned
on a chaﬁ@é§5®%bid@ﬁﬁﬁh@@ﬁﬁéxbéﬂ9°5§l%gY%%é?“bé&ﬁﬁeﬁﬁdl?ﬁ%nTb. nt inmage is
20 visualized by a toner into a toner inmage. The toner inmage is

transf er red sate «f fevur dangbredbtaised HiaE) FHFEeCtHERACREVEHELOHDILS| ze can
be controlled in several stages by nodulating the |aser power, but the

el ecty ophetpgra®hya e c-dinigg sinettson tad fire maki sgathéngr adat i on
representation using small 25 dots because the toner adhering and transfer

charact e&E§EEE§OI¥\}D &;/J&W%L Egéﬁgggﬁd}.@GWtone‘l%u@yaée&eﬂsedi@c_t;&ef or small

dots. Hence, an area nodulated (A i ther method which gradually forns
the large dot by t(r:‘%eé”'ta[ﬁ 'a“93%b8eg9éé AScTUEH ds Ressi bhe, shsngeneral Iy

enployeleorl?%e e rophot ography recordi ng.
in FIGS. 23A and 23B. Furthermore, since the human eye is
slightly less sensitive with respect to the obligue direction,

10  the inclined keytone tends to be less conspicuous than the
vertical and horizontal keytones. But since the main purpose
here is to align the keytone, and not to make the interference
(which conventionally causes problems) inconspicuous, an
advantageous characteristic can be derived therefrom.

15 The line—-group keytones shown in FIGS. 23A and 23B
are referred to as "line-group type dither" and used in
electrophotography recording. In the electrophotography
recording, a latent image is formed on a charged
photoconductive body by a laser beam, and the latent image is

20 visualized by a toner into a toner image. Thg toner image is
transferred onto a recording medium such as paper. Hence, the
dot size can be controlled in several stages by modulating the
laser power, but the electrophotography recording is not
suited for making the gradation representation using small

25 dots because the toner adhering and transfer characteristics



5 The line-group type dither nethod is a kind of AM dither nethod.

Al t hough the line-group type dither nmethod has directionality, it is
advant agew093itessbhat the dots can be grown in a spiral neocmgPozsdet hat t he
recording density (nunber of lines or line density) can be inproved
conpared to 10 the concentration type dither nmethod. However, when the

| i ne-group type dither nethod used% t he el ectrophot ography recording is

appl i ed asi Hebsrid@tded kgt B8esr dimehay, ehharcreroadlaged eahni ques
ot her than t he el ectrophot ography recordi ng, the keytone will not be 15

al i gned ﬁQEEOPr'éﬁﬁgdkw4gﬂPEE%BuEQEQSfof %LﬂﬁEQ%. _OEOEhB

el ect rophotography tecor I ST possible to adjust no only the dot

size but also the dot for posi ti as_nm ;seen fromFI G 24A
Hence, §Oﬁﬁ§nB€aE%le?W%;a4£% aSZWBcgn%S Qﬁﬁﬁllleho tﬁsnﬁo?gl%re ar r anged,

that is, no matter how the 20 gradation |level changes, it is possible to
represenﬁmpﬁéye@r@@%lﬁhﬁ1Q%ﬁﬂ¥@§pﬁPFﬁaﬁﬁp@%SE?QQHQﬁﬁgthe shape of the oblique
line. FIGS. 24A and 24B are diagranms for explaining the dot pattern of a

| i ne-yroup keyt one Tsed ire-glmctpr cpbet dgraphynethesbrigi agkand eher¥hange in
keyt one of the gradation level. 25 On the other hand, when the |ine-group

type dithern¥0 Q3{tHab46n IRGHHR03H86667e-gddipetyived disedri methed has
el ectrophot ography recording is applied as it is to the ink-jet recording,

the dot fd%guagopgﬂw Ons: Al adivbxedgteus hen piah wdhet aprinesh bye t he
recording resolution,” as shown in FITG 25A. For this reason, the keytone

changes %yenn in a spiral manner and that the recording density

(number of lines or line density) can be improved compared to
10 the concentration type dither method.

However, when the line—group type dither method
used in the electrophotography recording is applied as it is
to the ink-jet recording or other recording techniques other
than the electrophotography recording, the keytone will not be

15 aligned appropriately. In other words, in the case of the
electrophotography recording, it is possible to adjust not
only the dot size but also the dot forming position, as may be
seen from FIG. 24A. Hence, as may be seen from FIG. 24B, no
matter how the dots are arranged, that is, no matter how the

20 gradation level changes, it is possible to represent the
gradation levels without destroying the shape of the oblique
line. FIGS. 24A and 24B are diagrams for explaining the dot
pattern of a line-group keytone used in electrophotography
recording and the change in keytone of the gradation level.

25 On the other hand, when the line—group type dither



5 when the nunber of dots slightly increases, as shown in FIG 25B, and it
is inpossible to achieve the original intention which is to realize a

pr ocessi ngommatibsdl whi ch does not change the keytone or dees/Jratocneke t he
change in keytone conspicuous. FIGS. 25A and 25B are diagrans for

expl aining the dot pattern 10 of the line-group keytone applied to the
ink-jet recording and the change iTtXeytone of the gradation |evel.

Particul arly i.n_the case of .t i aqre,drask is
tiled inf@téaﬁa?%egh%%é%“%ﬁﬁﬁggg%§ﬂ8%§&%%%%$e%%xg%ﬁ%ﬁf?? %ﬁgl%rocégzing

nmechani sm and achi eve, 15 hi gh- speed process t a low cost. Hence, even
if the rAdnBér tof tipt 2 nks é?%%rgﬂng'dB?? 4%?5%?HEP@aE85% 7820yt zed as
a pattern which is aligned vertically and horizontally with the tiling
period. Fdmedxapptiee MHerh fotormingpt Rer thasieaHoWRd FepPEItion, 264 i s used
to carry out the tiling as shown in FIG 26B, the dots becone aligned as a
whol e, vemhbwaaihyFaead hoxi zdtaldhis régsanr eshd tkevaoheat theagkeye e i s
generated as shown in FIG 26C FIGS. 26A, 26B and 26C are di agrans for
expl aini REehhenckeytisae §oraes By ibhki ngi tdecaliddhensmaakwn2bn AETOr di ngl y,
in order to maintain the group-line WO 03/105461 PCT/ JP03/ 06667 -44

keyt one %ﬁ%,tgnévg£di§'fﬁﬁgggiﬂﬂ% theakgytone-hy Mg kil ERGentidh s
enbodi ment denerates three or nore dots simultaneously per single .
gradation, Leyel [0 OLBEr, WO 450 ddls3nGaRE AL e o80T AdUCLAMd S
the keytone or does not make the change in keytone conspilcuous.
FIGS. 25A and 25B are diagrams for explaining the dot pattern
10 of the line-group keytone applied to the ink-jet recording and
the change in keytone of the gradation level.

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 mechanism and achieve

15 high-speed processing at a low cost. Hence, even if the
number of dots increases by 1 dot, this increase is recognized
as a pattern which is aligned vertically and horizontally with
the tiling period.

For example, when a 4 x 4 dither mask shown in FIG.

20 26A is used to carry out the tiling as shown in FIG. 26B, the
dots become aligned as a whole, vertically and horizontally.
As a result, a lattice keytone is generated as shown in FIG.
26C. FIGS. 26A, 26B and 26C are diagrams for explaining the
keytone formed by tiling the dither mask.

25 Accordingly, in order to maintain the group-line



5 made by the inclined |ine-group keytone, when a mask having 1 dot per
single gradation |level as shown in FIG 27Ais tiled as shown in FIG 27B,
a latti cewbegtiaiael which is aligned vertically and hori zomcalJpg3/iies67obt ai ned
as shown in FIG 27C. FIGS. 27A, 27B and 27C are di agrans for explaining
the tiling 10 and the keytone for L@g_case where the mask has 1 dot per
gradation level. In addition, in a se where the reproduction is nmade by

the | ncl kBedodd NEONOURJeaH! Anenangen: @ tmskeyhavingy ehls ateliagrrange dot
| ayout) having 2 dots per single 15 gradation |evel as shown in FIG 28A is

tiled h i n,.Fl [ I Leh, i | bl i I
< Cobtaiien SETHAGTT FELE 8 T Fla CSRC Che TRl Faad eyt one the

45-degree alignnent and the 135-degree alignnment which intersect. FIGS.
28A, 28BP8AJS DBE ArF AHHgPENs 61 - 20 expl aining the tiling and the keytone
for the case where the mask has 2 dots per gradation |level. On the other
hand, in a case whefe QHEYT &PrdguctRon 3% PyReh&CPREFTRELPT ife- gr oup
keyt one, when a mask having 3 dots per single gradation | evel as shown in
FI G 29Amk8e 25y tiledias iskowi ine-BrGip 208 taave i mikennadmiekt aieinghilch is WO
03/ 105461 PCT/ JP03/ 06667 -45 aligned only in one oblique direction is

obt ai nedgas sEEWLAdN e FJrGda296n EEGSL 29/AnhR8B iand129C2aneidiagrans for

explaining the tiling and the keytone for a case where the nmask has 3
dots per .gradafi oy, lenel oA siamihat: backdpechkeyieoneikSaligned
vertically and horizontally is obtained as shown in FIG. 27C.
FIGS. 27A, 27B and 27C are diagrams for explaining the tiling
10 and the keytone for the case where the mask has 1 dot per
gradation level.

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 2 dots per single

15 gradation level as shown in FIG. 28A is tiled as shown in FIG.
28B, an inclined keytone which is aligngd obliquely is
obtained as shown in FIG. 28C. 1In FIG. 28C, the inclined
keytone the 45-degree alignment and the 135-degree alignment
which intersect. FIGS. 28A, 28B and 28C are diagrams for

20 explaining the tiling and the keytone for the case where the
mask has 2 dots per gradation level.

On the other hand, in a case where the reproduction
is made by the inclined line—group keytone, when a mask having
3 dots per single gradation level as shown in FIG. 29A is

25 tiled as shown in FIG. 29B, an inclined keytone which is



5 obtai ned when the mask has nore than 3 dots per single gradation |evel.
In this case, sinultaneously formng 3 or nore dots per single gradation
| evel , rewoiosass4alr mask size which is 3 x 3 = 9 tinmes or @CEAPEY06b6V or der
to obtain the same capability 10 of reproducing the gradation |levels. This
value of 9 tinmes or greater is small conpared to the size of the buffer
menory or the i ke reqU|red for thé3error diffusion process. Unl ess an

extrenel K {5 Ysedas Al gl erepss, tdichslizagqokst gowdragk size

; G
wil | notgée rease he proceSS|n8 speed or |ncrease 15 the cost. O course,

in order to achieve a hi sp rqQc ra

vertical Fafd hori zont@ - gz&}\ze?%gfg ﬁ gfrgs canlaec'asa'n\S gl(%](:ée@oé by a
conputer. In other words, it is desirable to _make the nask SIZ a multiple
of 8, sothhatibies am® Rﬁ%ﬁ@ﬁ&téaru%o%aﬂ%vﬁﬁﬁﬁhéﬁﬁ Pagh Zg menory.
Next, a description will be given of an enl argenent of the mask size, by
referrlngote Pt 6Syr 80 tdwr dueyte 130FA FiGElar 30k tinwesudievBoreat® di agrams for
expl aining division of a basic matrix into sub nmatri xes. 25 Wen a

ref er encgpiRskes honen i thdFInGsB0GAswhbeld Hasn VID 03/sl @461 1RETEIP03/ 06667 - 46
the inclined line-group keytone is used as a reference to form a mask
shown in _ELG gg { %he case where four dots are sinultaneously
generateg, eac o the reference mask shown in FIG 30C is further

divided into Snalle&n biémg§4§$¥§imultaneously forming 3 or more dots
per single gradation level, requires a mask size which is 3 x
3 = 9 times or greater in order to obtain the same capability
10 of reproducing the gradation levels. This value of 9 times or
greater is small compared to the size of the buffer memory or
the like required for the error diffusion process. Unless an
extremely large mask is used as a reference, this size of the
mask size will not decrease the processing speed or increase
15 +the cost. Of course, in order to achieve a high-speed
processing, it is desirable that the vertical and horizontal
sizes of the mask can easily be processed by a computer. In
other words, it is desirable to make the mask size a multiple
of 8, so that odds are not generated upon development into a
20 memory.
Next, a description will be given of an enlargement
of the mask size, by referring to FIGS. 30A through 30F. FIGS.
30A through 30F are diagrams for explaining division of a
basic matrix into sub matrixes.

25 When a reference mask shown in FIG. 30A which has



5 as shown in FIGS. 30D and 30E so as to obtain the necessary nunber of
gradation levels. In this case, by nmaking the sub matrixes simlar figures
to the reWwerienegenask so as to have the inclined |ine-greap/JRe&icesre, it is
possible to prevent a pattern which destroys the keytone from bei ng
generated. 10 For exanple, the 3 X §§S”b matrix showmn in FIG 30D can

represent 36 gradation levels. In-addition, the 4 x 4 sub matrix shown in

FI G 30E.gan; s epiesenti f4 goagakbphoheved susdd aiss apossébiecd ccausiora 2 x 2
sub matrix shown in FIG 30F, but a checkerboard pattern keytone is

gener at ed gt ng, the ;15 pr 0aaES ol LRPTESENLing.! heugradalian. | evels vhen

the 2 x matri X 1s used. For this reason, this enbodi nent sets a

m nimum uni t_of the sub matrix to be a i,nclin i ne- up mask. By
usi ng t hE SHbLAREIISBS FEEEAHEd g%gr\lle?gll%( o?fs b0 68§§F%+£§t%ag°{s]§ppr ess
generati on of another keytone which would destro he inclined .|ine-grou
keyt one. SNexe, in Iﬂ&cﬁcﬁlil@n THrEheped g7 V851 o ﬁéﬁ‘maro?wo d?aeRfelﬁﬁsnggt hep
keytone from being |ost (or disappearing) in order to elimnate a change
in the keyt shewonrintDlGRkaePhend53ghangers ta vPUREHt 6he ROTCTINY v

recogni zabl e. As described WO 03/ 105461 PCT/ JP03/ 06667 -47 above with
respect hombbe bachiaet:ieytenelst hele tisincaresdbyt nakiphasieeuthe keyt one
nore than necessary, but a sudden |oss (or disappearance) of the keytone

will be peeognizedias) & change B the keydanite MOkk! bbsaseasamvat a
gradation | evel
the inclined line-group keytone, it is possible to prevent a
pattern which destroys the keytone from being generated.

10 For example, the 3 x 3 sub matrix shown in FIG. 30D
can represent 36 gradation levels. In.addition, the 4 x 4 sub
matrix shown in FIG. 30E can represent 64 gradation levels.

It is possible to use a 2 x 2 sub matrix shown in FIG. 30F,
. but a checkerboard pattern keytone is generated during the

15 process of representing the gradation levels when the 2 x 2
sub matrix is used. For this reason, this embodiment sets a
minimum unit of the sub matrix to be a 3 x 3 inclined line-
group mask.

By using the sub matrixes described above, it is

20 ©possible to suppress generation of another keytone which would
destroy the inclined line—group keytone.

Next, a description will be given of a method of
preventing the keytone from being lost (or disappearing) in
order to eliminate a change in the keytone or, to make the

25 change in the keytone not easily recognizable. As described



5 where the keytone is easily lost (or disappears), it is preferable to
create the keytone. As the density of the dots increases to a certain
extent, tweodaosspattern itself may represent a keytone, bRCT/IPiRIkE€yt one
may not be recogni zabl e by the human eye. Such a 10 situation occurs when
the spatial frequency of the dot pattern becones high, and easily occurs
particularly in the case of the prTaI-IeveI process whi ch uses dots

having a_pbyeality Sfspsiizes the ohbein¥@res;tdne atease whefe fdwi nunber of
dots 15 is small as shown in FIG 31A, it is possible to visually

recogni e f De kel 00CRS X e 7880 TR Gs3th, Haweyeluaads the number

of dots beco arge as own in G 32A 1t Dbecones difficult to

visual ly _recogni ze, t he keytone a e . seen fromFI G 3 | GS._ 31A and
31B are dP&§rank ‘Sjo?apﬁf < SnP%gEF%eP%YorbeatVfl&n@Fr 5%10%%]? ¥ ha? Keyt one
is recognizable, and FIGS. 32A and 32B are diagrans for _explaining the
dot patt ehAngeohT whHite keH@Ieeyt BRE £B1PoFC2TVLOGH i‘aﬁi‘f@?ia*‘_rh%’?k]e?/‘f‘?}ne is

| ost for the gradation levels at which the space is filled to a certain
extent byhehe doeskeytods ifsoeashéyglaght (on diapgipearswhi &k &1 coordi nat es
are filled by WD 03/105461 PCT/JP03/ 06667 -48 the dots, that is, the space

i's conpl eelrkrhbl &edo byrddie dokskeyBehween a case where "a dot exists
within a space" and a case where "a gap exists within the dots", the

brightness becomes pLowes {ofsitheolrather aseseidhbadsest Rdsadeétiguht to
visual l'y :
extent, the dot pattern itself may represent a keytone, but
the keytone may not be recognizable by the human eye. Such a
10 situation occurs when the spatial frequency of the dot pattern
becomes high, and easily occurs particularly in the case of
the plural-level process which uses dots having a plurality of
sizes.
In other words, in a case where the number of dots
15 is small as shown in FIG. 31A, it is possible to visually
recognize the keytone as may be seen from FIG. 31B. However,
as the number of dots becomes large as shown in FIG. 32A, it
becomes difficult to visually recognize the keytone as may be
seen from FIG. 32B. FIGS. 31A and 31B are diagrams for
20 explaining the dot pattern from which the keytone is
recognizable, and FIGS. 32A and 32B are diagrams for
explaining the dot pattern from which the keytone is not
recognizable. The keytone is lost for the gradation levels at
which the space is filled to a certain extent by the dots or,

25 for the gradation level at which all coordinates are filled by



5 recogni ze by the human eye. Furthernore, the actual recorded inmage is

af fected by deformation of the dots caused by the dot gain. According to

t he pl ur avelosued4epr ocess in which gradation reproduci ng Pemgecy@se7sect i on)
switches for each dot 10 size, the keytone is lost for the gradation |evel
at which the space is conpletely thIgd by the dots,. imediately before
the switching of the dot size takes place, that is, when the space 1is

conpl et ely . fadied byt he dehs epatbel prasigiesestagel1dheoy ket aetsi.s not
| ost for the binarization process because no 15 switching point exists for

the binapizati %%chsa%%e%erlgengeﬁ%g&i@tﬂ%iﬁxgsgﬁaéé’“ £ases shawn in

FI GS. 33A and ere the nu of dots 1s small, but the keytone is

lost for a case shown.in Fl 33C_whe t.he ace. | I illed by
smal | dowe.erﬁrhea@sﬁc?ﬁésﬁtéaﬁf?&%%g HLE i 1 ATE é%légffg%n@z“gé“ﬁ% dot size
is changed fromsnall dots to nediumdots. FIGS._, 3§A t hrough 33D are

di agr anslfwer ekt dihe Agtiee regs afcdthe TIEyPghé 1P theC dbt swi t chi ng
part. FIGS. 34A through 34C are diagrans for explaining the |oss of

keyt dhe atctbeidotbisitze switeohing. paFerthsrmeres phet pebbad REFIT G 34A
shows a mask for small dots, FIG WD 03/105461 PCT/JP03/ 06667 -49 34B
shows a nRskef 0§ amedidsadotls dedbdmit Gon ML showsta maskedfloy the gotdot s.
For exanple, if the keytone is lost at a threshold value "73" of the nask
for smal | dgts and at a threshold value "182" of the mask for nedi um dots,
and a first

According to the plural-level process in which
gradation reproducing range (or section) switches for each dot
10 si;e, the keytone is lost for the gradation level at which the
space is completely filled by the dots, immediately before the
switching of the dot size takes place, that is, when the space
is completely filled by the dots of the previous stage. The
keytone is not lost for the binarization process because no
15 switching point exists for the binarization process. Hence,
the keytone exists for cases shown in FIGS. 33A and 33B where
the number of dots is small, but the keytone is lost for a
case shown in FIG. 33C where the space is completely filled by
small dots. The keytone reappears as shown in FIG. 33D when
20 the dot size is changed from small dots to medium dots. FIGS.
33A through 33D are diagrams for explaining the loss of the
keytone at the dot size switching part.
FIGS. 34A through 34C are diagrams for explaining
the loss of keytone at the dot size switching part for a

25 particular case. FIG. 34A shows a mask for small dots, FIG.



5 threshold value after the switching of the dot size is 1180" in the case
of the mask for the mediumdots and "187" in the case of the mask for the
| arge dotwp oshessbbss of the keytone is generated by the swCTORIMG6ET the
dot size. Hence, in this embodiment, when the |oss of the 10 keytone is

i ndependent|y generated for a dot pgttern, this dot pattern is not used,
by making the threshold values of thi°s dot pattern identical to those of

the i mediat gl ¥, SuUPsRGUERL: Aok DAt 46E, A8l FTERSBUL, shiws dotmapst t ern which
i ndependently generates the |oss of the keytone is skipped, so that the

| oss 15 q@f _the_ key e i (o] at r nith tion |l eve
Ea?ﬁe &ﬂg?ﬁ .?égﬁéégﬂhgd?ﬁg gﬁgﬁﬁg%é ggé??f}fg%ﬁﬁg,lgnfﬁgﬁﬁggéﬁd nunber ed

ith, ere i_is an odd _nunber). threshold values are arranged in the mask
and t hetBYRRI LMD &F (j7rrl’h, O&m@% Fal %% és\rlnglhﬁnﬁl%%?n?h%%s%ol d 20 val ues
are replaced by the next odd nunbered threshol d values, so_that, the even
nunber edtdoesbutpuisl v € 18R2Maps Skeppetk IBF %P@nﬂﬁﬁsthﬁn%ﬁk&s@ hat one
side of the mask is always a nultiple of 8 and arranging only the odd
numbeg edthheesbod dralval weseimn thReswaskhing dﬁst@@s§pﬁléléﬁeéﬁe”%ﬁbdﬁblete
sets of 25 dots to intentionally enphasize the keytone. WO 03/ 105461

PCT/ JP03406667se -&O ¥ thelk@oe, the hbeidotdeisz enswi't 6l ngnpeine fsd he
plural -1 evel process, the first threshold value after the sw tching of the

dot si ze i pll peat e alha posi bben, Whes eoddie Ruesheydoheval at whi ch
the | oss of the keytone is

generated by the switching of the dot size.
Hence, in this embodiment, when the loss of the
10 keytone is independently generated for a dot pattern, this dot
pattern is not used, by making the threshold values of this
dot pattern identical to those of the immediately subsequent
dot pattern. As a result, the dot pattern which independently
generates the loss of the keytone is skipped, so that the loss
15 of the keytone is not generated thereby.

In the gradation level range where the loss of the
keytone easily occurs, only the odd numbered (ith, where i is
an odd number) threshold values are arranged in the mask, and
the even numbered (jth, where j is an even number) threshold

20 values are replaced by the next odd numbered threshold values,
so that the even numbered dot outputs are always skipped. By
designing the mask so that one side of the mask is always a
multiple of 8, and arranging only the odd numbered threshold
values in the mask, it is possible create incomplete sets of

25 dots to intentionally emphasize the keytone.



5 generated is arranged, so as to skip the point where the loss of the
keytone is generated. For exanple, a maximumthreshold value of a mask for
smal | dotwoghaotsi n FI G 35A and a m nimum threshol d val seTaPozensrsk f or
medi um dots shown in FIG 35B are both set to "80", and a maxi num

t hreshol d value of the 10 mask for diumdots shown in FIG 35B and a

mi ni mum t hreshol d val ue of a mask POF | arge dots shown in FIG 35C are

both set to 11187%l,430.85,L0 PhEVRAlad g lRSSwekchheykeytong ahet he dot
size switching part. FIGS. 35A through 35C are diagrams for explaining the

process carried out. with respect to_the.| f yipne. t he dot size
swi t chi nﬁﬁbﬁﬂ—fjleé’flcé)rrroﬁeﬁﬁ’oﬁﬁet %%réa%gcvhg%gzlgggi %gg}!&%r%cess?&t e nunber of
gradation | evels may again becone insufficient. But in this case, a
further svagehty él%tr?ﬁt Frkesirgytber skcadsdado FgecB?r'f)Je%Qd? é&‘fg&ﬁ t he
insufficient nunber of gradation levels. 20 FIG 36 is a djagramfor

expl ai ni hgeatmetdiod dbfl eyedatitnyhi Al sterbodismedt the KABLeM eshol d val ue
matri x. Wien the process shown in FIG 36 starts, a step Sl sets a

gr adag i ogeheveted angeruhingiedi, Ssboabets egkrigs emeegobytt eeddtshe dfossach of
the sizes in the plural-level process. A step S2 25 calculates a m ni num
requi red Faske Sigp Jiy iRkjenaratgaadatd O \WRA3/, 1854611 MGT/ (HRA3H6667 - 51
representation in the set gradation |level range. A step S3 determ nes,

from the calculated /msk i 2612 BuEbelndl dol §760 she shaul tanseusly
out put per gradation level. A step $S4 forns sub matri xes for conpensating

For threshold value of a mask for medium dots shown in FIG. 35B

are both set to "80", and a maximum threshold value of the
10 mask for medium dots shown in FIG. 35B and a minimum threshold
value of a mask for large dots shown in FIG. 35C are both set
to "187", so as to prevent the loss of the keytone at the dot
size switching part. FIGS. 35A through 35C are diagrams for
explaining the process carried out with respect to the loss of
15 keytone at the dot size switching part.

By carrying out the above described process, the
number of gradation levels may again become insufficient. But
in this case, a further stage of sub matrixes may be set so as
to compensate for the insufficient number of gradation levels.

20 FIG. 36 is a diagram for explaining a method of
creating this embodiment of the threshold value matrix. When
the process shown in FIG. 36 starts, a step S1 sets a
gradation level range which is to be represented by the dots
of each 5f the sizes in the plural-level process. A step 52

25 calculates a minimum required mask size for making a gradation



5 the reduction in the nunber of gradation |evels caused by the

si mul t aneous output of the dots, while taking into consideration a m ninmum
unit of tWeosuws4nmtri xes. A step S5 corrects the thresholrdTRdU®s67 N a
vicinity of the gradation |evel where the | oss of the keytone occurs. A
step S6 deci des 10 whether or not the nunmber of gradation | evels becones
insufficient as a result of correcfﬁﬁg the threshold values. |If the

decisionrégggé%?{$%%ggd§;Qgﬁsgeksgygggtfbﬁnfg%é§7fghg@tesAas{éﬁtggn st age of

sub matri ecision reSult inthe step S6 is NO or after the

step S7, a, 15 ,step S8 carrects t hr eshol d val ye espondi o the
swi t chi ngSpSIATESY tHe"t h esﬁ&ﬁﬁu\h—)g%% Iﬁaan(r isg'ezse 't 8r ERBeECTE &g‘lry gcaof:h of
the sizes. Then, a step S9 conpletes the plural- level threshold val ue
matrix f&f eHEUl BARIVEDIUITGR Y taRET t FEr I Tes€VEAds. 20 By using the
plural -1 evel threshold value matrix (or bi-level threshold value matrix)
which is created inAtsieep dbovierdeserbbeat parrrerfor coppeps3sid¥ ef9% obtain a
satisfactory picture quality even in the case of an image formng

appar gt ugher ragutvege irecoredinugbappaf aysdathicch lleasla c2B8séodvipy edod uti on
and also in the case of an imge form ng WO 03/ 105461 PCT/ JP03/ 06667 -52

appar at Ug Q1 88nédRYCHEae dManappatal ush i claxcal enky select a |ow
resolution in order to achieve a high-speed recording. This enbodi nent of

the thre%@gggd¥§£{§6ﬁﬁgrﬂj&ﬂﬂﬂﬁ unit of the sub matrixes. A step S5

corrects the threshold values in a vicinity of the gradation
level where the losé of the keytone occurs. A step S6 decides
10 whether or not the number of gradation levels becomes
insufficient as a result of correcting the threshold values.
If the decision result in the step S6 is YES, a
step S7 creates a further stage of sub matrixes. If the
decision result in the step S6 is NO or after the step S7, a
15 step S8 corrects the threshold values corresponding to the
switching point of the threshold value matrixes for the dots
of each of the sizes. Then, a step S9 completes the plural-
level threshold value matrix for the low resolution, and the

process ends.

20 By using the plural-level threshold value matrix
(or bi-level threshold value matrix) which is created in the
above described manner, if is possible to obtain a
satisfactory picture gquality .even in the case of an image
forming apparatus or an image recording apparatus which has a

25 low resolution, and also in the case of an image forming



5 be stored in the printer driver 101 of the host unit 100 shown in FIG
13, and the plural-level process nay be carried out by software. In this
case, thewpriBnosasi driver 101 of the host wunit 100 di scri PCRAPERIGHETE
direction of the paper (horizontal 10 or vertical l|ayout to be used on the
paper), the witing direction (hori_zSertaI or vertical witing in the case
of Japanese) and the |like, based on"the input imge data or based on

speci fied ﬁé‘%@!‘:‘ﬁsS@Etéﬂ@ﬂdﬁ@&@&bk@ﬂmg%ﬁﬁb&x&fﬂdse&muh aanpoocess of
rotating ? e threshold value matri xes so that the 15 direction of the

keytone alygys bepapes. SONSLAR! 1nl B-obhet, Afidhe Lhibhreshobd val ue
apl e S

matrix t I's rotate o that the' direction of the keytone becones the
sane for a gortrait node which uses the paper vertically so that the
| onger sFAE°TS "Yertical and a | andscape mode which uses the paper 20

hori zontally so that the |onger side is horizontal. ILn the epbodi nent
descri bed above, th@“%%r%@?ﬂﬂgJ@eWaPéet%t??W?@%Ivﬁliuﬁ PREC O a table

in the printer driver 101 of the host unit 100. However, it is possible to
enpl 0y abst sticted eishiovi Grintes d3¥vepslEl @ 3hg hogtsystbnt BP oKWt agr am
show ng anot her WO 03/105461 PCT/JP03/ 06667 -53.enbodi nent of the inage
form ng apparat us3 acond dititg larbhelepekbsprniceswersty de. chariée dlstoxunit 100
shown in FIG 37, the printer driver 101 includes only a CVMM process
section 102+ppd. a BG UCR and -y-correction section 103, which process the
i mge
In this case, the printer driver 101 of the host
unit 100 discriminates the direction of the paper (horizontal
10 or vertical layout to be used on the paper), the writing
direction (horizontal or vertical writing in the case of
Japanese) and the like, based on the input image data or based
on specified output setting information, and carries out a
process of rotating the threshold value matrixes so that the
15 direction of the keytone always becomes constant. In other
" words, the threshold value matrix table is rotated so that the
direction of the keytone becomes the same for a portrait mode
which uses the paper vertically so that the longer side is
vertical and a landscape mode which uses the paper
20 horizontally so that the longer side is horizontal.
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

employ a structure shown in FIG. 37.

25 FIG. 37 is a system block diagram showing another



5 data from application software or the |ike executed by the host conputer
100. A zoom ng process section 104 and a threshold value matrix (table)
105 are pwowsdesdéin a controller of an ink-jet printer 7@®QT/JPoB0666m eshol d
value matrix (table) 105 is formed by a ROM or the |ike which stores 10
the threshold value matrix of the pr gsent i nvention. Hence, the conversion
of the dot layout is nmade in the |nI§jet printer 700 in this case. But

regardl ess,0f i Mhet her e ineeRves shong afpgdieitdet akayedind stoaides i n t he host
unit 100 or the ink-jet printer 700, it is possible to make a 1:1 15

conpari son, pLoCess, WL N,I eSRﬁC&gé%&Q@ hWut; goragswAal 4, r1¢ hesebyrgnabl i ng
i mage pcheSS| ng at~'a hi gh spee low cost. In the enbodl ment

descri bed above, _the en vent i 0 1S plied_in élH.é Q the
host uni PTaRbet k%rl‘??)‘p ]ﬁi élf:lﬁa?ﬁt%? |rragbgpf orm ng agpara we er,
the present invention is 5| mlarly applicable to any type of | ma e form ng
appar at us BAIGER fardrsY anorraget Oy tRitision HAB /| &’th]&rIPl%ocetsr?e Heag828§ dot
representation. Hence, the present invention is applicable to thernmal
transt er dhyaefrmm;ﬁmcrﬂm@msogbpar@t%e‘@%( prikiet eKSYUTe@rbexdifpl e. The
present invention is WO 03/105461 PCT/JP03/ 06667 -54 also applicable to
el ect r ophetegeaphycdy pE0d mage zbomirho gpragxpsy atarseonsliCh asdlaser printers
and LED printers. FIG 38 is a diagramgenerally show ng a thermal
transfer .t ypend {Bos 104 MG i3PRAEBLYS. 148 SNOWrdvidEEGin38, a
controller of an ink-jet printer 700. The threshold value
matrix (table) 105 is formed by a ROM or the like which stores
10 +the threshold value matrix of the present invention. Hence,
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
the ink-jet printer 700, it is possible to make a 1:1
15 comparison process with respect to the input image data,
thereby enabling image processing at a high speed and a low
cost.
Tn the embodiment described above, the present
invention is applied in particular to the host unit and the
20 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

is applicable to thermal transfer type image forming

25 apparatuses (printers), for example. The present invention is



5 paper 304 and an ink sheet 305 are transported between a pressure roller
303 and a thermal head 300 which is provided wth a heating el enment 301.
By drivi myotobaodaenti ng el enent 301 of the thermal head 3@QT/Jao3Nmx67 ayer
307 in a predeterm ned region of a base |layer 306 of the ink sheet 105 10
is transferred onto the paper 304 t 4t_hereby forman i mage on the paper
304. FIG 39 is a diagramgenerally“show ng an el ectrophot ography type

i mge fOEﬂEBQa%E’P?é@élLéS tFk@ecd@opBoBogEi@yf avipgennagt | yoshavg ng a process
cartridge of the 15 el ectrophotography type i nage form ng apparatus. An

| mge {OLAPOg.ARDRL Alus, 4901S00MNLLINELS, 3% i Brkhadeof [aser printer

whi ch for col or 1 nage us our basic colors of magenta (M,

cyan (O, vyellow ( n hl ack .(Bk). The i e form.ng ap 440
general |y 20 inclugéggf 18p?i9gﬁggﬁ?t%???%%g%HFﬁﬁylﬁ%i?sg@%%%#§4420, 442Y
and 442Bk for em tting |aser beans depending on inage signals of the

cor r espofidipngLesl Brre Mmage FoaRdnekarPdia bt ocdSs Shg‘éi?t?' dgEs: APM2 441G,
441Y and 441Bk for formng images in colors M C, Y and Bk, and a paper
supply caspett 20448ndvdrchinks sheetnidlares FreanmndirigiphpeEredn awhich the

i mges are to be WO 03/105461 PCT/JP03/ 06667 -55 transferred. A paper

supply rekkgsudddrsuppt i the nechedhaly herape00f wairhhés paperidadpl y
cassette 443, and a resist roller 445 transports the recording paper at a

Fgegeter%ﬁ@ﬁdathéiﬁﬁhg A dfedrshen  beky 446, tdARSROMESLINE sRarsdi Nng paper
301 of the thermal head 300, a wax layer 30% in a
predetermined region of a base layer 306 of the ink sheet 105

10 is transferred onto the paper 304 to thereby form an image on
the paper 304.
| FIG. 39 is a diagram generally showing an
electrophotography type image forming apparatus. FIG. 40 is a
diagram generally showing a process cartridge of the
15 electrophotography type image forming apparatus.
An image forming apparatus 440 shown in FIG. 39 is
a kind of laser printer which forms a full color image using
four basic colors of magenta (M), cyan (C), yellow (Y) and
black (Bk). The image forming apbaratus 440 generally
20 includes four optical write (recording) units 442M, 442C, 442Y
and 442Bk for emittiﬁg laser beams depending on image signals
of the corresponding colors M, C, Y and Bk, four process
cartridges 441M, 441C, 441lY and 441Bk for forming images in

colors M, C, Y and Bk, and a paper supply cassette 443 which

25 accommodates recording paper on which the images are to be



5 transfer portion of each of the process cartridges 441M 441C, 441Y and
441 Bk. A fixing unit 449 fixes the imge transferred onto the recording
paper. A wamanodpect roller 450 ejects the recording pap@cTaPexceshe
fixing onto a paper eject tray 451. The four process cartridges 441M 441C,
441Y and 10 441 Bk have the sane structure shown in FIG 40. As shown in
FIG 40, the process cartridge integrally includes within a casing a

dr um shapegn phet econducijayerbedpp#o2rahiah 443 puppided ase aredamdisdbeari ng
menber, a charging roller 453, a developing unit 454, and a cl eani ng bl ade

459. 15 e lhetypprohal gidig d Qldzer an@na 8LECEE OsdBld:C
transpor?a%?gtgrﬁggﬂgﬁéhgefonggargturn roll er 4?@ a?e provided within the

d | opi it 454 t f [ ' dat ed
W thin t ABSQEUETER 15 Wi CoRSACTH BAEL i Dhe BrSrroAB Fhr 5SS ini oh t he
| aser 20 beam from the corresponding optical wite unit epnters is provided

in areaf SGRREERT dTekthd4Sr GCEREPRAFE r Ty AT I EaPAPEF thet optical wite
units 442M 442C, 442Y and 442Bk includes a semnmi conductor |aser, a

col | iTvat srahefsr pewtispt iofakaghf Péctlee BIRIFSS carpaiggenatiHir ri#iCand a 25
scanni ng and i maging optical system and emts a | aser beam WD 03/ 105461
PCT/ JP034@6664nd - 66.BMi ch ifd xdoduliat ed4 4% pEndisnghen inhgei hagpes Tatzedf t he
correspondi ng color input fromthe host unit (inage processing apparatus)

such as appsgr sphale &ML HapeeVi dedpexderdialdty rbo1ethes napectoritieng
apparatus. The | aser beans fromthe optical
recording paper after the fixing onto a paper eject tray 451.
The four process cartridges 441M, 441C, 441Y and
10 441Bk have the same structure shown in FIG. 40. As shown in
FIG. 40, the process 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
developing unit 454, and a cleaning blade 459.
15 A toner supply roller, a charging roller, an
electrostatic transport plate 457 and a toner return roller
458 are provided within the developing unit 454, and toner of
"a corresponding color 1s accommodated within the developing
unit 454. In addition, a slit 460 through which the laser
20 Dbeam from the corresponding optical write unit enters is
provided.in a rear surface of the process cartridge 441.
Fach of the optical write units 442M, 442C, 442Y
and 442Bk includes a semiconductor laser, a collimator lens,

an optical deflector such as a polygonal mirror, and a

25 scanning and imaging optical system, and emits a laser beam



5 wite units 442M 442C, 442Y and 442Bk scan the phot oconductive bodies
cartridges 441M 441C, 441Y and 441Bk,
i mges on the phot ocondiciriives/ivoeli es 452.

t he 10 phot oconductive body 452 of each of

441M 441C, 441Y and 441Bk is uniformy charged by

452 of the correspondi ng process
as to wiwe osagbaetrostatic | atent
When the image formation starts,

the process cartridges
the <charging roller 453, and the | daser beamfromeach of the optical

-56—=

SO

wite unifs 442M ndb2G + 484 26 ndi442BK sgansnddie dephobecenduct i ve body 452
of the corresponding one of the 15 process cartridges 441M 441C, 441Y and

441Bk,

SO
body 452.

body 452 is devel oped .and visualized into t oner _.i age th toner of
the corr GOPBRAFRY BTt %ﬁé%ﬁ%%?@gﬁ'c&PW§u€#%H§ﬁ3ng%'56%é§n?§%y &

el ectrostatic transport plate 457 of the developing unit 4
pul se- shaped Ldave| HPFmE i 3RPFEtASp| | €82 e SR PeaBnEE6RY ih
t he phot oconductive body 452 and the

ostatic

| | : oW j : i
CO%%%%B%%%%%? c&i&%nfﬁﬁ%kakkgm ahent - 4{gs 10N 1INgPROLEESAdUCT i Ve

atent 1 nmage fornmed on the photoconductive

54. A
§ pBFtF¥hs of

el ectrostatic transport plate 457 for

t he develwopiteguaitds v442M i 2620, 046X Bhd €feRk rozmttine | atent image into the

t oner

25 image. The toner not used for the developing is transported WO

03/ 10546 LHREHEIPQIL 0666 bodik mp2t be ehectsoségidmlincapspoertspl ate 457 and

returned by the toner return roller 458. The recording paper within the
paper supply;Ggsseiifn44diics, wunel bed byithe fapey wupRlierol ler 444 in

10

15

20

25

electrostatic latent images on the photoconductive bodies 452.
When the image formation starts, the
photoconductive body 452 of each of the process cartridges
441M, 441C, 441Y and 441Bk is uniformly charged by the
charging roller 453, and the laser beam from each of the
optical write units 442M, 442C, 442Y and 442Bk scans the
photoconductivg 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
toner of the corresponding color electrostatically transported
by the electrostatic transport plate 457 of the developing
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

visualization of the electrostatic latent image into the toner

image. The toner not used for the developing is transported



5 synchronismw th each color image formation at the process cartridges
441M 441C, 441Y and 441Bk, and is transported towards the transfer belt
446 by thworeesosmsiroller 445 at a predeterm ned tim ng. Poe/Jrexwseli ng
paper is carried by the transfer belt 446 and successively transported to
pass by the 10 photoconductive body =452 of each of the process cartridges
441M 441C, 441Y and 441Bk. Hence, the toner images of each of the colors
Bk, VY, Comnthd/arectsurtedsiovaerpnspansferated 407 andt hetuecad diyngHeaper in an
over |l appi ng manner. The recording paper having the toner inmages of the

four col epset rassier nred 125 ulsgreon in the overl appi ng manner is transported
to the fixing wunit 449 which includes a fixing belt 447 and a pressure

rol ler 448, and a fald LQQLitLENBLLLIRYE | S, fixe t cordi ng paper.
The recording paper 1Is theon éLj gc?e%l onto }%Jﬁne ﬂgfaépgraggjregﬁpﬂgy 451 by the

paper ej roller,450. 20 FLLG, 41 is a timng diagramfor explaining a dot
si ze chaﬁ%%s?%? h4|’4's3 ése(:stngp%ﬁSflokéyan}h?/ e isﬁﬁﬁhjyf BPm% 4%{;&% atus. FIG
41(a)S FIG 41(b) and FIG 41(clr?sh_ow various ON and OFF tines of the
| aser® beSHSH TH 3% "erfi't C8GYF FERPBatirIDIi A HE tépRi 8kl the iR%eaafist s 442M
442C, 442Y and 442Bk. It is 25 possible to change the dot size formed on
t he phot exbFdiiggsy et AN, 0341054641 PG POB/R06667d . 158t baaypadS2dy changi ng
the ON and OFF tines of the |laser beamas shown. O course, the structure
of the recomdingheaddaokfetrthbelnksj@tbyprineat ersdescrbbedr aboved & not
limted to that of
predetermined timing. The recording paper is carried by the
transfer belt 446 and successively transported to pass by the
10 photoconductive body 452 of each of the process cartridges
441M, 441C, 441Y and 441Bk. Hence, the toner images of each
of the colors Bk, Y, C and M are successively transferred onto
the recording paper in an overlapping manner. The recording
paper having the toner images of the four colors transferred
15 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
paper eject tray 451 by the paper eject roller 450.
20 FIG. 41 is a timing diagram for explaining a dot
size change in this electrophotography type image forming
apparatus. FIG. 41l(a), FIG. 41(b) and FIG. 41({(c) show various
ON and OFF times of the laser beam which is emitted from each

of the optical write units 442M, 442C, 442Y and 442Bk. It is

25 possible to change the dot size formed on the photoconductive



5 the described enbodi nent, and various other structures may be used, such
as a thermal type ink-jet head which uses a heating resistor and an

el ectr ostwDios/1034pe i nk-j et head which uses a vibration plPargpredibeem

el ectrode. In addition, although the present invention is applied to the

i mage form ng apparatus in 10 the degscri bed enbodi nents, it is also
possible to simlarly apply the present invention for the i mage processing
and gr aoedy o¥b X &pr edenganpohhet@h awi PIEL itAgeF nafetiatl@ e ST fge

di spl ay apparatus. Further, the present inventionis not limted to 15

t hese enbasliment s, but various variations and nodifications nay be nade

W t hout departing fromthe scope of the present invention. 20 25 WO

03/ 105461 PCT/ JPO3/{3666(rsed9t kb Al MRicthrdA dehiashebdo vad e Hatd ioe used for
convertlng a nmulti-level inage data into a plural-level 1nage data which 5

' epresents, a 4ol RALLELADY o8 SPRId PToyIbet AbeOl AdALON Leuel sethan the

nultl-leve , conpr|5|ng resho ues used for naking a dot
representatlon slh d? 8# g ot patt Qp}yM|le |nta.1:ruc égél englcal
keyt ohe thordefqripact £8re F@@%Fs SIS PRPBENIFE VAl UE MatriX as
clainmed in claim
used, such as a thermal type ink-jet head which uses a heating
resistor and an electrostatic type ink-jet head which uses a
vibration plate and an electrode. In addition, although the
present invention is applied to the image forming apparatus in
10 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.
Further, the present invention is not limited to
15 +these embodiments, but various variations and modifications

may be made without departing from the scope of the present

invention.

20

25



1, further conprising: a plurality of sub matrixes; and a basic matrix for
conbining the sub matrixes, 15 said sub matrixes and said basic matrix
havi ng siwDloanos4bi ne- group keytones. 3. The threshol d val RPETIROFI6K67aS
claimed in claim 2, wherein at |east said sub matrixes have a size of 3 x
3 and 20 an inclined line-group keytone. 4. The threshold value matrix as
clainmed in any of <clains 1 to 3, Pth is used to al ways simultaneously
generate three or nore dots per grgggg'gn | evel . 25 WD 03/ 105461

PCT/ JP03/ 06667 -60 5. The threshold value matrix as clainmed in any of
claims 1 to 4, wherein a threshold value imedi ately before swtching a
dot size has a value identical to a first threshold value for a dot size
of a next stage. 5 6. The threshold value matrix as clained in any of
clains 1 to 5, which eXclthdgeshaldnrrive iifteh= Ng8FehBENEPYEIYeél &t es a
dense dot pattern for which a keytone is not visually recognizable by
human eyguld0-Tevelhentshreshabdivad e miatralx layed| amped datanmpish clains 1
to 6, wherein only odd nunbered threshold values are used to form an

i nconpl ety s8ietfs dot@pattakaday | HNsBMRIr number of gradation
levels than the multi-level image data, comprising:
threshold values used for making a dot representation
solely by a dot pattern while maintaining an identical keytone

for all halftone levels.

10
2. The threshold value matrix as claimed in claim
1, further comprising:
a plurality of sub matrixes; and
a basic matrix for combining the sub matrixes,
15 said sub matrixes and said basic matrix having similar

line—group keytones.

3. The threshold value matrix as claimed in claim
2, wherein at least said sub matrixes have a size of 3 x 3 and

20 an inclined line—group keytone.

4. The threshold value matrix as claimed in any of
claims 1 to 3, which is used to always simultaneously generate
three or more dots per gradation level.

25



where a keytone is easily |ost due to increased dot density. 15 8. The
threshold value matrix as clainmed in any of clains 1 to 7, wherein one

si de of tweohemshold value matrix is always a nultiple @CTAPE666720 9. An
i mage processing apparatus conprising: a processing section carrying out a
plural -1 evel process wth respect to a nulti-level inage data to output a
plural - level image data which repre&eénts a dot pattern by a smaller

nunber of gradation:lev lLt.i.- . e of
t hreshol d val ue nat?fx;@g%d&&%gﬁggﬁbg%&%eP%§¥ggéSggggggﬁkg%?%aaﬁglg?ng
section hal ding_ said threshold val ue rix _which includes.threshold
val ues WHEHTSr ggeé'f%?eﬂﬁﬁ}ﬁb%QIEﬁgEEPeE?%E%nf%ﬁ?i%?tfgﬁéP§?8§ea dot
pattern while maintaining an identical keytone for all_ halftone levels. 5
10. The isvagehpreacassPhgs appar ¥s vaduel aPreaical & & mivstwherein said
processing-section uses the threshold value matrix by rotating the

t hr eshol dthealsheldatvelxebised alot tieenvlft h- hexyel stapmge data or specified
output setting 10 information. 11. The inmage processi ng apparatus as

claingd in claim 10, wherein said processing section rotates the
threshold value matrix so that directions of keytones are 15 identical

between a portrait podernbi gh USRS AR QWEPHL+REEtME €& 1aimed in any of

Q

claims 1 to 5, which excludes a matrix which independently
generates a dense dot pattern for which a keytone is not

visually recognizable by human eye.

10
7. The threshold value matrix as claimed in any of
claims 1 to 6, wherein only odd numbered threshold values are
used to form an incomplete set of dots at a gradation level
where a keytone is easily lost due to increased dot density.
15
8. The threshold value matrix as claimed in any of
claims 1 to 7, wherein one side of the threshold value matrix
is always a multiple of eight.
20 9. An image processing apparatus comprising:

a processing section carrying out a plural-level process
with respect to a multi-level image data to output a plural-
level image data which represents a dot pattern by a smaller
number of gradation levels than the multi-level image data by

25 use of a threshold value matrix; and



vertically so that a |onger side of the picture is vertical and a

| andscape nobde whi ch uses the output picture horizontally so that the

| onger siwo 0fioi4he picture is horizontal. 20 12. The i na@ETHPG®SST Ng
apparatus as clainmed in any of clains 9 to 11, wherein said threshold
value matrix conprises a plurality of sub matrixes, and a basic matrix for
conbining the sub matrixes, said sub matrixes and said basic 25 matrix

havi ng sim | arg lidieGHOWRckeyh OReSd 1 M 023/d1 @5463inPTT/ I#084 0GBB7Ax - 62 13.
The i mage processing apparatus as clained in claim12, wherein at |east

said sub gRtri XGs:have & SIAR10f v31uXs3wRldh ald REdaned | harighoup keytone.
5 14. The inmage processing apparatus as clained in any of clains 9 to 13,

wherein said hol ding, section.halds a_ thre Y | ' i s used
to a|may§°§iﬁﬁPFaﬁsgﬁéTypnd%Héggtéytﬁr%8£o§gﬁ%%%13%@§eg§%35§3g@%§%n | evel
10 15. The image processing apparatus as claifed in any of clains 9 to 14,
wherei n &1t hdeskéFalvapyiert &t'él PalbEPBF e SWtThi ng” a dot size has a
value identical to a first threshold value for a dot size of a next stage,
withis the threshold value matrix. 15 16. The inage processi ng apparatus
as claimed in any of clains 9 to 15, wherein said holding section holds

t he 10. The image processing apparatus as claimed in

claim 9, wherein said processing section uses the threshold
value matrix by rotating the threshold value matrix based on
the multi-level image data or specified output setting

10 information.

11. The image processing apparatus as claimed in
claim 10, wherein said processing section rotates the
threshold value matrix so that directions of keytones are

15 identical between a portrait mode which uses an output picture
vertically so that a longer side of the picture is vertical
and a landscape mode which uses the output picture
horizontally so that the longer side of the picture is
horizontal.

20

12. The image processing apparatus as claimed in
any of claims 9 to 11, wherein said threshold value matrix
comprises a plurality of sub matrixes, and a basic matrix for
combining the sub matrixes, said sub matrixes and said basic

25 matrix having similar line-group keytones.



threshold value matri x excluding a matri x which independently generates a
dense dot pattern for which a keytone is not 20 visually recogni zabl e by

human eyewOD3/105Eke | nage processi ng apparatus as cl ai ned iPaT/JaoB06667 cl ai N6
9 to 16, wherein said holding section holds the threshold value matrix in
whi ch only odd nunbered threshold 2% val ues are used to forman inconplete
set of dots at a WD 03/105461 PCT/J 83/06667 -63 gradation | evel where a

keytone is easily ligst due tRagknsreaseshmiptapdensity. ad8claimeed nmge
processing apparatus as clainmed in 5 any of clains 9 to 17, wherein one

si de of éfg I]flhffsr?&lbeQe}iﬁl ;é% 10BLET X318 Alvaws raxeyl ﬁé@ée‘acﬁclz@ Pgr 3 19. A

printer driver e 1 npl enent ed |n a conputer, for supplying an output

i mage data tgn§2¥£n§%§&8F%sﬁgégln [%% tys, which forms an image froma

plural ity of sing ‘section carrying out a
plural -1 evel process wth respect to a mul ti-Ilevel inmage data to output,
as the output inmage data, a plural-level inmage data which represents 15 a
dot pattern by a smaller nunber of gradation levels than the nulti-Ievel
i mages data by use of4.a tlcedhobd DEPEESTERT iBPPZAFUS a2 aBl 28 Drihg sai d
t hreshol d val ue matrix which includes threshold val ues which are used for
maki ng aa@9t of rE€prieEent abi 08, sehetyibysaiddtolpangesacwhih rafdntaai ni ng an
20 identical keytone for all halftone |evels.

threshold value matrix which is used to always simultaneously

generate three or more dots per gradation level.

10 15. The image processing apparatus as claimed in
any of claims 9 to 14, wherein a threshold value immediately
before switching a dot size has a value identical to a first
threshéld value for a dot size of a next stage, within the
threshold value matrix.

15

16. The image processing apparatus as claimed in
any of claims 9 to 15, wherein said holding section holds the
threshold value matrix excluding a matrix which independently
generates a dense dot pattern for which a keytone is not

20 visually recognizable by human eye.

17. The image processing apparatus as claimed in
any of claims 9 to 16, wherein said holding section holds the
threshold value matrix in which only odd numbered threshold

25 values are used to form an incomplete set of dots at a



20. The printer engine as clained in claim19, wherein said processing
section uses the threshold value matrix by rotating the threshold val ue
mat ri x bawed3oessthe 25 nulti-1level imge data or specifi eg¢Courpacssiet ti ng

i nformation. WD 03/105461 PCT/JP03/ 06667 -64 21. The printer engine as
clainmed in claim20, wherein said R r.ocessi ng section rotates the threshold
value matrix so that directions of kQ’eytones are identical between a

portrait QQQ&&% tlhé%zém&%rfeoreﬁkegt@ﬂ@ai@téass R cskseseato5 output picture
vertical P that a longer side of the picture is vertical and a

| andscape_npde o form ng apparatus which uses the output
picture HBPFE%%?% 4"}} sdde eﬁ? the longer side of the picture is horizontal.
10 22. The printer engine as clained in any of clains 19 to 21, wherein
said threshold value matrix conprises a plurality of sub nmatrixes, and a
basic matrix for conbining the sub matrixes, said sub matri xes and said
basic matrix havi ng si ﬁh%rlM%9®ngéaﬁSkwt%ﬂ$@§atP§ 25. CTRLTBTi Ht er engi ne
as claimed in claim?22, wherein at |east said sub matrixes have a size of
3 x 35 andn§nofid5[0eiirm£CD liné-7gr ebprkéyt one. s2k 24 thketpreabeld efiure as
claimed in any of clains 19 to 23, wherein said table stores a threshold

val ue mathickixWhi cdn sy dsechiiaiplways sighd t aneously generate three or nore
dots per gradation |evel.

19. A printer driver, to be implemented in a
computer, for supplying an output image data to an image
10 forming apparatus which forms an image from a plurality of
dots, comprising:

a processing section carrying out a plural-level process
with respect to a multi-level image data to output, as the
output image data, a plural-level image data which represents

15 a dot pattern by a smaller number of gradation levels than the
multi-level image data by use of a threshold value matrix; and

a table storing said threshold value matrix which
includes threshold values which are used for making a dot
representation solely by a dot pattern While maintaining an

20 identical keytone for all halftone levels.

20. The printer engine as claimed in claim 19,
wherein said processing section uses the threshold value
matrix by rotating the threshold value matrix based on the

25 multi—-level image data or specified output setting information.



25 25. The printer engine as clainmed in any of clains WO 03/ 105461

PCT/ JP03/ 06667 -65 19 to 24, wherein a threshold value i medi ately before
swi t chi ngwe 0daos4si ze has a value identical to a first thrPesheizesed ue for
a dot size of a next stage, within the threshold value matrix. 5 26. The
printer engine as clainmed in any of _clains 19 to 25, wherein said table
stores the threshold value matrix '@%EIuding a matri x which independently

generates a dense dot RaLlgenytor whiich ackeyhonedl snnofasi sugl |y
recogni zabl e by 10 human eye. 27. The printer engine as clained in any of

clains 19 to 26, .wherein said tabl.e st h h matrix in
whi ch onf3RISdd ¥ Pé&cteﬁFég(ﬁof%cvﬁnué%[tgr%ggugg%i 1’?? orc%dllgylagﬁei nconpl et e

set of dots at a gradation |evel where a keytone, .is easjly_.lost due to
%ii%e

i ncr easemRdox denditef. A28eCTReNHroh ey tORGENE §s 1 EFRAIE FR of cl ai ns

19 to 27, wherein one side of the threshold value matrix is 20 always a
mul ti pl epeftmiightnod2 ofAthEnageg$ oFMHTHEJapPRPaEEYS WHRER! f015% %&n i mage on
a recording mediumfroma plurality of dots, conprising: 25 a processing
sectipn gaFFyi R Anircavlriabil gved tradcess owge034105461 PET/RIRIZLE6667
- 66

is vertical and a landscape mode of the image forming

apparatus which uses the output picture horizontally so that

the longer side of the picture is horizontal.

10 22. The printer engine as claimed in any of claims
19 to 21, wherein said threshold value matrix comprises a
plurality of sub matrixes, and a basic matrix for combining
the sub matrixes, said sub matrixes and said basic matrix

having similar line-group keytones.

15
23. The printer engine as claimed in claim 22,
wherein at least said sub matrixes have a size of 3 x 3 and an
inclined line—group keytone.
20 24 . The printer engine as claimed in any of claims

19 to 23, wherein said table stores a threshold value matrix
which is used to always simultaneously generate three or more

dots per gradation level.

25 25. The printer engine as claimed in any of claims



wWith respect to a nulti-level imge data to output a plural- |evel inmge
data which represents a dot pattern by a smaller nunber of gradation

| evel s t o oshes4sul ti -1 evel image data by wuse of a thresirardPesicsey natri x;
5 a table storing said threshold value matrix which includes threshold

val ues which are used for naking a dot representation solely by a dot
pattern while maintaining an identical keytone for all halftone |evels;

and an ip@%{%é,e%ﬂe%ifn%mtﬂgegmm MR8 ON rkrbe 1 kee Dy dbégprel0 medi um based
on the plural-lTevel inmage data. 30. The inmage form ng apparatus as clained

in claim?29,. wherei i.d _progessi ' es,t he shol d val ue
mat ri x b?/w?%?%ﬁgﬁga t f%ﬁ%&shgﬁfifi ueé%n%%érnlc&gcggsga %nfhkl%@t he nmulti-I|evel
i mage data or specified output _setting information. 31, .The ge form ng
appar at usNBESSePH fd 45 £o8 &i AP O?l%ec?%eian r)segl%d Sgﬁggés"&%%ﬂ%eﬂc i on rotates
the 20 threshold value matrix so that directions of keytones are identical
bet ween ahpeshekd tvavfe MAH“éH - uses the recording nediumvertically so that
a longer side of the recording nediumis vertical and a | andscape node
whi chs uses the recording nediumhorizontally so that the |onger side of
the 25 recording nediumis horizontal. W 03/105461 PCT/ JP03/ 06667 -67 32.
The i mage form ng appar atres pasnekai seging anyladined annsnPPf ocl3limsaher ei n
said threshold value matrix

19 to 25, wherein said table stores the threshold value matrix

excluding a matrix which independently generates a dense dot
pattern for which a keytone is not visually recognizable by

10  human eye.

27. The printer engine as claimed in any of claims
19 to 26, wherein said table stores the threshold value matrix
in which only odd numbered threshold values are used to form
15 an incomplete set of dots at a gradation level where a keytone

is easily lost due to increased dot density.

28. The printer engine as claimed in any of claims
19 to 27, wherein one side of the threshold value matrix 1is

20 always a multiple of eight.

29. An image forming apparatus which forms an
image on a recording medium from a plurality of dots,
comprising:

25 a processing section carrying out a plural-level process



conprises a plurality of sub matrixes, and a basic matrix for conbining
the sub matrixes, said sub matri xes and said basic 5 matrix having simlar
| i ne- gr opwolkagozanes. 33. The image form ng apparatus as clpairees/ienc7 cl ai m
32, wherein at |east said sub matri xes have a size of 3 x 3 and an
inclined line-group keytone. 10 34._cthe inmage form ng apparatus as clained
inany of clains 29 to 33, wherein said table stores a threshold val ue
matri x whiieh irespsed to® almays -Siersllt anegasdytgenecateutt Arpeunalfore dots
per gradation level. 15 35. The inage form ng apparatus as clainmed in any

of claim 291t on3de Mbes qhL A thpesBehdsval get igamdinat eya beforer switching
a dot site has a value identical to a first threshold value for a dot size

of a next stage, -within the thr I matrix. . The. i e

form ng &ﬁ%%?gtﬁé %EQ%$%V%%&%%ﬁl§n$ﬁngg%¥2#%§£ggi%%ﬁ3éﬁgaﬁe$§F%q@%id tabl e
stores the threshold v%! eﬁgptrix excluding a matri x which independently
gener at edS85°4 aeEEEeﬂ%%C§§' EEnTRSFkhi ch a keytone is not visually WO

03/ 105461 PCT/ JP03/ 06667 -68- recogni zable by human eye. 37. The inmage
forni hg appar a& usds Eltaried PAlANTrSTchivive U29ME Br 86, "Rkt ei n said table
stores the threshold 5 value matrix in which only odd nunbered threshold
val ues ariacludes threshold values which are used for making a dot

representation solely by a dot pattern while maintaining an
identical keytone for all halftone levels; and
an imaging section forming the image on the recording

10 medium based on the plural-level image data.

30. The image forming apparatus as claimed in
claim 29, wherein said processing section uses the threshold
value matrix by rotating the threshold value matrix based on

15 the multi-level image data or specified output setting

information.

31. The image forming apparatus as claimed in
claim 30, wherein said processing section rotates the
20 threshold value matrix so that directions of keytones are
identical between a portrait mode which uses the recording
medium vertically so that a longer side of the recording
medium is vertical and a landscape mode which uses the
recording medium horizontally so that the longer side of the

25 recording medium is horizontal.



used to forman inconplete set of dots at a gradation |evel where a
keytone is easily lost due to increased dot density. 38. The inmage form ng
appar at uswasabsastred in any 10 of clains 29 to 37, whereiPeTORE/®bele of the
threshold value matrix is always a nultiple of eight. 15 20 25

—-67—

32. The image forming apparatus as claimed in any
of claims 29 to 31, wherein said threshold value matrix
comprises a plurality of sub matrixes, and a basic matrix for
combining the sub matrixes, said sub matrixes and said basic

5 matrix having similar line-group keytones.

33. The image forming apparatus as claimed in
claim 32, wherein at least saild sub matrixes have a size of 3

x 3 and an inclined line-group keytone.

10
34. The image forming apparatus as claimed in any
of claims 29 to 33, wherein said table stores a threshold
value matrix which is used to always simultaneously generate
three or more dots per gradation level.
15

35. The image forming apparatus as claimed in any
of claims 29 to 34, wherein a threshold value immediately
before switching a dot size has a value identical to a first
threshold value for a dot size of a next stage,vwithin the

20 threshold value matrix.

36. The image forming apparatus as claimed in any
of claims 29 to 35, wherein said table stores the threshold
value matrix excluding a matrix which independently generates

25 a dense dot pattern for which a keytone is not visually
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recognizable by

37.
of claims 29 to
value matrix in
used to form an

where a keytone

38.

of claims 29 to

PCT/JP03/06667

_68_

human eye.

The image forming apparatus as claimed in any
36, wherein said table stores the threshold
which only odd numbered threshold values are
incomplete set of dots at a gradation level

is easily lost due to increased dot density.

The image forming apparatus as claimed in any

37, wherein one side of the threshold value

matrix is always a multiple of eight.



