1 DESCRI PTION Printer, Printing Method, and Printing Systeggﬁ%@ 2006
Technical Field The present invention relates to a printer 5gﬁﬁpint

met hod which have multi-valued representation ability per one pixel, and
relates to a printer, a print nethod and a print system which can obtain
printed matter of high picture quality by less data quantity. This
application clains priority of Japanese Patent Application No.

2001- 356527, filed on Novenber, 2001, the entirety of which is incorporated

herein. Background Art Picture gwrRRCRYPPIORrinted result (printed matter)
required for printer beconmes high year by year, and realization of high

resolution and realizatjon_ .of. | ti-valu dat a are advanced in accordance
therewith. On the ot Pé%gﬁﬂptlﬁghggﬁénmi&@tmﬁeﬁéﬁ@? print data becones
vast nore and nore. For exanple, data quantity of A4 full size 600dpi CWMYK
(cyan, magenta, yellow, black) respective pixel 8 bit becones equal to as
far as about 140 MB. Under such ¢ircunstances, it takes nuch timein data

gr;nsferTecmic\all%%ﬁf t he above, conpression is inplenmented to such data, or

The present invention relates to a printer and a print method which
have multi-valued representation ability per one pixel, and relates to a printer,
a print method and a print system whiéh can obtain printed maﬁer of high
picture quality by less data quantity.

This application claims priority of Japanese Patent Application No.
2001-356527, filed on November, 2001, the entirety of which is incorporated

herein.

Background Art

Picture qt;ality 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, ﬁagenta, yellow, black) respective pixel 8 bit becomes equﬁl 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




22 May 2006 bits are changed into 4 bits or 3 bits to therﬁg)sf\érggdb e data
quantity. However, even if data quantzity is halved by conp = nd is
further changed into 3 bits so that it beconmes equal to 3/8, there still
exists data quantity of about 26 MB. As a result, it took nmuch tine in
data transfer. In view of the above, when respective pixels are caused to
be changed into 1 bit so that data quantity is further hal ved by
conpression, data quantity is held down to about 9 MB. Accordingly, it is

possi bl &ifscurs Rhnhged Hab A BitPoss Bits thitheredQWadE& ézﬁhigﬁfaﬁﬁ ry degree.
However, since respective pixels are repfesented by bindry nunber, it

beconmes difficult to obtaj rinted matter of high picture quality.
Di scl osure of i—fqygex(qvgyﬁq Hﬁaﬁaﬂw@aﬁ@%ﬁw SOFRYCIHY ARG 1S 1BIRGt er whi ch
can obtain printed matter of high picture quality fromprint data which

has beewchtnges figto 8dbits sbhthat St deeorftanafehli ot 8/8] thefe (81 &Histspgsmose of
shortening data transfer tinme. Exanple enbodi nents may provide a print

met hod qf obt ai pin inted matter . hi gh picture,quality fromprint data
transm ﬁpgﬁgb’n‘) %%&Et%%ﬁ%'vﬁ%%eﬂﬁﬁég peh tmae H]a@l%@gmt Pe 1 bit for the
purpose of shortening data transfer tine. A further object of the present
invention is fovigwofdee abmé,mhaysémﬁmgml@afd@am&ddatb@ dHampgtier in the
state where data quantities of respective

into 1 bit so that data quantity is further halved by compression, data quantity

is held down to about 9 MB. Accordingly, it is possible to shorten data transfer

time down to satisfactory degree. However, since respective pixels are

represented by binary number, it becomes difficult to obtain printed matter of

high picture quality.

Disclosure of the Invention

Example embodiments may provide a printer which can obtain printed
matter of high pic‘;ure quality from print data which has been transferred in the
state changed into 1 bit for the purpose of shortening data transfer time.

Example embodiments may 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 ﬁme.

A further object of the present invention is to provide a print system

which performs data transfer in the state where data quantities of respective




22 May 2006 to be 1 bit, and which can obtain printed nat&g&@agﬁgt%h
picture quality from data of 1 bit respective pixels “cHR been
caused to undergo data transfer. According to a first aspect of the
present invention, there is provided a printer which can nake
representation of three gradations or nore by one pixel, the printer
conprising: multi-value conversion nmeans for converting data of two
“gradations of a remarked pixel into data of multi-gradation including the

three grtadss il i and whitdtecam oblfininehted Ghatiat of B homé%% EAHYbRE
remar ked pi xel; and recordi ng head neans for perfgor ng print”operation
based on, t he ta f multi-gradatiqn fromthe multi-value conversion
neans. I(:]ﬁ‘ttft1 ﬁ’éd EHIEPSF?SRFQEWSSPW wWipeh hayg hesn srysed tenyndargo dali ch may
be based on data of surrounding pixels, may be set in advance in a table
where ednsés.in which two gradation data (0, 1) of plural n (n is integer
of three or nore) pixels around the remarked pi'xel may be assigned to .
respective digjt of binary number. of n figures and _two .gradation data (O,
1). of the rengji’%z)admﬁi@é"l ﬁF%)?SB‘gé)‘Ioiﬁgﬁ PLeseh IO, th%égpf%ldﬁﬂlat i -val ue
conversion neans may neke reference to this table to thereby convert two
gradat i guirdest avtiich @anmulake-@packentaivrdaf ahrdeopradeaionk cor tors By omed ei ght
pi xel s positioned in upper and lower directions, in left and right

directi f)?fela”d in oblique direction of the

the printer comprising:

muiti-value conversion means for converting data of two gradations of
a remarked pixel into data of multi—gra&ation mcluding 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.

In the printer, values that the remarked pixel may take, which may be
based on data of surrounding pixels, may be 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 may be assigned to respective digits'
of binary number of n figures and two gradation data (0, 1) of the remarked
pixel may be taken as parameter. Thus, the multi-value conversion means may
make 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, in left and right directions and in oblique direction of the




4 22 May 2006 remarked pixel are caused to be pixels to beé nvert ed.
According to a second aspect of the pﬁ{cesent I nvention, ther §y2%60\,i ded a
print method applied to a printer whith can nake representation of three
‘gradations or nore by one pixel, the print nethod conprising: a nulti-val ue
conversion step of converting data of two gradations of a remarked pixel
into data of nmulti-gradation including the three gradations or nore on the
basi s of data of pixels around the renmarked pixel; and a recordi ng step of

per T or M3thapkeédpixed B A RRdNE HRiRBIs BbeARefleg. Ml 1 - gradation from the
mul ti-value conversion step. In e print nethod, values that the renmarked

pi xel may take, which may be based on data of surrounding pixels, may be
set in advanceé‘GGQrdingafp ed Sacond aspasssof rthahpisenivdnyeriden,i drerdatsa (0, 1)
of plural n (nis integer of 3 or nore) around the remarked pi xel nmay be

~ assi gnegrboidedsneghi metbDisslied to LAt vﬂ?ﬁ@ﬁ‘r’g&anqg%]l?? g%}gkééé?ﬁa@&gof Vo

gradation data (0, 1) of the remarked pixe ay n as paraneter to -
~make refgrence,to the tabl gyat t he |ti-value conversion step to thereby

convert W5 FALYIRISHT WLFE DY M6 ek i - gradati on data. For exanple, nis 8,
and 8 pixels positioned in the upper and |lower directions, in the left and

right directi d[@pﬁﬁﬂmeﬂl@;bb@m@ﬁsmgﬁect ion of the remarked pixel nmay be
assuned to be pixels to be converted.
a multi-value conversion step of converting data of two gradations of
a remarked pixelrinto data of multi—gradétion including the three gfadations 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.
In the print method, values that the remarked pixel may take, which
- may be based on data of surrounding pixels, may be 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 may be assigned to respective digits of
binary number of n figures and two gradation data (0, 1) of the remarked pixel
may be 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 may be assumed to be pixels to be converted.

According to a third aspect of the present invention, there is provided




According to a third aspect of the present invention, ther @Pé(ﬁ) | ded 5
22 May 2006 a printer adapted for rec&i vi ng data based on m Bnsferred
through transfer means to performprint operation in conformty with the
data, the printer conprising: multi-val ue conversion nmeans for converting
data of two gradations of a remarked pixel which has been transferred
through the transfer neans into data of nulti-gradation including three
gradations or nore on the basis of data of pixels around the remarked

pi xel !  ANDifeP liantd T8f BeAtd Uar BdLUMHAYRALO L ARFEAL BefiREd O

data of nmulti-gra atlonfro t1-val ue co n- means cordi ng
to a fourth aspect of t present invention, there is lLl)row ded a print
met hod appisfemeans tqpp pgnmaaap@aatmm@wﬁomm@waha ods@d on i mage

whi ch has been transferred through transfer neans to performprint

oper ati on |ntﬁ@@,§ﬁ>ﬁépédm Hkiot he data, the print nmethod conprising: a
mul ti -val ue conversi on step of” converting data of two gradations of a
remar ked pi xel V\Q h}has been transfe fJred t hrough the transfer nmeans into
data of nulti TBPEUEEUSTFAWETIER MRpaniles corversingoiala of tworgadatianseobasi s of

data of pixels around the remarked pixel; and a recording step of
per f or magerparket wiRe! atHioh has $Ren APadsieré@ B oRigh the transfer means into

data of multi-gradation including three gradations or more on the basis of data
of pixels around the remarked pixel; andr

recording head means for performing print operation based on data of
‘multi-gradation from the multi-value conversion means.

According to a fourth aspect of the present inventioh, there is provided
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
i 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
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 the data of

multi-gradation from the multi-value conversion step.




mul ti-gradation fromthe nulti-val ue conversion step. 6 22 Nay 2006

- According to a fifth aspect of the present invention, there22i1\§aﬁb K ded a
print system adapted for transferring data based on inmage to a printer
through transfer nmeans to performprint operation in conformty with the
data at the printer, wherein the inmage is caused to be data of two

gradati ons per one pixel, and is then transferred to the printer through
the transfer neans, and wherein the printer converts data of two gradations

of a remarked Apkxdind | %%1 3! | ;

gradati ons or rrgdr:égﬂg}lg ﬁ\gf&?agslpg:%?ﬂ édt%&(% pI ygﬁ@@ﬁ%ﬁ%ﬁ#@%@?&% ked
pixel. In.,this pr;ﬁé syséqeym val ues that the remarked pixel nay take, which
may be BHEESYSHBAdRPEM My transiaring datadased enyimagedota printenvthraugh n a
table where values in which two gradation data (0, 1) of plural n (nis

| nt eger tainskomeaR9Tte)pdforet prink ARFad L if RGP AR (HBUaBEAARRI gned to

respective digits of 'binary nunber of n figures ‘two gradati on data (0,_

1) of the.rtemar ked pixel nmay be taken as paraneter, whereby nulti-val ue
conver silBH'ffeans may make reference to the table to thereby convert two
gradation data into nulti-gradation data. In the print systemin

R LA TS 1 RS O Jht o G RARR R e P1
and is then transferred to the printer through the transfer means, and

wherein the 'printer converts déta of two gradations of a remarked
pixel into data of multi-gradation including three gradations or more on the
basis of data of pixels around the remarked pixel.

In this print system, values that the remarked pixel may take, which
may be based on data of surrounding pixels, may be 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) pixels around the remarked pixel may be assigned to respective digits
of binary number of n figures and two gradation data (0, 1) of the remarked
pixel may be taken as parameter, whereby multi-value conversion means may

| make reference to the table to thereby convert two gradation data into.
multi-gradation data.

In the print system 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 may be converted into CMYK data on the

computer device thereafter to convert it into binary (1 bit) data of respective




data, the recording i nage data may be converted into CWK %@%@ o%Jthe
conputer device thereafter to convert_it into binary (1 bit ¥ 2008
respective 7 22 May 2006 colors by using error diffusion nethod, etc. to
conpress this data or add other information thereto as occasion denmand to
send the data thus obtained to the printer. Further, in the nulti-value
recordabl e printer, conversion of binary -> nulti-value nmay be perforned
by dot arrangenent around pixels desired to be recorded to thereby permt

mul ti - vldiers'RE RSt b NGrorBYifiusi gfelﬂ? rdefat r@%ﬁ@% ' Ne] I mage is
data of - RGB rBr%gsple tivog coql!’?)irdsHJ bl?cg’,étg'utgh asﬁa&;ﬁgrdgfg%ﬁ{‘ alg&ril% afflja of CWYK
respect i,v}gp colors 1 bit. Accordingly, data quantity can be reduced to nuch
degr ee. IPrMai {oeketoias Qroeswimdemapd itntsend shadatntlng ehtaineask to theer e nay
result nulti-valued inmage in place of binary inmage. Accordingly, print

qual ity ppitepe extrenely inproved as conpared to sinple binary inage. In
the printer, in conversion of binary -* multi-value, values that remarked
pi xel- may tak ich may correspond to circunstances of surroundi ng

pi xel s, may b%%&g‘r:ilﬁ tgganélwm 1ecaEdaple priatgrpconyersion obinasyerked pi xel
and val ues in which binary data (0, 1) of eight pixels around (positioned
n the wnpieevalnd hay6e plforfioddns dot ArrhEmanCarohil pifeRkiedsoded I

oblique direction) of the remarKed pixel "may be assigned to respective
recorded to thereby permit multi-value recording.

By using the print method eveh if original image is déta of RGB
respective colors 8 bits, such data ﬁlay result in data of CMYK respective
colors 1 bit. Accordingly, data quantity can be reduced to much degree. In
addition, in performing print operation by printer, there may result
multi-valued image in place of binary image. Accordingly, print quality can be
extremely improved as compared to simple binary image.

In the printer, in conversion of binary — multi-value, values that
remarked pixel may take, which may cormrespond to circumstances of
surrounding pixels, may be set in table where binary data (0, 1) of the
remarked pixel and values in which binary data (0, 1) of eight pixels around
(positioned in the upper and lower directions, in left and right directions and

- in oblique direction) of the remarked pixel may be assigned to respective
digits of binary number of eight figures may be 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




digits of binary nunber of eight figures may be taken as paraneter to nake
reference to this table to thereby cgnvert binary data int 32 Mt 309%al ued
~data, thus making it possible to sinplify processing, and naking it
possi ble to make 7a 22 May 2006 setting of high degree of freedom
corresponding to surrounding pixels. As a result, not only conversion of
binary -, nmulti-value nmay be perfornmed, but al so edge processing such that
- density is lowered at the contour portion of the solid portion, etc. can
‘be si mul i 3 i : anpl e

enbodi nent s ggh hg%%trgéaﬁ?%sﬁ?g{ b% gﬁoﬁg@%@ %&gé%rg%m E’Z"@ﬁbodi ments may
becone nore apparent fromthe 22 May 2006 8 description of the enbodi nents
which will be A veresbél swtvorly eemesrsioneof bindry avt methiedaluawiaygde Bri ef
Description of the Drawings Fig. 1 is a block diagramshow ng a print
S system URepfthfdd, the BIs§oRake HroLeRing el ihededRl) i€ dowele A t 2 P! ock
di‘dgram of a conputer devi€e constituting the print system Fig. 3 is a
f.uncti-onal bl ock di a%rtﬁtm of_ printer constituting the print system

contour portion ot the solid portion, etc. can be simultaneously performed.

Still further objects of the example embodiments and practical merits

: obtair;ed by the example embodiments may become more apparent from the




Figs. 4A and 4B are views for explaining preparation of multi-val ued data
in conformty with nulti-val ue conversion nmethod which condEMayZ6 pasi s
of multi value conversion processing téhat nmulti value conversion unit of
the printer perfornms. Figs. 5 to 28 are views showi ng a portion of first
practical exanple of table in which data prepared as the result of
preparation of multi valued data are stored. Figs. 29 to 37 are views for
expl ai ni ng practical exanple of multi-value conversion processing that the

nul ti  valdescipaes of th@ éiﬁbédlﬁ{entt@%hlﬁ'i 'vﬂ‘lleﬁe J@B%Wﬁhfe?éﬁhﬁé‘% to the

first pr actl cal exarrp e of the table. Fig. vi ew show ng a second
practi cal &rr@? table in which 22 May 2006 9 data prepared as the
resul t ofth ﬁ ¥ESmul ti valued data are stored. Figs. 39 to 44 are

views for expl ai ning practical exanmple of nulti-value conversion
processing that the nulti-value conversion unit of the printer perforns
with reference to the second practical exanple of the table. Fig. 45 is a

36°T's & SHG DI pFbRIERHEEber for med i n the. convent onal  print
systemare collected. Fig. 47 is a cross sectional perspective view of
practical exanpig Dis a block diagram showing a print system to which the present

~ invention has been applied.

Fig. 2 is a block diagram of a bomputer device constituting the print
system.

Fig. 3 is a functional block diagram of printer constituting the print
system.

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




ink jet printer using line head. Fig. 48 is a cross sectional side view of
practical exanple of ink jet printer. Fig. 49 is a bl ock di

electric circuit unit of the ink jet pfinter. Fig. 50 is an expl oded

per spective view of head chip nodule provided at the line head. Fig. 51 is
a schematic plan view showing, in an enlarged nmanner, the essential part
of head chip nmodule provided at the line head. Fig. 52 is an exploded
perspective view showi ng, in an enlarged nanner, the essential part of

head chi pdatequepaned msithie desalt dﬂ}ﬁ‘ebmdh%nuﬁj-@alu%a data AreSBRSRLI C Cross
sectional view showing, in an enlarged manner, the essential part of head

chi p nodul e proyi de t | ine head. .22 Ma 2006 10 Fig. 54 is a
schematic cr osgylggc?‘?g’i ! Q@' &IF s KISW  gfari ﬁépi%éﬁ’@g IPI%CUC@‘% Fxampler@ect i ve
vi ew of anot her practlcal exanple of the line head. Fig. 56 is a cross
sect i onalmultewabieoodmersior processiny a:amnanhﬁltpfzame%nbeﬂ?orb%ﬁ ofthie S7 is

~a cross sectional view show ng a further structure exanple - of the line
head. Fi grimBr berfBin® Wil rI0RG2L W6S: Bl ShE ﬁ:rtalct\fceal\gxgx\évlp?e of %ﬁ]ee{ab actical
Fig. 45 is a view in which processing performed in the print system
are collected.
Fig. 46 is a view in which probessing performed in the conventional
print system are collected.
Fig. 47 is a cross sectional perspective view of practical example of
-ink jet printer using line head.
Fig. 48 is a cross sectional side view of practical example of ink jet
_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. 51isa scilematic 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.




exanple of ink jet printer. Figs. 59A to 59C are vi ews shomn@& prlnted
resul t- obtai ned by the print system Figs. 60A and 60B ar @2 %ﬁ%’éhomnng
printed result relating to blurring &®tained by the print system Best
Mode for Carrying Qut the Invention Explanation will now be given with
reference to the attached drawings in connection wth enbodi nents of the
present invention. In the enbodi nents, the present invention is applied to
a print system using printer which can represent three gradations or nore

- by one pixel a¥igpSadda selengatingloss eéctforil iviéw shawin 6g,-ﬂhﬁéh@hdrmt hod to which
the present invention has been applied. 22 Ivay 200 shown in Fig. 1,

t hi t i | 2
Longi oting of BB 5598 A esspectige oy oF apiner prifticahatABPIC QESRE. 0 F or

i npl enenting col or conversion or y-correction to the RGB inmage data of the
i mge filheada of the storage unit 2, and for inplenenting binarization
data processing, etc."to the color-converted image data and a printer 20

for converting

' i t t | ued
data to have agbg'ln%}ls’[%qoéﬁlsé%té aalt‘ﬂ?‘é(es @%gltq\é’(e? rs S "%{Jr{b \r;?xgle.

line head.

Fig. 57 is a cross sectional view showing a further structure example
of the line head.

Fig. 58 is an outer appearance perspective view of other practical
example of ink jet printer.

Figs. 59A to 59C are views showing printed result obtained 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 pﬁnter which can represent three gradations or more by one pixel as
p;actical example of a printer and a print method to which the present

invention has been applied.




The storage unit 2 is conposed of, e.g., hard disc unit or ogptical disc
unit, and serves to read out image file 2a consisting of d 2L Maf 2006
conponent, G conponent and B conponedl (RGB i mage data) which are recorded
on the hard disc or the optical disc, etc. to deliver it to the conputer
device 10 as original image. It is a matter of course that there may be
enpl oyed an approach to read out inmage file from nenory neans, e.g.

menory such as RAM etc., hard disc or optical disc, etc. included within

the conputer deAs skowh(ni FigP!1akis PridtSs&dT 1286mpPisks 4 stGraoBRIMARGE i T
Nanely, it should be noted that the formof the"storage unit 2 1n which

t he i mage Ej elis péles rved.i s no%Bé#)m'ted by Fig. 1. The conputer device
10 i s conpPo¥EdIHEe ikleca CoRsHgP mgeelaé,.ew-\mﬁtqa%ra gPNPHLeAn
instruction to print original inage on the conputer device 10, the

conput er diside g01orc pRpRIThEntife c@ﬂérg;pﬁﬁ{/eﬂ&ﬂﬁﬂ%rff%ah@é‘ﬁ&l Qb HBRrRIBMY 2006

12+ respective 256 val ues into data of CWYK (cyan, magenta, yellow, bl ack)
respective 256,val yes hy usi hr ee- di nensi onal | ook-up tahle, etc. In
this indfagEedaty. 3&?‘%@%}%%‘35&@@%@@@@&@& A JPRIENEREDG ¢ he
characteristic of the printer. Data of CMWK 256 respective values are
conver t ebinarizatiolYataeprresiing, btmatbyﬂtbabalomtdﬂ%ﬂﬁd%é%& daw) dmll -toning

technol ogy (error diffusion nethod, or pattern Dither nethod, 'etc.). The
comput er pgﬁx\férc 901 Fof WRIS 1161§ 1};1%1'31(3 | &arbiitz)e%a%iaat& irgspoerc%% E:glors into
- multi-valued data to have ability to repfesent three gradations or more per one
pixel.
The storage unit 2 is composed of, e.g., hard disc unit or optical disc
unit, and serves to read out image file 2a consisting of data of R component, G
component and B component (RGB imzige data) which are recérded on the
hard disc or the optical disc, etc. to deliver it to the computer device 10 as
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 shouid be noted
fhat 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




further inprove transfer efficiency to add information required for
performing print operation (information such as the nunbel2da}2érs to be
printed, resolution at the tinme of pilZnting, start position, end of data,
and/ or new page signal, etc.) to generate print data. The printer 20
receives the print data which has been caused to wundergo data transfer
fromthe conputer device 10 to take out information necessary for

perform ng print operation fromthe print data, and to expand the

conpr essadspavhive 956 avdlaes Mooaatat oP T YKL @W&ﬁ@ﬂ&cyéﬂw}%w dat a.
The printer 20 further converts this binary (binarized) data 1nto, e.qg.,

quinary data on t basi s of nulti, val ye conversian nmethod which will be
doscri bedermhetive 456 38T B avwes Breeamienaingh lonap @bl ol S head
to send it to the printer head to performprint operation. As interface

bet ween tifigagedIPU-eorrdeNose id0 apad iriple@hidmib@r iRO.cdnf6imity 3 with Make 2006 may
be used, e.g., 1EEE Std. 1284 (popul arly speaking "Centronics",

Pos) ! Ba BTGl ok Bt Bl G 258 PRl SRR )
Bl uet oot h, | EEE 802. 11a, | EEE 802.11b, and/or USB (Universal Serial Bus),
et c. Thecbuvetted b GMXK rdipatiseihatyn@ata bypudiag widl keewhGalftctiggn in

technology (error diffusion method, or pattern Dither method, etc.).

" The computer device 10 compresses the binarized data in order to .
further improve transfer efficiency to add information required for performing
print operation (information such as the number of papers to be printed,
~ resolution at the time of printing, start position, end of data, and/or new page

signal, etc.) to generate print daté.

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




Fig. 2. The conputer device. 10 conprises a color conversion + y-caorrection
unit 1t for inplementing col or conversion processing and y2édaed0bon to

RGB i nage data of image file 2a, a halB-toning processing unit 12 for

i mpl enenting hal f-toning processing to CWK respective 8 bits delivered
fromthe color conversion + y-correction unit 11, and a header, etc.
addition & conpression unit 13 for addi ng header, etc. to the CwK
respective binary data fromthe half-toning processing unit 12 to conpress
t he bi narjpagatg tused, copt alFER. Skhe 1Q8l40r(ggpm1ae1 ispBakiny - €Cen@BhHIQN, unit 11
converts RGB i mage data of respective 8 bit 256 values of image file 2a

I nt o dat (C dat.a of enf a C onent and data .
of vyell 03\}3 %t\/-‘}e% coﬁ%sdalesrﬁﬁpg?&z@ﬁt%l ;yﬁii?ﬁ% Fiﬂﬁeﬁ%’c‘?ng I@(’Eﬁg@ymp@ﬁ
conpl enent arércol ors of three primary colors (red, green, blue) by using,

e.g., thredCilteRSHARC or RBHK20A, TEBE: 1394 CEtHepndt Ui édisteraabnade pgarityt a of
bl ack (K) conponent ‘of 8 bits fromdata of these conponents. In addition,

the colo Si -canrectLan unit 11 i ts
Si'gnal pronenkin: VEEESEE MENEER B2 A8, SR B, (UBtrAL SerBh BtBte. ¢ o
data of cyan (C) conponent, data of nagenta (M, data of yellow (Y)

" conponent€iC.The hal f-toning processing unit 12 converts the data of cyan (O
conponent, the data of nagenta (M conponent, the data of yellow (Y)
The functional block diagram of the computer device 10 is shown in
Fig. 2. The computer device 10 compfises a color conversion + y-correction
unit 11 for implementing color conversion processing and y-correction to
RGB image data of image file 2a, a halftoning processing unit 12 for
implementing half-toning processing to CMYK respective 8 bits delivered
 from the color conversion + 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-oning 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
look-up table, etc. to further generate data of black (K) component of 8 bits

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




conponent and the data of black (K) conponent into binary data of
.respective 1 bits by using the half-toning technol ogy, e.&?}A@F%pﬁ

di ffusion nmethod or pattern Dither mdthod, etc. The header, etc. addition
& conpression unit 13 conpresses CMYK respective binary data fromthe

hal f-toni ng processing unit 12 in order to further inprove transfer .
efficiency to add i nformation necessary for performng the print thereto
as header to generate print data DPR Then, the functional block diagram of

the prinhecor2eetion sindwh] i implement sighab frotasiiz SACIE QBPEIBE Tomfecl¥RaNSsi on
unit 22 for expanding conpressed image data included in the print data

DPR, a ti,-val ue cgonversion. unit. 23 f al |l ow ng ,CWK respectiye 1 bit
bi nary o Qi HTiSEHOR St LatR g dive BRI Sampgbma (M)
mul ti-valued data, a sorting unit 24 for sorting CMYK respective

nul t i - valdatalofiyelowr(@fh ddneponenti - val ue conversion unit 23, and printer
head 21 driven by head drive data DHD which is output fromthe sorting

caused 22 nay. J0e a8 ol s afsh S UED DasPur'eHome Rtk siptar Gdvi ce 10
- to take out information necessary for performng print operation fromthe
print dacampemengnthet dataeppandgeite Qdypemapedentmabe das oft geibang®)it back
into CMYK respective 1 bit binary data.
component and the data of black (K) component into binary data of respective
1 bits by using the half-toning technblogy, e.g., error diffusion method or
pattern Dither method, etc.
The hcadér, etc. addition & compression unit 13 compresses CMYK
respective binary data from the half-toning processing unit 12 in order to
further improve transfer efficiency to add information necessary for
performing the print thereto as header to 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 Dyy which is output from the

sorting unit 24.

The expansion unit 22 receives print data Opr which has been caused




The nul ti-val ue conversion unit 23 converts CMYK respective | bit binary
~data fromthe expansion unit 22 into, e.g., quinary or sex ay a on

the basis of multi-value conversion nethod which will be described |ater.
In the multi value conversion nethod, values that remarked pixel should
take, which corresponds to circunmstances of surrounding pixels, are set in
table where two gradation data (0, 1) of the remarked pixel and values in
which two gradation data of pixels around the remarked pixel, e.g., eight
pi xel s ptsundeagedlata tansferpipem hedcdmep@er deviest IPRS talidottigfb@idticand ri ght
directions and in oblique direction are assigned to respective digits of

bi nary nu Lgures are.taken as paraneter to ke reference to
this tabl ?%S#&ef%bbé&? Pk ORAHAR | By dke l?rmfogg@i Bery WALR. Thi s
mul ti-val ue conversion nethod will be described later in detail. The

sorting uedpangdhe eonpresddd imagredatave olahgé itvisddkeihtd TN YK @8t pcleive 1

‘mul ti-val ue conversion unit 23 in drive order of the print head 21 to -

. generate ri.ve data DHDto send it to the print head 21. The print
head 21 r%?gﬁ{\%ggd%aé head drive data DHD to print, onto a predeterm ned

. recordi-ng paper, image that user has designated at the conputer 22 May 2006
16 -devi ce 10. ﬁfiwnmugﬂe/alm @ohversidrhenini3 cenvdrte CMYK nesputtivet hbit whi ch
constitutes basis of nulti value conversion processing that the multi val ue
~ binary data from the expansion unit 22 into, e.g., quinary or sexenary data on
the basis of multi-value conversion method which will be described later, In
the multi-value conversion method, values that remarked pixel should take,
which corresponds to circumstances of surrounding pixels, are set in table
where two gradation data (0, 1) of the remarked pixel and values in which two
- gradation data of pixels around the remarked pixel, e.g., eight pixels
positioned in the upper and lower directions, in 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 drifre 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




conversion unit 23 perforns will be explained. In inmage binarized by the
error ~diffusion method, etc., since isolated dots are pri RE&pyaA00phe
portion where density i s IomL and ded8ity of dot is increased according as
density becones high, it is possible to allow renmarked pixel to have nulti
value in accordance wth dot density and bit arrangenent around the

remar ked pixel. Let assume that value of binary remarked pixel is A and

val ues of eight pixels therearound (positioned in upper and | ower

di recti ondevicenl®deft and right directions and in oblique direction) are Bl
B2, B3, B4, B5, B6, B7, B8 as shown in Fig. 4A. Here, Bis binary nunber

Femar ked pi xel EPer Ol 49t Qo the, BRdsals  SovorBBeghebolaBchor

conbi nati on of respective AB with respect to value B of 8 pi er S around

the bi narcpnétiiutey basid) of mmlnkvmu&eéoxﬁrerﬁoﬁqﬁro@hssm bhat tge phEticeksluget er m ne
“mul tir-valued remarked pi xel A as folltows. A =T | [B] As stated above,

since the [ ti val con ersion,.uynit conver si on
o ocessi LaRYkisian Rt ReGHRL M P dxp 4@%@%&% Watizgd Bathe BRRLr Y

remar ked pixel into nultl-value wi t hout conplicated conditional branch. 22
May 2006 diffusien emetliothretc ( tsince isudatet odoty aiat%mtfedtateﬂ[ee portkead wliexel and

the surrounding pixels are conpared with each other to represent high

~density/ ¥y is low, and density of dot is increased according as density becomes
high, it is possible to allow remarked pixel'to have multi-value in accordance
with dot density and bit arrangement around the remarked pixel.

Let assume that value of binary remarked pixel is A and values of
eight pixels therearound (positioned in upper and lower directions, in left and
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 combinatinn 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.

=T [A] [B]
As stated above, since the multi-value conversion unit 23 performs
multi—vélue conversion processing using table in this way, it is possible to

convert binary remarked pixel into multi-value without complicated

~ conditional branch.




density. Hereinafter, for brevity of explanation, high density is changed
into Dlack as expression and |ow density is changed i nto whMay 2006
expression as occasion demands. It i37to be noted that, in the case of C
M Y, there result C of high density, Mof high density and Y of high
density. In Figs. 5 to 28, there are shown first practical exanples of
tables where binarized A value B of eight pixels therearound, binary
nunber of- B (corresponding to Fig. 4B), and value of multi val ued remarked

pixel T [A] [ Blerehbburbagwes gtaddtlond) Qath Q6EShe kluaPLdd igcinghgdpghat, this

table is nerely one exanple, and it is therefore to Indrvidually
pr epare y binarization proceSS| ng net hod and/ or
speci fi cgﬁffSHﬂ@?‘gtmée%rﬁfﬁﬁemR%?é &1gh eagibethe g reprosesrt high densiglaw i on,

etc.). In this exanple, value of the mul ti-val ued remarked pi er T [A] [ B]
i s set tdensitydiyretiatfterf fabievily 4f eiﬁla%ahénbﬁggﬁuagné @EIS t‘ﬁ’é 6 he multi
onden

val'ued remar ked pixel is caused to be in corre gra ation

represent.at ho bilit. gyi nary, data here of the prlnter 20. Figs. 5
to 16 sh%ggci%(ﬁ%gép@issﬁﬂquf%‘iﬁfg@ Fté(rr’ér%&!l ﬁxl@FOT’V hitg ag XpPregsian sl ues of
surroundi ng eight pixels B are 0 to 255 (00000000 to. 11111111) with '

respect occasien demmndhdt iv &) be noteditay iz da@g%ff‘@qu'ix%elfé feult@ Wen
t he val ue of the bi nari zed remarked pi Xel Ais 0, value’of nuiti-valued

6 caseco hisRheld M o pleh ST an Ly Slgigh Gensidn” o5, ' 122, 123, 125, 127
218, In Figs. 5 to 28, there are shown first practical examplés of tables
where binarized A, value B of eight pixels therearound, binary number of B
(corresponding to Fig. 4B), and value of multi-valued remarked pixel T [A]
[B] which has been set are stored. It is to be noted that this table is merely one
example, and it is therefore desirable to individually prepare optimum tables
by binarization processing method and/or specification of the printer (size of
dot, density of dot, resolution, etc.). In this exaniple, 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 representetion 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




219, 222, 223, 250, 251, 254, 255" where at |east upper and |lower, and |eft
and right four values (B2, B4, B5, B7) of the value B of tRéMaw308andi ng
eight pixels are 1, value of the Aid8set to 1. Figs. 17 to 28 show val ue
of multi valued remarked pixel T [A] [B] when values of the surrounding
ei ght pixels B are 0 to 255 (00000000 to 11111111) with respect to the
fact that value of binarized remarked pixel Ais 1. In this case, there
exits feature as recited below First, when A=1 and B= 0, i.e., when

val ue of casesr Kedepers¢h thisi sxdmplek al 190 s9z0nfo5 waogrigdatingng2angig al | of
surroundi ng pi xels are white ( 0()0000) si'de,” the value’ of remarked pixel

T [Al [B]Aj b al LN the vicinity of the mni val ue
of mul ti %ir%o@:gﬁg’ pﬁoaéé;{t .23% %ﬁat‘g@%‘ﬂf’é lgas uppes and lpweryja al ue
(0). Wen A =1 and B = 255, i.e., when value of the remarked pixel is

bl-ack (1)arsl dghiofour walues B2, BN BRE7R6f thef vaue B%'flﬂimrﬁd)mﬁiiﬁ% @i@tbl ack
(11111111) side, value of:-the remarked pixel T [A] [B] is set fto the

- maxi mum e ). of lti-gradatiqgn. In addition, that value nay be set
to val ue Qég%‘ﬁiaﬁﬁt}ﬁ@“§i%¥itﬁ?t‘*ylso?ett‘%g'maxi mum val ue. At 90, 91, 94, 95, 122,
123, 126, 127, 218, 219, 222, 223, 250, 251, 254, 255" where A =1 and at

| east upper an®Figoviét to ABdhiosd tvahrdof ingilti-fadued ramahtles] HB21 BIA] SSB] B7) of
value B of surrounding eight pixels are 1, value of the remarked pixel T

LA LBl \ohéiPbahids ‘6t HR Stkolainelfht'pikél Bark"S (535580000 15°0¢ 9

11111111) with respect to the fact that value of binarized remarked pixel A is

1. In this case, there exits feature as recited below. First, when A = 1 and B =

0, i.e., when value of remarked pixei A is black (1) size of two gradations and

. aﬂ of surrounding pixels are white (00000000) side, the value of remarked

pixel T [A] [B] is caused to be value (1) in the vicinity of the minimum value
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, B5, 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




value of multi-gradation. In addition, that value may be set to the maxi num
val ue ¢4). A practical exanple of mul ti val ue conversion pP3daya9§ t hat
the multi-value conversion unit 23 pd#sforns when val ue of the binary
remarked 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
processi ng such that, e.g., binary data of C (cyan) 1is delivered fromthe

expansi onvalng tof 2Rulibgtddation! Th additish, Ctﬁﬂﬁ’ %l%h%ag Hel set 3o ﬂlggﬁ?ﬂnmﬁnt 0 make

reference to the table at the nulti-val ue conversion unit onvert
bi nary dY)ag C (cyan) into quinary data. When Ais 0 and Bis 10 (binary
nunber %i@lO) as shown in Fig. 29, the nmulti value conversion unit 23

takes out T [1][10] fromthe table shown in Fig. 5 to aIIow remar ked pi xel

A to be equal Ag)rﬁctiééﬂeéka‘h} pR @fafﬁﬁltﬁvhﬁlefséoﬁ@érgﬁﬁﬁ’ JEE sngout _}tﬁle) as

shown in Fi g the-nmul ti-val ue converS| on unit 2 0}1{63]
fromtheA}lﬁ & .shown in Fi é Iow remar ked pixel A to be equal to
0. Vhen AMPE-FRIR FoRVersion i 43 merfarmorhenomug of the dbarowmanket g, 31,
the nulti value conversion unit 23 takes out T [0][95] fromthe table
shown i npixe.ASs equadlth @ero s ikad abheh eqiial i91 18 sREWRbGy: Wen Ais 0 and

Bis 255 (binary nunber : 11111111) as shown in Fig. 22 May 2006
First, the practical example when A is equal to zero will be explained
by using Figs. 29, 30, 31 and 32.
This processing is a processing such that, e.g., binary data of C (cyan)
is delivered from the expansion unit 22 to the multi-value conversion unit 23
in Fig. 3-to make reference to the télble at the multi-value conversion unit 23 to
convert binary data of C (cyan) into quinary data.
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 ﬁumber:OOllllll) as shown in Fig.
30, the multi-value conversion unit 23 takes out T [0]1{63] from the table
shown in Fig. 7 to allow remarked pixel A’ to be equal to 0.
When A is 0 and B is 95 (binary number : 01011111) as shown in Fig.
31, the ﬁmlti—value conversion unit 23 takes out T [0][95] from the table

g 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.




20 32, the nulti-value conversion unit 23 takes out T [0][253% fromthe
table .shown in Fig. 15 to allow remarked pixel A to be edddax¥fP6 This is
because the case where thin pixel (1Roexists at the solid portion is nore
natural than the case where 0 exists thereat in dependency upon inmage.
Then, practical exanple when A=1 will be explained by using Figs. 33, 34
and 35. This.processing is also a processing such that, e.g., binary data
of C (cyan) is delivered fromthe expansion unit 22 to the nulti-val ue

conversi ap, el muf-vialue" gignve}sﬂ)% Hﬁﬁe?Bb' RARCHEET! g;}][f'c%(]t ABhe (e chbig mul ti

~val ue conversion unit 23 to convert binary data cyan) 1 nto quinary
data. When Ais i: anﬂ%B Iéﬁ 0 (binary nunmber : 00000000) as shown in Fig.
33, the n e bhipalavdsmarked pexelafety beequal gl) Gihis iobeeawset abl e

shown in Fig. 17 to allow remarked pixel A" to be equal to 1. Wien Ais 1

and B i s tB&%afdiwhate/ i ) é}li%ﬂslét]tﬁb[sé]ﬁdsﬂ?ﬂﬁﬁn i nford lnanﬁﬂl tHaRGhE!

val ue-‘conversion unit 23 takes out T[A][B] fromthe table showmn 1n Fig. 28
to allow remarked pixel A ta be equal to 4. Wen Ais 1 and Bis 90 :
(bi nary ﬁaﬁ%&ﬂl@eﬁmﬁame@énmgﬁmw@@n IMBEEt he nulti val ue conversion
unit 23 takes out T[A][B] fromthe table showmn in Fig. 21 to allow

renarked pixel Then! préxgicalléRhmpfe FhedehRdeibibedeksiaified by witlg'Figl T A [ Bl

in setting of table are variously conceivable. In this case, if there is
enpl oyed3§u§2 a%ﬁ fsopr oach

This processing is also a processing such that, e.g., binary data of C
(cyan) is delivered from the expansion unit 22 to the multi~value conversion
unit 23 in Fig. 3 to make reference td the table at the multi-value conversion
unit 23 to convert binary data of C (cyan) into quinary data.
When A is 1 and B is 0 (binary number : 00000000} as shown in Fig.
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 té,tble 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




22 May 2006. 21 that when there are many values of 1 as val ues of
surroundi ng pixels (positioned in upper and | ower directidhMayi2Q06eft and

right directions and in oblique direé@fion), |arge nunber is set, and when
there are |l ess values of 1 as such value, small value is set, the portion
where density is lowis permtted to be thinner and the portion where the
density is highis permtted to be thicker. Thus, it is possible to

i ncrease gradation as conpared to the case of binary data. Mreover, when

the di st ahae whtmehsraers manpPedlues ' oM BB vahils! of sB¥RMnding N5ixeRse of a
pattern such that val ues of surrounding eight pixels are sifilar to each
ar e .i:nst ances Is preferable to take nunber smaller

ot her, there. ere it . Ke N .

Chan 1 hat BBt PREA dRYSHTE Aadeloni- et ions 1haPRowd Tight diectngs enddnas

shown in Fig. 36. Wen Ais 1 and Bis 165 (10100101), the portion

posi t i onedligfuki ditedtion)y ltat%er BERBef i Set) aRdOPRerY et Brdless Wall pgsei ght
m

pi xel's is-1. This is si ar to the case of T[1][90] shown in Fig. 35 as
exi st at upper and | ower

pattern. e case, of. T[.1][.9Q], val ues  of
poSi t i Onguélﬂ(ytagl{e, S V%{Hﬂusr %%hﬁlepﬁem%n@,er% gnsifyals low iseperenittedief ore set
to 3. However, at the time of T[1][165] shown in Fig. 36, since values of

1 exi st . be thhiregaadpths ipoitisrs whefe dee dengty is high i9ipelARES] REDUGRRKERL S 1S
apart- fromeach other. Thus, when there s enployed a nmethod in which that
in Fi 33, or

vale | SThRL s Fbee YTu5RTRg o S bbb U e iy
data. | | | |
Moreover, when the distance between dots is apart from each other,
even in the case of a pattern such that values of surrounding eight pixels are
- similar to each other, there are instances where it is preferable to take number
smaller than that of the distance between dots is ﬁarrow. 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 émployed a method in which that valué 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.




becomes natural. 22 May 2006 22 The nulti val ue conversion _nethod perforned
at the multi-value conversion unit 23 is also characterizédMay20R@t in the
case where value of remarked pixel i82black (1) side of two gradations and
Is positioned at the boundary between bl ack area and white area, value of
remarked pixel is set to the mninmmvalue (0) of nmulti-gradation or the

m ni mum nei ghboring value (1 or 2 here). For exanple, T[1l][214] when A =1
and B = 214, i.e., value of remarked pixel is black (1) side of two

gradati ons and Fhy mesliidvdlde e@iersidinX @hethad epdridi QA& 1) tiRY engleit-val@e2 as
shown in Fig. 27. Wen the remarked pixel is 1 and the surroundi ng ei ght

pi xel s are 11010110)..,as sho I n Fi.g., 37,, since the surrounding
successi VORI [Hr&teég 15 %0\8%%‘5?%4 Srdhat vy the case wheze I‘{alhil? of s j udged
t hat corresponding pixels are pixels on the boundary to set that value to

2, etc. Toumrked piselpgstsadhk €1) @ideebf td@ngiddatiohs ldma ROpdabYe@ M tthen of
Il mge to value different fromother portion. As a result, it is possible
to provi fect Sllﬁgc\i%mt ages, of .blurri revention at the boundary

bet ween S)g)'ufn g‘ﬁgé?ﬁwcﬁ% preacatich Whitg a5ea, A ngrelﬁp{l?erdi%eb}sesﬁéﬁ?i on of

edge of character. Wiile table exanple where value of nulti-valued T[A][ B]
is set tthe minimom daua (Y of weyltiFgiaalioh @r4hé nini@ivm neidhibesingbvdiae 28,

tabl e exanple in the case where that value is set to sexenary data (val ue)
fromoO t ?1 %r%ﬂer%?. lacl)rsgxample, T[1][214] when A = 1 and B = 214, i.e., value of
. remarked pixel is black (1) side of two gradations and surroﬁnding eight
- pixels are (11010110) are set to 2 as shown in Fig. 27.
When the remarked pixel is 1 and the surrounding eight pixels are
(11010110) as showﬁ in Fig. 37, since the surrounding successive three pixels
are 0 and the remaining pixels are 1, it is judged that corresponding 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 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 t6 4 is shown in Figs. 5 to 28, table example in the
case whére 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 = 1 and B = 1, i.e., when




prepared as shown in Fig. 38 on the basis of the previously described
nul ti. value conversion nethod. Here, when, e.g., A= 1 anézM@!zﬂp‘Si .e.,
when 22 May 2006 23 val ue of the rema2Red pixel Ais black (1) side of two
gradations and the surrounding pixels are (00000001), value of T[A][B] is
set to (2) of multi-gradation. In addition, when A =1 and B = 255, val ue
of T[A]I[B] is set to the maxinumvalue (5) of nulti-gradation. The
practical exanple for converting binary data into sexenary data wll be

descri bedvlet af the rexnadkelli pixel 39 i Gldck (THiskddPbPaRRS batidng and @EESSi NY
such that, e.g., binary data of C (cyan) is delivered ' fromthe expansion

unit 22t il tl-val ue c i unit 23.in Fi 3 to convert _binary
dat a of é% (é@l}%ﬁ?ﬂé nﬁ’%‘ezse@ﬁaf@y@@éﬁ% tvﬁiqeef%f} [gl) Shéet 481 E2sHfan i n
Fig. 38 at the multi value conversion unit 23. Wen Ais 1 and Bis O

(bi nary runkegradation0doadiitim, sitesnAi - 1Riml B 3255, hglu@ Wi TrABYEs sanver si on
unit 23 takes out T[A][B] fromthe table shown in Fig. 38 to all ow:

- renar ked (Ri - e | to L. en Ais | and B is 255 (binary nunber
: 111111f§)ﬁ§?@ﬁ%\3ﬁ1?’ﬁl@?@d%‘f&%—ﬁ\é\ﬁﬁﬁ?{li val ue conversion unit 23 takes

out TLTAJ[B] fromthe table shown in Fig. 38 to allow renmarked pixel A to

- be equal to 5. Thkepragticsl éxamgleBforscdnvepiingriyinaryrdata int®GeR )d&g shown

in Fig. 41, the multi-value conversion unit 23 takes out T[A][B] fromthe
table shQ¥ifl be described below by using Figs. 39 to 44. This processing is a
processing such that, e.g., binary data of C (cyan) is delivered from the
expansion unit 22 to the multi-value conversion unit 23 in Fig. 3 to convert
binary data of C (cyan) into sexenary data with reference to the table shown in
Fig. 38 at the multi-value conversion unit 23.
When A is 1 and B is 0 (binary number : 00000000) as shown in Fig.
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




in Fig. 38 to allow remarked pixel A" to be equal to 2. When Ais 1 and B
Is 90 (binary nunmber : 01011010) as shown in Fig. 42, t he 248y 20981 ue ,
conversion unit 23 takes out T[A][B] Aomthe table shown 22 May 2006 24 in
Fig. 38 to allow remarked pixel A to be equal to 3. When Ais 1 and Bis
248 (binary nunmber : 11111000) as shown in Fig. 43, the multi-value
conversion unit 23 takes out T[A][B] fromthe table shown in Fig. 38 to
all ow remarked pixel A" to be equal to 3. Wien Ais | and B is 244 (binary

nunber : 1hIRig038@Y allswsivemarked phied A’ tbbe éq@alMI3t i - val ue conversion unit 23
takes out T[A][B] fromthe table showmmn in Fig. 38 to allow remarked pi xel

A to be equal 3., JThe reaso .the picture ' of binary.data is
poor is that dW@enérISﬁ?@Wf §éﬁ§4¥‘%mytrﬁvﬁ ?blﬁﬁﬁbébﬁwhww {8-at the
hi ghli ght portion. In view of the above, if printer 20 which permts,

e.g., pri4d, té mpltirealye cons@smnamit 28 ahked @uﬂJFEQ][B?fﬁﬁh teotitds shéwnt abl e as
“shown in Figs. 5to 28 or Fig. 38, e.g., in the case of isolated dot, -

conver si - pt i de. a.resylt, since dqts of |ow density are

printed, qgrljégxr’?%}‘) 1?‘@8{1'?[3814@34 BW@‘??& tgg’et%@?ﬁ? gt ure quality can be

| nproved. Moreover, since in the case where dots exist at all surrounding

~portions, conv®flminoA isdtand4Bas 254 ¢birairy mugensi:tH 1¢600Measshdevn AnHig.n the -
case where dots thinly exist at the surrounding portion, conversion into 2

O 2 ho20 44D i VRS o er i8R RS Yarls' e ATRA) H0of Bk BB1< B Pt PO

in Fig. 38 to allow remarked pixel A’ to be equal to 3. . |
The reason why the picture quality of binary data is poor is that dots
of high density are thinly printed particularly at the highlight portion. In view
of the above, if printer 20 which permits, e.g., print of quinary or sexenary
data is used to set conversion table as shown in Figs. 5 to 28 or Fig. 38, e.g.,
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 broundary between black area and white area, value of the remarked
.'pixel is set to the minimum value (0) of value in the vicinity of the minimum

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




where val ue of remarked pixel is black (1) side of two gradations, and

exi sts. at the boundary between bl ack area and white area, 2¥May2086 t he
remarked pixel is set to the m ninum2balue (0) or value in the vicinity of
the m ninmum value (1, 2 or 3) of multi-gradation, thereby also making it
possible to | ower 25 22 May 2006 | evel of the edge portion. This is
effective particularly for ink jet printer, and permts elimnation of

- blurring of the edge portion of character, etc., or reduction in color

bl eed takiewgl of izeedge pbrtidm Wiy effeclive paRpilady foplne jetg%ﬁﬁtép Bgdof

di fferent colors. The processing performed in the print system I which has
been ex l.hed Qve.are | ectively shown in Fig._ 45. This includes
pract i caﬁg&gggnﬁﬁ%lﬂ?u% |(f‘ft:%hgf%d ng%ﬁh@?&ﬁ FOERPD | %&%@xwr, [it¢-s tor
processing perforned at the conputer device 10 are shown at steps Si to

S3. The cedpdiar inlevlaebladcakigr phaceait thedounta rtibRdsetdabR sofifl
respective 8 bit 256 values of inage file 2a into data of cyan (C)

conponent,, . t M conponent and data of yellow (Y) conponent,
e.g.; re?ﬁé@%@%ﬁ@@%ﬁﬁ?@@?ﬁb of 8 bits which conplenentary colors of
three primary colors (red, green, blue) by using, e.g., three-dinensional

| ook-up tabl e, Tecpracessingt perfopaadr at ¢helgirantobydtback (whichonmoeeh of 8
bits fromdata of these conponents. In addition, signal processing such as

O e BRDEAP Bb8le YrE UARLHVEY shbFn 1P FiPASM RS InbRadf Fallea A" (O
- example of print method of the present invention. |
First, processing performed at the computer device 10 are shown at
steps S1 to S3. The computer device 10 converts, at step S1, 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, 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 theée components. In addition, signal processing such as color
- correction or y-correction, etc. is implemented to data of cyan (C) componenf,
data of magenta (M) component and data of yellow (Y) component.
Then, the computer device 10 converts, at step S2, data of the cyan
© corﬁponent, 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




data of magenta (M conponent and data of yellow (Y) conponent. Then, the
conputer device 10 converts, at step S2, data of the cyan %E%Wﬁonent,
data of magenta (M conponent, data offyellow (Y) conponent, data of bl ack
(K) conponent into binary data of respective 1 bits by using the

hal f-toni ng technol ogy, e.g., error diffusion nethod or pattern 22 May 2006
26 Dither nethod, etc. At step S3, CMYK respective binary data to which

hal f-toni ng processing has been inplenmented are conpressed in order to
furt her iDpheveethodaess.er efficiency to add i nformati on necessary for
performng the print as header to generate print data DPR. The step $S4 is

processi ng for data transtear anwhile, .i.n th onventi.qnal .processing, as
shown in Fig. AA% st 0 erEﬁ%Xﬁ]ﬁ%p%’cv& (B’Fn%ﬁf/h/aa %éﬁe(‘ﬁ&llaéaliﬂ];{f;%l?gdat ais
performed at half-toning processing of step S 12 after color conversion +

y- corr ectprocesspgohasbeerg implaheneShre compeesspddasordee t6l fimhdrhingprobé ai ned at
step S13'to allow it to be print data R Accordingly; it took nmuch tine

ranat or BRESoGRgTRE ad Mot pdctssdl, BT BB I PyhbS 5 < e
step S2, data quantity can be reduced to much degree. Thus, data transfer
ti me can hisederorgemmsate print data Dypy.

The step S4 is processing for data transfer.

Meanwhile, in the conventjonal processing, as shown in Fig. 46,
conversion into data of CMYK respective quinary data is performed at
half-toning processing of step S12 after color conversion + y-correction
processing of step S11 to compress the data thus obtained at step S13 to allow
it to be print data Dpg. .Acct)rdingly, it took much time in data transfer
processing of step 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 p'rinted result of ldw picture quality can be obfained.

In view of the above, in the print system 1, at the printer 20, binary data is
convertéd 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 S35, the printer 20 receives print data Dpgr which has been




At the printer 20 side, when print operation is perforned under the state
of binary data, only printed result of |ow picture qualityzgéﬁﬁb@xﬁbtained.
In view of the above, in the print sygfem 1, at the printer 20, binary data
is converted into multi-valued, e.g., quinary or sexenary data in a manner
previ ously described. The processing in Fig. 45 is processing of step S6.
First, at step S5, the printer 20 receives print data DPR whi ch has been 22

May 2006 27 caused to undergo data transfer (step S4) to take out

i nf or mat | caused t@vadengofduta tpesfRr(BiepBrionakepat BifoPMafion Bet&Baly fopt data
DPR, and.to expand conpressed inmage data to change it back into CwK

respectiv |+ Inary data. .The at. the ep S§, the expanded K
respect i r%orgr}lbg tbPer’i é%‘ 6663{0&1 from ﬂ%ﬁ’ﬁ@r ‘El%taﬁfﬁ%b @PgéF’g?.XPaHa icHg}R;e%qungx enary
data on the basis of the previously described nulti-value conversion

met hod. TihwgeMria teslmmge it back linto- O YR desipiotiveni bit binarynddtsi val ued are
sorted at step S7 in drive order of the printer head 21°t'o generate head

o noe data ranchept B SERSRLIE PORER S RRRRES AR Bl R e
respective quinary data are obtained after expansion is perfornmed at step
S 15. As az reyvierted mibf ie.g3l grimonver Serenpyocassidg thekbasibeobtthp S6 of
Fig. 45 beconmes wunnecessary. Thus, it is possible to shift to sort
processi BeeibuslyRsGiBed Mifiti-value conversion method.
- The CMYK respective multi-valued data which are multi-valued are
sorted at step 87 in drive order of the printer head 21 to generate head drive
 data Dyp,
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 afler 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
multifvaiued 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




time regquired for step S6 which is data processing at the &ri ter side is
extrenely smaller than data tranSfer tinme. The printer sys &y 00 hi s
enbodi ment can shorten total printing2Bine to nore degree. Further, in the
print system11, since binary data is converted into nulti valued data, it
I's possible to obtain printed matter of high picture quality as conpared
to sinple binary data. That picture quality is not particularly so

inferior as conpared to printed matter of the print system of the

convent i crraimpiz Wikigh peffor@8 pracessing wiowh ipFid.ciors processing shown in Fig.
46. The effects or advantages of the print system| of this enbodi nent

whi ch has been ' a summar i bel ow. First,.i.n accprdance with
the print systﬁ%ﬁéﬁggog %‘g‘ﬁaﬁ%&é‘?ﬁ Of&g‘?npf SYE*SHbﬁt%# ﬂb‘é\ﬁ%ﬁo‘%ﬁl‘?ﬁ t he
printer 20 is binary data, there are many nerits that data quantity is

reduced swhichdtasdeen expluisddare sumpnmareizeddslohort, and traffic on the
network can be | essened, etc. In addition, since printed result is

obt ai ned as nuld:iz v:al ta, inted.result of whic i ctur lity is
hi gher than tl%#St’ol %bl%ﬁﬁ(?@q%n}g% @8 T %‘:eﬁlaetf.m%&l‘tﬁes iffﬂfaﬁﬁ%o, si nce
gradation can be chan%ed I n dependency upon how dots around the renmarked
pi xel ar gopruteredevice 1040 gbe printer 20 i bmary datk thers er¢ memysmehits that i n t he
case where the nunber of dots is low at the periphery, the density is

lovered, dafa §a5I0Ys rEacAHEES that dfiatk- A& ti&%rﬁéc%ﬁesmﬂfélﬁ and traffic

on the network can be lessened, etc. In addition, since printAed‘ result is
obtained as multi-valued data, printed result of which picture quality is higher
than that of binary image can be obtained.

At the printer 20, since gradation can be changed in dependency upon
‘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 b.e 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 perfbrmed 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




peri pheral dots are many, and/or the density of the edge portion of inmge
is caused to be high or low At the pri'nt®r 20, conversi oR2MaycZ¥88ing from
binary data to nulti valued data is gaused to be table in advance to
thereby elimnate the necessity of performng classification of various
cases. Thus, processing can be perforned at a high speed, and processing
can be perfornmed wi thout conducting conditional branch in performng
-paral l el processing by DSP, etc. At the conputer device 10, since matriXx
Di t her oruyfid @ bidhfitinsi i ; ' i parhzing.ariygi nal
data, dots g;fem%lﬁ?lfrl\)lzl;igg {%%?gldgazcta yﬁ?‘gﬁ%?ghﬁ%ﬁ@?%dn& ﬁfﬁﬁ ﬁgtn}é;qu%@{e',Iﬁsi nce
density of i|solated dots can_be set to |low value at the printer 20 side,
it is posHoH e@seosipek dersibr phissdatedidads canbierngt te dewgradnelatithe puinfarg. At
t he conputer device 10, when matrix Dither or error diffusion is wused in

pi nar i 21 1D Sidegic Aho@ib1e to éBtAindirfnibd ndilor AIMY RAs Blaiigrdlggl LY port! on.

In such a case, since density of successive - I sTperm 0 be high at
the printer 20 sjde, density of the portion_for which high density is
Crequired is cdts®g sanpaienidsnicead Oy ndepr matréx Ditherior emopsiBisioa iSo change
| evel of edge portion of image. Particularly, in the case of ink jet

printer, wwedde bimkiZnRotibinl dhtd, '@%t@ﬁ:%hidlﬁ??&&@ec?%i?&e &eeﬁféggepbxﬁ&snp hangi ng

the level, it becomes poSsible to reduce rring I*or s and

bl urring.onto, paper. . . . . . .
918 'such gase, since density of successive dots is permitted to be high at the

- printer 20 side, density of the portion‘ for which high density fs required is
caused to be high,

At the printer 20, it is possible to change level of edge portion of
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
numiner of dots p;inted onto pixels around the remarked pixel, conversion into

- low level can be made at low gradation where dots are thinly printed, and
éonversion into high level can be made at high gradation where dots are
printed large number of times at the peripheral portions.

A préctical 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




At the printer 20, since |level can be changed in accordancg?ﬁﬁth tge
nunber- of dots printed onto pixels around the renmarked pix SothP8r si on
into lowlevel can be nade at | ow gr@8ation where dots -are thinly printed,
and conversion into high level can be made at high gradati on where dots
are printed |large nunber of times at the peripheral portions. A practical
exanple of the printer 20 will be explained below. First, there is
mentioned ink jet printer using line head in which a |arge nunber of
nozzl es adirectiornampdnt heal.di recti on perpendi cul ar to paper feed direction
when recordi ng paper of A4 size is printed in the |ongitudinal 22 May 2006

or nter 100 corstooBndTtes 57 300 W ofisrinkat RGBTt amrRes ATk i 11 e

described later as a drive elenent which discharges droplets of ink, and
havi ng r eleeaddildg inshytingfheas elameant ivdith willithe deseibet] Rageas P antvehavi ng
nodul ation function of the so-called PNM (Pul se Nunber Mbdul ation) system

aropl et s SR WREH' Biscike8h OB Hr K SR ek Gp Sk abbc it eq
with respect to 1 dot is set to eight (8) at the maxi mum per one color for
expl anat isslstantiaHy swidtbesizatod paperj Btamt having teflilstion fandiom dfethef t he
configuration in which 1line head 120, a paper feed unit 130, a paper
del ivery ggidllel* OPNM PIPhilse! "R¥mber Modulation) system which performs
modulation of diameter and density of dot by the number of droplets of ink. It
is to be noted that the number of droplets printed with respect to 1 dot is set to
eight (8) at the maximum per one color for explanation in this case.
The ink jet printer 100 is caused to be of the configuration in which
line head 120, a paper feed unit 130, a paper delivery 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




150 and an electric circuit unit 160, etc. are di sposed mﬁ&hi 22 si ng
~100. The casing 100 is forned so as to6 take paral el epi ped %ﬁ&ﬁ'ﬁ erein a
paper eject hole 111 for paper P is pBdbvided at one end term nal side
surface and a tray exit/entrance 112 for the paper tray 150 is provi ded at
the other end side. The line head 120 conpri ses 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 emwhishdereufipatedoovdryaRspéctieecoRAPAs & d8elipsuch a
manner directed downwar dl y%y Nalgréecl Y, gcs) descr(iwggfgb?d;?%tref %t iagﬂa?lgﬁg ead 120

IS causege%cg he ff t&le configuration in which four (in this case) ink
di scharg dffgction o ®dP¥or m 22 May 2006 31 which are formed every

respective colors as described |ater are arranged in feed direction of

paper. The pap@hefgitrfoed uaiRd 300pESSs & papefeel Bqe , per feed
rollers 132, 133, a paper feed m)torp134, &%PI eyese %&gd@‘%gg,pﬁ fbeg?ts 137,
er eject

138, andj i dat th nd portjon |Lower,_direction of the pa
ol e 111 UGS S 30a ot el ol 5 Pulleys daSe lSbanaloalis ke Moat pl at e
shape, and is disposed at the |lower direction of the line head 120 with a

pr edet er andés! dispused ray thd bad ipesties tower RiRetioh QFthe YabeF sjebsRhold 331 ar e
conprised of a pair of rollers which are in contact with each other, and

Ziie : ?gf\ f@gﬁg’gﬁ% j%?%? géécgﬁﬁldf%{.}g’ Ibggfggg{%%r sd 528 ?a'fgedﬁatlﬁellfe siha%e’, altn(q?st ray
disposed at the lower direction of the‘.line head 120 with a pfedetermjhed
spacing. The respective paper feed rollers 132, 133 are comprised of a pair of

- rollers which are in contact with each 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.




ej ect hole 111 side. The paper feed notor 134 is disposed at .the | ower
portion of the paper feed gui de?*131, and is connected to £R&3e8ctive
paper feed rollers 132, 133 through P&l leys 135, 136 and belts 137, 138.
The paper delivery unit 140 conprises a paper delivery roller 141, a paper
delivery notor 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 sem -cylindrica

shape, and is Thepasadrayn15hes foimi&l 6b @8 o tikd bex BBARY sii@ehat phpes 132 of
the tray exit/entrance 112 side. The paper delivery notor 142"is disposed

above th aper | i.ver oller 141, and is connegted to the paper
del i veryel? 8&1 g’l‘g"l‘g% Sl%eh?:%hbﬁ aFﬁ%n’é’é%‘ﬁaste‘hQ.tﬁQﬂ%W @@tl“r@; PRRESHBer tray
150 is formed so as to take box shape such that papers P of, e.g., A4 size

can be actarkeddatietein ph%r&ﬁ@p@rﬁ_wﬁﬂ ¢eld byal spraienS1 4 prowidadleednewher ei n
a paper support 152 held by a spring 151 is provided at one end surface of

porti on SPOHERRET ARPolGar AR Sndls RitbRating mimpraterdRe S 11
- The electric circuit unit 160 is a portion for controlling drives of
s itliegongtoqebiaitoninive hthder dinh e iy
paper trgy,15thd 'qoadidecibay it &0 520 Sortitn S controlling drives of
respective components, and is di5posed- above the paper tray 150. |
In such configuration, its operation example will be explained.
User draws the paper tray 150 from the tray exit/entrance 112 to
accommodate a predetermined number of papers P within the paper tray 150
to push (thrust) it thereintb. Thus, the paper support 152 raises oné 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 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 |
becomeé 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 papér P to record characters or images consisting of dots, etc.




accommodat e a predeterm ned nunber of papers P within the Bsper tray 150
to push (thrust) it thereinto. Thus, the*paper support 152 M908 ne end
portion of paper P by action of the gpring 151 to push (thrust) it toward
the paper delivery roller 141. Wen print start signal is given, the paper
delivery roller 141 is rotated by drive of the paper delivery notor 142 to
send out one paper P fromthe paper tray 150 to the paper feed roller 132.
Subsequently, respective paper feed rollers 132, 133 are rotated by drive

out ' the paper BownFont festPROlCSLE RS ol T BB, SPECHOR AL 8T “This

out the paper
the line-head 12 ones operative at a predetermined timng in

0 . be
accor dand&Pif I%bésg%elb@ntﬁmtnt ed to discharge droplets of ink fromthe
i nk di scharge portion to get down themonto the paper P to record

n | Jer. . E . th
charact ers of ITRGSHEIAGHA LagfiRhrARhor B ClodficMhout0f: F8okatder - the

paper feed roller 133 ejects, f paper ejec e ~paper

whi ch ha?ﬂ%b%{en s?nt out . }_B'-ﬁn t he internal confi(guration of the electric
circuit CHPEX FOBLEHEANORe O YhecRerigphtralypodion theeof heilpdei gxplaiiedpbyt i on
thereof will be explained by wusing Fig. 49. The electric circuit unit 160
conpri sessmgiFigndgr side data processing section 161, a head controller

162, a head position and paper feed controller 163, and a system

controller 164 P . . . : .
The electric circuit unit 160 comprises a printer side data processing

section 161, a head controller 162, a Head positionrand paper feéd controller
163, and a system controller 164.

The printer side data processing section 161 executes the steps S5 to

S7 of Fig. 4 in order to realize the expansion unit 22, the multi-value
conversion unit 22 and the sorting unit 24 which are respective functional
blocks shown in the previously described Fig. 3. Némely, the printer side data
processing section 161 receives print data Dpg which has been caused to
undergo data trqnsfer to take out, from this print data Dpg, information
necessary for performing print operation, and to expand compressed image
data to change it into CMYK respective 1 bit binary data. Then, the expanded
- CMYK respecti\fe 1 bit binary data are converted into, e.g., quinary or
sexenary data on the basis of the previously described multi-value conversion
method. The CMYK respective multi-valued data which have been
multi-valued at step S7 are sorted in drive order of the line head 120 to

- generate head drive data Dyp.




The printer side data processing section 161 executes the steps S5 to S7
of Fig. 4 in order to realize the expansion unit 22, the mdlManii0ge -
conversion unit 22 and the sorting un84 24 which are respective functional
bl ocks shown in the previously described Fig. 3. Nanely, the printer side
data processing section 161 receives print data DPR which has been caused
to wundergo data transfer to take out, fromthis print data DPR

i nformati on necessary for performng print operation, and to expand

conpressed i magehe &idecdmrsl 168 dontiold P MaplEESiBaRibY 8pdrafioh dfithary data.

Then, the expanded CMYK respective 1 bit binary data are converted into,

e.g., quiinary o xgnar ata .on the_basis Qof the previ |y descri bed
mul ti-valli ﬁSﬁ@elﬁoﬁHer%ﬁoapslﬁﬁé @%ﬁn@%@ép%@di gantpalian 103 Sttt a whi ch

have been nulti valued at step S7 are sorted in drive order of the line

head 120 positigeofthetlind kel 120 wed faper Ol ofdhe MobréHgtpaper Phe head

controlter- 162 controls ink dropl et discharge operation of the |I|ine head
120. The head pQsition and er ed controller 163 controls Qsition of
the line head ﬁ%@ @ﬁsgelﬁaﬁ@?np(ﬁ@'édléff CPHQ'OE% ¢ dren sidler dga ﬁﬁ?&egvggem
controller 164 controls the printer side data processing section 161, the
head consectidrerl 6162he drddtdvntiodied 1605 idnidothehdadgpeitidieand pupet rfebd er 163.

Then, the detail of the line head 120 will 'be expl ai ned by using Figs.
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

B 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
nozzie formation member 202 formed so as to take substantially flat plate
shape, which constitutes ink discharge surface.

At the nozzle formﬁtion 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




50 to 54. The |ine head 120 conprises a head chip nodul e 20l1a and a rel ay
board 201b of which structures are shown in Fig. 54. First22May2086d chip
modul € 201a will be expl ai ned bel ow. %$ this case, Fig. 50 is an expl oded
perspective view of the head chip noduf e 20l1a. The head-chi p nodul e 201a
conprises, as shown in Figs. 50 and 51, a nozzle formation nenber 202
formed so as to take substantially flat plate shape, which constitutes ink
di scharge surface. At the nozzle formation nenber 202, there are fornmed a

| arge nunber of ink djscharge nozzles 203. In this exanple, several

hundr eds ObM3teRal incladmeyatokel being 20 matewal. ddpdur; disgettnofwachrnki ne at
positions where head chips which will be described |ater are disposed. The

nozzl e f ' ' a Kk e e Vi ng
hi cknesa SRR noPEE203 A Shised Ao CBE Sk isblt 2Pchpb FCadditRas e
t echnol ogi e \?A th, .e.g., nickel .22 May 2006 35 or material including nickel
bei ng aslf#aledpemation memper 203 ip vérichfinkadischasge novzles 203earaderned 203 i s

caused to be, e.g., about 20 pm In addition, the nozzle formtion nenber

202 in Wi fthchBl t6la3dad @8mR 2l es 203 are formed is attached to a head
frame 204. The head frame 204 is adapted so that, e.g., three beam nenbers

204b are equiﬂlshantly bridged across short sides of an outer frame 204a
caused to e head ffame 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 tﬁe 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
coﬁstituted 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 fraﬁe_ 204 may be formed by glass material

such as quartz (SiO,), etc., or metallic material such as invarsteel, etc.




have rectangul ar shape, and the outer franme 204a and the beam nenbers 204b
are integrally forned. Nanmely, at the head frame 204, four 273829801 ar
spaces 205 in which the outer frane 204a is separated by the beam nenbers
204b are constituted in parallel. He¥fe, in the case where the head chip
nmodul e 201a is wused for line head 120 which sinultaneously prints one |ine
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 sane tinme. For exanple, in
the case where the head chip nodule 20l1a is used for Iine head 120 which

performs printThe lesdo frapep Q040hadhivkaesd of] @el tabdudd ntinf e@di has t he
| ength of the space 205 is caused to be the |l ength corresponding to

| ateral wi df.h of .paper of A4 size, i.e.,,. about 21 c .S he frame 204
oy bo + Befify SYHESBE 1 suppe i nprdle’ fofian Bietiber 204 MhCaned an.
mullite, alimunumnitride, ceramc netal such as silicon carbide, etc. In

addi ti onfratrfec2 (v agidf the noz204 fovayativn hesnieer 202 ak@studketoeédchl otheribly, as
quartz (Si2), etc., or netallic material such as invarsteel, etc. 22 My

1 gt 0 tyS Gl EREPEICPEE iHs e IRRPAUAIRSNEAGRRN: on momber 202, The head
frame 204 and the nozzle formation menber 202 are stuck to each other by,
o S o ISR, RO R AITOR thcoans ittt
number of head chips 206. As shown in Fig. 52, the head chip 20_6 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 pm, 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




nunber of head chips 206. As shown in Fig. 52, the head chip 206 is adapted
so that plural heat resistors 208 are forned, by various t B¢ Mapyi208¢
formati on technol ogies, on the princ'pal surface of a base (substrate) 207
forned 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 gm On the base 207, a
barrier layer 210 constituting the wall portion of an ink pressure
application chanber 209 is |am nated on the surface where the heat
resistors 208 have been fornmed. The barrier |ayer 210 is forned by, e.g.,
dry fil mopP %P%Halﬂ(ﬁﬁcrharrgﬁtn%ékéé%nfg’%lﬁéﬁérﬂl?,ﬂm farmaionemember he -
result of the fact that after the resist is lamnated on the entire

surface 902teherpassa 0¥ r ' i -
ot 11 hogr AR o o e SBRRS 20N He M ChAni 0 oK aRty

t hi ckness of about 12 wi dth of , each ink_pressure application
chamber 98WPMES gguakip Sgbg%&eZ@IQh?f Péh@?dvﬁbélhs 26 dispnsedaértbet he head
chi'p nodul e 201a according to this exanple is used in the state nounted on
line heagohayi fosmiativdl Hidndber5002 @Pihitvak&d i9'dsthimedaRE beCk A4 18] 4Re i N
| ongi tudi nal direction is assuned, the 22 I%/ay 82006833&%?7%&6’ c1)§’ ?ﬁi

202 every area

of "1 capeatpet of ik dTsg8res nofelehadld COPESBOBREISLPRK FhiR 40 bosEBeies cqua
to 5000. When the nunber of head chips 206 di sposed at the nozzle
formati ogquatid@abod@3100 It ¥ to Bé edtdd tat TERHnierd SindSsifes of fospbéitve
componeﬁts 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




nunber of ink discharge nozzles 203 corresponding to one chip. 206 becones
equal to about 310. It is to be noted that the nunbers and 24iMax

respective conponents are indicated in exaggerated or omtted manner for
conveni ence of explanation in Figs. 30 and 51. At the head chip nodul e
20l1a, flow path plates 212 are attached to respective spaces 205 forned at
the head frame 204 with respect to the nozzle formation nenber 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

f1 ow pat bf ppacec2(4l af the hdask fraxte PdnTherdhambeaviorton @ Biinclades nispack ty and

I nk resistance characteristic. The flow formation plate 212 is adapted so
that a c or tyk.0n Lite ' e space .205 of .t he head,frane 204
and a 11 S SoouRinIE S bhspAlS the St Suinats SPME AP Babosllp AR R NG
portion of the chanber portion 213 are integrally formed. The A -A cross
sect i on whefé the Bange pettionm2i4 iFfgmeB . Affthe weHgartiop whiok lineit@Bdth wi || be
further explained by using Figs. 51 and 53. The flange portion 214 is
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space 215 shown in Fig. 51 opened to the end surface of the side opposite
to the sFigs. SiamdeS53 ifer theapuypopo of ipositiidng shé heawk ¢hipA206 e avabhngror t i on
which [imts both

communicating with the space 215. In addition, at the flange portion 214, an

1nk supply tube 21’7 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




si des .of the space. 215, there is forned a cut recessed portion 216 shown
in Figs. 51 and 53 for the purpose of positioning the headZd@p2%66 in a
manner conmuni cating with the space 5. In addition, at the flange
portion 214, an ink supply tube 217 i's projected fromthe surface of the
side opposite to the surface where the chanber portion 213 is extended.
This ink supply tube 217 communicates with the space 215. The flow path
plate 212 is connected to the head frane 204 in the state where the

chanber portion 213 .is fijted intgp the gspace 205 of the head frame 204,
and the ﬁraéntbsy (55¢ @alisrate. fﬂafan&e@&m salteq,in g agL@sm) pwhile aidiaesab of  the

head frame 204. The head chip 206 di sposed at the nozzle formation nenber

202 is pofes ioveedpWrithi Baél othibt. THES ; 0
chanber portion 223 of tﬂe fl ow path %ﬁg%ﬁ%‘%ﬁl@?gg@géb%n ed&%ogdtj%e

chanber orti.on_213__ Thu cl oged space surrounded by the chanber portion
213 of 1t FOWRR Fighc il JPabd 25 Plaged iheongpuRiating wiath &y sk Timve | s
““fornmed. This closed space comunicates with the external through only the
-~ ink supppaths 8. 217 and the ink discharge nozzle 203. Wthin the closed

space, ink flow paths 218 are forned at the portions between rows of head
22 y 2006 hey are alternately arranged

3 ?gi)pcgf)ltseijni ﬁul;&g%gapngr%%e | epiﬁ]”éj@égﬁ% ¢ %e oy d¥athy pplates, ZdacRreot her .
The respective ink pressure chanbers 209
respectively connected to ink tanks (not shown) where inks of color different
from each other are contained. Thus, inks are filled within the réspective 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 i:he ink discharge nozzle 203,
énd 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




shown in Figs. 51 to 53 are placed in communicating state §¥§% I nk flow
paths 218. Ink supply tubes 217 provided at the flow path %@29§2 are
respectively connected to ink tanks (not shown) where inks of color '
different fromeach other are contai®led. Thus, inks are filled within the
respective ink flow paths 218 and the ink pressure application chanber

209. In the head chip nodul e 20l1a constituted as described above, in
performng printing with respect to paper, current pul ses are delivered for
a short time period, e.g., about 1 to 3 mcro seconds with respect to the
sel ect edrephesentaddsy piezo éémeny nraynbansked toodiscirargh énkl foomtthenbezle182 (see
Fig. 49). As a result, this heat resistor 208 is rapidly heated. Thus, ink
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fromthe ink discharge nozzle 203, and are attached onto paper. In

addi t i ondescriked bekwp plyarsemg Eigs. SﬁrtOLﬁj?n the ink flow path 218, within the
i nk pressure appli cat i on chanber 209 fromwhich ink droplets have been
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el ement for di schargl ng ink fromthe nozzle in the |ine head 120,
pi ezo- el K¥Y s Fig. S6eshonts 2 proasyseztiopaladructpmeesken the Lipe hicad d 267 émbig. nay be
used to discharge ink fromthe nozzle. A
- 55 is viewed from direction 1nd1catedAby 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,

th¢ 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 ére 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,




practical exanple of |ine head 120" using piezo-electric element will be
descri bed bel ow by using Figs. 55 to 57. Fig. 55 shows a pé?%ﬁ%ﬁ%pée Cross
sectional structure of the line head 4;120', Fig. 56 shows a cross sectional
structure when the line head 120" in Fig. 55 is viewed fromdirection

i ndicated by arrow Z in Fig. 55, and Fig. 57 shows a cross sectional
structure when the line head 120" in Fig. 55 is viewed fromthe direction
i ndicated by arrow Win Fig. 55. As shown in these figures, the |Iine head

" be of th fi ' | Si hi I
121, o rhRdb pleigieentso P28 ot ed a1 RieeS mmenl et oAl " 1 ©
vibration plate 123 |am nated on the flow path plate 122. These respective

pl ates afiredt Oakrespeatehpizizbetledlyic elethentndl6seketrdent(nbnsiowhpwry . At the
upper surface side of the flow path plate 122, there are selectively
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. comuni cat i ng with these ink chanbers are constituted. The conmmuni cati ng

porti on cumtradlerhd 6Qortoonhédeovelpetrbdds?Sitang tpossibds past bated | rspedtanders 124
communi cate with each other is narrow. There is enployed structure such

the o ndske IR e, TERRRA AR ARt Bt ER RS Nitchbhinicaldd,g
portion. On vibration plates 123 i medi ately above the respective ink
chanber dylarrow2E ilblyig2 306todincrease (expand) or decrease (contract) capacity of
the ink chamber 124. o .
The portion of the side opposite to the side communicating with the
~common flow path 1235 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




pi ezo-electric el enents 126 conprised of piezo elenent, etc. are
respectively fixed. On respective piezo-electric- el ements22May 08¢t r odes
(not shown) are respectively |lam nated and arranged. By applying a drive
signal fromthe head controller 16240 these electrodes, it is possible to
bend respective piezo-electric elenments, vibration plates inits turn, in
the direction indicated by arrow E in Fig. 57 to increase (expand) or

- .decrease (contract) capacity of the ink chanber 124. The portion of the

. Sside opposite to the side comunicating with the comon flow path 125 at

r espect i predeternihedripeessut® 4ppHsatitve mechanismemay bevprovideteatf thewinkat h wi dt h
gradual |y becones narrow as shown in Fig. 55. At the flow path plate 122

127, "ns SHENE 1% GPA9 bSO R el Sl o808 M3t LSRR 170 ver

smal | nozzle 128 formed at the nozzle plate 121 of the lowernost |ayer so
t hat ink droplBien,anethdr practicpddxtmpie of therprimtiee 202611l bé\explaedd. ne head
120, as shown in Fig. 55, there are formed plural nozzles 128 in |line

equidistantly n he dir.ectian. epdi cul .na d
direction Y ofﬁ%%cglpgi f]egt Bélggérr ﬁ?ldén%%nﬁg#frpgwré%twgifg @'gém‘}é%iﬁcat es
with anink cartridge 120a (see Fig. 49). Further, ink is delivered from
t he i nk scanningodjeecidfaismentiaxdeat thegrintkeatlanbers 124 via the comon fl ow
path 125. While this suply of ink can be perfornmed by nmaking use of the
capillary phepﬁﬁ??&'ﬁrﬁﬁe@ﬁ%%mﬁ%@s, as shown in Fig. 58, print heads 171k,
171C, 171y, 171y which reSpectively discharge inks of black (K), cyan (C),
magenta (M), yellow (Y), a cartridge unit 173 to which the print heads 171k,
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 171g, 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),




42 predeterm ned pressure application mechanism may be provided at the ink
cartridge 120a to apply pressure to perform such supply inZ%Mﬁye?()Qﬁ t he
above. Then, another practical exanplg of the printer 20 will be expl ai ned.
Here, ink jet printer using print head reciprocating in the main scanning
direction is nentioned as the print head. This jet printer 170 conpri ses,
as shown in Fig. 58, print heads 171K, 171c, 171M 171y which respectively
di scharge inks of black (K), cyan (C), magenta (M, yellow (Y), a

cartridg Py L AN riknat heads, 171K, ,171c,. 171M..|7ly are

at't achedsgnd (Q\’r \z/rf‘argéﬂfao végﬁ{jﬁé‘gmr PRt bAS PFgeive Signal %ll‘f\‘?‘lre‘i?ly in
the main scanning direction, a flexible printed board 174 which supplies a
drive si trabgh the fexibleprinter boandt 1 HemdperforbiKprihf dperatibh 171y, a gui de
rail 175 for guiding the cartridge unit 173, and a group of ink tanks 177

176. The. o oapr e fRey BRFEE 18 Drblrelh AV Ren ieflidned iRove s Bkt ' P°

magenta (M, yellow (Y) to respective print heads through the ink supply
pi pe 17éxammple d athengudstidalléganmplecof diglptinder |20. dnethprinkt jebpaidterpf t he
ink jet type using, e.g., piezo elenment or heat element. In order to

C i Par 1 ePAngREE mel tafs, ol R B8 ioa o el 0 8 debnfifl Do
171K, 171c, 171M |17ly respectively selectively discharge, onto recording
paper P, uparktheothasaetekisi®)of paper. However, in accordance with the printer 20,
| since level of the edge portion can bé -Io'wered, it is possible fo elirrliﬂate
-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 bel
employed print system capable of performing both processing from binary
data to multiwalued 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




22 May 2006 43 cyan (C), magenta (M, yellow (Y) on the baéi of%ﬂ%rive-
signal delivered through the flexible printed board 174 t 2;@?}? ) print
operation. Three kinds of ink jet printers have been nentioned above as
practical exanple and other practicdt exanple of the printer 20. In the
ink jet printer, blurring, etc. may take place at edge portion of
charcter, etc. in dependency wupon the characteristic of paper. However, in
accordance with the printer 20, since |level of the edge portion can be

| owered, it is possible to elimnate blurring. Namely, the present

i nvent i angitsdie¢dtennsi and whebligppldiegttion arbecauséd jtetbe ghjeot prxeld in the t o be
noted that while the exanple where binary data is converted into quinary

or sexe d At .t ' .ue S}0 hi 23 . iynter has
been montysaibseyiBb SiodgnsY BoHE BRI I HRE RS 3 pR bt el e
data such as trinary, quartary (4-ary), and septary (7ary) or nore data in
conf or nmithyg reiahked phidlynahay fbe integer f 20r nhbwegevier 4, Sal-pé2oflonul2di - val ue
conversion may be selected in conformty with the characteristic of
recordi ng paper. Further, there nmay be enployed print system capabl e of
perform na both processing frombinary data to multi-valued data shown in
Fig. 45 and the conventional processing shown in Fig. 46 and adapted to
sel ectively pdiihallyn piinﬂwdrresnﬁs atbtaimed tyy thé peintusytstean bfto ushich the

present invention is applied are shown in Figs. 59A to 59C, Figs 60A and 60B
while making comparison to the conventional example.

Fig. S9A is printed matter by data transfer in the state of multi-valued
data which is obtained by the conventional processing example shown in Fig.
46. Fig. 59B is printed matter directly obtained by binary data after data
transfer is performed at binary data. As a resﬁlt, only printed matter having
strong granular feeling and low picture quality can be obtained. Fig. 59C is
printed matter obtained by the print system 1. Printed result having small
granular feeling when compared to Fig. 59B and which is not so inferior even
if comparison with Fig. 59A is made.

Figs. 60A and 60B are results in which character of 6 points is printed
onto ordinary )paper by the ink jet printer. Even if corresponding data is
multi-valued data or binary data, blurring is conspicuous as shown in Fig. 60A
in the conventional method. However, in accordance with the print system 1,
blurring can be reduced as shown in Fig. 60B.

It is to be noted that while the invention has been d,escri_bed in




Whi | e ei ght pixels positioned in upper and |ower directions, in left and 22
May 2Q06 44 right directions and in oblique direction are 2ad®t280§ be

obj ect pixels in the above-describedygnmbodiments with respect to the
nunber n of pixels around the remarked pixel, n may be integer of 3 or
nore, e.g., 4, 5, 12 16 24 --32. Finally, printed results obtained by the
print systeml1l to which the present invention is applied are shown in
Figs. 59A to 59C, Figs 60A and 60B while making conparison to the

conventi opl e 59A |s |n.t ed matter hy a transfer |n-the
state of gﬁ%}@g %I Eifh ﬁli efe I\ﬁ#cﬁ 0‘3‘5‘9%?? fe ﬁ’ﬁyeqt%heﬂﬁﬁﬁ'@m i dal th
processing exanple shown in Fig. 46. Fig. 59B is printed matter d| rectly

obt ai nedatgorhparyingddtawiaft endddéseribietaiis ey absve Feb@ipirch # duitadr  dat a.
As a result, only printed rratter haV| ng strong granul’ar feeling and | ow

Photur e SHAG SR8 RPN orfsty Sulni e e Pty e

conpared to Fig. 59B and which is not so i nferior even i f conparison with

Fig. 59Anots hmdited Fitgs.eribddianadt§0Bb@ e vafoub t mbdifidatihs,C hAianhfveof 6
points is printed onto ordinary paper by the ink Jet printer. Even if

correspo mul t i valuddata or  bjnar a qurrln i's
conspi cuéo](ﬂ'w‘gl g@ﬁgvﬁ{ ?‘HHE?JG Isgerl Fr}n'lll?\l@ F‘%Wé epattigd rom G er , in
accordance with the print system1,

scope and spirit of the present invention as set forth and defined by appended

clalms

Industrial Applicability

In the printe;r 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 dgta 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




blurring can be reduced as shown in Fig. 60B. It is to be noted that while
the invention has been described in 22 May 2006 45 accor daré Mag 3006
preferred enbodi nents thereof illustrated in the acconpanying draw ngs and
deseribed in the above description if6detail, it should be understood by
those ordinarily skilled in the art that the invention is not limted to
enbodi nents, but various nodifications, alternative constructions or -
equi val ents can be inplenented without departing fromthe scope and spirit
of the present invention as set forth and defined by appended cl ains.

| ndust r ipittufe Rjuatiepfroint Wataroft haitrof réspectivel pixets whiclt haws beeh esuseddi ng to
the present invention, conversion into data of nulti-gradation including
three gradatjons .or nmore is performed on the basis of data of pixels

ar ound ﬁﬁémwgﬁﬁ?g@@tﬁpﬁgplat 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 tine. The print system according to the present

i nvention converts nulti valued data into binary data to transfer it to
printer to convert binary data into nulti valued data by using table at
the printer. Accordingly, it is




possible to performdata transfer in the state where data ggantities of
respective pixels are caused to have | bit to obtain print&dMatdlf of high
22 Nay 2006 46 picture quality fromdgia of 1 bit of respective pixels

whi ch have been caused to undergo data transfer. 22 May 2006 CLAIMS 1 A
printer which can nake representation of three gradations or nore by one
pi xel , the printer conprising: nulti value conversion nmeans for converting
data of two gradations of a remarked pixel into data of multi-gradation

including the three gradations or . r the basis of data of pixels
around the remarked pixel; and recMead means for performng print

operation based on the data of nulti-gradation fromthe nmulti-val ue

conver si dn neaAspriter iwehiph icah enal@srepeésenedtidh ofthrbabradhtion oF ehoreval ues
t hat remarked pixel should take, which is based on "data of surrounding

pi xel s, Bi%ngepti %n advance in a table where values in which two gradation
data (0, "4) " 0f ﬁ ral n (nis integer of 3 or nore) around the renmarked

pi xel are-assigned to respective digits of binary nunmber of n figures and
two gradation thetprirter cdmpeisidgdie remarked pixel are taken as paraneter,

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 pikels around the remarked i‘)ixel; 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

14

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




whereby the nulti-val ue conversion neans makes reference to this table to

t hereby convert two gradation data into nmulti-gradation da@&bmmﬁgmérinter
as set forth inclaim1 or 2, wherein the two gradation data of the

remér ked pi xel and the 22 May 2006 sdﬁrounding pi xel s are conpared with
each other to represent high density/low density, whereby when val ue of
the remarked pi xel has high density and values of all of the surrounding
pi xel s have | ow density, the nulti-value conversion neans allows val ue of
the remarked pixel to be the mninmm value or value in the vicinity of the
m ni mum sirronding mikels age edepared witheshmther torrepeesent highrdansiti/lowai m 1 or
2, wherein the two gradation data of the renmarked pixel and the

sur roundj 04g.: i e i [ '
Gens 1 y/ 1008y SRhreBy “whENLRUGS, of Ul RERRR RindIChAT BIAF Kihsi® b |
density and values of all of the surrounding pixels have hi %g_ density, the

mul ti - vavalees cfnalr ef ¢he paaounding psxelschavd lewodensity, rtheramklitvplueel to be
t he maxi nrum value or value in the vicinity of the maxi mum val ue of

'rrulti-grgﬂﬁ;' it S f Lo el a Ofpy a2 i in the
two gradat | c?%ﬁ at g]egagt%%eﬁélr egfgb?(e&%#r%é@lékas@r r%gu{rl\lgi H‘dﬁ%ﬁ@ s are
~conpared with each other to represent high density/low density, whereby
when t hevala¢ e velue incthe sneinky @I fh aninamany splnepighulibgedatignd | ower, and
| eft and right surroundi ng pixels al so have high density, the

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
sunounciing 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




~multi-value conversion neans allows the value of the remarked pixel to be
the paxinumvalue or value in the vicinity of the maxi num2¢Mai2i@6 22 wmay
2006 mul ti-gradation. 6 The printer aggset forth in claim1l or 2, wherein
the two gradation data of the remarked pixel and the surrounding pixels
are conpared wth each other to represent high density/low density,

wher eby when val ue of the remarked pixel is high density side, and the
surroundi ng pi xel s thereof are either one of upper and | ower, left and

right a bl i i xel s including the remarked pixel and their values are
val ue at %@g@%ﬁ{iﬁry bet ween high density area and | ow density area, the

multi value conversion neans allows the value of the renarked pixel to be
m ni rum value or value in the vicinity of the m ni mum val ue of
multi-gradation. 7 The printer as set forth in claiml or 2, wherein the

two gradgation of ther ked, pi xel d the surrounding pixels are
conpar edgvm' th gﬁ%&)r&t%?s St%%%brl@é%ﬁfn ﬁi%@densi ty/low density, whereby
when val ue of the remarked pixel has high density, the multi-value

conver si on neawhesginshy avogradatidiedstarst thedemiaeld pitePas@tgance with the
nunber of pixels of high density anong ei ght upper and |ower, left and

UL et PRLAGIHE (B e Sl Wbl SRUTE) A BLSPhn BLSRARY O 2
density, whereby when value of the remarked pixel is high density side, and
the surfounding pixels thereof are eithef one of upper and Ibwer, ieft 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 muiti-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,




wherein the two gradation data of the remarked pixel and tE? sg&bgundi ng
pi xel s are conpared with each other. to represent high densi qu density,
wher eby val ue of the remarked pixel has high density and val ues of upper
and<l ower, and left and right four pi%els of the surrounding pixels have

| ow density, the multi-value conversion neans allows the value of the
remarked pixel to be the mninmumvalue or value in the vicinity of the

m ni nrum value. 9 A print nmethod applied to a printer which can nmake
representation of three gradations or nore by one pixel, the print method
conpri sing: a whktdin ded tveo goadaticai data sif ¢lpe émarkedepikehandithiea of two
gradations of a remarked pixel into data of nulti-gradation including the

three gr 1o Qr. re e i s of ' qQuad

Forrar ked ot RixelPREE O ReRiEL PN SR oL RS EhB I B s on
the data of nmulti-gradation fromthe nulti value conversion step. 10 The
print nedémitya wieseby eahie ofitid ermakedvhiaekhas haghidsnsityaand haluesnef ked

pi xel should take, which is based on data of the surrounding pixels, are

ol ur AR Bofl, BB Te AR 45 Ay UAR U ORBIRAP LR ARV >

remar ked pixel are assigned to respective digits of binary nunber
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)




of n figures and two gradation data (0, 1) of the renmarked Ei xel are taken
as paraneter, whereby reference is nmade to this table at 2AMaAA0P val ue
conversion step to thereby convert twgy gradation data into nulti-gradation
data. 11 The print nethod as set forth in claim9 or 10, wherein the two
gradation data of the remarked pixel and the surrounding pixels are
conpared with each other to represent high density/low density, whereby
when val ue of the remarked pixel has high density and values of all of

surroundi i xel s h | ow densi t | ue of the,remarked i xel, is
converte@ Oﬁ{%h%lﬂqa‘k%WGg?ﬁeasgign@éﬁggepge%@ m%g‘:ﬁ@nﬁﬂpflﬂg‘b% ni mum
value at the multi value conversion step. 12 The print nmethod as set forth

in clai noPndfigifes aritbtveo rgradationvda@r @) d)i athdatenarked pixdlamartiken psxel and
-the surrounding pixels are conpared with each other to represent high

density/ NSl whereby when val ue of, the remayked pixel has high
density é%gmqgfug@%?b%l ﬁ%fgﬁe\ﬁ%rlrso hdOpithisy SalgPs 8{ HE@eBTﬂ)iHﬁvagEﬁsi ty,

val ue of the remarked pixel is converted into the maxi mum val ue or val ue
in the veanversipn stept foe therebynoonvattusve fgradation giagd dhicomati-dradationt i val ue
conversion step. 22 May 2006 13 The print method as set forth in claim9 or
10, V\he(rjgé'tg the two gradation data of the renmarked pixel and the

surroundi ng pi xel s are conpared with each other to represent high

density/| ow

11 Ther 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 muiti-gradation at the multi-value conversion step.




density, whereby when val ue of the remarked pixel has high sigfi%é and
val ues of upper and |lower, and left and right surrounding 8' Pso have
hi gh * density, value of the renarkedﬁpixel is converted into the maxi mum
val le or value in the vicinity of t ¢ maxi num val ue of mul ti-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
surroundi ng pixels are conpared 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 | ower,
| eft and right and oblique pixels including the remarked pixel and their

rea, valte of timgrin ERREHE R R BE o AUST T Y ne mrnt mum val ue or

val ue in the vici nity of the mininmumvalue of nmulti-gradation at the nmulti
val ue conver siwhesstiethe o graslagionrdataref bloeiremarked pixeltandithecl aim 9 or 10,
22 May 2006 wherein the two gradation data of the remarked pixel and the

Genci by oo e DS aRERRALARANI cB8G A Brreb s FORERTRIS VI 1o i g

density, value of the remarked pixel is set in accordance with the nunber
of pi xeldens#yj wherabyhwhemsvalye off thepeemarked piwel | hasehighadensityandand
oblique eight pixels of the surrounding pixels at the multi-gradation
conver siyafuéd 6Pupper and lower, and left and right surrounding pixels also have high

dénsity, 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 surroundi.ng 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 vicinify 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,




16 The print nmethod as set forth in claim9 or 10, wherein tg\g t wo
gradation data of the remarked pixel and the surrounding ﬁiz P20
conpared with each other to represent s8i gh density/low density, whereby
when val ue of the remarked pixel has high density, and values of upper and
| ower and left and right four pixels of the surrounding pixels have |ow
density, value of the remarked pixel is set to the m ninmum value or val ue
in the vicinity of the mnimmvalue at the nulti value conversion step.

17 A printer a r..recei,vi.ng (dat a.hased on inmage trapsferred through
transfer mansq@ge&§®$§rt%0§r%ﬂ?ﬁ%%$§1?%ﬁle’lrﬁ%g?ip}ﬁ%ﬁmﬂﬁﬁ the data, the
printer conprising: multi-val ue conversion neans for converting data of two

gr adat i ossrrofindingepixclseatemongbared iveith bach biten té reprebeittdgh densivgiowhe
transfer 22 May 2006 54 neans into data of nulti-gradation including three

gradatio e .basiis_of. data of. pixels around.the renarked
“pi xel ; angngb&Wﬁgyﬁﬁ@ T’Pc?aﬁgﬁ? ot @%F?@?‘f‘ﬁeﬁ&%?fh%s @@r%l}sgﬁ’ B&ﬁ@d on
data of multi-gradation fromthe nulti-val ue conversion nmeans. 18 The
printer af teetremarkedd pixedlimiset iV acodrdnnce widh tes nuhibiertdfepixelsehidg pi xel
shoul d take, which are based on
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




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 nn?%?kﬁﬂggﬁd t he
remarked pixel are assigned to respective digits of binary nunber of n
figyres and two gradation data (0, Bt of the renmarked pixel are taken as
paranmeter, whereby the multi val ue conversion neans nakes reference to
this table to thereby convert two gradation data into multi-gradation
data. 19 A print nethod applied to a printer adapted for receiving data
based on inmage which has been transferred through transfer neans to

per f or m BiehA§ inteP@4tatdfomult-geaditiMmnictudihg thidtegeifiationt o mdrendn iied hod
conprising: a nulti-value conversion step of converting data of two

gradations ,of . a remarked pixel. which hgs.been transferred through the
transferQ%%ﬁgd?%QfE‘?eﬁ?a%rgﬁégéh%?lﬁ%F XD gr adation including three
gradations or nore on the basis of data of pixels around the remarked

pi xel ; and a rl%@_@fdih?ﬁle‘ﬁﬂefﬁeﬁ)ﬁs RATPefothilelg Printtopsearien basedes ddtoof t he dat a
of “rmulti-gradation fromthe multi® val ue €onversion step. 20 The print

- method as set forth hn cl.aim }9, erein values that the remarked val ue
shoul d t‘é’k’if} atipryfrony themuligryafilg conyerdQpIBEf ng pi xel s, are set in

advance in a table where values in which

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 gradatioﬁ 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.

1.9 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




two gradation data (0, 1) of plural n (nis integer of 3 or nore) around
the remarked pixel are assigned to respective digits of bEhday2¥fber of n
figurés and two gradation data (O, 1%5 of the remarked pixel are taken as
paranmeter to nake reference to this Table at the nulti val ue conversion
step to thereby convert two gradation data into nulti-gradation data. 21 A
print system adapted for transferring data based on image to a printer

t hrough transfer neans to performprint operation in conformty with the
data at the printer, wherein_the inmage is caused to be data of two

gr adat i ofdtaper myl{e-gradation inpheding thresrgradations or sepre on the basisrfedatanr ough
the transfer neans, and wherein the printer converts data of two

gradat i Oﬁﬁgﬁfels"‘af r .%‘}eﬂl%ﬁﬁ@ypig@f)giﬂd 56 pixel into data of

mul ti-gradation including three grddations or nore on the basis of data of
pi xel s around the remarked pixel. 22 The print systemas set forth in claim
21, wherein the rpepiciag séep of penfosming quinty eperationhbasedren thendake ofpi xel
~shoul d take, which are based on data of surrounding pixels, in a table

wher e V%llﬁl?‘lg?rhﬂ'at L 6ok e %WC&'E\L%S&)%’ST. _of plural n (nis integer

of 3 or pit xel s around the remar pI xe are assigned to respective
digits of binary nunber of n figures and two gradation data (0, 1) of the
remar ked pi xel are

20 The print method as set forth in claim 19,
wherein values‘ that the remarked value éhould take, which are baéed
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




t aken as paraneter, whereby the nmulti value conversion neans makes
reference to this table to thereby convert two gradation da?3ayr086
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obtain printed matter of high picture6quality fromprint data transferred
in the state changed into | bit for the purpose of shortening data
transfer tinme. A nmulti value conversion unit (23) converts CMYK respective
1 bit binary data froman expansion unit (22) into multi-valued data. The
mul ti-val ue conversion unit sets values that a remarked pixel should take,
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two gradation data (0, 1) of the renmarked pixel” and two gradation data of

pi xel s oynd _the remarked pixel,, e.qg., uypper and lower, left and right
and obl iaémsefgﬁ%a 'R@Pﬁg %PE“%&I%‘?EFHE %@R@%lpecti ve digits of binary
nunber of eight figures are taken as paraneter to nmake reference to this
' t_able to thereby convert two gradation data into nulti-val ued data.

22 The priﬁt system as set forth in claim 21,
wherein the printer sets, in advance, values that the remarked pixel

should take, which are based on data of surrounding pixels, in a table where
values in which two gradation data (0, 1) of plural n (n is integer of 3 or more)
pixels around the remarked pixeis 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.
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ABSTRACT

A printer is permitted to obtain printed matter of high picture quality
from print data transferred in the state changed into 1 bit for the purpose of
shortening data transfer time. A multi-value conversion unit (23) converts
CMYK respective 1 bit binary data from an expansion unit (22) into
multi-valued data. The multi-value conversion unit sets values that a remarked
pixel should také, which corresponds té circumstarices of surrounding pixels,
in a table where two gradation data (0, 1) of the remarked pixel and two
gradation data of pixels around the remarked pixel,, e.g., upper and lower, left
and right and oblique eight pixels are assigned to respective digits of binary
number of eight figures are taken as parameter to make reference to this table

to thereby convert two gradation data into multi-valued data.




