; e3en#Nn DDEdHI H N6VNTN$ Description Printer, Print Method and Print

System:'Techni cal Field The present invention relates to a prj
print nmethod which have nufti val ued rdpresentation ability w“ﬂ@mﬂm “"mm ,
andsrelates to a printer, a print nethod and a print system which can

obtain printed matter of high picture quality by | ess data quant*iGP%Wz* Thi s
application clains priority of Japanese Patent Application No. 2001-356527,

filed on Novenber, 2001, the entirety of which is incorporat [
Background Art Picture quality of DESORHERTI@GNult (printed n%mwmmmmmmm\ed
for printer becomes high year by year, and realization of hig r*?s%%uti on
and realization of nufti | ued .dat re advanced J n accordance érewith.
On the other hand, corresé’gﬁﬁ?ﬁ ry’ttal}@f;l'&cg?n%ﬁ%sld’ﬁeénbecones vast nore
and nore. For exanple, data quantity of A4 full size 600dpi CMYK (cyan,
magenta, yellow, black) respective pixel 8 bit becones equal to as far as
about 140 MB. Under such circunstances, it takes much tine in data
transfer. vi ew_pof .the above, conpression is inplenmented to such data, or
TJFEh Y\E’r?éﬁluged into 4

8 2 4 pirtshyca bits or 3 bits to thereby reduce data
gquantity. However, even if data quantity is halved by conpression and is

further changedThetpresSet irsventionhailatet tbes prgercdnd! a peind/Bethddewhichii | |
exists data quantity of about 26 MB. As a result, it took nuch tine in data

t fer. | i f. 1 b when .r. tive.pixel d. b
s’ Hide ol P RSB BRC b Befby Sl 5 T o o
data quantity is held down to about 9 MB. Accordingly, it is possible to

shorten datprint arshed dndme phnnsystemawhidlachnrobtdiry peimtedongivar of higice
respective pixels are represented by binary nunber, it becomes difficult to

obtain prin r..of hi icture quality. Di sclosure of the Invention
The presemcttﬁﬂ%ﬁ%litgrp}f Isesﬁflgf?o@é%f“ﬁ?{- vi ew of the actual circunstances as
descri bed above, and its object is to provide a printer which can obtain
printed matter dhihiapplipattonradaiguslprioyity rafid apanese RetentvAippilidationbNen
transferred in the state changed into 1 bit for the purpose of shortening
dat a 2001-356527, filed on November, 2001, the entirety of which is incorporated

herein.

Background Art

Picture quality of printed result (printed matter) required for printer
becomes high year by year, and realization of high resolution and realization
of multi-valued data are advanced in accordance therewith.

On the other hand, correspondingly thereto, print data becomes vast
more and more. For example, data quantity of A4 full size 600dpi CMYK
(cyan, magenta, yellow, black) respective pixel 8 bit becomes equal to as far
as about 140 MB. Under such circumstances, it takes much time in data

transfer. In view of the above, compression is implemented to such data, or 8



transfer tinme. Another object of the present invention is to provide a
print nmethod of obtaining printed matter of high picture quality from print
data transnmitted in the state where datZa quantity is caused to be 1 bit for
t he, purpose of shortening data transfer tine. 3 A further object of the
present invention is to provide a print systemwhich perforns data transfer
in the state where data quantities of respective pixels are caused to be 1
bit, and which can obtain printed matter of high picture quality from data
of 1 bit ¢fitsrReRAGAEMPIMD¥EDTs VPBWItshaMBeRaS redade ddtd Quantitgr go data
transfer. The printer according to the presént invention proposed in order
to attain the above-descri bed, objects is dire&%ed to a ,rintec{(, v¥1i h can
make repr esent atlONEYRIvEVEN tiiala ayantby 1ol ved brampgessien adcis| turher ch
conprises nmufti val ue conversion neans for converting data of two

gradati onghahgéd HRERABKBHs Rox Bati AtBecdmiés ehuallid i3/8! atkabi @il icxedtycidtg three
gradations or nore on the basis of data of "pixels around the remarked

pi xel , and recordi.ng he ans for performng print, operati on based on the
Gata of mAvARLI:EEaDeM ff? MB (A awesult, 1190k TRl ime isrdata Srensfar ¢ he
printer, values that the remarked pixel should take, which are based on

data of surrounghRGeRi ofehe abdve, fdlenirespeltBrRogixels @retcikbed Wb decchaabpgs i n
which two gradation data (0, 1 ) of plural n(nis integer of threé or

nore) pixels around the remarked pixel are, assjgned to respective digits of
bi nar y nuB LRt 3 ) diata GBS (HrdheRhabYechhY £ompression; de@uI Aty ke

pi xel are taken as paraneter. Thus, the nufti val ue conversion neans nakes

ref erence j§ chéldi gowabie about EMBY Aeoifglyywdt ds staisitde @akhotteh ddata
nmufti-gradation data. For exanmple, n is 8, and eight pixels positioned in

upper and lower directions, . 4 r in left. and right directions .a in
obl i que. ditFARSTeTgmE Ko o satisfRetorydegioe, HOWE e qIneS THRPESIYE RIXED 458
converted. The print nethod according to the present invention proposed in

order to aepmsenueud)pbmﬁdaﬁnbérb«%ﬂbeddmes diffieulti toeshtath printedomatter wét hod
applied to a printer which can nmake representati on having three gradations

or nore by.one.npixel ich conprises a nufti val ue conversion step of
converti né’llgﬁpé&}}feﬂ(}\%h tradations of the remarked pixel into data of

mufti-gradation including

Disclosure of the Invention

The present invention is proposed in view of the actual circumstances
as described above, and its object is to provide a printer which can obtain
printed matter of high picture quality from print data which has been
transferred in the state changed into 1 bit for the purpose of shortening data
transfer time.

Another object of the present invention is to provide a print method of
obtaining printed matter of high picture quality from print data transmitted in
the state where data quantity is caused to be 1 bit for the purpose of shortening

data transfer time.



three gradations or nore on the basis of data of pixels around the remarked
pi xel , .and a recording step of perform ng print operation based on data of
mul ti ~radation fromthe nufti value con¥ersion step. In the print nethod,
val yes that the remarked pi xel should take, which are based on data of
surroundi ng pi xels, are set in advance in a table where values in which two
gradation data (0,1 ) of plural n (nis integer of 3 or nore) around the
remar ked pi xel are assigned to respective digits of binary nunber of n
figures and two gr L QR dat , i xgl n as
parameter 1o maide anet SHEHA R prtspycinybfph SEED ROVRICE nICHSEIAT Shep
to thereby convert two gradation data into nulti~radation data. For

exanpl e, rwhichgperfprms data gagsies sint thensdate; where datspguantifies ofwsespectiset i ons,
inthe left and right directions and in oblique direction of the remarked
pi xel are, j kel : ri.ed rh di ng
to the pr sgﬁlgniﬁ%v%n S'|le§nl|ﬂ| ggd?rbzla@t%gl t%‘gﬁgﬁ éa@ O%tr%:ﬂri]) erﬁ{tg a%l?{é[gf Pg?ﬁgﬁ

recei ving data based on inmage transferred through transfer neans to perform
print operu€tiuse quality fiosn data oful thit of sespeatise pikels whishpgravecbeangausedal ue
conversion nmeans for converting data of two gradations of a remarked pixel
transferr sfer neans into data of nufti-gradation
includingqghregﬁgggg%g?gﬁgggr nore on the basis of data of pixels around

t he remarked pixel, and recording head neans for Perforning print, operation
based on the datEheprinter aegarding 40 dhe diresemininvieatinf pLoppacd dncrelee tei on
means. Another print nethod according to the present invention is directed
to a printayh e ARAld-8tkcribed Pbjeeiels Aeidr!d of phifkd Wiiith dahanhiged on
i mge transferred through transfer nmeans to performprint operation In
conformty wth data, which conprises a nufti val ue conversion step of
conver t i ngeBEasgniation kg dhracogradations o8 maoteddy png dxels adyeh comprisesough
the transfer neans into data of nulti-gradation including three gradations

or nore ofmmbitpvhRR Tofileadd Aéaiy X6F ?co?ifv_@ttﬂf%tdh@a IR egradatiehs afhd a
recording step of performng print operation based on data of

muf ti-gradatio rom.t.he fti. val ue conversion,.step. The print system
Recor d ng Tebiarked pRRldRo Tipaf it eiditicn ncliiph Hise sracBfion af HRrE: ed
for transferring data based on inage to a printer through transfer nmeans to
per f or m pramtheobagigtofadata rofgeirelr afoundveherehtagkedipixell ahderepordihgrheadher ei n

image is caused to be data of two gradations per one pixel,
means for performing print operation based on the data of multi-gradation
from the multi-value conversion means.

In the printer, values that the remarked pixei should take, which are
based on data of surrounding pixels, are set in advance in a table where values
in which two gradation data (0, 1) of plural n (n is integer of three or more)
pixels around the remarked pixel are assigned to respective digits of binary
number of n figures and two gradation data (0, 1) of the remarked pixel are
taken as parameter. Thus, the multi-value conversion means makes reference

to this table to thereby convert two gradation data into multi-gradation data.

For example, n is 8, and eight pixels positioned in upper and lower directions,



6 ,. and is then transferred to the printer through the transfer neans,
whereby the printer converts data of two gradations of a remarked pixel
into data of multi~radation including téhhree gradations or nore on the basis
of data of pixels around the remarked pixel. In this print system val ues
that the remarked pi xel should take, which are based on data of surrounding
pi xel s, are set in advance in a table where values in which two gradation
data (0, 1) of plural n (nis integer of 3 or nore) pixels around the

remar ked pj re.: J i Wall ! n
figures a%‘?ﬂ\%ﬁgfr&g@ﬁigﬁ %@%aégﬁﬁﬁli% ?ﬁﬁg‘ktﬁ@n@m@%@g’.&% a g){etl gd %n as
paraneter, whereby nulti value conversion means nakes reference to the

tabl e to chasasbip bopixels ta be cgnseaded.on data into nulti-gradation data. In
the print systemof the present invention, in transmtting recording inage
data from e.g.; r ! i i ; - Val ued
(trinary or nor (Fa[;h%m ﬁ[ehlgf‘dr’%%@rgﬁr%tq)%é;%ﬁggftfghﬁgn@gﬁ\%@?ggcfﬂll lrri:‘]tJd())Ird K
data on the conputer device thereafter to convert it into binary ( 1 bit)
data of réspttein the shove-desayihest oljestsrisrdiseated s arprimit methodeappliedbtacdnpr ess
this data or add other information thereto as occasion demand to send the
data thus i r shol o I r abl e
pri nter, - Pome@ RATCH Gl B icBt ettt Hefing fréc BraBalibhs (F ke 361
arrangenent around pixels desired to_be recorded to thereby permt

mul ti - val péxeledvrighnepmprises ymudtitvalae €OBYEF#ORSISH @ FONVREIRG g@éﬁhtof
invention, even if original imge is data of RGB respective colors 8 bits,

such dat a tp,@Sutddations B theOferhdfEdr ﬁﬁd@?%&d/ 8afobP hulki-BiddatiOACRCHIdALY

data quantity-can be reduced to nuch degree. In addition, in perforning

print operation by printer, there resuylts lti . valyed i mgge in pl ace of
bi nary i mileee HENA QrymMOgR Ot t?l?u'aﬂlﬁlﬁ )Pfdﬁalﬂaf Ié‘%?tée%'iﬂu;ﬁi &‘&W’gﬂi’iﬁg
conpared to sinple binary inage. In the printer, in conversion of binary -~

mul ti -val Eﬁxel\;a&naeﬁ felatdingn@ef st perfotmedlo Prihtt fctativhi kdied o REPRES tO
ci rcunst arices of surroundi ng pixels, are set in table where binary data (O,
1) of the remarked. pi xel and values in which binary data (0, 1) of eight
pi xel s ar dﬂ“ﬁl'g tionsihep the ny I‘Uﬁﬁ'&c%‘@rfn&ﬂé}eﬁi rections, in left and
right directions and in oblique

In the print method, values that the remarked pixel should take, which

are based on data of surrounding pixels, are set in advance in a table where
values in which two gradation data (0,1) of plural n (n is integer of 3 or more)
around the remarked pixel are assigned to respective digits of binary number
of n figures and two gradation data (0, 1) of the remarked pixel are taken as
parameter to make reference to the table at the multi-value conversion step to
thereby convert two gradation data into multi-gradation data. For example, n
is 8, and 8 pixels positioned in the upper and lower directions, in the left and
right directions and in oblique direction of the remarked pixel are assumed to
be pixels to be converted.

Another printer according to the present invention is directed to a



direction) of the remarked pixel are assigned to respective digits of

bi nary nunber of eight figures are taken as paraneter to nmake reference to
this table to thereby convert binary data into nufti val ued data, thus
makj ng it possible to sinplify processing, and nmaking it possible to nake
setting of high degree of freedom corresponding to surroundi ng pixels. As a
result, not only conversion of binary -~ nufti value is perforned, the
solid portion, etc. can be sinultaneously perfornmed. Still further objects

Chat - aensprp i) K PeHifE s BibedBh gl o pRe T BRI ERREED D"

invention will becone nore apparent fromthe 8 description of the
enbodi mentcanisi th pérforme prfint eoperatiow i t tonfermiencritho thaie data, avihach
drawi ngs. Brief Description of the Drawings Fig. 1 is a block diagram

show ng acgﬁb?%sggﬁﬁlﬁ%ﬁlﬁe‘ggh%rsﬁ&? n?e[a‘:ﬁ%gg} cORVE LT tRRE aﬁﬁﬂbhfd'

Fig. 2is agram a conputer vice constituting tfe prin
system Fi g 3 is a functional block diagramof printer constituting the
print sysofnma remprked pixell tnansdferedi threuglorthex plaasfarnmaeanspintat data of nufti
valued data in conformty with nufti val ue conversion nethod which

consti tut ﬁﬁllﬁggfaﬂ 8%) r@ﬁfciddit{glfﬁ?e@%@%(ﬂt?dx@poprrﬁgfesﬁhnglet Balis f Ghta' B ue

conver si on uni ¢ 0F "the printer perforns. Figs. to 28 are views show ng a
portion of first practical exanple of table in which data prepared as the
resul t of pixalparaundthofremarked pineledndgeeording hreademeans gor peforsung are

views for explaining practical exanple of nmufti val ue conversion processing

that e, Bk lopésiiion BRg&P33/tHE it brthe HREIPEHRSorPRORP P il 1at o1 once

to the fi practical exanple of the ta I Is a view showmng a
second practical exanple of table in which 9 data prepared as the result
of prepar &ONPErsEIN MEANS. val ued data are stored. Figs. 39 to 44 are views
for explaining practical exanple of nufti value conversion processing that

the mufti val ue AGRitHer pHRP néthéd abcéidng to the present invention is directed to
a print method applied to a printer adapted for receiving data based on image
transferred through transfer means to perform print operation in conformity
with data, which comprises a multi-value conversion step of converting data
of two gradations of a remarked pixel transferred through the transfer means
into data of multi-gradation including three gradations or more on the basis of
data of pixels around the remarked pixel, and a recording step of performing
print operation based on data of multi-gradation from the multi-value
conversion step.
The print system according to the present invention is directed to a
print system adapted for transferring data based on image to a printer through
transfer means to perform print operation in conformity with the data at the

printer, wherein image is caused to be data of two gradations per one pixel,



printer performs with reference to the second practical exanple of the
table. .Fig. 45 is a view in which processing perfornmed in the print system
are collected. Fig. 46 is a view in whéch processing performed in the
conyventional print systemare collected. Fig. 47 is a cross sectional
perspective view of practical exanple of ink jet printer using |ine head.
Fig. 48 is a cross sectional side view of practical exanple of ink jet
printer. Fig. 49 is a block diagramof electric circuit unit of the ink jet
printer. Eig: ' I ekid ' hy f@ﬂ“

provi ded gﬁlcgtl%grﬂﬁdl ﬁgﬁ#ga . @?‘g‘g @Tﬁtlég a ggﬁe%%@?ﬁﬁﬁépgwwgﬁow ng% in an
enl arged manner, the essential part of head chip nodule provided at the

| i ne headpriftey. caverts datafl biedgiadatipaetofve ramavkedopixed, intey data el ar ged
manner, the essential part of head chip nodule provided at the |ine head.
Fig. 53 i . I G j ' N i ; nner,
the essentl i EaTF) IpEhifis A6Fuc BRRarkins b sieEn, the, B e o O e g
54 is a schematic cross sectional view showing line head. Fig. 55 is a

per spect i pixels asound thasemarked pixalcal exanple of the line head. Fig. 56 is
a cross sectional view show ng one structure exanple of the |line head. Fig.
57 is a cross s |10 B nt 6 e NS "L B tiat ke Plﬁ& e he
l'ine head. Fi gﬁgghlg? e{lr%\éggtt@er’ appggir: artlcggé pée}?légiég vepélﬁ%@vﬁgtgkgiwgéc}{
practical exanple of ink jet printer. Figs. 59A to 59C are views show ng
printed rasubaseshonidasa ofysurrunshing pixcls; arg sefj s adengealiya dakleavaets ews
showing printed result relating to blurring obtained by the print system
Best Mbdeyhpfe @ﬁ‘r\ﬁlﬁicﬂg\x)@agr dafioh @4AE0, 08 Lpdlat (PR Wkddert8 BEnfUrgpEn Wi th
refer encevto tshe attache gr avmongs%?& ’cgnn ction \(/vith1 enbodi nment s gf)at he
present invention. |n the enbodi pents, the present inyentjon is applied to
a print spbtadsnaneund, the remarkechpirelcarg assignedetn respesive days i RIGFY nor e
by one pixel as practical exanple of a printer and a print method to which
the presegymber of n figures and two gradation data (0, 1) of the remarked pixel are

taken as parameter, whereby multi-value conversion means makes reference
to the table to thereby convert two gradation data into multi-gradation data.

In the print system of the present invention, in transmitting recording
image data from, e.g., computer device to a printer which can record
multi-valued (trinary or more) data, the recording image data is converted into
CMYK data on the computer device thereafter to convert it into binary (1 bit)
data of respective colors by using error diffusion method, etc. to compress this
data or add other information thereto as occasion demand to send the data thus
obtained to the printer.

Further, in the multi-value recordable printer, conversion of binary —
multi-value is performed by dot arrangement around pixels desired to be

recorded to thereby permit multi-value recording.



i nventi on has been applied. 11 As shown in Fig. 1, this print system1l
conprises a storage unit 2 in which imge file 2a consisting of RG inmage
data, etc. are stored, a conputer devi@ge 10 for inplenenting color
conyersion or y~orrection to the RGB inage data of the inage file 2a of the
storage unit 2, and for inplenmenting binarization data processing, etc. to
the color-converted i mage data, and a printer 20 for converting binary (1
bit) data of respective colors into nulti valued data to have ability to
represent three atl gns e~ . : € eunist: 211 S
conposed of, e. gy aglglkd% B@hh ﬁf{tﬁgge%fp I cgﬁlsﬁﬁg (l:n%%ﬁﬁlt’ %\‘%gsg;@éémt%% read
out image file 2a consisting of data of R conponent, G conponent and B
conponent MA@ is rdege afaR&IB wbspdctiveecolotsBdbits.osucthdatmresudissin data pé
optical disc, etc. to deliver it to the conmputer device 10 as ori gi nal

i mage. It A « Qf th h to
road out - IS RMRGE, cBH it Rkebidihly Bl QuatRyOURE bBRREEFRST |2
disc or optical disc, etc. included within the conputer device 10 in place
of the stonughe degree.2In addipomdin performingepsint iapesaison dp erintegdthenat t he
formof the storage unit 2 in which the inage file is preserved is not

limted b i1Q- . : j i 3 ssonal
comput er UL L VARGEERAL i B8R OF by It A r Sinelinkine FRIEE"

t he conputer device 10, the conputer device 10 converts the original inmage
f r om dat acan braxtremely impsosed iag sopgmred to synple: inggt Emage.OMyK (cyan,
magenta, yellow, black) respective 256 val ues by using three~iinensional

| ook-up table, | At bS] YaP; i on | L. i n in
conf or i 1y i hipripecPebity ihr e BonyoE Wik 23 WAt RRRRSCHRe
respective values are_converted into CMYK respective binary data by using
wel | knowtemarkednpixglt sbanlsl otpke( emhagh gicorrgsperdsretonoeirc@msiamcesr AL D t her
nmet hod, etc.). The conputer device 10 conpresses the binarized data in
order to fstiﬁ‘oﬁ‘ﬁﬂid%:?b@& Aot fif "tabTef wqatef@%ynatrg @d (N9 dThe R miRed r ed
for performng pri operation (information suth as the nunber of papers to

be printed, reso|utjion at the tine of inting, .start, position, .end
dat 2, and/pixel palyes in which btmary (fata%, o %1ght p?xelsparound (pos1(taione

in the upper and lower directions, in left and right directions and in oblique
direction) of the remarked pixel are assigned to respective digits of binary
number of eight figures are taken as parameter to make reference to this table
to thereby convert binary data into multi-valued data, thus making it possible
to simplify processing, and making it possible to make setting of high degree
of freedom corresponding to surrounding pixels.

As a result, not only conversion of binary — multi-value is performed,
but also edge processing such that density is lowered at the contour portion of
the solid portion, etc. can be simultaneously performed.

Still further objects of the present invention and practical merits

obtained by the present invention will become more apparent from the



signal, etc.) to generate print data. The printer 20 receives the print
data whi ch has been caused to undergo data transfer fromthe conputer
device 10 to take out information necessary for perform ng print operation
fromthe print data, and to expand the conpressed i mage data to change it
back into CMYK respective binary data. The printer 20 further converts this
bi nary (binarized) data into, e.g., quinary data on the basis of nulti

val ue conversion nethod which will be described |ater. These data are
sorted in Lva. 1 Qf nrd Ihi : [ ' ead to
perform pp |g§r'1 rY@bée}? g? itlc])% .e%ﬁﬁqlmégr% $ S‘{:helgﬁee‘?%gﬁsgﬁﬂgn yg}%‘ﬁt‘g?ﬁ&gﬁrgg%aﬁand
the printer 20, there 13 may be used, e.g., |EEE Std. 1284 (popularly
speaki ng tleeattachedcdrawiBgs.Cent roni cs, Smal| Conputer System |Interface
(popul arly speaking "SCSI"), RS 232C or RS-422A, |EEE 1394, Et hernet
(registered trade mark), Bluetooth, |EEE 802.11a, |EEE 802.11b, and/or USB
(Universal Serial Bus), etc. The functional block diagram of the conputer
device 10_is shown_ in Fig. 2. The conputer device 10 conprises a col or
conver si oBricfDesaripgian @gththawmgSm i npl ementing col or conversi on
processing and y-correction to RGB imge data of image file 2a, a

hal f -t oni ng pro sin } L td ~Q@n| ¢ i to
CMYK respectiveT§§b¥ggaggpé$$§%%ﬁp}gﬁ??ﬁgfgé#ggS o%%%?gyggcateg o?*@%tion
unit 11, and a header, etc. addition & conpression unit 13 for adding
header, efizventipn has baskapeligsthct i ve binary data from the hal f-honing
processing unit 12 to conpress the binary data thus obtained. The col or
conver sion + v- §9r 2GSIDBIAH! diakharfi W & compiier deRie distitdling eOpeintve
bit 256 values of"image file 2a”into data of cyan (C) conponent, data of
magenta (M conponent and data of yellow (Y) conponent respectively
consi sti n§Y$¥€IB bits which are conpl ementary colors of three primary colors
(red, green, blue) by using, e.g., three-dinensional |ook-up table, etc. to
further generat gigdaBajsof feh@§dndl'bloeRrdiapaith off pdntdrtsorlstitutisiatiee printhese
conmponents. In addition, the color conversion + 14 y-~orrection unit 11
inplenent%yaggyal processi ng such as color correction

Figs. 4A and 4B are views for explaining preparation of multi-valued
data in conformity with multi-value conversion method which constitutes
basis of multi-value conversion processing that multi-value conversion unit of
the printer performs.

Figs. 5 to 28 are views showing a portion of first practical example of
table in which data prepared as the result of preparation of multi-valued data
are stored.

Figs. 29 to 37 are views for explaining practical example of
multi-value conversion processing that the multi-value processing unit of the
printer performs with reference to the first practical example of the table.

Fig. 38 is a view showing a second practical example of table in which



and/or y-correction, etc. to data of cyan (C) conponent, data of magenta
(M, data of yellow (Y) conponent. The hal f~oni ng processing unit 12
converts the data of cyan (C) conponenty the data of magenta (M conponent,
the.data of yellow (Y) conponent and the data of black (K) conponent into
bi nary data of respective 1 bits by using the half-toning technol ogy, e.qg.,
error diffusion nethod or pattern Dither nethod, etc. The header, etc.
addition & conpression unit 13 conpresses CWK respective binary data from
the hal f- i i i J . L ransfer
effici enc;tg(a oB %(P%rn?(?l? %@%sgﬁ (#‘é%ég%{a&}@h@m%g% ;V%;ﬁr#ﬁ%at? @égﬁ%ﬁ{i thereto as
header to generate print data DpR Then, the functional bl ock diagram of
the printer 20 Fgsh@h ton 4@ qre3vieme fori explainig opractisals examplpawdi on
unit 22 for expandi ng conpressed i mge data included in the print data DPR

a mufti v . er.si uni : | @i ] i < DictRi nary
dat a whi cﬁhgrrﬁeggﬁép%@s& ? Srlgﬁ1érﬁéé%sil%ﬁ@totﬁwurﬁlg%t%ﬁ%sze rngjifozﬁ:aul\:l/lzgllaufetggdat a,
a sorting unit 24 for sorting CMYK respective nufti-valued data fromthe

nmufti val peindenperfermos with refemncertd the secend peastical examplmobthetehle. dri ve
data D~ which is output fromthe sorting unit 24. The expansion unit 22

receives print gapaz6nR iﬂ%h@geg%&ggggg OQﬁrf?rr?écP it HE "Hht dRsfem

;
transfer fromthe®conputer device nf or nat | or‘ﬂnec ssary for
perform ng print operation fromthe print data DpR and to expand the
conpr essedr¢ galeciédt a t o change it back into COWK respective 1 bit binary
data. The nufti-val ue conversion unit 23 converts CMYK respective 1 bit

on tho basis of BT 10 Al UL ah oy ko osEhing ffornil fif e ChageRRRYY dete

later. In the nmufti val ue conversion nethod, values that remarked pixel
shoul d ta@}ntm@mwﬁ@é?%ﬂ@s to circunstances of surrounding pixels, are
set in table where two gradation data (0, 1 ) of the remarked pixel and

val ues in whi ch gjpo4grigdactR Eetidnaf BBf%@bﬁvér\ﬁié'ﬂdof Padtﬁ:'ﬁ?rel)’(ﬁ%[ﬂé %
e.g., eight pixelS positioned in the Uppér and |lower directions, 'in the

| eft and right directions, and in oblique direction are assigned to
respectivéngﬂéﬁﬁ%nwuﬁlwwgﬁ?ﬁgﬂ of 8 figures are taken as paraneter to
make reference to this table to thereby convert two gradation data into

ggit 2|a|r y data. TIHig. d8fisia ¢Rdsdesectiontl sidenvient b practitalbexatepler obatk fjett er in

printer.

Fig. 49 is a block diagram of electric circuit unit of the ink jet printer.

Fig. 50 is an exploded perspective view of head chip module provided
at the line head.

Fig. 51 is a schematic plan view showing, in an enlarged manner, the
essential part of head chip module provided at the line head.

Fig. 52 is an exploded perspective view showing, in an enlarged
manner, the essential part of head chip module provided at the line head.

Fig. 53 is a schematic cross sectional view showing, in an enlarged

manner, the essential part of head chip module provided at the line head.



The sorting unit 24 sorts CMYK respective nufti valued data fromthe nufti
val ue conversion unit 23 in drive order of the print head 21 to generate
head drive data D~ to send it to the pnont head 21. The print head 21
receives the head drive data DHp to print, onto a predeterm ned recording
paper, image that user has designated at the conputer 16 device 10.
Then, the detail of the nmufti val ue conversion nethod which constitutes
basis of nufti val ue conversion processing that the nufti val ue conversion

unit 23 perforng.widj. 3 (PP Nj i error

di ffusi on net hg?@‘é{1sb§gflﬁeﬂégﬂlgg&ggggcggﬁzgev&?gn%[(%\ﬁﬁgﬁ%q fl?@é portion
where density is low, and density of dot is increased according as density
becones hi gh, i Figs5Spasaimrepectival View of maoked priaxecalt exdmple ofithd linal ue in
accordance with dot density and bit arrangenent around the remarked pixel.
Let assunzlreégat val ue of binary remarked pixel is A and val ues of eight

pi xel s th round (positioned in upper and lower directions, in left and
right directions and in oblique direction) are B 1, B2, B3, B4, B5, B6, B7,
B8 as shown in MHig. 564s aldeoss, seBtionabivieaw showmie onastuBturarexaarplerfdte as
shown in Fig. 4B. Further, T[A] [B] is caused to be remarked pixel after
muf ti valz gg%aessi ng, and val ues suitable for conbination of respective
AB with r §‘S %0 value B of 8 pi xel s around the binary (binarized) remark
pixel Ais set at table to thereby determine nufti val ued renmarked pixel A
as follows. A Fig. pAlis [aBjross secthomal vbwvshowinge futthersfructuralexample
conversion unit 23 perforns nufti val ue conversion processing using table
inthis thi Tl ssible to convert binary renmarked pixel into nufti

val ue w \t/\ﬁ%ft}?églg%qggét ed conditional branch. li Here, binary (two
gradations) data of the remarked pixel and the surrounding pixels are
conpared with eddg. &8hisr anocowieprappeatansegpespaeiilys /view @ér@ﬁwpractlcal
Hereinafter, for brevity of explanation, high density is changed into bl ack
as express l: oV A is changed into white as expression as

occasi on ?é‘rgrg-lrﬂggfllﬁwi’és{eq}g&%% noted that, in the case of C M Y, there
result C of high density, Mof high density and_,Y of high densi tg. In Figs.
5 to 28, there Angs.shddntar PPE: arg Niews showingprintedresuls ehained by the

print system.
Figs. 60A and 60B are views showing printed result relating to

blurring obtained by the print system.

Best Mode for Carrying Out the Invention

Explanation will now be given with reference to the attached drawings
in connection with embodiments of the present invéntion.

In the embodiments, the present invention is applied to a print system
using printer which can represent three gradations or more by one pixel as
practical example of a printer and a print method to which the present

invention has been applied.



where binarized A value B of eight pixels therearound, binary nunber of B
(corresponding to Fig. 4B), and value of nufti valued remarked pixel T [A]
[ Bl which has been set are stored. It i1$ to be noted that this table is
merely one exanple, and it is therefore desirable to individually prepare
optimum tabl es by binarization processing nmethod and/ or specification of
the printer (size of dot, density of dot, resolution, etc.). In this
exanpl e, value of the mufti valued remarked pixel T [A] [B] is set to

qui nary data fro I S; IcR: : v : L val:ned
remar ked pi xel |As@ g%{ﬂ‘gggi t%- Zl’itﬁlsct:)}g‘?ﬁ{;@gs e%\ccg) tlgsgérg a{?g%trlllhlt 2t
representation ability, i.e., quinary data here of the printer 20. Figs. 5
to 16 showhizhuesageffile2a consibtirg of RaBkimhgei dath, dtc| ale §tBiedpaecompliiees of
surroundi ng eight pixels B are 0 to 255 (00000000 to 11111111) with respect

of e b AsSEd ) Bk Tubledbfthk Eolof R SFtlaR 0F v fhukecstin, 1 hel RS

pixel T [Al [B] is caused to be equal to zero in nost 18 cases. I—jovvever,
in this edmageedatatof 8@, image dide 2of Kip2 storage units2, and fopimplementing?,
223, 250, 251, 254, 255" where at |east upper and |lower, and left and right

Lour v, ut b o prfldssle 06 Y814 GIBL-chFeRUl UL B it o e

val ued renarked %mxel T [Al [B] when values of the surrounding eight pixels
B are 0 t@riser ( oﬁno&onvortmgummar_w )(wibi®) detpeaft respeckizef golors hintoval ue
of binarized remarked pixel Ais 1. In this case, there exits feature as

recited berh 1—vEllI<e?l de}tms hae abii m@”ﬁ‘) x%ggﬁ:&ﬂt khree: cgr‘é‘??ﬁb PoLdE I?’ giFeked

pixel Ais size of t I ons an surrou |ng pi xel s
are white (00000000) side, the value of remarked pixel T [A] [B] is caused
to be val LRilXF 1) inthe vicinity of the m ninmum val ue of nulti~radation.

In addition, that value nmay be set to mninmmvalue (0). When A =1 and B =

255, i.e., when pigl 4@y %e LRf 2 §9RbLfdsed 6 el ﬁﬁl@c&sé@mﬁbﬂ%pﬁfcal Whic
gradations and all of s rround| ng pi er s are black ( 11111111 si de, val ue

of the remarked pixel T [A]. [B]. |sst to the paxi

mul t i ~r addiNibrand $eTyefta fesH, oqtnmag@ Hgarkgnsiingp a@iﬁlﬁéowowtme
vicinity of the maxi mumvalue. At 90, 91, 94, 95, 122, 123, 126, 127, 218,
219, 222, oréit, arkP'B céhfponéhb (REB lithaye=ddta Rhigh Areadicob@REbnathe

| owner, and | eft and right four values (B2, B4, B5, B7) of value B of

Set 1o valud&5eidt HRcSutal ibs. G Fodleydr o the Torfpier abvidd 10% ¢
original image. It is a matter of course that there may be employed an
approach to read out image file from memory means, e.g., memory such as
RAM, etc., hard disc or optical disc, etc. included within the computer device
10 in place of the storage unit 2 to reproduce it. Namely, it should be noted
that the form of the storage unit 2 in which the image file is preserved is not
limited by Fig. 1.

The computer device 10 is composed of, e.g., personal computer (PC).

When user gives an instruction to print original image on the computer device

10, the computer device 10 converts the original image from data of RGB



19 value of nufti-gradation. In addition, that value may be set to the
maxi mum val ue (4). A practical exanple of nufti val ue conversion processing
that the nmufti value conversion unit 232perforns when value of the binary
remgrked pixel Ais equal to zero and that value is equal to 1 is shown

bel ow. First, the practical exanple when Ais equal to zero will be

expl ained by using Figs. 29, 30, 31 and 32. This processing is a processing
such that, e.g., binary data of C (cyan) is delivered fromthe expansion
unit 22t Uf HEV. ver, s k23 o4 5 Fi SIRE ence
to the tagF%&g?H?h%5%ﬁ®¥ﬁ€%gﬁgéﬂgg%ggrg?gxxhgf¥ﬁ§3hg§e§g%3%rt of Egiy dat a
of C (cyan) into quinary data. Wien Ais 0 and B is 10 (binary nunber :
00001010) raspestiven256 vailges by, using thigerdlimensienalolopkrip dablenictc.2ln thikes out
T [1][10] fromthe table shown in Fig. 5 to allow remarked pi xel A to be

Flo so, AnetARE i viodribeBBl s St (TeEnIOR  cPAihly QBT | D,

table shown in Fig. 7 to allow renmarked pixel A to be equal to 0. Wen A
is 0 and Ehasagerigtic neff ytheuptister: a1 of1CMYks 2¥owiespectivey. values taie nufti
val ue conversion unit 23 takes out T [0][95] fromthe table shown in Fig. 9

to allowr Tall ' : 3 } f

(bi nary niasered G EMTK feBfiea8aryata YIS well Endif HAIE Fordaz
conversion unit 23 takes out T [3& [255] fromthe table shown in Fig. 15 to
al | ow r endedaplpgy derrar difusiongnethiod; or patteny Dither methodeetee case where

thin pixel ( 1) exists at the solid portion is nore natural than the case

where 0 exists t | engy, i I i | e
When AcL w11 be e e BT 10Vl Recs R U, DAt B R e A g

is also ae&rocessi ng such that, e.g., binary data of C (cyan) is delivered
fromthe dXphesImproye trapster gftipiensyite addanternaaliRnerequired fQripesoImyng; 9. 3
to nmake reference to the table at the nufti value conversion unit 23 to

convert biLP}n%itYOﬁéfa%id?ﬂc éﬁfbﬁﬁﬁﬁéniﬂkﬂ dyli fhar Muﬂl@bﬁ-of\’\bﬁ?erg t6 be pricitd,i s O

(binary n er © 00000000) as shown in Fig. 33, the nmufti value conversion
unit 23 takes out T [A][B] fromthe tabhle shown i ig, 17 .to allow

remar ked pgeseiutign atd etg@&tfglr PHRHAL, W‘étrp%“il‘%n’le%ﬂﬁfégtas a?é%)r(’b‘?‘ﬁd?aﬁenunber
: 1111 1111) as shown in Fig. 34, the nufti value conversion unit 23 takes
out T[A] [d¥ndl; efo.} fegémdrhe privtdata.

The printer 20 receives the print data which has been caused to
undergo data transfer from the computer device 10 to take out information
necessary for performing print operation from the print data, and to expand
the compressed image data to change it back into CMYK respective binary
data.

The printer 20 further converts this binary (binarized) data into, e.g.,
quinary data on the basis of multi-value conversion method which will be
described later. These data are sorted in drive order of the printer head to send

it to the printer head to perform print operation.

As interface between the computer device 10 and the printer 20, there



in Fig. 28 to allow remarked pixel A to be equal to 4. Wen Ais 1 and B
is 90 (binary nunber : 01011010) as shown in Fig. 35, the nufti val ue
conversion unit 23 takes out T[A][B] fa®mthe table shown in Fig. 21 to
all ow remarked pixel A" to be equal to 3. Methods of determ ning val ue of
T[A][B] in setting of table are variously conceivable. In this case, if
there is enployed such an approach 21 i that when there are nmany val ues
of 1 as values of surrounding pixels (positioned in upper and | ower

di recti ongyay € n i i ti i bld i e j o arge
nunber is%éat ,rb%nﬂélée\?geﬁ'g{'hgr@g%ir gﬁfeéggga?ﬂg@l§¥®1 ; gHgig h %ﬂ&@?ﬁcssml I
value is set, the portion where density is lowis permtted to be thinner
and the prCewtromisse SmallieGomputes Rysiem s Ipterfacet dpopelasly ¢ ppeskang Thus,
it is possible to increase gradation as conpared to the case of binary
data. Mre » [ - 0 ' o er,
cven i m 1t e o R o R AR TR T o B eCRBR TR AT
are simlar to each other, there are instances where it is preferable to
take nunbdHusioath.lEER 802 hka, IFER 8024 1b, andéombiSh éWnivarsali Senialr Bas), Thi s
is the case as shown in Fig. 36. Wien Ais 1 and B is 165 (10100101), the
portion pgitioned obliquely with respect to A anong val ues of surrounding
eight pixels is 1. This is simlar to the case of T[1][90] shown in Fig. 35
as pattern. In the case of [ J[ 1 ].[90], values of 1 exist at upper and

| ower positions T&%ﬁawtlpaal bimk diagrampekthe epmputeradevige Waisushqwn in
therefore set to 3. However, at the tine of T[1l](165] shown in Fig. 36,

si nce val f ' i il : ' +t LSfigpce
et vecn dots T HSariRpust A0 RRRPHLALE cofr ebfadion + Y EpheEtan

met hod in whi cih %hat value is rather set to the sane valye as T[,1] [0]
shown in Mg 553,01”0%“19 MRNHRE tGQIOK, [CONNMPESJOR HUOEB$SING YreMTed iy do
beconmes natural . 22 The nufti val ue conversion nethod performed at the
nufti val RGBomvapsi datauof tindape filal 24, ahhnHctoRing gstocBssif@tunif thefogase
where val ue of remarked pixel 1s black ( 1) side of two gradations and is
positioned_at the.boundary .between hl ac nd white , | ue of
Femar ked smRlemeSigg, Falf tniBe, Phcesangada, EXISR oreshedve § Bl d3iaged: ne

m ni mum nei ghboring value (1 or 2 here). For exanple, T[1][214] when A =1
and B = 2Tfomithe coloradamvepdion + y-correction unit 11, and a header, etc. addition &

compression unit 13 for adding header, etc. to the CMYK respective binary
data from the half-toning processing unit 12 to compress the binary data thus
obtained.

The color conversion + y-correction unit 11 converts RGB image data
of respective 8 bit 256 values of image file 2a into data of cyan (C)
component, data of magenta (M) component and data of yellow (Y)
component respectively consisting of 8 bits which are complementary colors
of three primary colors (red, green, blue) by using, e.g., three-dimensional
Jook-up table, etc. to further generate data of black (K) component of 8 bits

from data of these components. In addition, the color conversion +



remar ked pixel is black ( 1) side of two gradati ons and surroundi ng ei ght
pi xel s .are (11010110) are set to 2 as shown in Fig. 27. \Wen the renmarked
pi xel is 1 and the surroundi ng eight piltels are ( 11010110) as shown in
Fig. 37, since the surrounding successive three pixels are 0 and the

remai ning pixels are 1, it is judged that correspondi ng pixels are pixels
on the boundary to set that value to 2, etc. Thus, it is possible to set
density at the boundary portion of inage to value different from other
portion. s fpis J : i f s of

bl urring ré%gﬁgﬁg%lgﬁﬂ?%éﬁgggﬁggﬁi%ggﬁ&géﬁ%g%ﬁpgh%%@té%%?ﬁgﬁgéﬁgkgggnt
colors and/or blurring prevention of edge of character. \Wile table exanple
wher e val @adr yrgorreciianyetd. 1 dpfaBpf cypars 6€) compoineat,\dadaod magente)M),om 0
to 4 is shown in Figs. 5 to 28, table exanple in the case where that val ue
is set to gqﬁg fromO to 5 can be al so prepared as shown
in Fig. 3§§§%G?25H%as' %%ﬂ#ﬁgg%&eviously descri bed nmufti val ue conversion
met hod. Here, when, e.g., A=1and B =1, i.e., when 23 val ue of the
remar ked pi xel Ahes haltg&ganqg_)pr@cqs,smg unib kg £eavedssthgndatahef seraro(Gdi ng

pi xel s are (00000001), value of T[A][B] is set to (2) of mufti-gradation.

I n additi p@ﬁyﬁ Atin = | ldah

maxi num vgpli}l (5) t’o}hemjﬁ‘a'??f%frlsa ﬁ?‘%‘n.(Whg%ggjaocl}%afﬁgggglczpygfrle%tqggrti ng
binary data into sexenary data will he described below by using Figs. 39 to
44. This gooRrenensgnddhe dataebblackdkeomppanent mt@b;n@yrcﬁmt@/otiaesa)e@ Ve
(cyan) is delivered fromthe expansion unit 22 to the nmufti val ue

conver si on Bit'stbyz%s'iﬁg Ehg-haifit&ﬁﬁgnte%hhom%ar%g_aér?o@aifﬁuﬁsﬁax%hn Or .
sexenary data with reference to the table $ho in Fig. 38 at the nufti
val ue conversiopn.ynit 23. When Ais 1 and Bis O (binary nunber : 00000000)
as shown ﬂ%ﬁ*?%.la§¥fﬁ ofuetC. val ue conversion unit 23 takes out T[A] [B]
fromthe table shown in Fig. 38 to allow renmarked pixel A to be equal to

1. Wen Ais 1 g BeaderZefr. @ditesry & wongsressidn irid 13) camppdrguws CMYK 9. 40,

the nufti value conversion unit 23 takes 'out T[A] [B] fromthe table shown

in Fig. 38 to all d. pi xel A b | to 5. . Ais 1 and B
2 1 (bi nAPSPUcTYGoP At U0 e Defforihe Ftpeessine it gl if QpaPLdD”

conversion unit 23 takes out T[A] [B] fromthe table shown in Fig. 38 to

al I ow r endfuither pimptovd frandfer egffidiehcy 2to Vidd Anforndationd fedess&§ (fornary
nunber : 01011010) as shown in Fig. 42, the nulti~al ue conversion unit 23

takes out pEﬁ‘Jmh% thé (1)3gi]ntt It1t?erteiaob£1se hgzpd)emo generate print data Dpg.

Then, the functional block diagram of the printer 20 is shown in Fig. 3.
The printer 20 comprises an expansion unit 22 for expanding compressed
image data included in the print data Dpg, a multi-value conversion unit 23 for
allowing CMYK respective 1 bit binary data which are outputs from the
expansion unit 22 to be multi-valued data, a sorting unit 24 for sorting CMYK
respective multi-valued data from the multi-value conversion unit 23, and
printer head 21 driven by head drive data Dyp which is output from the
sorting unit 24.

The expansion unit 22 receives print data Opg Which has been caused



24 in Fig. 38 to allow remarked pixel A to be equal to 3. Wwen Ais 1 and
Bis 248 (binary nunber : 11111000) as shown in Fig. 43, the nmufti val ue
conversion unit 23 takes out T[A] [B] fimwomthe table shown in Fig. 38 to
all qw remarked pixel A" to be equal to 3. Wien Ais 1 and B is 244 (binary
nunber : 11110100) as shown in Fig. 44, the nufti val ue conversion unit 23
takes out T[A][B] fromthe table shown in Fig. 38 to allow remarked pi xel
A to be equal to 3. The reason why the picture quality of binary data is
poor is that i i r i i hauk t he
hi ghl i ght h&‘?%ﬁ? Yaid e R T et"%‘)éthgbé:@ovﬂé?hﬁ ek 1949 ks bk 5‘3@?%3??,“ e.g.,
print of quinary or sexenary data is used to set conversion table as shown
in Figs. shacgssmyoforrpgrfopming pyint pperationc from othei prinbtdada dopg, awdhver si on
into 1 is mude. As a result, since dots of |ow density are printed,
granul ar f | L I C j i

Mor eover, %ﬁggg%lﬁ%t&r@%gg% ﬁﬁ%é‘gaétéﬁ so %%Igqufﬁ nglwn@ﬁg\gg%ddfgr% g%ﬁ(;{rj? ilons,
conversion into 4 or 5 of high density can be made, and in the case where
dot s t hi nIBit binagy data.t he surrounding portion, conversion into 2 or 3 can be
made, print in conformty with gradation can be nmade. Further, in the case
where val ue of r Ll od : : ) ocH LaNsKirand
exi sts at the bo%y@ﬁbg%%ecrg Iﬁlleggcléﬁglrr{elgégnc V‘V%I? g{sg@la\?Yé“g(, 9(57 I SEel'Vgp P He
remarked pixel is set tqQ the mninmumvalue (0) or value in the vicinity of
the ni ni mingEy data from thepexpansign pniti32 HradaE oy inare PEsoxenary dakong it
possible to | ower 25 level of the edge portion. This is effective

par ti cul arfhy BAis bRy Rfueddtverdbfl MEfHd &gt WiNobd %S&iﬂ?éﬂ tet, M@ Of

t he edge portion of character, etc., or reduction in color bleed taking

pl ace at the boundary portion between solid portions of different col ors.
The pr oces@enguiiivabiersanyersion mathad, é’?h\eénﬁ%iit weinarkesh p1xleshauld takeed
above are collectively shown in Fig. 45. This includes practical exanple of

print net heHichf coResPORECHd dirtuemthmies Hrsﬁhouﬁﬂﬁ%iﬁiélg, BeY sef ik dable t he
conput er device 10 are shown at steps S 1 to S3. € conputer device 10

converts, at step S 1, RGB,i e da of re ctive 8 bit 256 val ues of
Coage 111 eWhaTa e Bedatog ARG LT nisoamed RI%E A VALGE AR S two
conponent and data of yellow (Y) conponent, e.g., respectively consisting
of 8 bits gvadationodntaerahtpixelscatqusl ohet kemarkud rpikgl, celg) seighedixglseen,

bl ue) by using, e.g., three-dinensional |ook-up table, etc. to further
generate dfi‘cgsalltigrfleci) i2%Ke (ulgpe(r: PRSI 8{re§tict))1ilst, 3in the left and right directions
and in oblique direction are assigned to respective digits of binary number of
8 figures are taken as parameter to make reference to this table to thereby
convert two gradation data into quinary data. This multi-value conversion
method will be described later in detail.
The sorting unit 24 sorts CMYK respective multi-valued data from the
multi-value conversion unit 23 in drive order of the print head 21 to generate
head drive data Dyp, to send it to the print head 21.

The print head 21 receives the head drive data Dyp to print, onto a

predetermined recording paper, image that user has designated at the computer



fromdata of these conponents. In addition, signal processing such as col or
correction or y-correction, etc. is inplenented to data of cyan (C
conponent, data of magenta (M conponent and data of yellow (Y) conponent.
Then, the conputer device 10 converts, at step S2, data of the cyan (O
conponent, data of magenta (M conponent, data of yellow (Y) conponent,
data of black (K) conponent into binary data of respective 1 bits by using
the hal f-toning technology, e.g., error diffusion nethod or pattern 26
Di t her netfaoshe fHC. At step S3, CWMYK respective binary data to which

hal f ~oni ng processi ng has been inpl enented are conpressed in order to
further inprove transfer efficiency to add i nformation necessary for
perform ng the priem &e hdetadr afo thenenaltievaluentconacsiopRmerthed swdyiclss i s
processing for data transfer. Meanwhile, in the conventional processing, as
shown in Fi : efpl f d . L Meagui V. ais
per f or med dg? s%gtﬁ?s_ E’%ﬁ#ngf 5{3 glcgieg éﬁlne g @%ﬁv@{sbo%@@gﬁlgt}ﬁ%o I%r h@%ﬁv‘éﬁ@% on +
y-correction processing of step S 11 to conpress the data thus obtained at
step S 13 coaversionunit Iqiapmforms willdee explaimedadn amaigadiiparized bydhe atron ti ne
in data transfer processing of step S 14. On the contrary, in the data
transfer of jn i : [ I ! i t the
Stop Sz, QTSR Rt OAIEE. FROE 58lied MoRTAKE Pl e, DAt B
time can be shortened. At the printer 20 side, when print operation is

per f or med dgnayy is Hews radedesmsity ohdot inincreanedyagnordingdas density decomas
picture quality can be obtained. In view of the above, in the print system
L at the iEhas peldsibhl BRatoHAtcindikeAPIXEL {PHavd hfulilydlle YR adE0rdaficd

qui nary or Sexenary data I n a manner previously described. The processing
in Fig. 45 s processing of step S6. First, at step S5, the printer 20
recei ves pyithdogdensibppidbitarrangementaround the remarked pikgbr go data transfer
(step S4) to take out information necessary for performng print operation

fromthe print daitaadoiffe 8 ¥4u& dBhasP TRHRERES ﬂiﬁfﬁgfs Aahadtwalgbange it
back into CWK respective 1 bit binary data. Then, at the step S6, the

QUi nary oIS @ery tskeaosnd (hasiianed iBrushes gddpmsaclizecsedr in i A
val ue conversi on net hod.
right directions and in oblique direction) are B1, B2, B3, B4, B5, B6, B7, B8
as shown in Fig. 4A. Here, B is binary number and Bs are arranged as shown
in Fig. 4B. Further, T[A] [B] is caused to be remarked pixel after multi-value
processing, and values suitable for combination of respective AB with respect
to value B of 8 pixels around the binary (binarized) remark pixel A is set at
table to thereby determine multi-valued remarked pixel A’ as follows.
A’ =TI[A][B]
As stated above, since the multi-value conversion unit 23 performs
multi-value conversion processing using table in this way, it is possible to

convert binary remarked pixel into multi-value without complicated

conditional branch.



The CWK respective nufti valued data which are nufti valued are sorted at
step S%Z in drive order of the printer head 21 to generate head drive data
DHD I n the conventional processing exanple shown in Fig. 46, since data
transfer at step S 14 is perfornmed by quinary data, CMYK respective quinary
data are obtained after expansion is perforned at step S 15. As a result,
mufti val ue conversion processing |like the step S6 of Fig. 45 becones
unnecessary. Thus, it is possible to shift to sort processing of step S 16.
The tinme requir Olhi i shscyd Ssd () si de
is extrenely sma Ifgf btlﬁéaﬁpét??%mgyﬂ gﬁngsr) ta ?%EBT%E ;f)%rlﬂn k?rd E;i}getle{?ﬁwttg? this
enbodi ment can shorten total printing time to nore degree. Further, in the
print systsuionndingpixeds aeg qompared witbgachrather tontepresent highntlersitybava, it

is possible to obtain printed matter of high picture quality as conpared to
si npl e bi «da : j.Ct . i Ll opaftl G r i rior
as conpar eQ%h tggg'pir—ll%ﬁ%lggﬁrkrﬁmog rﬁf(%?u?;@i %’%‘?ﬂﬁ{‘é‘@?}g’?@%ﬁ o‘?ééﬁi@ gso%%%%doﬁfg 28
exanpl e which perforns processing shown in Fig. 46. The effects or

advant agedlegk @pexpression padelaw densityiis changadipte wiite s rexpresséon as

expl ai ned are sunmari zed below. First, in accordance with the print system
1, since : t PHP i iyt i i nary
data, t he%kgsr'lgﬁnmﬁeréélﬁrﬁegf il?gs t hat ﬂggétdaﬂ%&a%ﬁh% SC altsg Oﬁfe@(;’ulg%dﬁstgértfﬁ%wgad?a
transfer time becones short, and traffic on the network can be | essened,

etc. In adfihighdensitnM of highedensty and Yoldyghideasitys nulti val ued data,

printed result of which picture quality is higher than that of binary image
can be obt ai ned InARjdshs g iogt Qhe?é)aré'sﬁéﬁzl?gg?%?ga‘éﬁc%@x%mféégﬁgﬁgblleg

dependency upon howdots around the renarke are pri , it
possible to freely .make setti nﬁ such that .in the case where the nunber of

dots is | where bipariged iAnealpe Bl eight pixels shergaegund, hinagenumbgriof Baused

to be high at portions where peripheral dots are many, and/or the density

of the edgeoftesporiingftol FRIAB) apdussldetst ARG ré@urkett gim_'pr[mt er
20, conversion processing frombinary data to nulti valued data is caused

to be table.in advance to thereb ljmnate the necessity of performng

cl assifi ca[?i]dﬂ}“(‘}?‘\hf’é&?msseé%%§t.°¥9‘ﬁdlé}sH?bﬁé’é’é‘?‘hg’aéé Sﬂég&?eﬁsf PIFEYIOBE a

hi gh speed, and processing can be performed w thout conducting conditional
branch i n exanfple/and ipdy thereforprdesirablenty mdilddallet sreplie bpEntEANEbIRE

device 10, since matrix Dither or error diffusion is
by binarization processing method and/or specification of the printer (size of
dot, density of dot, resolution, etc.). In this example, value of the multi-valued
remarked pixel T [A] [B] is set to quinary data from O to 4. This is because the
value of the multi-valued remarked pixel is caused to be in correspondence
with gradation representation ability, i.e., quinary data here of the printer 20.
Figs. 5 to 16 show values of multi-valued remarked pixel T [A] [B]
when values of surrounding eight pixels B are 0 to 255 (00000000 to
11111111) with respect to the fact that value of binarized remarked pixel A is

0. When the value of the binarized remarked pixel A is 0, value of

multi-valued remarked pixel T [A] [B] is caused to be equal to zero in most



29 used in binarizing original data, dots are thinly printed at highlight
portion. In such case, since density of isolated dots can be set to | ow
value at the printer 20 side, it is pod8ible to obtain printed matter
having | ess granular feeling. At the conputer device 10, when matrix Dither
or error diffusion is used in binarizing original data, dots are thickly
printed at high density portion. In such a case, since density of
successive dots is permtted to be high at the printer 20 side, density of
the porti r i Lah; i i,$ «0faYir { S t e14m At the
printer zsﬁﬁsléf ﬁléalgggr'éirlgﬁglsgo chglnégea%I 29@?‘16?@@38@?%%? ??%’ni%?’ }%733%1.8’
Particularly, in the case of ink jet printer, since ink quantity of the
edge por t i2hP> e, 3 s &9 Ih 2 299 nyhereeal taast upper lﬂégd@é@fpaséilbﬁe to
reduce blurring between colors and blurring onto paper. At the printer 20,
since | ev nesd(p cpkd { r : it ed
onto pi xe?dsn @?gﬁﬁ?#@ rengaBr%e]ggblg;?épﬁ?g%ée?glwﬁBmglSg\?qulg@éﬁg c%ia%}ﬁbe
made at | ow gradation where dots are thinly printed, and conversion into

hi gh Ievelplﬁg]ﬁ ase lpiahienf thegh igseidatl.on where dots are printed | arge
nunber of tinmes at the peripheral portions. A practical exanple of the
printer 20 will exphai I K4 i1 ' | ' J

printer using Ii}ﬁgs'hle(g éizrlgagl}u(??h@%}lu?adrfg@hmndég@dokéﬁozz egi3%(riieT Ejfﬁr]a[?g]ed in
a direction perpendi cglﬁr to paper feed direction when recordi na Eaper of
Ad size | Vhen 5 Al tthe susryindiag (right paxels) B carei @t0ad5Hr(0RP0HERA . toas
shown in Figs. 47 and 48, this ink jet printer 100 conprises a |line head
120 i ncl uding1peRt wither@Bpéctibl the At thab &/aflks 6F bR izl RimAked olgkem Rl ement

whi ch di scharges ‘dropl ets of ink, and having recordi ng range

substanti al | idth size of . er P and haying nodul ation function_of the
so-cal | edalPl\mt\f\‘AﬁJ?%S@s KRgre &exi ﬂt‘H@iaéﬁ’chyxbéﬁﬂWﬁ@ﬁs MreoAnE hdadiBafi on of
di aneter and density of dot by the nunber of droplets of ink. It is to be

not ed t hat,tilee, wheheahes ofifénhfied pikeNACH batk (1PSREUS thwd sraiditions apgt to
eight (8) at the maxi mum per one color for explanation in This case. The

ink jet printer 100 is caused to be. of figuration.in ich |ine head
120, a paﬁ’éf 0? éélar%ﬁdﬂn&ﬁ{‘glé %Sp%{ﬁltaequgp&;ﬁhis?&qwfg? valpe rrquCQSO and
an electric circuit unit 160, etc. are disposed within a casing |00. The
casi ng 100(ikel TqATEB]sio cansed td bisevadae ¢1) &l thel viecthighaf ¢he wiiairaum aalpeper
ej ect hole 111 for paper P is provided at one end term nal side surface
of multi-gradation. In addition, that value may be set to minimum value (0).
When A =1 and B = 255, i.e., when value of the remarked pixel is
black (1) side of two gradations and all of surrounding pixels are black
(11111111) side, value of the remarked pixel T [A] [B] is set to the maximum
value (4) of multi-gradation. In addition, that value may be set to value (3) in
the vicinity of the maximum value.
At 90, 91, 94, 95, 122, 123, 126, 127, 218, 219, 222, 223, 250, 251,
254, 255” where A = 1 and at least upper and lower, and left and right four
values (B2, B4, BS, B7) of value B of surrounding eight pixels are 1, value of

the remarked pixel T [A] [B] is set to value (3) in the vicinity of the maximum



and a tray exit/entrance 112 for the paper tray 150 is provided at the
other end side. The |line head 120 conpri ses head portions corresponding to
four colors of CMYK (cyan, magenta, yellBow, black), wherein an ink

di scharge portion which discharges ink droplets is disposed at the end side
upper portion of the paper eject hole 111 side in such a manner directed
downwardly. Nanely, as described later, this line head 120 is caused to be
of the configuration in which four (in this case) ink discharge neans in

| ong form oA | E YT [V I ﬁ%!'ﬁﬁl‘i{nl ater
are arr and’éé‘?‘flR%‘g@‘@‘faﬁégQ’?‘gggoat%g‘%%%r&ﬁ?ﬁ’%m&ag‘ea&%iégt ﬁénll‘-l‘t?ée 1corrpr i ses
a paper feed guide 131, paper feed rollers 132, 133, a paper feed notor

134, pul | espduel@h, 136, and belts 137, 138, and is disposed at the end
portion lower direction of the paper eject hole 111 side. The paper feed

guide 13l is for S f | . : | i t the
| ower direction Ag?&ta Egcﬂ ﬁggwi)géé%fzﬁ%lﬁ}hﬁggp@ﬁgﬁé?%ﬁrggéss%ggFﬁlg%fql}ge
respective paper feed rollers 132, 133 are conprised of a pair of rollers
whi ch ar e multtyalugcconyarsiosaanit dhperforms when yaboet thabinmsyhrematkedof t he
paper feed guide 131, i.e., the tray exit/entrance 112 side and the paper

ej ect hol ;11114 S| 1F t:or | 6:di the | owner
portion of‘%%%AggggPa#@ﬁﬁggﬁﬁ@ékﬁgg?ﬁgﬁgeﬂé§€%¥E§g$§§9€§Q¥ e respective
paper feed rollers 132, 133 through pulleys I35, 136 and belts 137, |38.
The paper del i vdfisstutie: pragticabexampleswhepahds equal toezgrorwill e explaingdpaper
delivery notor 142 and gears 143, and is disposed at the tray exit/entrance
112 side W : t feed unit 130. The paper delivery roller
147 D805 oL lisingTAEE, 20,30, 9 ARPSL. ally seni-cylindrical shape, and is

di sposed in the state close to the paper feed roller 132 of the_tray
exit/entrance 1iEhisipgecessig iapprocessingesuchnthabe.a.4binary datp 0 Lo (Gse t he
paper delivery roller 141, and is connected to the paper delivery roller

141 through delivefiRPfront ik e)épz%?siaﬂQnﬁ’@EErto%hé&n&l@ﬂvﬁl%ef&fri%?siéﬁ Wit 9 take
box shape such that papers of, e.g., A4 size can be accommopdated in the

state where plural papers. are stacked, wherein_a paper support 152 _held by
a spring ﬂsfplgs-ﬂs?m faﬁensﬁéogﬁmtagﬂfmﬁw PRl Ha s cuyAT m%é?%ﬁd i s
di sposed in a manner extending fromthe | ower portion of the paper delivery

unit 140 teymaes Bih@r}i data ﬁ)@t(byaﬁ)riawq@;ﬁy dibe electric circuit unit 160
is a portion for controlling drives of

When A is 0 and B is 10 (binary number : 00001010) as shown in Fig.

29, the multi-value conversion unit 23 takes out T [1][10] from the table
shown in Fig. 5 to allow remarked pixel A’ to be equal to 0.

When A is 0 and B is 63 (binary number:00111111) as shown in Fig.
30, the multi-value conversion unit 23 takes out T [0][63] from the table
shown in Fig. 7 to allow remarked pixel A’ to be equal to 0.

When A is O and B is 95 (binary number : 01011111) as shown in Fig.
31, the multi-value conversion unit 23 takes out T [0][95] from the table
shown in Fig. 9 to allow remarked pixel A’ to be equal tol.

When A is 0 and B is 255 (binary number : 11111111) as shown in Fig.



respective conponents, and is disposed above the paper tray 150. In such
configuration, its operation exanple will be explained. User draws the
paper tray 150 fromthe tray exit/entrance 112 to accommpdate a

predet ermi ned nunber of papers P within the paper tray 150 to push (thrust)
it thereinto. Thus, the paper support 152 raises one end portion of paper P
by action of the spring 151 to push (thrust) it toward the paper delivery
roller 141. When print start signal is given, the paper delivery roller 141

is rotate ri Ve h del i.vesy _Quft 0 aper P
from the pRpdnCnkfiFabie §offatlort Bty 2%aRE} Pl w10l dtoine foie
respective paper feed rollers 132, 133 are rotated by drive of the paper

f eed not orshdsh inAFign Fetubllowt temarkedrpikekd’ tolbiecequaB2od ehtiss subedanse paper
P whi ch has been sent out to the paper feed guide 13l. Thus, the |line head

e pri nt eatt e SRt th ol Y EXEE REH Sl Bldh RABLERARGAr e 7, o

get down themonto the paper P to record characters or inmages consisting of
dots, et c.case $thefaOtdrasts thereapuapdepdnsledcy alpoarink@®. ej ects, from the paper
eject hole 111, the paper which has been sent out. Then, the internal

ct hole 111,  whi ch has been | rnal
of "t he. peri pher AR Paic Y KEAERIE,Whe Ba" L bl PRCEAaInBU YRR FR < O

electric circuit unit 160 conprises a printer side data processing section
161, a hedd,3mndBder 162, a head position and paper feed controller |63,
and a systemcontroller 164. The printer side data processing section 161

executes the st ho i eald zg; on
anit 22, the muriis pIpEgsElE B afSodh phobsgigGhc MR d. 2Bkt ] GHRSICET
are respective functional blocks shown in the previously described Fig. 3.
Narel y, tHeypm) ist delivgrad foemather expansionyuaicdd o the mulsicealpecoviertionat a

DPR whi ch has been caused to undergo data transfer to take out, fromthis

print dat g, /PR3 jhIfigr ARy RAKEGERTEAL té e PRIE O Thd Ini-PAlueRYivet9Bn and

to expand conpressed image data to change it into CMWK respective 1 bit
bi nary data., Then, the expanded CWK respective 1 biit binary data are

conver t ed Ymit 83 te cgnvery binary,data of L« (Gyan) Tt guIBATY dafapasi s” of t he
previously described multi value conversion nethod. The CWK respective
nufti val ued datwhehiA&Hs Haxgl BeRO (binkty vahitrg :a00000000% as ahewarii Bik.i n

drive order of the line head 120 to generate head drive data Due.

33, the multi-value conversion unit 23 takes out T [A][B] from the table
shown in Fig. 17 to allow remarked pixel A’ to be equal to 1.

When A is 1 and B is 255 (binary number : 11111111) as shown in Fig.
34, the multi-value conversion unit 23 takes out T[A][B] from the table shown
in Fig. 28 to allow remarked pixel A’ to be equal to 4.

When A is 1 and B is 90 (binary number : 01011010) as shown in Fig.
35, the multi-value conversion unit 23 takes out T[A][B] from the table shown
in Fig. 21 to allow remarked pixel A’ to be equal to 3.

Methods of determining value of T[A][B] in setting of table are

variously conceivable. In this case, if there is employed such an approach



34 The head controller 162 controls ink droplet discharge operation of the
|l i ne head 120. The head position and paper feed controller 163 controls
position of the Iine head 120 and paperifeed of the recording paper P. The
systemcontroller 164 controls the printer side data processing section
161, the head controller 162, and the head position and paper feed
controller 163. Then, the detail of the line head 120 will be expl ai ned by
using Figs. 50 to 54. The line head 120 conprises a head chip nodule 201 a

and a rel b [ t yge [ j H4. Finst, the
head chi pwn%dgf}{eeqlzéﬁé% \%l}? mgieipeg {déélgnggl Ee?%\?\;a%mﬁgi guggg%qlﬁéi BRQ’QS is an
expl oded perspective view of the head chip nodule 201 a. The head chip
modul e 201positioped sesyppes attblewen ditiegtion$oinaleft and rightodizéeticdns: and iion
menber 202 forned so as to take substantially flat plate shape, which

There are U AECTRAIORRL At Roel i RAERGHER) B 100 S RIERTE FAE

exanpl e, several hundreds of ink discharge nozzles 203 are respectively
formed i nsbhcheahe, sosall vahie isiset,chequuationiwhenetdeartsityi isloweisdqeegpritteddo | at er
are di sposed. The nozzle formation nenber 202 is fornmed so as to take sheet

ol ot r o e < SHRE AiecopBORbhkrt U bty TiEN s PERAMALLPBE hicker. 1 g

ni ckel being as material. Further, diameter of each ink discharge nozzle
203 i s caUduw, ibibpossible fo anergase@radation as gempared totthe mszgbtwymti on
menber 202 in which ink discharge nozzles 203 are forned is attached to a
head framgj ¢04. The head frane 204 is adapted so that, e.g., three beam
menbers 2 A?b ‘are equidistantly bridged across short sides of an outer frane
204a caused to have rectangul ar shape, and the outer frane 204a and the
beam nenbers 20Motgavernwdgnatheydistanegobetieeenl dotsds apqst Heoay eachmthens,

four rectangul ar spaces 205 in which the outer frane 204a is separated by

the beam @'Eﬁ%stgélocga@%%fea paged Egélfglrlét{‘va‘lﬁé@bf Qurroifilifhg ikt Mixé@SReWneEr €

t he head chip no 01 a'is use I ne head 120 whicth sirnul t aneously
prints one,line with respect to paper, the |ength of the space 205 s
caused t o Sb®IlaE1e eack @thgr, theremee tRsfaneesowherfel|is peefsrableda take nHmbesne
time. For exanple, in the case where the head chip nodule 201 a is used for
l'ine head snZfllephthah that bPrtie distafité MetWBER dots is narrow. This is the case as

shown in Fig. 36. When A is 1 and B is 165 (10100101), the portion
positioned obliquely with respect to A among values of surrounding eight
pixels is 1. This is similar to the case of T[1][90] shown in Fig. 35 as pattern.
In the case of T[1][90], values of 1 exist at upper and lower positions and at
left and right positions, and that value is therefore set to 3. However, at the
time of T[1][165] shown in Fig. 36, since values of 1 exist at oblique positions.
Accordingly, the distance between dots is apart from each other. Thus, when
there is employed a method in which that value is rather set to the same value
as T[1][0] shown in Fig. 33, or value in the vicinity thereof, gradation change

becomes natural.



paper of A4 size in longitudinal direction, the Iength of the space 205 is
caused to be the length corresponding to Iateral w dt h of paper of A4 size,
i.e., about 21 cm This head frane 204 9pay be forned by, e.g., silicon
nitride, or may be formed by alumna, nullite, alimnumnitride, ceramc
metal such as silicon carbide, etc. In addition, the head frame 204 may be
formed by glass material such as quartz (Si02), etc., or netallic materi al
such as invarsteel, etc. 36 The head franme 204 has thickness of, e.g.,

about 5 mm and S ri@idity suffi lent t u o) f;er ngt.ion
menber 202, The MeadmpPniiuoBOaterSI o BRffokaieds al Hhko B85 Hihe
stuck to each other by, e.g., heat hardenlng type sheet-shaped adhesive

agent. At coheersianz lumif @B8nist also cherbeteriz6@, int thet anathe dasepohere yvalwe of
nunber of head chips 206. As shown in Fig. 52, the head chip 206 is adapted

so that pl esi S o] h

formation r#g%ﬁlﬁ%cf%x(g i3 1:‘?8{( Q% flﬁcqef L"?‘S Efdi?%tiée/ns %Bg %a%(%s l(‘gﬂ%italt :ng) 207
formed by, e.g., silicon, etc. Th| S heat resistor 208 is caused to be of
square s héqmmidaryv\bbnveemblaskdmea andevhite apdag walusBohrematRedtpizebmset207, a
barrier layer 210 constituting the wall portion of an ink pressure

applicati f

resi stor sqﬁﬁéﬂﬁ"@@%éﬁﬁ% Dt a il r RHS LRREnlRF hEBOLRE g o
dry filmresist having |ight hardening property, and is fornmed as the
result of (ihw 2 here)t Kar ea(hmpiet'ﬁﬁl]l[%bél]swhen AanilretdeB o2 1dhe.egmidlue ofur f ace
of the base 207, unnecessary portions are renmpved by the photilithographic
process. r S t j.CK 12 pm
P aoess TRRRRBHiRE! S4B K0T R s Dot PERDulg By

about 25 pm Here, when the case V\/nere t he head chip nodul e 20l a according
to this epinglsare £l 13N 10) aresetstoa? as showndd Kig. 27ne head havi ng resol uti on
600 dpi which prints paper of A4 size in longitudinal direction is assuned,
t he 37 number S 0, mat i on
menber 202 ever ywigr ggﬂnﬁ%@%g@&g%g%gcgéﬁzgg glﬁ[ﬁ&hﬁdlﬁghﬁgm)?*aﬁoﬁé
approxi mat el y becones equal to 5000. Wen the nunber of head chips 206

di sposed z{tlléhgllﬂ)za;sl shawn i Bign3 hesines theosurauading iceassive Hysamixelso be,
e.g., 16, the nunmber of ink discharge nozzles 203 corresponding to one chip

206 becomaa'}e MR tHorahaningpBeeld brd §, {tqs hed gt ffht (CBRlespORIINGTHIRER AR

si zes of respectl ve

pixels on the boundary to set that value to 2, etc. Thus, it is possible to set
density at the boundary portion of image to value different from other portion.
As a result, it is possible to provide the effects/advantages of blurring
prevention at the boundary between solid portions of different colors and/or
blurring prevention of edge of character.

While table example where value of multi-valued T[A][B] is set to
quinary data (value) from 0 to 4 is shown in Figs. 5 to 28, table example in the
case where that value is set to sexenary data (value) from O to 5 can be also
prepared as shown in Fig. 38 on the basis of the previously described

multi-value conversion method. Here, when, e.g.,, A=1and B = 1, i.e., when



conponents are indicated in exaggerated or omtted manner for conveni ence
of expl.anation in Figs. 50 and 51. At the head chip nodule 201 a, flow path
pl ates 212 are attached to respective gpaces 205 fornmed at the head frane
204 . with respect to the nozzle formation nmenber 202 where the head chip 202
is disposed. As the flow path plate 212, there are four flow path plates in
correspondence with respective colors of inks. The flow path plate 212 is
formed by material having sufficient rigidity and ink resistance

char act er i\Sih & f & Soarkkqr ' Pl I t nmber
portion Zl‘%tl‘?él:totfe %i lfnto g pg%:g[]ég@%@(t?(%zs(g%?q?t?&aﬁgrg%ﬁéa}gsdagdﬁpgnge
portion 214 formed in a manner projected toward one end portion of the
chanmber pouttoundis pixels rﬂreg(@ﬁﬂﬂdﬂﬁir)nﬂlﬂluer hef ATPA][Blods ssscto oR)i wfFi g.
51 is shown in Fig. 53. The head chip nodul e 201a will be further expl ained
by using Fi.gf; : I ari | L4y 4 i r to

t ake pl ant—‘-fh gﬁla_gga]qagl;bgérﬁ’%l ﬁgﬁfbp ’aﬁg&gﬁgpel hﬁ@é}z o?zss%a‘}(ggﬁ%gumf%ﬁ%gd
frame 204. The chanber portion 213 includes a space 215 shown in Fig. 51
opened t o totthe smxiguwn yatueofS)iafansltirgradgiieni.te to the side where the flange
portion 214 is forned. At the wall portion which limts both sides of the

space 215, therepy . k : L 9 51 and
S5 or i he pur podls BIRAREE eRafitle BFRRRTENRAL bl tdita SR TekindrySdata
conmuni cati,nﬁ with the space 215. In additiaon, at the flange portion 214,

an i nk suppill heuslescritred elow) &yt aging drigshd9ste f4te This tprocessdag ospssi t e
to the surface where the chanber portion 213 is extended. This ink supply

tube 217 %Wi@ésgghﬁ@%ek%h Hiass dabx oThemLég%\g)fﬁt BeRl @8 frbf ! the

connectedto t in the state e chanber portion 213
is fitted into the space 205 of the head frane 204, and the flange portion
214 is inexpansion Wit 22 t the smlbovalue conyersion umk 28dadFg. o gonverthe

head chi p 206 di sposed at the nozzle formation nmenber 202 is positioned

wi thin theifisty dRAVTE c%tihﬂf‘s@ﬁ&&?ﬂm fefrefbEFd e VIS sRIwALA Of
the flow path“plate 212,” and is bonded to the chanber portion 213. Thus,

cl osed space rrounded by .t he chanber portion 213 of the flow path plate
212 and t gnggi‘ﬁ QHP&ET‘Y%HCHQH%%rﬁl%E&tQ%f ormed. This cl osed space
communi cates with the external through only the ink supply tube 217 and the
i nk di scharge nowhef £G3.1 Md B 13 0 (einaly saehtspadG0000000) lagwhpsihin Fig ar e

formed at the portions between rows of head chip 206 in such a manner

39, the multi-value conversion unit 23 takes out T[A][B] from the table shown
in Fig. 38 to allow remarked pixel A’ to be equal to 1.

When A is 1 and B is 255 (binary number : 11111111) as shown in Fig.
40, the multi-value conversion unit 23 takes out T[A][B] from the table shown
in Fig. 38 to allow remarked pixel A’ to be equal to 5.

When A is 1 and B is 1 (binary number : 00000001) as shown in Fig.
41, the multi-value conversion unit 23 takes out T[A][B] from the table shown
in Fig. 38 to allow remarked pixel A’ to be equal to 2.

When A is 1 and B is 90 (binary number : 01011010) as shown in Fig.

42, the multi-value conversion unit 23 takes out T[A][B] from the table shown



39 that they are alternately arranged (so called in zig zag form while adj
acent ones overlap with each other. The respective i nk pressure chanbers
209 shown in Figs. 51 to 53 are placed2dn comuni cating state by the ink

fl ow paths 218. Ink supply tubes 217 provided at the flow path plates 212
are respectively connected to ink tanks (not shown) where inks of color
different fromeach other are contained. Thus, inks are filled within the
respective ink flow paths 218 and the ink pressure application chanber 209.
In the he i {1t A r{ bed above, in performng
printing \E/imgtﬁhg'r?éssEﬂéggbﬁol%gi%greg%gﬁlrénﬁ%ﬁ%‘gﬁ%grgé delivered for a short
time period, e.q., about 1 to 3 mcro seconds with respect to the sel ected
heat resistor 2%@@%&@%3%&4&@nm’ammbmrbllleerODBZS(SJ;ewrFmgFlgg). As
aresult, this heat resistor 208 is rapidly heated. Thus, ink bubbles take
pl ace at ' | | [

expansi on}4 Ic?grﬁl?ér)g:dtlﬁg‘ﬁdlg? EtBﬂgé’flgm(ﬂ\%%@b 32@ kE?ﬁth gf%!)ﬁe]?fsmé{r)gle I }Sﬂ%:eh%}%oaya% from
t he i nk di scharge nozzle 203, and are attached onto paper. In addition, ink
is suppl eﬂ@rﬁlgd,§8 o aloyremarked pixelody iobeequa tod.thin the i nk pressure
application chanmber 209 from which ink droplets have been discharged. In a
manner as descrygag, e, | Rty 1 t lacl d. It
is to be noted that %nqlg?’learhcgg1@&4@%@%&1:}51515@25{3%1gqul?gﬁealses’fnng%f%nglffé‘?

di scharging ink framthe nozzle in the line head 120, piezo-electric

el ement 4o the prdtsvalug copvensionunitSdsiakesayt BéAISRrom thestahla shownk from
the nozzle. A practical exanple of |ine head 120" using piezoelectric

el ement Wih'Fi?%@%‘éﬁﬂb%‘én‘i&ﬁk@%ﬁ%ﬂuﬁ ﬂﬂb&gﬁal_t%%.to 57. Fig. 55 shows a
perspective cFoss sectional structure of the line head 120", Fig. 56 shows
a cross section structure en,the |ling hegg_lzo' in Fig. 55 is yiewd
from direction iif feasen why she picture quality ofBinagy (ata ds pger ds, %’téross

sectional structure when the line head 120" in Fig. 55 is viewed fromthe

di recti on gffifish alepdit)laré thia ‘ﬁﬁﬂﬂecf?ﬁrtiéiﬁaﬂﬁfatQHQMngl‘gHtfpiﬁﬁohi vesy the

| ine head 120 is caused to be of the configuration conprising a thin

nozzle plate. 121, a flow path.plate 122 | am nated on_.the nozzle plate 121,
Bna” o vi bk At df Datste, A0 TRl BRITRIS ¢ Boubidak AT AUSREY 16D SCReTEEY

respective plates are stuck to each other by, e.g., adhesive agent (not
shown) . Atdatdés upgbto sev é@apersiotieable adshdwavwnRigh. Hltetd8 d2FigtI®regar e

sel ectively forned recessed portions. By these recessed portions and the
in the case of isolated dot, conversion into 1 is made. As a result, since dots of
low density are printed, granular feeling is lowered so that picture quality can
be improved. Moreover, since in the case where dots exist at all surrounding
portions, conversion into 4 or 5 of high density can be made, and in the case
where dots thinly exist at the surrounding portion, conversion into 2 or 3 can
be made, print in conformity with gradation can be made. Further, in the case
where value of remarked pixel is black (1) side of two gradations, and exists
at the boundary between black area and white area, value of the remarked

pixel is set to the minimum value (0) or value in the vicinity of the minimum

value (1, 2 or 3) of multi-gradation, thereby also making it possible to lower



vi bration plate 123, plural ink chanbers 124 and a common flow path 125
comuni.cating with these ink chanbers are constituted. The comuni cating
portion where the conmon flow path 1252and the respective ink chanbers 124
conguni cate with each other is narrow There is enployed structure such
that the flow path wi dth becones broader in accordance with shift toward
the direction of respective ink chanbers 124 fromthe conmuni cati ng
portion. On vibration plates 123 i mredi ately above the respective ink
chanbers i = tyhic el I ' ment ,
re are regel.of e PASE ORI IS JS SEIRAVE pieboSaMR ik Yot BHERE, 5495,

el ectrodes (not shown) are respectively | am nated and arranged. By applying
a drive siRpiEitsf eiminadoneald bdwmingldfethel gdge opottione of| eharaoites etd.; ors
possi ble to bend respective piezoelectric elenents, vibration plates inits
turn, int i i L gl [ J [ .expand)
or decreagga?ggﬁﬁﬁgé??otgg%%?%§%@?¥¥ﬁ%{?ﬁ?ﬁ%Pgﬁgg%wigémhgh?@ggggfgﬂﬁgf t he
side opposite to the side comrunicating with the common flow path 125 at
respect i vePrHRNg Rhdbderent palasss the structure in which the flow path width
gradual |y becones narrow as shown in Fig. 55. At the flow path plate 122 of
the term nating td i (aLVAN | fho I 27. As
shown in Fig. 56'31,319%r fﬁrgeﬁsg&% %%rlﬁlor 0 eqr112§162 m%nlg}gg?lgs lvm}«{lﬁé%h}\}%?y%gl}ml I
nozzl e 128 f?nned at the nozzle plate 121 of the |owernost |ayer so that

i nk dr opl €xplained abeyeapre gollediivelieshyyniia Fos. 40t Thire includes guacticad, as
shown in Fig. 55, there are formed plural nozzles 128 in line equidistantly
al ong the & El&rpr%ﬁtﬁﬁéma%ﬁﬂhwreéaﬁm@er&ﬁﬁﬁr feed direction Y of
recordi ng paper P. "The comon flow path 125 communi cates with an ink
cartridge 120a &§ee Fig. 49). Further, ink is delivered fromthe ink
cartridge 120a tied SIE peifornahint rthe 1oompuigr ideyice dffodrer shawnath 125,
While this suply of ink can be perfornmed by making use of the capillary
phenonenomstes S1438 98. RS eomiplrg doveses U0 eoaretts Catdteh STEREBI inageadatke
provided at the ink cartridge 120a to apply pressure to performsuch supply
in place of. the ahove, The anot her pr.actic exanple of th rint 20
will be e |£?%P§8;P1Vﬁe§epli 2§6j 851“6%9?«3@% ?ﬂepé@ e, datay @ i‘%ﬁ%é%ng in
the main scanning direction is nentioned as the print head. This jet
printer 1%donponertsedataasfshewentar (MY. céBponenntandeatisa 16 Kyellow (Y)

component, e.g., respectively consisting of 8 bits which complementary colors
of three primary colors (red, green, blue) by using, e.g., three-dimensional
look-up table, etc. to further generate data of black (K) component of 8 bits
from data of these components. In addition, signal processing such as color
correction or y-correction, etc. is implemented to data of cyan (C) component,
data of magenta (M) component and data of yellow (Y) component.

Then, the computer device 10 converts, at step S2, data of the cyan
(C) component, data of magenta (M) component, data of yellow (Y)
component, data of black (K) component into binary data of respective 1 bits

by using the half+toning technology, e.g., error diffusion method or pattern



171 ¢, 171 M 171 Y which respectively discharge inks of black (K), cyan
(©, magenta (M, yellow (Y), a cartridge unit 173 to which the print heads
171 K, 171 ~, 171 M 171 Y are attacheggand serving to nove these print
heads 171 K, 171 ~, 171 M 171 Y in the main scanning direction, a flexible
printed board 174 which supplies a drive signal for driving the print heads
171 K, 171 ~, 1712 M 171 Y, a guide rail 175 for guiding the cartridge unit
173, and a group of ink tanks 177 for supplying ink to respective print
heads t hr w&%r%ﬂ%hioake&upply pi pe 176. The group of ink tanks |77 supply

i nks of blac ., cyan’(C), magenta (M, yellow (Y) to respective print
heads t hrough the ink supply pipe 176. The print heads 171K, 17l1la 171M
171Y are print WAdadepofS3,h€EMNK jrespestpec Usinary, datg. o pvkich dabrtemingr heat
element. In order to perform high speed print, plural nozzles which

di scharge_| OoN] i Y. .50 I De: ' )] 1gs 55
to 57 Thotdesfing RACHLAR thblem bbb Loy AT SR O SsBE roPolie )

di scharge, onto recordi ng paper P, inks of black (K), 43 cyan (O,
magent a ( Manpsfes| ¢fficigndy tm addeinfergnation mbcessargifonglerfoeingrthd pintoagh t he
flexible printed board 174 to performprint operation. Three kinds of ink

jet print e i above as practical exanple and ot her
practi cal ﬁéé%%&%&?ﬁ?@%ﬁﬁ‘ﬁ#%?’%. In the ink jet printer, blurring, etc.
may take place at edge portion of charcter, etc. in dependency upon the
characteristic dhemrigrS4 ispresessing foraladatmaastes. with the printer 20, since
| evel of the edge portion can be |lowered, it is possible to elimnate

bl urring. Narel e i i 1S LV Py | t he
"nic ] et pri n or MpFLEC ST the PR R toicfih B MRSWARE! FAE, U8, "Gat a
is converted into quinary or sexenary data at the nufti val ue conversion
unit 23 ofonwerspm rinky diia obdpMEK: irespegtivet quinagpsdatel & perwmesr atbi nary
data into nufti-valued data such as trinary, quartary (4~ry), and septary

(7~ry) or b 3yl 0hfM ' i ichk 4 nt eover,
val ue of %u ti n\%’ Lag'dggﬁééfg s?f;nnstt%{%\;/\sfg ?géfﬂelg%)eod'o thggrr?worm' f\{/_caﬁf %ﬁ@%e
characteristic of recording paper. Further, there may be enpl Qyed print
syst em capE@fessrg obstepr Int mr?ﬁSdbégiﬁt%gltfsrqhﬁameﬁiaatﬁt%”gagtte allow

nul tival ued data shown in Fig. 45 and the conventional processing shown in
Fig. 46 apdt@dePipent @aﬁaem&t.'A@b&_d@%l&?ﬁfﬂt_@bkhﬁfucﬁﬂﬁnﬁ ih h@aabitansfer
instruction of user. Wiile eight pixelS positioned in upper and | ower

direct i ong, ook br 8 s14.

On the contrary, in the data transfer of step S4, since image data is
converted into binary data at the step S2, data quantity can be reduced to
much degree. Thus, data transfer time can be shortened.

At the printer 20 side, when print operation is performed under the
state of binary data, only printed result of low picture quality can be obtained.
In view of the above, in the print system 1, at the printer 20, binary data is
converted into multi-valued, e.g., quinary or sexenary data in a manner
previously described. The processing in Fig. 45 is processing of step S6.

First, at step S5, the printer 20 receives print data Dpg which has been



45 accordance with preferred enbodi nents thereof illustrated in the
acconpanyi ng drawi ngs and described in the above description in detail, it
shoul d be understood by those ordinarikRy skilled in the art that the
invention is not limted to enbodi nents, but various nodifications,
alternative constructions or equivalents can be inplenmented w thout
departing fromthe scope and spirit of the present invention as set forth
and defined by appended clainms. Industrial Applicability In the printer and
t he print [ S [ ' ISl i nta dat a
of mal 1 - SPaRr o e it Sk E SIS 1o AKE T PO R e BB BT 2
basis of data of pixels around the remarked pixel at the time of print
oper at i on perfdrming peint aperataom frofm the poyntddata Dag, and toexparidedmpressed
Accordingly, it is possible to obtain printed matter of high picture

Mo 1 bi itpise o S bt SAcRARERTYI AAPLEGHER HiEpIpRy Dotk D ° 2 oe

syst em accor di ngEto the present invention converts nulti valued data into
bi nary data to trFhemsfabthe stepSrtharcapanded MK respestiyedaby binany datht i
val ued data by using table at the printer. Accordingly, it is possible to

performd 1?\5&37 4Nt st at: e u i ti.e f peetd.ye
pi xel s ar gatrga{aése P’%{ hlgtlbé ?Pgoi tcﬁ{ngaﬁyg%i ﬁ%@ﬁ?eg%aﬁnerﬁhgfb%ﬁghsp l%é

picture quality fromdata of 1 bit of respective pixels which have been
caused t o praviougly descsibedamultevalue conversionsnethador i nt er whi ch can nake

representation of three gradations or nore by one pixel, the printer

conpri sing: nuf ty | NY B L1 L
gradati ons of aTr‘heér/rgmgééglegﬁ&w{]%l gat al%e?f%ﬁj t%éé%ggft: ?@Erllﬁll g%]]urﬁ ir{g t he
three gradations or nore on the basis of data of pixels around the remarked
pi xel ; “andor@dottaitep el drvgrerdenof he msivienbead 24t toogenesateoheashdeiyeon t he
data of nufti-gradation fromthe nufti val ue conversion neans. 2 The
printer agjaigDgErth in claimi,

In the conventional processing example shown in Fig. 46, since data
transfer at step S14 is performed by quinary data, CMYK respective quinary
data are obtained after expansion is performed at step S15. As a result,
multi-value conversion processing like the step S6 of Fig. 45 becomes
unnecessary. Thus, it is possible to shift to sort processing of step S16. The
time required for step S6 which is data processing at the printer side is
extremely smaller than data transfer time. The printer system 1 of this
embodiment can shorten total printing time to more degree.

Further, in the print system 1, since binary data is converted into
multi-valued data, it is possible to obtain printed matter of high picture quality
as compared to simple binary data. That picture quality is not particularly so

inferior as compared to printed matter of the print system of the conventional



wherein val ues that remarked pixel should take, which is based on data of
surroundi ng pixels, are set in advance in a table where values in which two
gradation data (0, 1) of plural n (n ig8integer of 3 or nore) around the
remar ked pi xel are assigned to respective digits of binary nunber of n
figures and two gradation data (0, 1 ) of the remarked pixel are taken as
paraneter, whereby the nmufti val ue conversi on neans nakes reference to this
table to thereby convert two gradation data into nmufti-gradation data. 3
The print : j ' ei pethe two gradati on data of
t he renar%ggﬁgyéSﬂngﬁg&pﬁgﬂmﬁﬁgbgﬁé?g5%%?%9 g? é?g’are conpared with each
other to represent high density/low density, whereby when value of the
remar ked pi xel Ade effgetsdemadvantages véithe proit systerof 1 tafethdsiemhodiment pi xel s
have | ow density, the multi value conversion neans allows val ue of the
remar ked Ripg t 1.1 o . inthe vicinity of the
m ni mum vg’flﬁghé#agﬁu&?{‘.&?}%gg%%NM%&M%PE{? as set forth i % claim1 or
2, wherein the two gradation data of the remarked pixel and the surrounding
pi xel s are conpdiitst, in a¢cardancomith thoprispsgsiem lhsyiceddaiaisent fiom dbesity,
wher eby when val ue of the remarked pi xel has high density and val ues of all
of the sur L ix el Al i; L ikon
Teans i | Sog et ePicE Tt e iR 2GR Hibdy Q1R (Mg v Rad§ eAKPlteH O
value in the vicinity of the maxi num val ue of nulti-gradation. 5 The
printer aglatdquantityhis redsicadmorthat data frsastartimeebecomesr short,i and daflicof t he
remar ked pi xel and the surrounding pixels are conpared with each other to
represent it/ i heg: al rked
b el - and e JRANOH LA RIS Hed, R TR AR Bt B R S el <
al so have high densit{, the multi val ue conversion neans allows the val ue
of the remdtiiagdssxaplti-yalwed datanprintedniesult e whichapigture quakity ¥s bighery of
t he maxi num val ue of 49 multi~radation. 6 The printer as set forth in
claim 1l ofhzn thfiSfHiRafyitnddOca BadbtfAfedat a of the remarked pi xel and the
surroundi ng pi xels are“conpared with each other to represent high
density/low densjty, wherehy when value of the remarked pixel, is high
density side, e prinier %nams gradatian cp béshangsdan deaendsRCHRPER per
and lower, left and right

how dots around the remarked pixel are printed, it is possible to freely make

setting such that in the case where the number of dots is low at the periphery,
the density is lowered, or density is caused to be high at portions where
peripheral dots are many, and/or the density of the edge portion of image is
caused to be high or low.

At the printer 20, conversion processing from binary data to
multi-valued data is caused to be table in advance to thereby eliminate the
necessity of performing classification of various cases. Thus, processing can
be performed at a high speed, and processing can be performed without
conducting conditional branch in performing parallel processing by DSP, etc.

At the computer device 10, since matrix Dither or error diffusion is



and oblique pixels including the remarked pixel and their values are val ue
at the.boundary between high density area and | ow density area, the nufti
val ue conversion neans all ows the val uggof the renmarked pixel to be m ni num
value or value in the vicinity of the m ninmum value of nufti-gradation. 7
The printer as set forth in claim1l or 2, wherein the two gradation data of
the remarked pi xel and the surroundi ng pixels are conpared with each ot her
to represent high density/low density, whereby when val ue of the remarked
pi xel has hi i g ' Avier Sis ernf the
remar ked 6# Qgﬂnﬁﬁﬂgﬂé%%lgdéﬁ\@ & %EH?, tﬁﬁgs“%rgﬁ@gfrﬂ 90@1 “3'1@9 en‘ﬁ gﬁg]?ﬁglltl tzﬂ&gieozls' iIﬁy
anong ei ght upper and |ower, left and right and oblique eight pixels of the
sur r oundi rsgichi case ssinge Tieasipy ioftieolatesl dets daor bér sethtaclaaw malneat the priser
wherein the two gradation data of the remarked pixel and the surroundi ng

pi xel s ar L& eac . I WEIR P density,
wher eby vgqgﬂg?ﬁ? 1% 8%%@% e%t%ﬁ(ﬁ{lﬂ%@gﬁlﬁﬁéﬁﬁ%@hg% i/g]%%gﬁ\%ﬁ %gislﬁgf upper
and lower, and left and right four pixels of the surroundi ng pi xels have

| ow density, thetrthe computer devicerl), omhemanatrixi Dother tdreervat daffasionHie
remarked pi xel to be the m ninmumvalue or value in the vicinity of the

Fepr esent At Bn iR ng gTERIPhAE R s R Bl PR YR R B, o

conpri si ng: a multi val ue conversion step of converting data of two
gr adat i onsinofuch a ease, keacoilgasity af suecasalver dobs| is iperadted oo beraighatrthet he
three gradations or nore on the basis of data of pixels around the remarked

pi xel ; an i1AQ r 3N I J the data
B i ¢ | 2 Ry R B R o
as set forth in claim9, wherein values that the remarked pixel should

take, whi cqpused babediigh, data of the surroundi ng pi xels, are set in advance

in a table where values in which two gradation data (0, 1) of plural n (n

5 1R, O LKEROREEERD, il i b ol SRS EPS TR prror o
image. Particularly, in the case of ink jet printer, since ink quantity of the edge
portion can be reduced by changing the level, it becomes possible to reduce
blurring between colors and blurring onto paper.

At the printer 20, since level can be changed in accordance with the
number of dots printed onto pixels around the remarked pixel, conversion into
low level can be made at low gradation where dots are thinly printed, and
conversion into high level can be made at high gradation where dots are
printed large ﬁumber of times at the peripheral portions.

A practical example of the printer 20 will be explained below.

First, there is mentioned ink jet printer using line head in which a

large number of nozzles are arranged in a direction perpendicular to paper

feed direction when recording paper of A4 size is printed in the longitudinal



of n figures and two gradation data (0, 1) of the remarked pixel are taken
as paraneter, whereby reference is nmade to this table at the nufti val ue
conversion step to thereby convert two3gradation data into nufti-gradation
data. 11 The print nethod as set forth in claim9 or 10, wherein the two
gradation data of the remarked pixel and the surroundi ng pixels are
conpared with each other to represent high density/low density, whereby
when val ue of the remarked pixel has high density and val ues of all of

sur roundi e xel density, value of the remarked pixel is
convertedqgﬁﬁ%ﬁﬁh%;ﬁﬁﬁf%%ﬁ¥balue or value in the vicinity of the m ni num
value at the nufti value conversion step. 12 The print method as set forth
inclaim9 or 10Aswhewaiin Figs. ﬂﬁm@ré&a&u%mlﬁﬁtaprmtet AB0 comapuises plinel and
t he surrounding pixels are conpared with each other to represent high
density/|l enght: | Ue: o whifie d I %6l S 4kik.gh
density a%aga%‘%s‘}ﬁé’}‘@?éel?%@@?ﬁ?ﬁ‘ﬁd‘?ﬁb&pi‘@g gé %ghﬁggg aﬁeﬁg#] e(r:]ﬁ;i:vt@ Y,

val ue of the remarked pixel is converted into the nmaxi numvalue or value in
t he vi ci nielgment twibickadiseharges! deopdetsnof tinkgraadahnvingarecording range; aifue
conver si on step. a 52 13 The print method as set forth in claim9 or 10,
wherein t ‘] t # } I i ng
pi xel s argﬁ%%ﬁgﬁggsd&??ﬂpSg%hsggﬁgkpgﬁaﬁggﬁéﬁgﬁﬁﬁﬁﬁgﬁﬁgghgﬁﬁﬁ o&ﬁgggsity,
wher eby when val ue _of the remarked pixel has high density and val ues of
upper and Sooedlied aRNMef (Pulpel Nuymbes uMedidating) psxees atduch aper forgs
density, value of the remarked pixel is converted into the maxi mnum val ue or
vatue in tigduidtioh ot dfindiBfafi delbity VRIdee bf thE\irbell GaidpRts U ihkeremul ti
val ue conversion step. 14 The print hethod &as set forth in"claim9 or 10,
wherein the two gradation data of the remarked pixel and the surroundi ng
pi xel s ar dSdabsheigd thatthenumbenet diaplets praded with gespgehta { ot dnsetdRsi ty,
whereby the value of the remarked pixel is the high density side and the

sur roundi ngght 1l 4 tAE tnBlihdifth pREOnecolPPRIr explard6RY in thef éasend right and
obl i que pixéls i'ncluding the remarked pixel and their values are val ue at

Fomar ked pi el 1 LREaHsdPk BHnTert 190 FoCR¥SRAniSHPe il dBe onyIHUFRtioN TBABBIERC ity
of the mninmumvalue of nulti-gradation at the nulti val ue conversion step.
15 The prilite WeaddR00% paper fetihunio 1802ianpdpeprdeliVery unit 140, a paper tray

150 and an electric circuit unit 160, etc. are disposed within a casing 100.

The casing 100 is formed so as to take parallelepiped shape, wherein a

paper eject hole 111 for paper P is provided at one end terminal side surface

and a tray exit/entrance 112 for the paper tray 150 is provided at the other end

side. The line head 120 comprises head portions corresponding to four colors

of CMYK (cyan, magenta, yellow, black), wherein an ink discharge portion

which discharges ink droplets is disposed at the end side upper portion of the

paper eject hole 111 side in such a manner directed downwardly.

Namely, as described later, this line head 120 is caused to be of the

configuration in which four (in this case) ink discharge means in long form



f' 53 wherein the two gradation data of the remarked pixel and the
surroundi ng pixels are conpared with each other to represent high
density/l ow density, whereby when the galue of the remarked pixel has high
density, value of the remarked pixel is set in accordance with the nunber
of pixels having high density of upper and |lower, left and right and
obl i que ei ght pixels of the surrounding pixels at the nufti-gradation
conversion step. 16 The print nmethod as set forth in claim9 or 10, wherein

h ' i I
compar sd LR (a8 {ORA ey AL PRI CoRIE S AMEbRR RIS AR, D ©1 ¢

when val ue of the remarked pixel has high density, and values of upper and
| ower and feest direetion D§papenur pixel s of the surrounding pixels have | ow
density, value of the remarked pixel is set to the m ninumval ue or val ue

in the vicinityof S Tbid THiY aySrr@)‘nsE?%JSHHe}'feé’cP Hide" $3 e;gazje?’feé&ep 17

A printer adapte f recel Vi ng I 'mage rans er’r hrou
transfer nmeans to performprint operation in conformty with the data, the

printer coobenssid?y:13duntpapenifesd motorl 34 opuliexsnt3 s, dr3ﬁ:@nddr€t1tsnlg37ddt3§ of two

gradati ons of a remarked pi xel which has been transferred through the

transfer 4s diBFSRd ttﬁeﬁfgfgé’quc Hvlrelg ﬂé’&id Bf 'tl'?é’?'dgéf‘ﬁ]e F'h%fe%

gradatlons or m)re on data o pi xe s aro renmar
pi xel ; and, recordi ng head neans faor performng print_operation based on

data of mside. Ther paperifead iguade R8¢ imformed sowps tootakerfatgplateeshape, and e

printer as set forth in claim 17, V\/nereln val ues that the remarked pi xel

shoul d t alggsnoaBiCh ﬁ{eemglﬁau@euaﬁra Réa€120 Wity %ef)red@ céfygege in a

tabl e where values In two gra atlon ata (0, 1) ura n(nis

integer of 3 or nore) around the remarked pixel are assi gned to respectlve
digits of SBﬂﬁ&gyThﬁrﬁ@éPeQSWenpﬂpeglfﬁ@@ rgHerst b2, gh3ake epmpaised of a paiy off t he
remar ked pi xel are taken as paraneter, whereby the nulti val ue conversion

means makeslieRl WhRESrd B Sdtitict theeddh other, and are disposed at both sides of
the paper feed guide 131, i.e., the tray exit/entrance 112 side and the paper
eject hole 111 side. The paper feed motor 134 is disposed at the lower portion
of the paper feed guide 131, and is connected to the respective paper feed
rollers 132, 133 through pulleys 135, 136 and belts 137, 138.

The paper delivery unit 140 comprises a paper delivery roller 141, a
paper delivery motor 142 and gears 143, and is disposed at the tray
exit/entrance 112 side with respect to the paper feed unit 130. The paper
delivery roller 141 is formed so as to take substantially semi-cylindrical shape,
and is disposed in the state close to the paper feed roller 132 of the tray
exit/entrance 112 side. The paper delivery motor 142 is disposed above the
paper delivery roller 141, and is connected to the paper delivery roller 141

through the gears 143.



t hereby convert two gradation data into nufti-gradation data. 19 A print
net hod .applied to a printer adapted for receiving data based on i mage which
has been transferred through transfer mans to performprint operation in
conformty with the data, the print nethod conprising: a nmufti val ue
conversion step of converting data of two gradations of a remarked pixel

whi ch has been transferred through the transfer neans into 55 data of

muf ti-gradation including three gradations or nore on the basis of data of

pi xel s around t I50Ek ; [ r ' print
operation basedhg}rl\é ?ﬁéﬁgg}éqg?ﬁrsmf ti ggfbgd%f%%k??ooo?né fﬁﬁaﬁrr%% tfh\%g%g&s
conversion_step. 20 The print nethod as set forth in_claim19, wherein

val ues t hak ofhe-& eftdr #2d conlheeactsumedatadein the statenwdiene pherabpapexsaares
surroundi ng pi xels, are set in advance in a table where values in which two
gradati on i I BShaldt r ; : t he
remar ked péiig(télleecg%h%ﬂsslsr?ér@?% ghpgglggcﬂt%sg%lﬂdl?%?tsﬁ g@%?%éﬁfﬁlggg%g% en
figures and two gradation data (O, 1 ) of the remarked pixel are taken as
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delivery roller 141. When print start signal is given, the paper delivery roller
141 is rotated by drive of the paper delivery motor 142 to send out one paper
P from the paper tray 150 to the paper feed roller 132. Subsequently,
respective paper feed rollers 132, 133 are rotated by drive of the paper feed
motor 134. As a result, the paper feed roller 132 sends out the paper P which
has been sent out to the paper feed guide 131. Thus, the line head 120
becomes operative at a predetermined timing in accordance with data to be

printed to discharge droplets of ink from the ink discharge portion to get down

them onto the paper P to record characters or images consisting of dots, etc.
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position of the line head 120 and paper feed of the recording paper P.

The system controller 164 controls the printer side data processing
section 161, the head controller 162, and the head position and paper feed
controller 163.

Then, the detail of the line head 120 will be explained by using Figs.
50 to 54.

The line head 120 comprises a head chip module 201a and a relay
board 201b of which structures are shown in Fig. 54. First, the head chip
module 201a will be explained below. In this case, Fig. 50 is an exploded
perspective view of thé head chip module 201a.

The head chip module 201a comprises, as shown in Figs. 50 and 51, a
nozzle formation member 202 formed so as to take substantially flat plate
shape, which constitutes ink discharge surface.

At the nozzle formation member 202, there are formed a large number
of ink discharge nozzles 203. In this example, several hundreds of ink
discharge nozzles 203 are respectively formed in line at positions where head
chips which will be described later are disposed. The nozzle formation

member 202 is formed so as to take sheet shape having thickness of about

15um to 20um by using various electro-casting technologies with, e.g., nickel
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The head frame 204 is adapted so that, e.g., three beam members 204b
are equidistantly bridged across short sides of an outer frame 204a caused to
have rectangular shape, and the outer frame 204a and the beam members 204b
are integrally formed. Namely, at the head frame 204, four rectangular spaces
205 in which the outer frame 204a is separated by the beam members 204b are
constituted in parallel. Here, in the case where the head chip module 201a is
used for line head 120 which simultaneously prints one line with respect to
paper, the length of the space 205 is caused to be nearly equal to the length of
one line printed at the same time. For example, in the case where the head
chip module 201a is used for line head 120 which performs printing onto
paper of A4 size in longitudinal direction, the length of the space 205 is
caused to be the length corresponding to lateral width of paper of A4 size, i.e.,
about 21 cm.

This head frame 204 may be formed by, e.g., silicon nitride, or may be
formed by alumina, mullite, alimunum nitride, ceramic metal such as silicon
carbide, etc. In addition, the head frarﬁe_ 204 may be formed by glass material

such as quartz (Si0,), etc., or metallic material such as invarsteel, etc.
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rigidity sufficient to support the nozzle formation member 202. The head
frame 204 and the nozzle formation member 202 are stuck to each other by,
e.g., heat hardening type sheet-shaped adhesive agent.

At the nozzle formation member 202, there are disposed a large
number of head chips 206. As shown in Fig. 52, the head chip 206 is adapted
so that plural heat resistors 208 are formed, by various thin film formation
technologies, on the principal surface of a base (substrate) 207 formed by, e.g.,
silicon, etc. This heat resistor 208 is caused to be of square shape in which one
side is, e.g., about 18 um.

On the base 207, a barrier layer 210 constituting the wall portion of an
ink pressure application chamber 209 is laminated on the surface where the
heat resistors 208 have been formed. The barrier layer 210 is formed by, e.g.,
dry film resist having light hardening property, and is formed as the result of
the fact that after the resist is laminated on the entire surface of the base 207,
unnecessary portions are removed by the photilithographic process. This
barrier layer 210 is caused to have thickness of about 12 yum, and width of
each ink pressure application chamber 204 is caused to be about 25 pm.

Here, when the case where the head chip module 201a according to
this example is used in the state mounted on line head having resolution 600

dpi which prints paper of A4 size in longitudinal direction is assumed, the
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number of ink discharge nozzles 203 corresponding to one chip 206 becomes
equal to about 310. It is to be noted that the numbers and sizes of respective
components are indicated in exaggerated or omitted manner for convenience
of explanation in Figs. 50 and 51.

At the head chip module 201a, flow path plates 212 are attached to
respective spaces 205 formed at the head frame 204 with respect to the nozzle
formation member 202 where the head chip 202 is disposed.

As the flow path plate 212, there are four flow path plates in
correspondence with respective colors of inks. The flow path plate 212 is
formed by material having sufficient rigidity and ink resistance characteristic.
The flow formation plate 212 is adapted so that a chamber portion 213 fitted
into the space 205 of the head frame 204 and a flange portion 214 formed in a
manner projected toward one end portion of the chamber portion 213 are
integrally formed.

The A-A’ cross section in Fig. 51 is shown in Fig. 53. The head chip
module 201a will be further explained by using Figs. 51 and 53. The flange

portion 214 is formed in a manner to take plane shape larger than plane shape



36@0%& ()- 3Y4s!10%& ()- 31s!10%& ()- f/&10%& ()- AAA>BBBBG K- KY
' 10908 ()- L10%0& ()-s! 10%0& ()-F s! 1090& ()- s!10%0& ()- Ss! 10%0& ()-
S910%8’ () - CeCCC; DDD#EI K- K% | 10%08’ () - 34! 10908 ()- t!10%08’ () -
Tt1109%08 ()- ! 10908 ()- s!109%0& ()- | 10%0& ()- #E- EQEEEBFFFi K- K6t ! 10908 () -
FAt1 10908 ()- 1t!109%0& ()- f/t!10%0& ()- ,t!10%0& ()- Y *' 10%& () -
(1090 ()-F O G GYGEG GyGG K6t ! 10%0% ()- s!10%&: ()- f!10% ()-
SMLO%&' () - M@10%&' () - 10010010099t ! 10%08' () - GGHbHHHI Wi K- KF : 109%&' () -

B0 oRSRAE 05 b Wi 04 PRyl OAUR Sl nadOide

1 1098 ()- ss!10%& ()- PKKK. L?LLLLLI UK-!109%&' ()-101010Y L9' 109%&' () -
6s10%& () 2184hboekin Fig. ﬂll@p&e(d)tofmbm%&u@acemﬂ.themidd oppasite @1thegidd ) -
“10%& ()- 3Y M10%& ()- 3 “110%& ()- f !10%g& ()-

1999 ) SR s O PR WSSl Mg b

O#PoPPP( QnQQ K- K3Y4s10%g8& () -
sides of the space 215, there is formed a cut recessed portion 216 shown in

Figs. 51 and 53 for the purpose of positioning the head chip 206 in a manner
communicating with the space 215. In addition, at the flange portion 214, an
ink supply tube 217 is projected from the surface of the side opposite to the
surface where the chamber portion 213 is extended. This ink supply tube 217
communicates with the space 215.

The flow path plate 212 is connected to the head frame 204 in the state
where the chamber portion 213 is fitted into the space 205 of the head frame
204, and the flange portion 214 is in contact with the beam portion 204b of
the head frame 204. The head chip 206 disposed at the nozzle formation
member 202 is positioned within the cut recessed portion 216 formed at the
chamber portion 213 of the flow path plate 212, and is bonded to the chamber
portion 213.

Thus, closed space surrounded by the chamber portion 213 of the flow
path plate 212 and the nozzle formation mémber 202 is formed. This closed
space communicates with the external through only the ink supply tube 217
and the ink discharge nozzle 203. Within the closed space, ink flow paths 218

are formed at the portions between rows of head chip 206 in such a manner
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respectively connected to ink tanks (not shown) where inks of color different

from each other are contained. Thus, inks are filled within the respective ink

flow paths 218 and the ink pressure application chamber 209.

In the head chip module 201a constituted as described above, in

performing printing with respect to paper, current pulses are delivered for a

short time period, e.g., about 1 to 3 micro seconds with respect to the selected

heat resistor 208 by command from the head controller 162 (see Fig. 49). As a

result, this heat resistor 208 is rapidly heated. Thus, ink bubbles take place at

the portion in contact with the heat resistor 208. By expansion/contraction of

the ink bubbles, ink droplets are discharged from the ink discharge nozzle 203,

and are attached onto paper. In addition, ink is supplemented, through the ink

flow path 218, within the ink pressure application chamber 209 from which

ink droplets have been discharged. In a manner as described above, printing

with respect to paper is performed.

It is to be noted that while heat element is used as drive element for

discharging ink from the nozzle in the line head 120, piezo-electric element
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represented by piezo element may be used to discharge ink from the nozzle. A
practical example of line head 120’ using piezo-electric element will be
described below by using Figs. 55 to 57.

Fig. 55 shows a perspective cross sectional structure of the line head
120°, Fig. 56 shows a cross sectional structure when the line head 120’ in Fig.
55 is viewed from direction indicated by arrow Z in Fig. 55, and Fig. 57
shows a cross sectional structure when the line head 120’ in Fig. 55 is viewed
from the direction indicated by arrow W in Fig. 55. As shown in these figures,
the line head 120’ is caused to be of the configuration comprising a thin
nozzle plate 121, a flow path plate 122 laminated on the nozzle plate 121, and
a vibration plate 123 laminated on the flow path plate 122. These respective
plates are stuck to each other by, e.g., adhesive agent (not shown).

At the upper surface side of the flow path plate 122, there are
selectively formed recessed portions. By these recessed portions and the
vibration plate 123, plural ink chambers 124 and a common flow path 125
communicating with these ink chambers are constituted. The communicating
portion where the common flow path 125 and the respective ink chambers 124
communicate with each other is narrow. There is employed structure such that
the flow path width becomes broader in accordance with shift toward the
direction of respective ink chambers 124 from the communicating portion. On

vibration plates 123 immediately above the respective ink chambers 124,
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fixed. On respective piezo-electric elements 126, electrodes (not shown) are
respectively laminated and arranged. By applying a drive signal from the head
controller 162 to these electrodes, it is possible to bend respective
piezo-electric elements, vibration plates in its turn, in the direction indicated
by arrow E in Fig. 57 to increase (expand) or decrease (contract) capacity of
the ink chamber 124.

The portion of the side opposite to the side communicating with the
common flow path 125 at respective ink chambers 124 has the structure in
which the flow path width gradually becomes narrow as shown in Fig. 55. At
the flow path plate 122 of the terminating portion thereof, there is provided a
flow path hole 127. As shown in Fig. 56, this flow path hole 127
communicates with a very small nozzle 128 formed at the nozzle plate 121 of
the lowermost layer so that ink droplets are discharged from the nozzle 128.
At the line head 120, as shown in Fig. 55, there are formed plural nozzles 128
in line equidistantly along the direction X perpendicular to the paper feed
direction Y of recording paper P.

The common flow path 125 communicates with an ink cartridge 120a
(see Fig. 49). Further, ink is delivered from the ink cartridge 120a to
respective ink chambers 124 via the common flow path 125. While this suply

of ink can be performed by making use of the capillary phenomenon, a
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Then, another practical example of the printer 20 will be explained.
Here, ink jet printer using print head reciprocating in the main
scanning direction is mentioned as the print head.
This jet printer 170 comprises, as shown in Fig. 58, print heads 171k,
171¢, 171y, 171y which respectively discharge inks of black (K), cyan (C),
magenta (M), yellow (Y), a cartridge unit 173 to which the print heads 171,
171¢, 171y, 171y are attached and serving to move these print heads 171k,
171¢, 171y, 171y in the main scanning direction, a flexible printed board 174
which supplies a drive signal for driving the print heads 171k, 171¢, 171y,
171y, a guide rail 175 for guiding the cartridge unit 173, and a group of ink
tanks 177 for supplying ink to respective print heads through the ink supply
pipe 176.
The group of ink tanks 177 supply inks of black (K), cyan (C),
magenta (M), yellow (Y) to respective print heads through the ink supply pipe
176. The print heads 171¢, 171¢, 171y, 171y are print heads of the ink jet
type using, e.g., piezo element or heat element. In order to perform high speed
print, plural nozzles which discharge ink are provided similarly to the line

head 120 shown in Figs 55 to 57. These print heads 171k, 171¢, 171y, 171y

respectively selectively discharge, onto recording paper P, inks of black (K),



f/8&10%& ()- 3-10%& ()- *!10%& ()-/0125m0i K3L9! 10%<&' ()- 10%08& ()-F
s! 10908 ()-  MLO%OE ()- S10%0& ()- , &LO%O&' () - 10<10<10<9~K<i K- K
SI10%08' ()- ~s!10%0& ()- S!10%0& ()- Y J0%0& () - 10%08 ()- s!10%0& ()-
&MLOYOS () - <-{hiK-K1'110%08& ()- f/!110%8& ()- ,t!10%08& ()- *!10%0& ()-
(s! 10908 ()- Y%! 10908 ()- @ ! 10%08 ()- hOPQRUI K1 ! 10908 ()- S ! 10%&' ()-
S910%& () - 10010010009t ! 10%0% () - 6t! 10%0& () - YAt! 109%0& ()- ?][i K-KI
10%<& ()-10%& ()- t110%e& ()- | 810%& ()- 10%& ()- F “110%& ()-

1109 & / K- Kt ! 109% | <& %.! 109 109%<&' -
1 Tovee ¢ Jvan {Ghoubeents (Mo Wellaw | ah b besin Woftiyshiianh dehivered )
6 110%& ()- F4' Ilo%& ()- Y 1' 10%& () - f/10%& ()

" 110%<& (throwgt} th7floxibfe phiaced boarsl I éﬁforxh Qffegation. F 109%& () -
f-10%0& ()-  L10%8& () - 10<#Ppi K- 71 #1098 () - s! %0& ()- ss!10%& ()-

| 0 - |
st10%& () s 1 %e(lzmds of 11}1( jet prgl)nters have been mentioned above as practical

example and other practical example of the printer 20. In the ink jet printer,
blurring, etc. may take place at edge portion of charcter, etc. in dependency
upon the characteristic of paper. However, in accordance with the printer 20,
since level of the edge portion can be lowered, it is possible to eliminate
blurring. Namely, the present invention is effective when applied to the ink jet
printer.

It is to be noted that while the example where binary data is converted
into quinary or sexenary data at the multi-value conversion unit 23 of the
printer has been mentioned, it is possible to convert binary data into
multi-valued data such as trinary, quartary (4-ary), and septary (7-ary) or more
data in conformity with ability of the printer 20.

Moreover, value of multi-value conversion may be selected in
conformity with the characteristic of recording paper. Further, there may be
employed print system capable of performing both processing from binary
data to multi-valued data shown in Fig. 45 and the conventional processing
shown in Fig. 46 and adapted to selectively perform either one of them by
instruction of user.

While eight pixels positioned in upper and lower directions, in left and
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accompanying drawings and described in the above description in detail, it
should be understood by those ordinarily skilled in the art that the invention is
not limited to embodiments, but various modifications, alternative
constructions or equivalents can be implemented without departing from the
scope and spirit of the present invention as set forth and defined by appended

claims.

Industrial Applicability

In the printer and the print method according to the present invention,
conversion into data of multi-gradation including three gradations or more is
performed on the basis of data of pixels around the remarked pixel at the time
of print operation with respect to data of two gradations per one pixel.
Accordingly, it is possible to obtain printed matter of high picture quality from
print data which has been transferred in the state changed into 1 bit for the
purpose of shortening data transfer time.

The print system according to the present invention converts
multi-valued data into binary data to transfer it to printer to convert binary
data into multi-valued data by using table at the printer. Accordingly, it is
possible to perform data transfer in the state where data quantities of

respective pixels are caused to have 1 bit to obtain printed matter of high
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to undergo data transfer.
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the printer comprising:

multi-value conversion means for converting data of two gradations of
a remarked pixel into data of multi-gradation including the three gradations or
more on the basis of data of pixels around the remarked pixel; and

recording head means for performing print operation based on the data

of multi-gradation from the multi-value conversion means.

2 The printer as set forth in claim 1,

wherein values that remarked pixel should take, which is based on
data of surrounding pixels, are set in advance in a table where values in which
two gradation data (0, 1) of plural n (n is integer of 3 or more) around the
remarked pixel are assigned to respective digits of binary number of n figures
and two gradation data (0, 1) of the remarked pixel are taken as parameter,
whereby the multi-value conversion means makes reference to this table to

thereby convert two gradation data into multi-gradation data.

3 The printer as set forth in claim 1 or 2,

wherein the two gradation data of the remarked pixel and the
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conversion means allows value of the remarked pixel to be the minimum

value or value in the vicinity of the minimum value of multi-gradation.

4 The printer as set forth in claim 1 or 2,

wherein the two gradation data of the remarked pixel and the
surrounding pixels are compared with each other to represent high density/low
density, whereby when value of the remarked pixel has high density and
values of all of the surrounding pixels have high density, the multi-value
conversion means allows the value of the remarked pixel to be the maximum

value or value in the vicinity of the maximum value of multi-gradation.

5 The printer as set forth in claim 1 or 2,

wherein the two gradation data of the remarked pixel and the
sunounding pixels are compared with each other to represent high density/low
density, whereby when the value of the remarked pixel and values of upper
and lower, and left and right surrounding pixels also have high density, the
multi-value conversion means allows the value of the remarked pixel to be the

maximum value or value in the vicinity of the maximum value of
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6 The printer as set forth in claim 1 or 2,
wherein the two gradation data of the remarked pixel and the

surrounding pixels are compared with each other to represent high density/low
density, whereby when value of the remarked pixel is high density side, and
the surrounding pixels thereof are either one of upper and lower, left and right
and oblique pixels including the remarked pixel and their values are value at
the boundary between high density area and low density area, the multi-value
conversion means allows the value of the remarked pixel to be minimum

value or value in the vicinity of the minimum value of multi-gradation.

7 The printer as set forth in claim 1 or 2,

wherein the two gradation data of the remarked pixel and the
surrounding pixels are compared with each other to represent high density/low
density, whereby when value of the remarked pixel has high density, the
multi-value conversion means sets value of the remarked pixel in accordance
with the number of pixels of high density among eight upper and lower, left

and right and oblique eight pixels of the surrounding pixels.

8 The printer as set forth in claim 1 or 2,
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upper and lower, and left and right four pixels of the surrounding pixels have
low density, the multi~value conversion means allows the value of the

remarked pixel to be the minimum value or value in the vicinity of the

minimum value.

9 A print method applied to a printer which can make representation of
three gradations or more by one pixel,

the print method comprising:

a multi-value conversion step of converting data of two gradations of
a remarked pixel into data of multi-gradation including the three gradations or
more on the basis of data of pixels around the remarked pixel; and

a recording step of performing print operation based on the data of

‘multi-gradation from the multi-value conversion step.

10 The print method as set forth in claim 9,
wherein values that the remarked pixel should take, which is based on
data of the surrounding pixels, are set in advance in a table where values in

which two gradation data (0, 1) of plural n (n is integer of three or more)
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conversion step to thereby convert two gradation data into multi-gradation

data.

11 The print method as set forth in claim 9 or 10,

wherein the two gradation data of the remarked pixel and the
surrounding pixels are compared with each other to represent high density/low
density, whereby when value of the remarked pixel has high density and
values of all of surrounding pixels have low density, value of the remarked
pixel is converted into the minimum value or value in the vicinity of the

minimum value at the multi-value conversion step.

12 The print method as set forth in claim 9 or 10,

wherein the two gradation data of the remarked pixel and the
surrounding pixels are compared with each other to represent high density/low
density, whereby when value of the remarked pixel has high density and
values of all of surrounding pixels also have high density, value of the
remarked pixel is converted into the maximum value or value in the vicinity

of the maximum value of multi-gradation at the multi-value conversion step.
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v 10 () wherein the two gradation data of the remarked pixel and the

surrounding pixels are compared with each other to represent high density/low
density, whereby when value of the remarked pixel has high density and
values of upper and lower, and left and right surrounding pixels also have high
density, value of the remarked pixel is converted into the maximum value or
value in the vicinity of the maximum value of multi-gradation at the

multi-value conversion step.

14 The print method as set forth in claim 9 or 10,
wherein the two gradation data of the remarked pixel and the

surrounding pixels are compared with each other to represent high density/low
density, whereby the value of the remarked pixel is the high density side and
the surrounding pixels are either one of upper and lower, left and right and
oblique pixels including the remarked pixel and their values are value at the
boundary between high density area and low density area, value of the
remarked pixel is converted into the minimum value or value in the vicinity of

the minimum value of multi-gradation at the multi-value conversion step.

15 The print method as set forth in claim 9 or 10,
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of the remarked pixel is set in accordance with the number of pixels having
high density of upper and lower, left and right and oblique eight pixels of the

surrounding pixels at the multi-gradation conversion step.

16 The print method as set forth in claim 9 or 10,

wherein the two gradation data of the remarked pixel and the
surrounding pixels are compared with each other to represent high density/low
density, whereby when value of the remarked pixel has high density, and
values of upper and lower and left and right four pixels of the surrounding
pixels have low density, value of the remarked pixel is set to the minimum
value or value in the vicinity of the minimum value at the multi-value

conversion step.

17 A printer adapted for receiving data based on image transferred
through transfer means to perform print operation in conformity with the data,
the printer comprising:
multi-value conversion means for converting data of two

gradations of a remarked pixel which has been transferred through the transfer
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18 The printer as set forth in claim 17,
wherein values that the remarked pixel should take, which are based
on
surrounding pixels, are set in advance in a table where values in which two
gradation data (0, 1) of plural n (n is integer of 3 or more) around the
remarked pixel are assigned to respective digits of binary number of n figures
and two gradation data (0, 1) of the remarked pixel are taken as parameter,

whereby the multi-value conversion means makes reference to this table to

thereby convert two gradation data into multi-gradation data.

19 A print method applied to a printer adapted for receiving data based
on image which has been transferred through transfer means to perform print
operation in conformity with the data,

the print method comprising:

a multi-value conversion step of converting data of two gradations of

a remarked pixel which has been transferred through the transfer means into
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wherein values that the remarked value should take, which are based
on
data of surrounding pixels, are set in advance in a table where values in which
two gradation data (0, 1) of plural n (n is integer of 3 or more) around the
remarked pixel are assigned to respective digits of binary number of n figures
and two gradation data (0, 1) of the remarked pixel are taken as parameter to
make reference to this table at the multi-value conversion step to thereby

convert two gradation data into multi-gradation data.

21 A print system adapted for transferring data based on image to a
printer through transfer means to perform print operation in conformity with
the data at the printer,

wherein the image is caused to be data of two gradations per one
pixel, and is then transferred to the printer through the transfer means, and

wherein the printer converts data of two gradations of a remarked



