EJECTI ON CONTROL DEVI CE, LI QUI D- EJECTI NG APPARATUS, EJECTI ON CONTROL
METHGD, RECORDI NG MEDI UM AND PROGRAM BACKGROUND OF THE INVENTION 1. Field
of the Invention The present invention relates to a |iquid-ejecting
apparatus for ejecting droplets to an object, and to an ejection control
device for controlling such an ejecting operation. Furthernore, the
present invention relates to a nethod and a programfor controlling such
an ejection operation. Mreover, the present invention relates to a
recordi ng nmedi um havi ng the programrecorded thereon. 2. Description of the
Rel ated Art One of known techni ques f.org gray-scale expression of a

printing image is a pul se-nunber nodul ati on techni que. According to such a
t echni que, each pixel, which is the smallest unit in an inmage, is
expressed wiyk I @My fifApket Lr | _di aneter._ Dependi ng on

t he nunber o?Tg?%pletégﬁ%he v?%ﬂa Igg%%ggg%%gﬁg#AfﬁéRﬁFgﬁef%ﬁEéﬁiogach

pi xel changes. Theowiraua! M@tdder etk MEDPINtC! Al HHR give different

gray-scale levels of pixels to a viewer. Here, the term e nunber of
droplets” refers to the nunber of droplets ejected to a pixel range of one
pi xel . An application of such a pul se-nunber nodul ation technique is

di scl osed FA{-KARPTND3 988 THRPCINGaYEBIQ®e. Accordi ng to W001/ 039981 PCT Gazette,

dropl ets e ej.ected_ in a consecutive manner based on gray-scal e data,
i.eP data%{' %heid of the Invention gray

The present invention relates to a liquid-ejecting
apparatus for ejecting droplets to an object, and to an
ejection control device for controlling such an ejecting
operation. Furthermore, the presgsent invention relates to a
method and a program for controlling such an ejection
operation. Moreover, the present invention relates to a
recording medium having the program recorded thereon.

2. Description of the Related Art

One of known technigques for gray-scale expression of a
printing image is a pulse-number modulation technique.
According to such a technique, each pixel, which is the
smallest unit in an image, is expressed with a group of
droplets having a small diameter. Depending on the number
of droplets, the visual appearance of the diameter of each
pixel changes. The visual differences in the pixel diameterx
give different gray-scale levels of prixels to a viewer.
Here, the term "the number of droplets" refers to the number
of droplets ejected to a pixel range of one pixel.

An application of such a pulse-number modulation

technique is disclosed in W001/039981 PCT Gazette.



for determ ning the nunber of droplets to be ejected to one pixel range.
For exanple, according to a gray-scale-level data itemPNVS, five droplets
are to be ejected in a consecutive manner. In detail, the gray-scal e data
and the pul se nunber are conpared, and a signal that allows droplets to
be ejected until the pul se nunber exceeds the nunber corresponding to the
gray-scale data is generated. However, such a technique that generates a
driving signal based on the conparison result is problematic (first
problem in that it requires a conplicated circuit for the ejecting
position with respect to the center ef2the correspondi ng pixel .

Furt hernore, WD01/039981 PCT Gazette and Japanese Unexam ned Patent
Application Publication No. 2003-226017, for exanple, disclose a |line head

functi oni ngcas4danhed wHRL/EIYsu pRrachigpid: eRGlidg apRaLaAliis.g Such a
| ine head has a plurality of nozzles aligned théreon and can draw pixels

si mul t aneduss by cobk8ctespe Glarirmert basadnbar gpdy Nezzleeathl, oyl dedia@uch a line
head is problematic (second problem) in view of the fact that an extrenely
a | arge nifivrededbermounin@stheamaimpeayicdedropbets hics becagjentefl hies eorgr € cases
where sone  of the nozzles cannot eject droplets properly. 3 _ SUWARY OF
THE | NVENPRERLAERBPR ngTSE §%erpd eanasBpEdingfta e gregsepale nleral on

data item PNM5, five droplets are to be ejected in a
consecutive manner. In detail, the gray-scale data and the
pulse number are compared, and a signal that allows droplets
to be ejected until the pulse number exceeds the number
correspanding to the gray-scale data is generated.

However, such a technique that generates a driving
signal based on the comparison result is problematic (first
problem} in that it requires a complicated circuit for the
ejecting position with respect to the center of the
corresponding pixel.

Furthermore, WO01/039981 PCT Gazette and Japanese
Unexamined Patent Application Publication No. 2003-226017,
for example, disclose a line head functioning as a head
mechanism in a liquid-ejecting apparatus. Such a line head
has a plurality of nozzles aligned thereon and can draw
pixels simultaneously with respect to the number of nozzles
provided.

Such a line head is problematic (second problem) in
view of the fact that an extremely a large number of nozzles
are provided. For this reason, there are cases where some

of the nozzles cannot eject droplets properly.



to solve these problens by providing a technology that allows easy and
accurate setting for the ejecting positions of droplets and for the
ejection timng. Mreover, it is another object of the present invention
to provide a technology that allows conpensation for nalfunction of
ejection with a sinple structure. The present invention enploys one table
or a plurality of tables. Here, a table is used as a correspondence

bet ween gray-scal e data and ejection pattern data. In a table, each
gray-scale data itemis provided with one predeterm ned ejection pattern.
Each ejection pattern includes eject+on data bits for determ ning whet her
or not a droplet is to be ejected. The ejection data bits are arranged in
a time-series manner. For exanple, if an ejection data bit is set at "I"
a droplet is to be ejected, whereas if an ejection data bit is set at
11011, a droplet is not to be ejected. Accordingly, the ejecting positions
and ti m nguaMardedermmedriagagdyon where the ejection data bits "1" are

| ocated. According to a first aspect of the present invention, an ejection
control devi ceAcytioglgeditThe apecthjent cfomheopreesntcernvrgitides a nenory
for storing a - 4 correspondence table between gray-scale data itens and
ej ection [5at ceLwe detess tumdbledec RYgPAGVERHIS &eghnedagy detad ni ni ng t he

nunber of gﬁoglets to Qf %jected to_a, . , .
allows easy and accurate setting for the ejecting positions

of droplets and for the ejection timing. Moreover, it is
another object of the present invention to provide a
technology that allows compensation for malfunction of
ejection with a simple structure.

The present invention employs one table or a plurality
of tables. Here, a table is used as a correspondence
between gray-scale data and ejection pattern data. In a
table, each gray-scale data item is provided with one
predetermined ejection pattern.

Each ejection pattern includes ejection data bits for
determining whether or not a droplet is to be ejected. The
ejection data bits are arranged in a time-geries manner.
For example, if an ejection data bit is set at "1", a
droplet is to be ejected, whereas if an ejection data bit is
set at "0", a droplet is not to be ejected. Accordingly,
the ejecting positions and timing are determined based on
where the ejection data bits "1" are located.

According to a first aspect of the present invention,
an ejection control device is provided. The ejection

control device includes a memory for storing a



correspondi ng pixel so as to express a desired gray-scale level of the

pi xely, each ejection pattern data item determning the ejection timng of
droplets; and a converter for converting each gray-scale data item of the
correspondi ng pixel to the corresponding ejection pattern data item by
referring to the table. According to a second aspect of the present

I nvention, an ejection control device is provided. Such an ejection
control device includes a nmenory for storing nultiple types of
correspondence tabl es between gray-scale data itens and ejection pattern
data itens, each gray-scale data item 4determ ning the nunber of droplets
to be ejected to a corresponding pixel so as to express a desired
gray-scale |evel of the pixel, each ejection pattern data item

det er m ni R tReBhaEhEENAHTE Ne Qe eRPLOL ScaPe SRItRCHREmEOANg SEl ecting one
of the tables; and a converter for converting each gray-scale data item of
t he correspenrding pexekrhoddtde iy, espehdongy-ejedid datpaitenn data item by
referring to the table selected by the selector. In the ejection control
devi ce acclmteirmgntiogt hbe smadrer ofs geoplethetsdiectiectedyteetect one of the
t abl es based on the position of the corresponding pixel to be processed.
Fur t her nor®rEeFPERELIBIcREIOh SOMS S0 §8Press & rdinsgd greYriertecond

aspect, b@% %jle%t nmay sel ect one of.tge atable%%ﬁaseg on a random
nunber . NOFESVerT GAENPLERI e GRS ISECTABRaPA RSt e FER i on
determining the ejection timing of droplets; and a converter
for converting each gray-scale data item of the
corresponding pixel to the corresponding ejection pattern
data item by referring to the table.

According to a second aspect of the present invention,
an ejection control device is provided. Such an ejection
control device includes a memoxry for storing multiple types
of correspondence tables between gray-scale data items and
ejection pattern data items, each gray-scale data item
determining the number of droplets to be ejected to a
corresponding pixel so as to express a desired gray-scale
level of the pixel, each ejection pattexrn data item
determining the ejection timing of droplets; a selector for
gselecting one of the tables; and a converter for converting
each gray-scale data item of the corresponding pixel to the
corresponding ejection pattern data item by referring to the
table selected by the selector.

In the ejection control device according to the second
aspect, the selector may select one of the tables based on

the position of the corresponding pixel to be processed.



pattern data itemin which the ejection timng of droplets 1is

non- consecutive. Furthernore, the nenory may be rewitable such that the
content in each table can be changed. According to a third aspect of the
present invention, a |iquid-ejecting apparatus is provided. Such a |iquid-
ej ecting apparatus includes a nenory for storing a correspondence table
bet ween gray-scale data itens and ejection pattern data itens, each
gray-scale data item determ ning the nunber of droplets to be ejected to a
correspondi ng pixel so as to express the desired gray-scale |evel of the
pi xel , each ejection pattern data items determning the ejection timng of
droplets; a converter for converting each gray-scale data itemof the
correspondi ng pixel to the corresponding ejection pattern data item by

referring to the diableneand agng] @fé&&%rﬁraoﬁ@&oioaeﬂ@étad&rd%gpl ets
t hrough a correspondi ng nozzle based on the ejection pattern data item

Accor di ng tbotBef oeEdha asiRtit ,Ofthehge PE€5ENtndyNweNEEENONe 2ot itHd d- €] ecti ng
apparatus is provided. Such a liquid- ejecting apparatus includes a nenory

for storingbiuktbpsed -dn tay pesrdoin nombespondence tabl es bet ween gray-scal e
data itens and ejection pattern data itens, each gray-scale data item
det ermi ni ng t HéorraMsar, @ﬁcbrﬁébé@sm%x)#ﬂ?hﬂdécﬁédl@%ﬁ%iOnﬁaﬁﬂ@§ﬁéﬁﬁlng pi xel

so as to exgress a desjred gray-scale
tern data item in which the ejection timing of droplets

ig non-consecutive.

Furthermore, the memory may be rewritable such that the
content in each table can be changed.

According to a third aspect of the present invention, a
liquid-ejecting apparatus is provided. Such a liquid-
ejecting apparatus includes a memory for storing a
correspondence table between gray-scale data items and
ejection pattern data items, each gray-scale data item
determining the numbexr of droplets to be ejected to a
corresponding pixel so as to express the desired gray-scale
level of the pixel, each ejection pattern data item |
determining the ejection timing of droplets; a converter for
converting each gray-scale data item of the corresponding
pixel to the corresponding ejection pattern data item by
referring to the table; and an ejection driver for ejecting
droplets through a corresponding nczzle based on the
ejection pattern data item.

According to a fourth aspect of the present invention,
a liguid-ejecting apparatus is provided. Such a liquid-

ejecting apparatus includes a memory for storing multiple



| evel of the pixel, each ejection pattern data item determ ning the
ejection timng of droplets; a selector for selecting one of the tables; a
converter for converting each gray-scale data item of the correspondi ng
pirxel to the corresponding ejection pattern data itemby referring to the
tabl e sel ected by the selector; and an ejection driver for ejecting
droplets through a correspondlng nozzl e based on the ejection pattern data
item According to a fifth aspect of the present invention, a nethod for
controlling an ejecting operation is provided. Such a nethod includes the
steps of referring to a correspondence table between gray-scale data itens
and ejection pattern data itens,.each gray-scale data item determ ning

t he nunber of droplets to be ejected to a corresponding pixel so as to

express acgpakrg# Qéaﬁyesiﬁﬁld%nckeﬁsialé’é ﬁé‘c%:e%xghcaye@@&@kfa@ttal QReRgttern
data item "determning the ejection timng of droplets; and converting

each grayag@akgedeich ig21Pedth HREaCOtEMRSPAMINNGrAYXSLtal® ddt& igefr espondi ng
ej ection pattern data item based on the table. According to a sixth aspect

of the prdseatminienttien nuaberethodréptetcontor bl Bngeted gjcect i ng operati on
is provided. Such a nethod includes the steps of selecting one of mltiple
types of €errespondimt®ivwdl 69 Bet WectrRyiafs scdeeiredtarawesland ej ection

pattern dat teps, each ray scale data item determ ning the nunber of
dropl et's ESVB BF et P1XT 12 SBGPr 84S h PAkitEaF gﬁt%slii%‘?expr ess a desired

gray- determining the ejection timing of droplets; a selector for
selecting one of the tables; a converter for converting each
gray-scale data item of the corresponding pixel to the
corresponding ejection pattern data item by referring to the
table selected by the selector; and an ejection driver for
ejecting droplets through a corresponding nozzle based on
the ejection pattern data item.

According to a fifth aspect of the present invention, a
method for controlling an ejecting operation is provided.
Such a method includes the steps of referring to a
correspondence table between gray-scale data items and
ejection pattexrn data items, each gray-scale data item
determining the number of droplets to be ejected to a
corresponding pixel so as to express a desired gray-scale
level of the pixel, each ejection pattern data item
determining the ejection timing of droplets; and converting
each gray-scale data item of the corresponding pixel to the
corresponding ejectiocn pattern data item based on the table.

According to a sixth aspect of the present invention, a

method for controlling an ejecting operation is provided.



scale level of the pixel, each ejection pattern data item determning the
ejection timng of droplets; and converting each gray-scale data item of

t he correspondi ng pixel to the corresponding ejection pattern data item by
referring to the selected table. According to a seventh aspect of the
present invention, a recording nmedium having a programrecorded thereon is
provi ded. Such a program can be read by a conputer and allows the conputer
to refer to a correspondence table between gray-scale data itens and
ejection pattern data itens, each gray-scale data item determ ning the
nunber of droplets to be ejected to & corresponding pixel so as to

express a desired gray-scale |level of the pixel, each ejection pattern
data itemdetermning the ejection timng of droplets, whereby the

conput er gQANe4 tife@ae igl-aydesatRe sladpy idfeBeéct ey cara esfpondi ng pixel to
the corresponding ejection pattern data item based on the table. According
to an ei ghtbtfspectymfs tdfe cpreseptndarventtiapies hetreen dinay-sedilam havi ng a
program recorded thereon is provided- Such a programcan be read by a
conput er datiaaltens ausk edessirRr PREteEl dattaoAEeBE, At @Y FHade of

correspondence, tabl es between gray-scale data iteps an ej.ectign pattern
dat a it enB2tRatteyrifaddreda Hei‘t“ﬂ?ﬁerdé%efiﬁf)ﬂ ﬁ@sﬁ%dt?ﬁjr#ﬂgfg:gg dropl ets

AR R R N
scale level of the pixel, each ejection pattern data item
determining the ejection timing of droplets; and converting
each gray-scale data item of the corresponding pixel to the
corresponding ejection pattern data item by referring to the
gelected table.

According to a seventh aspect of the present invention,
a recording medium having a program recorded thereon is
provided. Such a program can be read by a computer and
allows the computer to refer to a correspondence table
‘between gray-scale data items and ejection pattern data
items, each gray-scale data item determining the number of
droplets to be ejected to a corresponding pixel so as to
express a desired gray-scale level of the pixel, each
ejection pattern data item determining the ejection timing
of droplets, whereby the computer converts each gray-scale
data item of the corresponding pixel to the corresponding
ejection pattern data item based on the table.

According to an eighth aspect of the present invention,

a recording medium having a program recorded thereon is

provided. Such a program can be read by a computer and



determning the ejection timng of droplets, whereby the conputer converts
each gray-scale data itemof the corresponding pixel to the correspondi ng
ejection pattern data itemby referring to the selected table. According
to a ninth aspect of the present invention, a programfor allow ng a
conputer to refer to a correspondence table between gray-scale data itens
and ejection pattern data itens is provided. Each gray-scale data item
determ nes the nunber of droplets to be ejected to a correspondi ng pi xel
SO0 as to express a desired gray-scale |level of the pixel. Each ejection
pattern data itemr determ nes the eje®tion tinming of droplets. The
conputer converts each gray-scale data itemof the corresponding pixel to
the corresponding ejection pattern data item based on the table. According

to a tenthjaspectnefl cbhsutseseNiselBeenbhont anulpipgeanypes <l | owi ng a
conputer to select one of nmultiple types of correspondence tables between
gr ay- scal edlateapbharce arab b€ Heitorepagtay rsakdtea datentt¢8s jasyi ded. Each
gray - 9 scale data item determ nes the nunber of droplets to be ejected
to a corr espondiongpptkern s@atss ittemexpeash Fraw<iceds dgFayr'sThl e | evel of

t he pixel. Each ejection pattern data _item determ nes e ejection timng

t
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corresponding pixel so as to express a desired gray-scale
level of the pixel, each ejection pattern data item
determining the ejection timing of droplets, whereby the
computer converts each gray-scale data item of the
corresponding pixel to the corresponding ejection pattern
data item by referring to the selected table.

According to a ninth aspect of the present invention, a
program for allowing a computer to refer to a corregpondence
table between gray-scale data items and ejection pattern
data items is provided. Each gray-scale data item
determines the number of droplets to be ejected to a
corresponding pixel so as to express a desired gray-scale
level of the pixel. Each ejection pattern data item
det;rmines the ejection timing of droplets. The computer
converts each gray-scale data item of the corresponding
pixel to the corresponding ejection pattern data item based
on the table.

According to a tenth aspect of the present invention, a
program for allowing a computer to select one of multiple

types of correspondence tables between gray-scale data items

and ejection pattern data items is provided. Each gray-



correspondi ng pixel to the corresponding ejection pattern data item by
referring to the selected table. According to an el eventh aspect of the
present invention, an ejection control device for controlling ejection of
droplets for a liquid-ejecting apparatus provided with an ejection head is
provi ded. The ejection head has nozzl es each being capable of ejecting
droplets to nultiple pixel ranges by deflection of the droplets. The

ej ection control device includes a determ ner for determ ning whether or
not each gray-scale data item subject to conversion corresponds to a pixel
affected by nmal function of ejection; aand a converter for converting the
gray-scale data item subject to conversion to an ejection pattern data
item Based on the determnation result by the determner, if the

gray- scal gcdakadhtem €6n researdackotBe phulenelf dabbeeteddyperal function of
ej ection, the converter converts the gray-scale data itemto the ejection
pattern dajectedntoby cefwradomgling pikel sto taablte kBeprespixalesiowedaff ect ed
by malfunction of ejection. Based on the determ nation result by the

det er m nelgray-schéegiayes cal éhGaPaXPiLem Rasth @s‘lﬁé’ﬁé@n Papesp detsi xel

affected by nmal function of ejectiq conv converts t he gray-scal e
data itemi&m ﬁlétéf’@é?‘?%nthepﬁjteé’ﬂ:ﬁoﬁa‘fémjrlﬂ%rﬁ rP@ &Ffi ng™% a second table

e o be uptet ARl I A &, 0L 30080 410 JIRANGE BhEh that  droplets

are to be y ejecte rom nozz
corresponding pixel to the coxresponding ejection pattern

data item by referring to the selected table.

According to an eleventh aspect of the present
invention, an ejection control device for céntrolling
ejection of droplets for a liquid-ejecting apparatus
provided with an ejection head is provided. The ejection
head has nozzles each being capable of ejecting droplets to
multiple pixel ranges by deflection of the droplets. The
ejection control device includes a determiner for
determining whether or not each gray-scale data item subject
to conversion corresponds to a pixel affected by malfunction
of ejection; and a converter for converting the gray-scale
data item subject to conversion to an ejection pattern data
item. Based on the determination result by the determiner,
if the gray-scale data item corresponds to a pixel not
affected by malfunction of ejection, the converter converts
the gray-scale data item to the ejection pattern data item
by referring to a first table for a pixel not affected by
malfunction of ejection. Based on the determination result

by the determiner, if the gray-scale data item corresponds



that function properly. In the ejection control device of the eleventh
aspect, the second table may conprise first and second table conponents,
the first table conmponent being used for a nozzle which is determned to
be mal functional, the second table conponent being used for a nozzle

adj acent to the nmalfunctional nozzle in the deflecting direction.
Furthernore, one of the first and second tables nay conprise nmultiple
types of table conponents, and the ejection control device may further
conprise a selector for selecting one of the table conponents for
gray-scal e data conversion. Accordirngote a twelfth aspect of the present
invention, a liquid-ejecting apparatus provided with an ejection head is
provi ded. Each of nozzles disposed in the ejection head is capable of

ej ecting QrPR! ghgel OafEhdddd ByPXEEuAGNISS dBY cjdetheg! ik of the droplets.
Such a |iquid-gejecting apparaghs i ncludes a determiner for determning

whet her Ofconffetrt@acBogFatss ke gdalyasdd P dth) eéctmt bo Citiy efjscaion
corresponds to a pixel affected by mal function of ejection; - 11 a
convert er pagitecondet i et hy gedprsiad ecaat #eicoam sablecin whdckonversion to
an ejection pattern data item and an _ejection driver for ejecting

dropl ets BdsEGion gaka dpidd iPgR 2paRESRH Hath "PEBRFVFECE H'@d ecti on head.

Based on the .determnation yegull;by,the determnere f g Qay-scale

that function properly.

In the ejection control device of the eleventh aspect,
the second table may comprise first and second table
components, the first table component being used for a
nozzle which is deterxrmined to be malfunctional, the second
table component being used for a nozzle adjacent to the
malfunctional nozzle in the deflecting direction.

Furthermore, one of the first and second tables may
comprise multiple types of table components, and the
ejection control device may further comprise a selector for
selecting one of the table components for gray-scale data
conversion.

According to a twelfth aspect of the present invention,
a liguid-ejecting apparatus provided with an ejection head
is provided. Each of nozzles disposed in the ejection head
is capable of ejecting droplets to multiple pixel ranges by
deflection of the droplets. Such a liquid-ejecting
apparatus includes a determiner for determining whether or
not each gray-scale data item subject to conversion

corresponds to a pixel affected by malfunction of ejection;



data item corresponds to a pixel not affected by mal function of ejection,
the converter converts the gray-scale data item to the ejection pattern
data itemby referring to a first table for a pixel not affected by

mal functi on of ejection. On the other hand, based on the determ nation.
result by the determner, if the gray-scale data itemcorresponds to a
pi xel affected by mal function of ejection, the converter converts the
gray-scale data itemto the ejection pattern data itemby referring to a
second table in which ejection data bits are arranged in a manner such
that droplets are to be deflectivel-yiejected only fromnozzles that
function properly. According to a thirteenth aspect of the present

i nvention, a nethod for controlling ejection of droplets for a

l'i qui d- €] eCli NG RRRAT AL HSdHRYIdaE Whi NyAl, &RAkl BAtAeaten i fuileeyi ded. Each
of nozzles disposed in the ejection head 'is capable of ejecting droplets
to multipl® RioxekrEasgese lih delckechi pacoird atdr apkat sanduah a net hod

i ncludes the steps of determ ning whether or not each gray-scal e data

i t em subj egitecttdonodviver ofv ejrespogddroplet pibeskdabhethedkiectionhy

mal function of ejection; and converting the gray-scale data item subject
to conver Sarerd gatej vean oiiapatecrieabion heeém Based oh e det ernination

result by the determner, .if the gray-scale data ifemcorresponds to a
pi xel not ISHEFECPBEIERY TRifHiindy SHg08¥E?¥QﬁQ?ﬁm I?ht£80%5%¥1%3 Sonverts

data item corresponds to a pixel not affected by malfunction.
of ejection, the converter converts the gray-scale data item
to the ejection pattern data item by referring to a first
table for a pixel not affected by malfunction of ejection.
On the other hand, based on the determination result by the
determiner, if the gray-scale data item corresponds to a
pixel affected by malfunction of ejection, the converter
converts the gray-scale data item to the ejection pattern
data item by referring to a second table in which ejection
data bits are arranged in a manner such that droplets are to
be deflectively ejected only from nozzles that function
properly.

According to a thirteenth aspect of the present
invention, a method for controlling ejection of droplets for
a liquid-ejecting apparatus provided with an ejection head
is provided. Each of nozzles disposed in the ejection head
is capable of ejecting droplets to multiple pixel ranges by
deflection of the droplets. Such a method includes the
steps of determining whether or not each gray-scale data

item subject to conversion corresponds to a pixel affected



the gray-scale data itemto the ejection pattern data item by referring to
a first table for a pixel not affected by nalfunction of ejection. On the
ot her hand, based on the determnation result by the determner, if the
gray-scale data itemcorresponds to a pixel affected by mal function of

ej ection, the converter converts the gray-scale data itemto the ejection
pattern data itemby referring to a second table in which ejection data
bits are arranged in a manner such that droplets are to be deflectively
ejected only from nozzles that function properly. According to a
fourteenth aspect of the present invéAtion, a recording nedium having a
programrecorded thereon is provided. Such a programcan be read by a
conputer and allows the conputer to determ ne whether or not each

gray-scal g,daka rihef syl € R i6ANVERS | IhvedtiagPeRdSgrdP- stdliexel af f ect ed
by mal function of ejection. Based on the determnation result, the program
al | ows t helaganptibfar siieoj e e onvBes v Yes Gal ejeataont gamtisih] eettat o
conversion to an ejection pattern data itemby referring to a first table
for a pixdlemot Bafé@dctrdHyy detetruhnat ben ofesajlécbyonhe fdetrramimgy .- 13
scale data itemcorresponds to a pixel not affected by malfunction of
ej ection. idn thEe95R¥ies Chkh datehd tERogPEMRSRANISWS Ot RePEEHP AT to convert
the gray-scal e data it suhj ect _.to.conversion to_an_gjection pattern data
i tem by @FF?aggl’oma?:{%gngﬁ&mt 861 83 FR- 1t ¢ ﬁ%gj SCPV R Fat T b r;%Sar e

the gray-scale data item to the ejection pattern data item

by referring to a first table for a pixel not affected by

malfunction of ejection. On the other hand, based on the

determination result by the determiner, if the gray-scale

data item corresponds to a pixel affected by malfunction of

ejection, the converter converts the gray-scale data item to

the ejection pattern data item by referring to a second

table in which ejection data bits are arranged in a manner

such that droplets are to be deflectively ejected only from

nozzles that function properly.

According to a fourteenth aspect of the present

invention, a recording medium having a program recorded

thereon is provided. Such a program can be read by a

computer and allows the computer to determine whether or not

each gray-scale data item subject to conversion corresponds

to a pixel affected by malfunction of ejection. Based on

the determination result, the program allows the computer to

convert the gray-scale data item subject to conversion to an

ejection pattern data item by referring to a first table for

a pixel not affected by malfunction of ejection if the gray-



arranged in a manner such that droplets are to be deflectively ejected
only fromnozzles that function properly if the gray-scale data item
corresponds to a pixel affected by malfunction of ejection. According to a
fifteenth aspect of the present invention, a programfor allow ng a
conputer to determ ne whether or not each gray-scale data item subject to
conversion corresponds to a pixel affected by nmal function of ejection is
provi ded. Based on the determ nation result, the programallows the
conputer to convert the gray-scale data item subject to conversion to an
ej ection pattern data itemby referritAg-to a first table for a pixel not
affected by malfunction of ejection if the gray-scale data item
corresponds to a pixel not affected by mal function of ejection. On the

ot her handcatiRegpt Q01 Bem add P poigs €O Uiifell MotoRILettddaygr ay- scal e data
Item subject to conversion to an ejection pattern data itemby referring
to a secamd fizabtfoh nofvhe drtdjoact | On dag aotliers hand, athargeebiam a  nmanner
such that droplets are to be deflectively ejected only fromnozzles that
function Eldpws| yhefcohpuigmros caneert 1dhe @Ry -FCakfcortasidi®s to a pi xe
affected by mal function of ejection. BRI EF DESCRI PTI OF, THE ,DRAW NGS Fi g.
| is a furftBI6R5 T8I BRVEH o PRafI 8K @35 PhEahT ebeilt H¥hvent i on

referring to a second table in which ejection data bits are
arranged in a manner such that droplets are to be
deflectively ejected only from nozzles that function
properly if the gray-scale data item corresponds to a pixel
affected by malfunction of ejection.

According to a fifteenth aspect of the present
invention, a program for allowing a computer to determine
whether or not each gray-scale data item subject to
conversion corresponds to a pixel affected by malfunction of
ejection is provided. Baéed on the determination result,
the program allows the computer to convert the gray-scale
data item subject to conversion to an ejection pattern data
item by referring to a first table for a pixel not affected
by malfunction of ejection if the gray-scale data item
corresponds to a pixel not affected by malfunction of
ejection. :On the other hand, the program allows the
computer to convert the gray-scale data item subject to
conversion to an ejection pattern data item by referring to
a second table in which ejection data bits are arranged in a
manner such that droplets are to be deflectively ejected

only from nozzles that function properly if the gray-scale



Fig. 2 is a functional block diagram of another exanple of the present

invention; Fig. 3 illustrates a signal processing unit according to a
first embodi ment of the present invention; Fig. 4 illustrates an exanple of
a table for gray-scale data conversion; Fig. 5 illustrates a signal
processing unit according to a second enbodi nent of the present invention;
Fig. 6 illustrates other exanples of tables for gray- scale data
conversion; Figs. 7A and 7B each illustrate a table used for selecting one
of the tables for gray-scale data conversion; Fig. 8 illustrates a signa

processing unit according to a third &#bodi nent of the present invention;
Fig. 9 is a functional block diagram of another exanple of the present

invention; Fig. 10 illustrates a positional relationship between nozzles
and plXE'db@agﬁﬁehrbé&ﬁéﬁﬁ%ﬂﬂgetg Qrﬁi&éﬂféﬂﬁéﬁtéé bflﬁéiﬁﬂ%dﬁ&%ﬂ'b!ﬂ
directions in a deflective manner; 15 Fig. 11 illustrates a
| i qui d- ej egecngoappar at us accordlng to a fourth enbodi nent of the present
invention; Figs. 12A and 12B each illustrate a relationship between
gray-scal e data and corresponding ejection patterns; Fig. 13 is a diagram
illustrating readin ﬂ ection data bits in a case where droplets can be
OF THE DRAWINGS

ej ected | RRAEF DESC PTIO

Fig. 1 is a functional block diagram of an example of
the present invention;

Fig. 2 is a functional block diagram of another example
of the present invention;

| Fig. 3 illustrates a signal processing unit according

to a first embodiment of the present invention;

Fig. 4 illustrates an example cof a table for gray-scale
data convergion;

Fig. 5 illustrates a signal processing unit according
to a second embodiment of the present invention;

Fig. 6 illustrates other examples of tables for gray-
scale data conversion;

Figs. 7A and 7B each illustrate a table used for
selecting one of the tables for gray-scale data conversion;

Fig. 8 illustrates a signal processing unit according
to a third embodiment of the present invention;

Fig. 9 is a functional block diagram of another example
of the present invention;

Fig. 10 illustrates a positional relationship between
nozzles and pixel ranges in a case where droplets can be

ejected from two directions in a deflective manner;



defl ective manner fromtwo directions; Fig. 14A illustrates a table for a
mal f uncti onal nozzle; Fig. 14B illustrates a table for a

mal function-related nozzle; Fig. 15 is a schenmatic diagram of an
ejecting-position determner; Fig. 16 is a schematic diagramof a read
counter; Fig. 17 is a schematic diagramof a read-address shifter; Fig.
18 illustrates an exanple in which every other nozzle is malfunctional;
Fig. 19 illustrates an exanple in which adjacent nozzles are

mal functional; Fig. 20 is a diagramin which ejection data bits are read
such that droplets can be deflectivel $5efected from three directions;
Figs. 21A 21B, and 21C each illustrate a table for a malfunctional nozzle
or atable for a nozzle affected by - 16 malfunction of ejection; Fig. 22

illustrates anpgxami %n%%hﬁésta\m{tﬁzﬁ-@%e@tengr@ﬁamwsonal the two
nozzl es having two normal nozzles therebetween; Fig. 23 illustrates an
exanpl e i maddirdingvesya ofderth @ﬂbbﬂemeﬁtrmﬁfﬂh@cpmeaaht invention;

Figs. 12A and 12B each illustrate a relationship
between gray-scale data and corresponding ejection patterns;

Fig. 13 is a diagram illustrating reading of ejection
data bits in a case where droplets can be ejected in a
deflective manner from two directions;

Fig. 14A illustrates a table for a malfunctional
nozzle;

Fig. 14B illustrates a table for a malfunction-related
nozzle;

Fig. 15 is a schematic diagram of an ejecting-position
determiner;

Fig. 16 is a schematic diagram of a read counter;

Fig. 17 is a schematic diagram of a read-address
shifter;

Fig. 18 illustrates an example in which every other
nozzle is malfunctional;

Fig. 19 illustrates an example in which adjacent
nozzles are malfunctional;

Fig. 20 is a diagram in which ejection data bits are
read such that droplets can be deflectively ejected from
three directions;

Figs. 21A, 21B, and 21C each illustrate a table for a

malfunctional nozzle or a table for a nozzle affected by



Fig. 24 illustrates an exanple in which adjacent nozzles are

mal functional; Fig. 25 illustrates a |iquid-ejecting apparatus according
to a seventh enbodi nent of the present invention; Fig. 26 illustrates a
table for normal ejection and a table for mal function-rel ated ejection,
each of the tables being provided with a set of selectable table
conponents; and Figs. 27A and 27B each illustrate an exanple of a table
used for the selection of the table conponents. DESCRI PTION OF THE
PREFERRED EMBODI MENTS Referring to Fig. 1, an exanple of an ejection
control device according to the preséat-invention is illustrated. A
menory 1 is for storing a table 1A A read-only-nenory (ROM is connDnIy
used for the nmemory 1. Alternatively, a randomaccess-nenory (RAM or

ot her senh&gggﬂﬁkgbnn@gt@jhcgyybts may be used. If a RAMis used, the table
1A is freely rewitable. - 17 Consequently, the ejecting positlons can be

changed to anyigosz?iilsistraresxanpeemfler iej ebichgtee plaazllest pref
droplets, all of the droplets can be ejected in a non-_consecutive nmanner.
I n ot her weldsincgachapi xele dare bozdiaanhahingjtset nagmal phefatety of
droplets to the corresponding pixel range in a discrete manner. The
converter hexEhstyeeBit he table 1A so as to convert

Fig. 23 illustrates an example in which every other
nozzle is malfunctional;

Fig. 24 illustrates an example in which adjacent
nozzles are malfunctional;

Fig. 25 illustrates a liquid-ejecting apparatus
according to a seventh embodiment of the present invention;

Fig. 26 illustrates a table for normal ejection and a
table for malfunction-related ejection, each of the tables
being provided with a set of selectable table components;
and

Figs. 27A and 27B each illustrate an example of a table

used for the selection of the table components.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring to Fig. 1, an example of an ejection control
device according to the present invention is illustrated. A
memory 1 is for storing a table 1A. A read-only-memory
(ROM) is commonly used for the memory 1. Alternatively, a
random-access-memory (RAM) or other semiconductor memory

units may be used. If a RAM is used, the table 1A is freely

rewritable.



gray-scal e data S1 corresponding to a pixel to an ejection pattern data
52. The ejection pattern data S2 is read by the converter 2 based on the
gray-scale data S1 as input data. The read ejection pattern data S2 is
sent to an ejection driver. The ejection driver heats a heater elenent to
forma bubble in the liquid. This generates a pressure, thus ejecting a
droplet. Alternatively, the ejection driver controls expansion and
contraction of a piezoelectric elenment to eject a droplet. Referring to
Fig. 2, another exanple of an ejection control device according to the
present invention is illustrated. Si#¥lar to the exanple in Fig. 1, the
menory 1 stores tables and may be a ROM a RAM or other storing units.
In this exanple, the nmenory 1 stores nultiple types of tables. Referring
to Fig. 2, n typesedieritabl eshd AdjedtAihg positidms aran deorcddngadt he nenory 1,
n being a positive - 18 - integer equal to or greater than 2. Each table
has at | easty ponéttonsespondernceptel afdonresitiosibot acehuralitay ofcal e- 1 evel
data itemand an ejection pattern different from another table. For
exanpl e, arropiletsi nglboxf tthen dsPPacEs cfAete EdpEtefon sUIFRPETiod) in a

gray-scal e level data Ltem PNV onel NaHUEN 008 G5 QR Lol S QuliGmel ect ed,

by ejecting a plurality of droplets to the corresponding
pixel range in a discrete manner.

The converter 2 refers to the table 1A so as to convert
gray-scale data S1 corresponding to a pixel to an ejection
pattern data S2. The ejection pattern data 52 is read by
the converter 2 based on the gray-scale data S1 as input
data. The read ejection pattern data 82 is sent to an
ejection drivef.

The ejection driver heats a heater element to form a
bubble in the liquid. This generates a pressure, thus
ejecting a droplet. Alternatively, the ejection driver
controls expansion and contraction of a piezoelectric
element to eject a droplet.

Referring to Fig. 2, another example of an ejection
control device according to the present invention is
illustrated. Similar to the example in Fig. 1, the memory 1
stores tables and may be a ROM, a RAM, or other storing
units. |

In this example, the memory 1 stores multiple types of
tables. Referring to Fig. 2, n types of tables 1Al,

1A2, ..., 1An are stored in the memory 1, n being a positive



different fromthat of another table. This neans that even if the sane
gray-scale data itens are input, the ejecting positions of droplets are

di fferent depending on the types of tables used. Accordingly, based on the
sel ection and adjustnent of the tables, the result of the picture drawn is
affected. A selector 3 is for selecting a table |A (i =1 ton) fromthe
n types of tables. For exanple, according to the type of picture to be
drawn or quality of the picture, an appropriate table can be sel ected. The
types of pictures nmay be, for exanple, text, a photograph, a drawing, a
video inage, or a conputer graphic dirmége. The quality of the picture may
be, for exanple, "bright quality", "standard quality" or "draft quality"
related to an anount or density of droplets to be ejected, or nonochrone

printing ofn&&¥ eRhaiNtbN@r dtudiher wpeq, 2t hesgjlectdblg pasi &t osasmy be,
for exanple, "changed in a random manner or a pseudo-random manner. This -
19 prevendse WemeRpdngbntdbuté at iehship detyat 1 dusvesvele-levrk al so
prevents mal function of ejection caused by the uneven distrjbution of the
dropl ets. @ata siyppmefhadabheei¢rticn tabterpedstferand Be¥ednehter random
nunber generated by a random nunber generator. It is also preferable that
a tabl e bet@leleected based on the position of a correspondi ng pi xel

For example, an ejecting position of a droplet
{ejection sub-period) in a gray-scale-level data item PNM1,
in which one droplet is to be ejected, in one table is
different from that of another table. This means that even
if the same gray-scale data items are input, the ejecting
positions of droplets are different depending on the types
of tables used. Accordingly, based on the selection and
adjustment of the tables, the result of the picture drawn is
affected.

A selector 3 is for selecting a table 1Ai (i = 1 to n)
from the n types of tables. For example, according to the
type of picture to be drawn or quality of the picture, an
appropriate table can be selected. The types of pictures
may be, for example, text, a photograph, a drawing, a video
image, or a computer graphic image. The quality of the
picture may be, for example, "bright quality", "standard
gquality" or "draft quality" related to an amount Or density
of droplets to be ejecfed, or monochrome printing or color
printing.

Furthermore, the ejecting positions may be, for example,

changed in a random manner or a pseudo-random manner. This



The selection of a table based on the position of a corresponding pixel is
achi eved by, for exanple, referring to an additional table containing a
correspondence relationship between the position of a correspondi ng pi xel
and a table |Al (i =1 to n). The correspondence relationship between the
pi xel position and the table 1A (i=1to n) my be provided for each

pi xel in the picture range. Furthernore, the picture range nmay be divi ded
into sub-ranges, and a table may be provided for each sub-range.
"Furthernore, for each input of gray-scale data, the tables may be sw tched
in a routine manner based on the arrafged order. Furthernore, the tables
may be switched in a periodical nmanner based on a predeterm ned order.
Consequently, the switching of the tables nmay be performed for every pixel

or for every gﬁggpuﬁgvéﬂ>gy§%rlgﬁt§ght6$uﬂnk drdp1eabl esuddowgry pi xel or

every group of pixels simlar effect as to where the tables are
switched ithigd all 380eravERTie ma0Fupselicio-shardentianneausadh e thehi eved. - 20
In this case, the converter 2 refers to the table | A (i =1ton)

sel ected hyevke dbsectiortidrsofasheodvephadat- gray- scal e data of a pixel to
a correspondi ng E{ection gattern The exanple in (g |s d|fferent from
the exanpl e i At Fhgy prefesaphat ta2t ablteigefeageier it e Zhe

different for each conversion cess_of . gray-scal e c sation
t echni que xp@fiowapp qﬁ%raﬁggz ggs tﬁ%&ldcgn rx.lmsoer gegg}gtoﬁ PeL

also preferable that a table be selected based on the
position of a corresponding pixel.

The selection of a table based on the position of a
corresponding pixel is achieved by, for example, referring
to an additional table containing a correspondence
relationship between the position of a corresponding pixel
and a table 12i (i = 1 to n). The correspondence
relationship between the pixel position and the table 1Ai
(i= 1 to n) may be provided for each pixel in the picture
range. Furthermore, the picture range may be divided into
sub-ranges, and a table may be provided for each sub-range.

Furthermore, for each input of gray-scale data, the
tables may be switched in a routine manner based on the
arranged order. Furthermore, the tables may be switched in
a periodical manner based on a predetermined order.
Consequently, the switching of the tables may be performed
for every pixel or for every group of pixels. By switching
the tables for every pixel or every group of pixels, a
similar effect as to where the tables are switched in a

random manner or pseudo-random manner can be achieved.



cannot eject droplets will now be described. In such a technique,

nozzl es

adj acent to the mal functional nozzles are used as conpensation nozzles. In
detail, for exanple, by providing conpensation data for adjacent nozzles

that function properly, or by doubling the nunber of data for the

non-ej ecting portions, the non-ejecting sections can be nade noticeable.

An ejection control device for controlling droplet- ejection in a

| i qui d-ejecting apparatus will now be . described with reference to Fig.
9. The ejection control device includes an ejection head which is capable
of ejecting droplets in a deflectiwve20anner fromone nozzle to nultiple

pi xel ranges. The ejection control device includes a determ ner 101

for

determ ning the ejecting position, and a converter 102 for converting

gray-scal e dat %at@nfé, e&ldeon tpat LehPeFtad 2 ZbX:'efe&Ef g6 113 tahl e.
determ ner 101

The
ef'erm nes ‘whether or not each gray - 21 scale data item

subj ect tojjcQnyecsi AN SOIEQSROMYS the dePbxgdr Afdeekedobyompdftinction of
ej ection. Such determination is for performng different control operation
for a pixelrayeiscaatf datedobye pEkkintdi ancofregrecidiog endchipixel affected

by malfunction of ejection. Nozzles determ ned to be mal functi onal
ones thatpatdemot efbetexprapletis Fidal 2 dpddvifeyremtafrernkbe

example in Fig. 1 in that a table used as a reference may be
different for each conversion process of gray-scale data.

A compensation technique for malfunctional nozzles that
cannot eject droplets will now be described. In such a
technique, nozzles adjacent to the malfunctional nozzles are
used as compensation nozzles. In detail, for example, by
providing compensation data for adjacent nozzles that
function properly, or by doubling the number of data for the
non-ejecting portions, the non-ejecting sections can be made
noticeable.

An ejection contrxol device for controlling droplet-
ejection in a liquid-ejecting apparatus will now be
described with reference to Fig. 9. The ejection control
device includesg an ejection head which is capable of
ejecting droplets in a deflective manner from one nozzle to
multiple pixel ranges.

The ejection control device includes a detexminer 101
for determining the ejecting position, and a converter 102
for converting gray-scale data to ejection pattern data by
referring to a table.

The determiner 101 determines whether or not each gray-

i ncl ude



ejection droplets in the proper direction. A pixel affected by mal function
of ejection is explicitly a pixel originally subject to droplet ejection
with a nozzle determned to be mal functional. Here, a pixel facing a

mal functi onal nozzle corresponds to a pixel to which a droplet is ejected
in a deflective manner. Specifically, referring to Fig. 10, pixel ranges N
and (N + 1) correspond to each other. In Fig. 10, reference nuneral "0"
indicates that a droplet is not to be deflected, and reference nuneral
"+1" indicates that a droplet is to be deflected. in this case, if a
nozzle N is mal functional, the pixel 2range (N + 1), to which a droplet is
to be ejected fromthe nozzle N, corresponds to a pixel affected by

mal function of ejection. Fig. 10 illustrates a state where a droplet is

def | ect ed_toyargs e ki ght 08 the HhAwhigonMELAYSIond BE0RI gixéaN be

ejected to a position corresponding to two or nore pixels away froma

nozzle. -;22 4l heMERERNncEi & Ot efjeanoche defitleciadridwardsnt he |eft of
the drawing. In that case, reference nuneral 11-1" is given as the

ej ecting dbf esdifrrmidkt i fatrewt ygormtrodl epsratjobefor defdixetledotn both | eft
and right directions. The converter 102 selects one of two types of tables
based on &hfedetdrhy maflifonctten|ef ) adkdonerbfn? etxeopEferhEdcBAverter 102

t hen converts the gray-scale data to
malfunction of ejectiomn.

Nozzles determined to be malfunctional include ones
that cannot eject droplets at all and ones that cannot
ejection droplets in the proper direction.

A pixel affected by malfunction of ejection is
explicitly a pixel originally subject to droplet ejection
with a nozzle determined to be malfunctional. Here, a pixel
facing a malfunctional nozzle corresponds to a pixel to
which a droplet is ejected in a deflective manner.

Specifically, referring to Fig. 10, pixel ranges N and
(N + 1) correspbnd to each other. In Fig. 10, reference
numeral "0" indicates that a droplet is not to be deflected,
and reference mumeral "+1%" indicates that a droplet is to be
deflected.

In this case, if a nozzle N is malfunctional, the pixel
range (N + 1), to which a droplet is to be ejected from the
nozzle N, corresponds to a pixel affected by malfunction of
ejection. Fig. 10 illustrates a state where a droplet is
deflected towards the right of the drawing.

Moreover, a droplet can be ejected to a position

corresponding to two or more pixels away from a nozzle.



ej ection pattern data based on the selected table. Here, if the gray-scale
data subject to conversion corresponds to a pixel not affected by

mal functi on of ejection, the converter 102 refers to a first table 103 for
t he corresponding pixel so as to convert the gray-scale data to
appropriate ejection pattern data. Furthernore, if the gray-scale data
subject to conversion corresponds to a pixel affected by nmal function of

ej ection, the converter 102 refers to a second table 104 having ejection
data bits arranged in a manner such that droplets are to be ejected only
from nozzl es functioning properly. -TRéds; the converter 102 converts the
gray-scale data to appropriate ejection pattern data based on the second
table 104. In other words, the converter 102 refers to one of different
types of trabkesrmbre, & dmjpletCenhebpodsli g tied aowprdel ths alwftordfy t hr ough
a normal nozzle (which will be referred to as a table for normal nozzles
her ei naf t ehe drdwing. 23In ttdlite ceorr espbenkinmg rumarpil xbt14f ieciserhy

mal function of ejection (which will be referred to as_a table for

nal f unct i @ thPacsachHIT |Braseionnaf PEFgrnald vEd v 0 dEBRYREE M3 NP Yr ay- scal e

data to appropriate, ejectiqn pattern,data,, In _that case, gray-scale data
cor r espondictgersed l?mﬁ?ﬁﬂ&iﬁf%ngpglﬁf E A PESeonvert ed such t hat

droplets can &%%E%é%@éyiegnlazd3£i§%%§\g%en%@n%ﬁoogﬁﬁéérgfnggbﬂgyf”al

based on the determination result by the determiner 101.
The converter 102 then converts the gray-scale data to
ejection pattern data based on the selected table. Here, if
the gray-scale data subject to conversion corresponds to a
pixel not affected by malfunction of ejection, the converter
102 refers to a first table 103 for the corresponding pixel
so as to convert the gray-scale data to appropriate ejection
" pattern data.

Furthermore, if the gray-scale data subject to
conversion corresponds to a pixel affected by malfunction of
ejection, the converter 102 refers to a second table 104
having ejection data bits arranged in a manner such that
droplets are to be ejected only from nozzles functioning
properly. Thus, the converter 102 converts the gray-scale
data to appropriate ejection pattern data based on the
second table 104.

In other.words, the converter 102 refers to one of
different types of tables, l.e. a table corresponding to a
pixel drawn only through a normal nozzle (which will be

referred to as a table for normal nozzles hereinaftex) and a



nozzl es.
ori gi nal

nozzle N is not used for ejecting droplets to the pixel

Thus, a pixel can be drawn to a desired gray-scale |evel

at

its

position while being not affected by the mal function of ejection.
For exanple, referring to Fig. 10, if the nozzle k is nmalfunctiona

1). In other words, wth respect to the pixel range N, a desired
gray-scal e expression can be achieved by ejecting a droplet froma

(N - 1).

gray-scal e expression can be achi eved

t he

ranges N and (N +

nozzl e

Moreover, with respect to the pixel range (N + 1), a desired

only by ejecting a droplet fromthe

nozzle (N + 1). Furthernore, it is préferable that the second table 104
I ncl udes a tabl e conponent 104A for a nozzle determned to be
mal functional, and a table conponent 104B for nozzles adjacent to the

mal funct i @R@ahenedztespondiiey def kepikay afficweed by, mMbfeoveion idf one of the

first and second tables 103 and 104 incl udes nultiEIe types of table
conmponent jekctibs {wRich pridflebabirefehned the asg ectipd

echP¥rol device be

provided with a selector for selecting one of the table coqgon%pts for

gr ay- scal madduactbaversiaied ACEELEFnECT I AHE 557 es &Rt 2P nbBnT T OH

pattern

er
)

ej ection

data correspondij to the i t - I t put
based on & 86?Vé§ﬁgﬁﬁ T Fgﬂ§P§5h§ﬁfﬁt$%g%ﬁéggﬁﬁPgeEgﬁgﬁgﬁgi},O;cggrding
to the table, fgsghégu%a %qu5§5§-§8£iérﬁbta corresponding to a

malfunction-related nozzle is converted such that droplets
can be ejected in a deflective mamner only through normal
nozzles. Thus, a pixel can be drawn to a desired gray-scale
level at its original position while being not affected by
the malfunction of ejection.

For example, referring to Fig. 10, if the nozzle N is
malfunctional, the nozzle N is not used for ejecting
droplets to the pixel ranges N and (N + 1). In other words,
with respect to the pixel range N, a desired gray-scale
expression can be achieved by ejecting a droplet from a
nozzle (N - 1). Moreover, with respect to the pixel range
(N + 1), a desired gray-scale expression can be achieved
only by ejecting a droplet from the nozzle (N + 1).

Furthermore, it is preferable that the second table 104
includes a table component 104A for a nozzle determined to
be malfunctional, and a table component 104B for nozzles
adjacent to the malfunctional nozzle in the deflecting
direction.

Moreover, if one of the first and second tables 103 and

104 includes multiple types of table components, it is



for the ejecting positions of droplets and for the ejection timng can be
achi eved. Furthernore, a droplet to be originally ejected froma

mal functi onal nozzle can be ejected in a deflective nmanner from a nornal
nozzle. Accordingly, all pixels can be expressed with desired gray- scale
| evels, or with practically sufficient quality. Using a printer for
ejecting ink droplets as an exanple, enbodinents of a |liquid-ejecting
apparatus will be described. The essential features not specified in the
present specification or in the drawings are selected fromknown ones in
the technical field of the present rn%éntion. In the descriptions bel ow,
the enbodi nents are realized by hardware, but software equivalent to such
hardware may be wused in place of the hardware. In the enbodi nents

descri bedphgkeabid thatasheWageetibe ctasAndevivenbe Oproeidisedian a
conputer program the program is stored in a recording nedi umwhich can be
read by aa- s2bectampiderseleSiidhgaonecof diheg tebdeusrmpynerts fimr exanpl e, a
magneti c recordi ng nmedi um such as a nagnetic disk (flexible disk or hard
di sk) or gramgaectle daipe coAvVesshaRively, the recording nedium may be, for
exanpl e, an optical_recordin% medi um , such,as an,optjcal disk, an optical

tape, or a barARUHENgh{EntE n?f%??%ﬁu}q&?nﬁlﬁﬁch?ﬁ%.t*ﬂﬁtﬂﬁ&tﬁﬁ e, the
recording ; wedium may ajternatiyel y,0e a,88Meoqdughon JRY unit,

output based on the correspondence relationship in the table.
Moreover, according to the table, easy and accurate setting
for the ejecting positions of droplets and for the ejection
timing can be achieved. Furthermore, a droplet to be
originally ejected from a malfunctional nozzle can be
ejected in a deflective manner from a normal nozzle.
Accordingly, all pixels can be expressed with desired gray-

gcale levels, or with practically sufficient quality.

Using a printer for ejecting ink droplets as an example,
embodiments of a liquid-ejecting apparatus will be described.
The essential features not specified in the present
specification ox in the drawings are selected from known
ones in the technical field of the present invention.

In the descriptions below, the embodiments are realized
by hardware, but software equivalent to such hardware may be
used in place of the hardware.

In the embodiments described below, in a case where the
present invention is used as a computer program, the program

is stored in a recording medium which can be read by a



such as a random access-nenory (RAM or a read-only-nenory (ROM; or
ot her physical units or nedia used for storing conputer progranms. In a
case where the present invention is realized by hardware, an application
specific integrated circuit (ASIC or other known units in the technical
field of the present invention may be used. 1. First Enbodi ment 1-1.
Circuit Fig. 3is acircuit diagramof a signal processing unit according
to a first enbodi nent of the present invention. The signal processing unit
i ncludes three main conponents, that is, a digital-signal processor (DSP)
11, a head controller 12, and head chi2ps-13. The DSP 11 receives 8-bit

i mge data, perfornms nultilevel error diffusion on the inmge data, and
then - 26 converts the 8-bit imge data to 4-bit gray-scale data. The
gray-scal gfigh@elncl udes information for determning the nunber of

dropl ets per "pixel. According to the first enbodinment, one pixel
corresponds. t oOsachexiradorafing Geapletday Bee oy exempie dad andgnettriansf erred

by DVA (direct nmenory access) to the head controller 12. In detail, the
gray- scal ecctmtrdling nedingf erswsth ias segagneeliasdishi flgaiklpndigk rethge of 0
to 7 for every pixel, i.e. dot, fromthe first address to the n-th address

cor r espondt 3 skheotii dthppietic tape. Altermatively, the recording
medium may be, for example, an optical recording medium,
such as an optical disk, an optical tape, or a bar-code
which can be read by a machine. Furthermore, the recording
medium may alternatively be a semiconductor memory unit,
such as a random-access-memory (RAM) or a read-only-memory
(ROM) ; or other physical units or media used for storing
computer programs.

In a case where the present invention is realized by

hardware, an application specific integrated circuit (ASIC)
or other known units in the technical field of the present

invention may be used.

1. First Embodiment
1-1. Circuit

Fig. 3 is a circuit diagram of a signal processing unit
according to a first embodiment of the present inventiomn.
The signal processing unit includes three main components,
that is, a digital-signal processor (DSP) 11, a head
controller 12, and head chips 13.

The DSP 11 receives 8-bit image data, performs

multilevel error diffusion on the image data, and then



t he head. A pul se nunber nodul ator (PNM 12A converts the input 4-bit
gray-scale data to 8-bit ejection-pattern data by referring to an

ej ection-pattern nmenory 12B. Each bit in the ejection-pattern data
corresponds to one ejection sub- period in a drawing period. In the first
enbodi ment, a draw ng period for one pixel includes eight ejection sub-
periods. The ejection-pattern nmenory 12B contains a | ook-up table 12B1.
Fig. 4 illustrates an exanple of a | ook-up table 12B1 for gray-scal e data
conversion. According to this table 12B1, the row addresses correspond to
the gray- scale data. The gray-scale data includes first to ninth
gray-scal e-level data itens, nanely, a first gray-scale- level data itemin
which no droplets are ejected in a draw ng period of one pixel, a second

gray-scal exhe¥etsdata g- I%]: kel §9Ffa 0i S Chayidl REa9R8cdIoPdLta ] N 'I&lledr aw ng
period of one pixel, a third gray-scale-level data itemfor discharging

two dropl gﬁ:aykacalélr@mmgrpﬂrwded ohfoneatpiorelforadeteemoning netd g. 4, the
first gray-scale-level data itemis indicated by PNMO, the second

gr ay- scal eumbeg| ofadecpledm per pAdetat ecdsyrdidl to. the finek t he ninth
gray-scale-level data itemis indicated by PNMB. The nunber follomnng PNM
i ndi cat es SPREAATABEr Pt FHEleCOTTABPARIEY T SoMeXgKB| of E4FPHiqtSaddr ess

in the ColunhSTﬂrlégg%_%%gEe %ggg is transferred by DMA (direct

memory access) to the head controller 12. 1In detail, the
gray-gcale data is transferred in sequence as 4-bit data in
a range of 0 to 7 for every pixel, i.e. dot, from the first
address to the n-th address corresponding to the width of
the head.

A pulse number modulator (PNM) 12A converts the input
4-bit gray-scale data to 8-bit ejection-pattern data by
referring to an ejection-pattern memory 12B. Each bit in
the ejection-pattern data corrésponds to one ejection sub-
period in a drawing period. In the first embodiment, a
drawing period for one pixel includes eight ejection sub-
periods.

The ejection-pattern memory 12B contains a look-up
table 12B1. Fig. 4 illustrates an example of a look-up
table 12B1 for gray-scale data conversion. According to
this table 12B1, the row addresses correspond to the gray-
gscale data. The gray-scale data includes first to ninth
gray-scale-level data items, namely, a first gray-scale-
level data item in which no droplets aré ejected in a

drawing period of one pixel, a second gray-scale-level data



corresponds to one of the eight ejection sub-periods in a draw ng period
of one pixel. In other words, a first colum address corresponds to a
first ejection sub-period, a second colunm address corresponds to a second
ej ection sub-period, a third columm address corresponds to a third

ej ection sub- period, ... , and an eighth colum address corresponds to an
ei ghth ejection sub-period. Consequently, each ejection data bit 110" or
"1" in the correspondi ng colum address indicates whether or not a droplet
is to be ejected in the corresponding ejection sub-period. In Fig. 4, each
ejection data bit 110" indicates that2ho- droplet is to be ejected, and
each ejection data bit "1" indicates that a droplet is to be ejected. For
exanple, in the first gray-scale-level data item PNMO, no droplets are to

be ej ect edtehhisxy BBIhdRAhgabheefifsh i Bata dRiakvingNpethed fdf she

gray-scal e-level data item PNMO are set at "0". - 28 Accordingly, the
first grapisea|ealtviedd detay-stele PNR1 sdatyi veemafior] étsdlmargatat er n
1100000000". Moreover, in the second gray-scal e-level data item PNML, for
exanpl e, &we droplets |J§1taodb‘éWépﬁcP@dlodrm% onsaRdxehat andef@Pof the col um

addresses are given the ejection data bits 11011, and one Qf the colum
addresses i s giveid-hé: ENECEIHRC Y Hielerdeved &P 43§ droplet is to

e 1t b e o5 ol €68 e oh) Mk iR sENY s
indicated by PNM1, ... , and the ninth gray-scale-level data
item is indicated by PNM8. The number following PNM
indicates the number of droplets included in one pixel.

Each bit address in the columns in the table 12B1
corresponds to one of the eight ejection sub-periods in a
drawing period of one pixel. In other words, a first column
address corresponds to a first ejection sub-period, a second
column address coxrresponds to a second ejection sub-period,
a third column address corresponds to a third ejection sub-
period, ... , and an eighth column address corresponds to an
eighth ejection sub-period. Consequently, each ejection
data bit "0" or "1" in the corresponding column address
indicates whethexr or not a droplet is to be ejected in the
corresponding ejection sub-period.

In Fig. 4, each ejection data bit "0" indicates that no
droplet is to be ejected, and each ejection data bit "1"
indicates that a droplet is to be ejected. For example, in
the first gray-scale-level data item PNMO, no droplets are

to be ejected. This means that all ejection data bits in

the first gray-scale-level data item PNMO are set at "O0".



scal exlevel data item PNML is given an ejection pattern "00000100".
Droplets can be ejected in other ejection sub-periods by providing an
ejection pattern containing an ejection data bit "1" in the desired

ej ection sub-period for droplet- ejection. Accordingly, the ejection timng
and position of each droplet are determ ned based on where the
corresponding ejection data bit "1" is witten. Furthernore, in Fig. 4,
the third gray-scale-level data item PNM2 is given an ejection pattern
"00001100", and the fourth gray-scale-level data item PNM3 is given an
ejection pattern 1100001110". Sim taz8y; for the remaining gray
scale-level data itens, each data itemis provided with an ejection
pattern containing-one ejection data bit 111" nore than its previous data

item In E&:Qorémz%ﬂ}e,n chae sk akt egr dalef-1he1subrperiadenmMo age of the
data itens is - conpl etely |I ed with the ejection data bits "1", a

new ej ecyiodn dai ajhidcibhlpatseaddeabaanome .of the sub-periods in t he
front half of the subsequent data item The ninth gray- scal e-level data
item PNMB is g¢lorepven, ejectioregamdegray™-s¢algilgvre] A éhen| PN%} ection

data bits are set at "1". _According to the tablg 1251 in F%% t he
ej ection LPEtEERTPIEAt #UEATAPEEE hES AR §IEErFEds TRISdEHH &PRfinner  such

(hat he ghecki o Salediig diekogieoss SIIPLL sl Lokse die
bits "0", and one of the column addresses is given the
ejection data bit "1". In Fig. 4, one droplet is to be
ejected in the sixth ejection sub-period of the second gray-
scale-level data item PNM1. Consequently, the second gray-
scale-level data item PNM1 is given an ejection pattern
"goo0o0100".

Droplets can be ejected in other ejection sub-periods
by providing an ejection pattern containing an ejection data
bit "1" in the desired ejection sub-period for droplet-
ejection. Accordingly, the ejection timing and position of
each droplet are determined based on where the corresponding
ejection data bit "1" is written.

Furthermore, in Fig. 4, the third gray-scale-level data
item PNM2 is given an ejection pattern "00001100", and the
fourth gray-scale-level data item PNM3 is given an ejection
pattern "00001110". Similarly, for the remaining gray-
scale-level data items, each data item is provided with an
ejection pattern containing one ejection data bit "1" more
than its previous data item. In Fig. 4, when the latter

half of the sub-periods in one of the data items is



other_hand, the ejection timng of the droplets can be set individually
for each gray-scale-level data item This neans that the ejection timng
far each gray-scale-level data itemcan be set in a manner such that the
sub-periods in which droplets are to be ejected nay be separated by one
non-ej ecting sub-period or multiple non-ejecting sub-periods. Moreover, it
Is also possible to set the ejection timng of the droplets for the front
hal f of the sub-periods for one of the gray-scale-level data itens, while
setting the ejection timng of the droplets for the latter half of the
sub-periods for an adjacent gray-scal &8 evel data item Accordingly, the
ejection data bits "1" may be set in a non-consecutive manner wthin the
sanme ejection pattern, and noreover, the ejection patterns nay be set in a
nmanner suemphBaki{hei A Bitecthanedateibhtatkl bitar e1nons canRsecuti ve

bet ween adj acent gray-scal e-level data itens. In contrast, - 30 such
setting i ejédckiibaulsta oomaentiisoaddedi teubhs.of Réfeesnbhgetiods gn 3, a
buffer nmenory 12C is provided for tenporarily storing ejection pattern data
sent fromtiiee fropM W)t ThaHsufshésequapt ydatxd Haem.a dbabhenpufdray-
structure that includes a RAM gDr andom access nenpry) | and a RAM 2. One of
the RAMs IS8R -2eVRpuiatajid@m SAMBatEePhVERAt3: SHHAOoPrhB2bEFE? reads the

j ecti ta. The RAME | . .2 h [
Ut i o ent 1§ T2E0: PGP et A dn BT T APR Bt ‘Lo STRORBFYEL Lo the

According to the table 12B1 in Fig. 4, the ejection

pattern data for all the drawing periods is set in a manner
such that the ejection data bits "1" increase asymmetrically
as the gray-scale-level data items becomes higher. On the
other hand, the ejection timing of the droplets can be set
individually for each gray-scale-level data item. This
means that the ejection timing for each gray-scale-level
data item can be get in a manner such that the sub-periods
in which droplets are to be ejected may be separated by one
non-ejecting sub-period or multiple non-ejecting sub-periods.
Moreover, it is also possible to set the ejection timing of
the droplets for the front half of the sub-periods for one
of the gray-scale-level data items, while setting the
ejection timing of the droplets for the latter half of the
sub-periods for an adjacent gray-scale-level data item.
Accordingly, the ejection data bits "1" may be set in a
non-consecutive manner within the same ejection pattern, and
moreover, the ejection patterns may be set in a manner such
that the same ejection data bits "1" are non-consecutive

between adjacent gray-scale-level data items. In contrast,



drawi ng range of each head chip 13. For exanple, in a case where a line
“head having nozzles aligned thereon is used, the nunber of row addresses
provided is set to be nore than the nunber of nozzles provided in each
head chip 13 to be driven. Furthernore, in a case where the head chips 13
reci procate, the nunber of row addresses provided is set to be nore than

t he nunber of pixels to be drawn in a single scan period. On the other
hand, the nunber of colunm addresses provided is sufficient for recording
an ejection pattern corresponding to each pixel. In the first enbodi nent,
the nunber of col umm addresses provi ded-corresponds to 8 bits.
Alternatively, the row addresses and the colum addresses nay be sw tched,
meani ng that the colum addresses nay correspond to the pixels and the row

addresses MY <S0{1E2RANGH1018 ChBCLL AR ARRA! b9dSuies 31 Referring 1o
Fig. 3, awite counter 1 is provided for generating a witing address

for witing ejgetdAnngPabt ehg.dal aaivuthe kehbey MeOOIy phdidsince 8- bit
ejection pattern data is input to the buffer nmenory 12C in a parall el
manner, afbewatfoessi Bf dtericer egepondh neptiersl dasa generfatexd.theén t he

ot her hand, a read counter 12E is provided for enerating a reading

addr ess f &NV 2adi ngThd dotfifer pemesynl2@aezs fa sloucle buffe¥ nenory 12C In

detail, the read )
structure that includes a RAM (random access memory) 1 and a

RAM 2. One of the RAMs 1 and 2 inputs ejection pattern data
while the other reads the ejection pattern data.

The RAMs 1 and 2 each have a memory capacity sufficient
for storing ejection pattern data corresponding to the
drawing range of each head chip 13. For example, in a case
where a line head having nozzles aligned thereon is used,
the number of row addresses provided is set to be more than
the number of nozzles provided in each head chip 13 to be
driven. Furthermore, in a case where the head chips 13
reciprocate, the number of row addresses provided is set to
be more than the number of pixels to be drawn in a single
scan period.

On the other hand, the number of column addresses
provided is sufficient for recording an ejection pattern
corresponding to each pixel. 1In the first embodiment, the
number of column addresses provided corresponds to 8 bits.

Alternatively, the row addresses and the column
addresses may be switched, meaning that the column addresses
may correspond to the pixels and the row addresses may

correspond to the ejection sub-periods.



counter 12E sequentially generates an address for reading an ejection data
bit for every ejection sub-period. Each head chip 13 ejects droplets

t hrough nozzles 13A based on the ejection data bits sent fromthe buffer
menory 12C. The actual ejecting process is controlled by an ejection
driver 13B. In detail, Fig. 3 illustrates an exanple in which a I|ine head
has a plurality of nozzles 13A aligned in a direction perpendicular to the
relative noving direction between the |ine head and the object to be drawn
upon. Such a line head is a fixed head. Alternatively, the first

enbodi mrent may be applied to a case where a |line head reciprocates in a
direction (secondary scanning direction) perpendicular to the relative
novi ng direction (main scanning direction) between the line head and the

object 1o be HAURANcol BsLN3S, CASE: dNBounBer £ABC] QRoiAkAADI LS of
mul tiple ejection su -perloa are sent to each head chip 13 in a parallel

manner. FgpbhgenBresidde: head iehi padtssdesorahirataali ¥pdyrm used in a
non-|ine head having one nozzle or nultiple nozzles, such that the head

reci procapastesnt de:scoondar pufseanmemgrydi IBLt | Sinceénd it ejaséioan
ejection pattern is given in which each scan period corresponds to one
ej ecti on pstbeperdath is ZnpQtetat Fba buffer memory 12C in a parallel

manner, a row address of the corresponding pixel is
generated.

On the other hand, a read counter 12E is provided for
generating a reading address for reading ejection pattern
data from the buffer memory 12C. In detail, the read
counter 12E sequentially generates an address for reading an
ejection data bit for every ejection sub-period.

Each head chip 13 ejects droplets through nozzles 13A
based on the ejection data bits sent from the buffer memory
12C. The actual ejecting process is controlled by an
ejection driver 13B.

In detail, Fig. 3 illustrates an example in which a
line head has a plurality of nozzles 13A aligned in a
direction perpendicular to the relative moving direction
between the line head and the object to be drawn upon. Such
a line head is a fixed head.

Alternatively, the first embodiment may be applied to a
case where a line head reciprocates in a direction
(secondary scanning direction) perpendicular to the relative
moving direction {(main scanning direction) between the line

head and the object to be drawn upon. In that case, the



The operation of the signal processing unit showmn in Fig. 3 will now be
described. First, the DSP 11 perforns nultilevel error diffusion on inage
data or text data to be drawn so as to produce gray-scale data for each

pi xel . The gray-scale data is then transferred to the PNM 12A in the head
controller 12. While referring to the table 12B1 in the ejection- pattern
menory 12B, the PNM 12A converts the gray-scale data to ejection pattern
data. For exanple, if the gray-scale data corresponds to the first
gray-scal e-level data item an ejection pattern "00000000" is output. If
the gray-scale data corresponds to ilB2 second gray-scal e-level data item
an ejection pattern "00001100" is output. The converted ejection pattern
data is input to the buffer nmenory 12C as 8-bit parallel data. Here, the -

33 e ectiOnpalheuardaback Sofl hernghe! ¥;Lopu, tQu 0 RANE drandkn2 of the

doubl e buffier. For exanple, when thé ejeCtion pattérn data is read from

RAM 1, the®jcci Geapathepnidaim a ighrénikl efahid:0. RAM 2. Thus, ejection

data bits in the same drawing period are read fromthe RAM1 in a seria

manner. The re&dreherhons, daten Heiatis chlps SENtmetyo allhersaettelgn bedri ver 13B of

the correspondi ng head chip 13. The ejection driver 13B controls whether

to ej ect otsatbtint @ apecline kraplhavipgs egeororaih & aeténldata bit. For

exanple, the _ejectiop driver. 13B controls the supply of current to a
nozzles, such that the head reciprocates in the secondary

scanning direction. In that case, an ejection pattern is

given in which each scan period corresponds to one ejection

sub-period.

1-2. Operation

The operation of the signal procesgsing unit shown in
Fig. 3 will now be described. First, the DSP 11 performs
multilevel error diffusion on image data or text data to be
drawn so as to produce gray-scale data for each pixel. The
gray-scale data is then transferred to the PNM 12A in the
head controller 12.

While referring to the table 12B1 in the ejection-
pattern memory 12B, the PNM 12A converts the gray-scale data
to ejection pattern data. For example, i1f the gray-scale
data corresponds to the first gray-scale-level data item, an
ejection pattern "00000000" is output. If the gray-scale
data corresponds to the second gray-scale-level data item,
an ejection pattern "00001100" is output.

The converted ejection pattern data is input to the

buffer memory 12C as 8-bit parallel data. Here, the



heater elenment if the droplet ejection is perforned based on expansion of
bubbl es. Moreover, if the droplet ejection is perfornmed based on expansi on
and contraction of a piezoelectric elenment, for exanple, the ejection
driver 13B controls such expansion and contraction. Thus, a pattern inmage
fornmed of pixels having desired gray scale levels is drawn onto the
object. 1-3. Advantages of First Enbodinment . According to the signal
processing unit of the first enbodinent, the | ook-up table 12B1 stored in
the ejection- pattern nenory 12B allows the gray-scale data to be
converted to desired ejection pattern3data. The | ook-up table 12B1

provi des an extensive range of ejection patterns that can actually be
drawn. For exanple, the droplets can - 34 be ejected in a non-consecutive

manner. Furthet ppre, . akinouah ke agtaynseal e el rdathe iRaMs 1 ebdnge at a
constant rate or at a gradual rate within a certain range, the ejection

data bits iy gt BReCi8GEh] & buifid.er Ferbekavasre divtfear 6he gjiestisunl e | evel data
items, for exanple, may be set in a non-consecutive manner. This allows
di stri but eattteenofiathei morzedd £ ricor REMel drighs el ecdjient Pahtes Btfesul t,

sufficient time required for refilling,the_ligg{q tger.eakh e}gﬁgion
process cas beitpegvided RN i fi8vi RICTHEY t@tgl F f%eqﬁ?éan i mage.
Mbreover, éQyﬁingrggggéﬁ éﬁg rLg ié&%mpthéhﬁhﬁ”fnﬁkiaU%Q%igioﬂanner.
The read ejection data bits are sent to the ejection
driver 13B of the corresponding head chip 13. The ejection
driver 13B controls whether to eject or not to eject a
droplet based on each ejection data bit. For example, the
ejection driver 13B controls the supply of current to a
heater element if the droplet ejection is performed based on
expansion of bubbles. Moreover, if the droplet ejection is
performed based on expansion and contraction of a
piezoelectric element, for example, the ejection driver 13B
controls such expansion and contraction.
Thus, a pattern image formed of pixels having desired

gray scale levels is drawn onto the object.

1-3. Advantages of First Embodiment
According to the signal processing unit of the first
embodiment, the look-up table 12B1 stored in the ejection-
pattern memory 12B allows the gray-scale data to be
converted to desired ejection pattern data. The look-up
table 12Bl1 provides an extensive range of ejection patterns

that can actually be drawn. For example, the droplets can



deteriorating, which nmay be caused by vibration of the housing.
Furthernore, the first enbodinent is capable of conplying with system
changes. For example, for changing the ejection pattern data, the only
requirenent is to rewite the table 12B1. Specifically, in a case where
the ejection timng of droplets in each gray-scale-level data itemis to
be changed, or the nunber of droplets or the nunber of sub-periods per

pi xel is to be readjusted, such conpliance with system changes can readily
be perfornmed by rewiting the table 12B1. 2. Second Enbodi ment 2-1.
Circuit - 35 Fig. 5is acircuit dragtam of a signal processing unit
according to a second enbodi nent of the present invention. The signal
processing unit in Fig. 5 simlarly has three conponents, nanely, the DSP

11, the hgad.contsd! 1872 k2n-2bdsethiei heathshirps 13. However, the internal
structure of The head controller 12 in the second enbodinment is different
fromthat of tRe-flidrorenbalitnenih thecgrdiyngbyletiaveldidater @he®8 in t he
internal structure of the head controller 12 will be described bel ow. The
second enbhdhgenst hascenatandi mateaourats.a @i@dual rabe YR & ity of

| ook-up tables 12B1 to 12Bn for gray- scale data ﬁonversion is stored in
t he ej ect centpant sapde, the ejectlon”data bits in the ejection

patterns between different gray-scale level data items, for
example, may be set in a non-consecutive manner. This
allows distributed use of the nozzles for the droplet
ejection. As a result, sufficient time required for
refilling the liquid after each ejection process can be
provided, thus improving the quality of the drawn image.
Moreover, this prevents the quality of the drawn image from
deteriorating, which may be caused by vibration of the
housing.

Furthermore, the first embodiment is capable of
complying with system changes. For example, for changing
the ejection pattern data, the only requirement is to
rewrite the table 12B1. Specifically, in a case where the
ejection timing of droplets in each gray-scale-level data
item is to be changed, or the number of droplets or the
number of sub-periods per pixel is to be readjusted, such
compliance with system changes can readily be performed by

rewriting the table 12B1.

2. Second Embodiment

2-1. Circuit



menory 12B. The other is that the head controller 12 is provided with a
tabl e=sel ector 12F for selecting one of the |ook-up tables 12Bi (i =1 to
n). OQther elements in the head controller 12, such as the PNM 12A, the
buffer menory 12C, the wite counter 12D, and the read counter 12E, are
equivalent to those in the first enbodi nent, and descriptions of those
elements will thus be omtted. Accordingly, the second enbodi nent will be
described by only pointing out the distinctive features. Fig. 6

il lustrates exanples of |ook-up tables stored in the ejection-pattern
menory 12B. In detail, Fig. 6 illust3@ates a state where n | ook-up tables
are stored in the ejection-pattern nenory 12B, n being a positive integer
- 36 equal to or greater than two. The ejection data bits in each

gray-scal e-1 evgly dat a4l fefl R AN iaRhA 8fCadsipiaedrodebbanignidit from
those in the corresponding data item of another table. It is preferable
that the habbegihgue adiskkenantmibsdangamett thhapactert sinveatdbnt he ej ection
patterns fromone another. In other wrds, each table preferably has a

di sti nct i veeasigmaeentceskangctet § sin §Figf. 5t hemejacly dwmspshreens. For
exanple, the tables 1 and 2 in Fig. 6 have _distinctive characteristics in
the ej ectF@ﬁP%@@‘é’?n§1ﬂ§1€1ﬂfhethF09\£? Hrafhechead| evrtraldesr teent®i e, PNML

to PAM 4. 10 ndSh%nipd 1o\ 2 hSudvet " rll WRELnSH SELEAM LS GoNERR! rated T

head controller 12 in the second embodiment is different
from that of the first embodiment. Accordingly, the
differences in the internal structure of the head controller
12 will be described below.

The second embodiment has two main features. One is
that a plurality of look-up tables 12B1 to 12Bn for gray-
scale data conversion is stored in the ejection-pattexn
memoxry 12B. The other is that the head controller 12 is
provided with a table-selector 12F for selecting one of the
look-up tables 12Bi (i = 1 to n).

Other elements in the head controller 12, such as'the
PNM 123, the buffer memory 12C, the write counter 12D, and
the read counter 12E, are equivalent to those in the first
embodiment, and descriptions of those elements will thus be
omitted. Accordingly, the second embodiment will be
described by only pointing out the distinctive features.

Fig. 6 illustrates examples of look-up tables stored in
the ejection-pattern memory 12B. In detail, Fig. 6
illustrates a state where n loock-up tables are stored in the

ejection-pattern memory 12B, n being a positive integer



the latter half of the sub-periods in the |lower gray-scale data itens. In
table”2, the droplet ejection is concentrated between the front half and
thg central portion of the sub-periods. On the other hand, in table n, the
timng of the droplet ejection is distributed in a discrete nanner.
Moreover, the droplet ejection is concentrated in the front half and the

| atter half of the sub-periods in the |ower gray-scale-level data itens.
The tables in Fig. 6 are exanples in which the consecutiveness of the sane
ejection data bits is permtted between ejection patterns of different
gray-scal e-l1evel data itens. Alternatigelty, such consecutiveness of the
sane ejection data bits is not necessarily required in the second - 37
enbodi ment. In the second enbodi nent, however, the swtching of the tables

i s done f%ﬁﬂ\k}\gnkbyoiogzpé&\é@tthghetwéamﬂ QSleic@R R84S hifds0Ambei ng used
repeat edl y. t respect to the ejection patterns corresponding to the

same gra)éa%ﬁabga#(eé’@éléiﬂte&reilt gHBabetyrem direfl eaBDE 4Bblasanseah
consecutiveness of the sane ejection data bits can generally be |owered by
provi di ng dd fifatrgat Inpufiber tdioset dnethé albesspoddieyedatsiiiowm oife conbi nati on
of the tables can be freely selected, it is difficult to state the general
char act er iagioitber Thkle ablld del prederable jthatothgekrhl ¢y Bdi%ecting a table
to be use%i%% t he PNM 12A. Accordingtto,the secon

erent arrangement charaCteristics o tge ejection
patterns from one another. In other words, each table
preferably has a distinctive arrangement characteristic of
the ejection patterns.

For example, the tables 1 and 2 in Fig. é have
distinctive characteristics in the ejection patterns of the
lower gray-scale-level data items, i.e. PNM1 to PNM 4. In
detail, in table 1, the droplet ejection is concentrated in
the latter half of the sub-periods in the lower gray-scale
data items. 1In table 2, the droplet ejection is
concentrated between the front half and the central portion
of the sub-periods. On the other hand, in table n, the
timing of the droplet ejection is distributed in a discrete
manner. Moreover, the droplet ejection is concentrated in
the front half and the latter half of the sub-periods in the
lower gray-scale-level data items. The tables in Fig. 6 are
examples in which the comnsecutiveness of the same ejection
data bits is permitted between ejection patterns of
different gray—écale—level data items.

Alternatively, such consecutiveness of the same

ejection data bits is not necessarily required in the second



enbodi ment, the selection of the tables by the table- selector 12F is
performed based on the position of the corresponding pixel. In order to
achieve this, |ook-up tables 12F1 are provided. Figs. 7A and 7B illustrate
exanpl es of the | ook- up tables 12F1 for table selection. The row addresses
and the colum addresses in Figs. 7A and 7B correspond to a range of

pi xel s drawn by the corresponding head chip 13 to be driven. In a case
where a sufficient nunber of tables for gray- scale data conversion is
provided for all the pixels in the draw ng range, one of the | ook-up
tables 12F1 for table selection all-oédtes an appropriate table for
gray-scal e data conversion for each pixel in the drawi ng range. Such - 38
allocation of a table is performed in a manner such that the table is not
used repeaireddtmen .t hen aierstand, ebedimale, wpwkablke -1 can al so
allocate the sane table for gray- scale data conversion for pixels |ocated
di st ant froomteddng of hehe iighlias ﬁhedgamffxﬁqnﬂmmgyraﬂgnrewknﬁﬂﬁhﬂ y, as shown
in Figs. 7A and 7B, each | ook-u table 12F1 is forned of basic table units
di sposed igRmg eﬂ@ﬁéa%opmﬁi@r aRa Eaé%gdb?qdeéfﬁ@ﬁaFﬁ@lYo difdhber of

pi xels. One of the basic.table units is indicate g é € ctlorrltl surrounded
by a bold 4%%P§Ctsﬂ§8cF]F“Fc%1?‘§Fl°ﬁ’i §ATLLRNF | FUHTELELER BXarpi €3 which the

basi ¢ tabl g i3 Py P LSO TRAIEInOLuLND 1045 Bke ¥, £01 U ANG are

di sposed i
consecutiveness of the same ejection data bits can generally

be lowered by providing a larger number of stored tables.
However, since the combination of the tables can be freely
selected, it is difficult to state the general
characteristics.

The table-selector 12F is for serially selecting a
table to be used by the PNM 12A. According to the second
embodiment, the selection of the tables by the table-
selector 12F is pexformed based on the position of the
corresponding pixel. In order to achieve this, look-up
tables 12F1 are provided. Figs. 7A and 7B illustrate
examples of the look-up tables 12F1 for table selection.
The row addresses and the column addresses in Figs. 7A and
7B correspond to a range of pixels drawn by the
corresponding head chip 13 to be driven.

In a case where a gsufficient number of tables for gray-
scale data conversion is provided for all the pixels in the
drawing range, one of the look-up tables 12F1 for table
selection allocates an appropriate table for gray-scale data

conversion for each pixel in the drawing range. Such



a repeated manner. On the other hand, Fig. 7B illustrates an exanple in
which the basic table units are each conposed of three rows by three
colums and are al so disposed in a repeated. manner. Referring to the

| ook-up table 12F1 of Fig. 7A, for a pixel corresponding to a position at
row 1 and colum 1, the table | is given for gray-scale data conversion
Furthernore, for a pixel corresponding to a position at row 2 and colum
2, atable nis given for gray-scale data conversion. According to this
exanpl e, adjacent pixels are given different types of tables for
gray-scal e data conversion. The sane3@pplies to an exanple of the table
12F1 shown - 39 in Fig. 7B. However, according to the table 12F1 in Fig.
7B, the sane type of tables appear in a repeated manner periodically in
the col umydinkgetbRMNor Al traiblat i ¥ebyrfdpmest dhi agmenhyr theclbdadiet thél e units
in the table-selector 12F, the positional information in one of the basic
tabl e uni ttaaer tespondigey trepaapeddy . addr éde paperpbeandadherdPobranpl e, by
determ ning a residue group havin% nodul o 2, the addresses in each basic
tabl e uni tupmapbleot 2Bk peatd alGot Bé leeakaridiec SRR L aBtf e F¥2At hough t he

basic table units in the second embodi ﬂ%:a%r ach conposed of a square
mat ri x hawigenfRbRsCHY TR IOR GRfsPT ti 1Y e§0§| rve ﬁﬁ?eger equal to or
greater tig%%er-within the same drawing range.

Generally, as shown in Figs. 7A and 7B, each look-up
table 12F1 is formed of basic table units disposed in a
repeated manner and each corresponding to a number of pixels.
One of the basic table units is indicated by a section
surrounded by a bold line. Specifically, Fig. 7
jllustrates an example in which the basic table units are
each composed of two rows by two columns and are disposed in
a repeated manner. On the other hand, Fig. 7B illustrates
an example in which the basic table units are each composed
of three rows by three columns and are also disposed in a
repeated manner.

Referring to the look-up table 12F1 of Fig. 7A, for a
pixel corresponding to a position at row 1 and column 1, the
table 1 is given for gray-scale data conversion.

Furthermore, for a pixel corresponding to a position at row
3 and colum 2, a table n is given for gray-scale data
conversion. According to this example, adjacent pixels are
given different types of tables for gray-scale data
conversion.

The same applies to an example of the table 12F1 shown



two, the conposition of the basic table units is not limted to such a
matri x. For exanple, each of the basic table wunits may alternatively be
conposed of a rectangular matrix in which the nunber of rows is greater

t han the nunmber of colums, or vice versa. As a further alternative,

al though the control operation nmay beconme nore conplicated, each of the
basic table units may be conposed of a polygonal matrix having, for
exanpl e, a substantially rhonboi dal shape. In such a case, each
rhonboi dal - shaped basic table unit may be used as a correspondence between
a pixel and the corresponding table Ber-gray-scale data conversion. 2-2.
Qperation The operation of the signal processing unit showmn in - 40 Fig. 5
will now be described. First, the DSP 11 perfornms nultilevel error

di f f usi on ,on Ejigggngiat%% X cdalait® A8 il 2uB1801881 i prigduos,

gray-scal e data for ea pi xel . The gray-scale data is then transferred to

the PNM 12Ad RakbBecrypsask aamieel bpped. idhe fAat24 nimemesends t he
gray-scale data to the table-selector 12F. The tabl e-sel ector 12F detects

the positgeariodficeaty jmxele kylufor déxeotpla;. counting the nunber of inputs
of the gray-scale data. Wien the position of each pixel is detected, the
t abl e- sel ect or Algfrnatfisred vt obyhetor sk -aig vt &bPePasid P& vrdt8elRct an

appropriate table for ray-scal e data conversi.on based on. the position of
eggh P the table—seleéko%lle, the posft{bnal 1n%ormag10n in onepo%

the basic table units corresponding to a pixel address may
be read. For example, by determining a residue group having
modulc 2, the addresses in each basic table unit may
correspond to the row and column addresses.

Although the basic table units in the second embodiment
are each composed of a square matrix having m rows by m
columns, m being a positive integer equal to or greater than
two, the composition of the basic table units is not limited
to such a matrix. For example, each of the basic table
units may alternatively be composed of a rectangular matrix
in which the number of rows is greater than the numbex of
columns, or vice versa. As a further alternative, although
the control operation may become more complicated, each of
the basic table units may be composed of a polygonal matrix
having, for example, a substantially rhomboidal shape. 1In
such a case, each rhomboidal-shaped basic table unit may be
used as a correspondence between a pixel and the
corresponding table for gray-scale data conversion.

2-2. Operation

The operation of the signal processing unit shown in



pi xel . For exanple, a |ook-up table nis selected. Wien the table for
gray-scal e data conversion is selected, the gray-scale data is sent to the
selected table. Thus, the PNM 12A reads the ejection pattern data
corresponding to the gray-scale data. This reading process by the PNM 12A
is perfornmed by sending determination data for the tables 12B1 to 12Bn and
the gray-scale data to the tables 12B1 to 12Bn as input addresses so as to
read the corresponding ejection pattern data. Alternatively, for exanple,
a switch may be used to select a table for gray- scale data conversion. In
this case, the selected table for t-haogray-scale data conversi on connected
via the switch is wused to read the corresponding ejection pattern data. -
41 The process after reading the ejection pattern data is the sane as in

the first enbodi gEAY, H8Rdd NEL8SEElRt | P1rf, 1HChsa RIogEsEoMd | thus be
omtted. 2-3. Advantages of Second Enbodi nent According to the signa

processi Ngmutiit1 9k 1t Bersecantrusainodnnenige tdird eaktuptt abtestd e
gray-scal e data conversion can be switched according to the position of
each pi xedrav@orsequent| yrodlidd erreyt stypesdatfa tfahl eschopiygehy- Bral e data
conversion are used for the pixels in_a periodical manner, According to
t he seconddwabedicdentiataveh thiefraasierredetdfthendMake? gtaytial e | evel

are i nput _ repeatedl vari ous types of ejection patterns can be out put.
P heaé)controXIer 12. yp ] p p

The PNM 12A then sends the gray-scale data to the
table-selector 12F. The table-selector 12F detects the
position of each pixel by, for example, counting the number
of inputs of the gray-scale data. When the position of each
pixel is detected, the table-selector 12F refers to the
look-up table 12F1 so as to select an appropriate table for
gray-scale data conversion based on the position of each
pixel. For example, a look-up table n is selected.

When the table for gray-scale data conversion is
selected, the gray-scale data is sent to the selected table.
Thus, the PNM 12A reads the ejection pattern data
corresponding to the gray-scale data. This reading process
by the PNM 12A is performed by sending determination data
for the tables 12B1 to 12Bn and the gray-scale data to the
tables 12B1 to 12Bn as input addresses so as to read the
corresponding ejection pattern data. Alternatively, fox
example, a switch may be used to select a table for gray-
gcale data conversion. In this case, the selected table for
the gray-scale data conversion connected via the switch is

used to read the corresponding ejection pattern data.



For exanple, even if the gray-scale-level data itenms PNML are repeatedly
input, the ejecting positions are discretely distributed. This achieves,

far exanple, snoother refilling of liquid after each droplet ejection
process, and noreover, prevents the droplet ejection from being adversely
affected by vibration of the housing of a printer, i.e. a liquid-ejecting

apparatus. In contrast, droplets are repeatedly ejected fromthe sane
position if the ejecting positions are not discretely distributed. This
may adversely affect the refilling of Iliquid after each droplet ejection,
and thus may lead to deterioration-o#liptcture quality. Mreover, if the
droplets - 42 are repeatedly ejected fromthe sanme position, the deviation
of droplets fromthe original ejecting position due to vibration of the

housi ng may be‘f‘ﬂ és%e%lﬁlter Beaditid dHEmRodbpesh paterrCaaedi isFig. 8 is
acircuit dlagran1o a signal processing unit according to a third

enbodi menteaf Lhe REESENtnd MeRki efbodThents gmal theodesetipgriom fin Fig. 8
simlarly has three conponents, nanely, the DSP 11, the head controller

12, and tdhebheagrobeps 3Ll Hiwevee, onhetédit ernal structure of the head
controller 12 in the third enbodinment is different from those of the first
and second enbodi nents. Accordingly, the differences in the internal

structure of the head controll er
2-3. Advantages of Second Embodiment

According to the signal processing unit of the second
embodiment, the look-up tables for gray-scale data
conversion can be switched according to the position of each
pixel. Consequently, different types of tables for gray-
scale data conversion are used for the pixels in a
periodical manner. BAccording to the second embodiment, even
when data items of the same gray-scale level are input
repeatedly, various types of ejection patterns can be output.

For example, even if the gray-scale-level data items
PNM1 are repeatedly input, the ejecting positions are
discretely distributed. This achieves, for example,
smoother refilling of liquid after each droplet ejection
process, and moreover, prevents the droplet ejgction from
being adversely affected by vibration of the housing of a
printer, i.e. a liquid-ejecting apparatus.

In contrast, droplets are repeatedly ejected from the
same position if the ejecting positions are not discretely
distributed. This may adversely affect the refilling of
liquid after each droplet ejection, and thus may lead to

deterioration of picture quality. Moreover, if the droplets



12 wi || be described below. The third enbodinent is basically a

nodi fircation of the second enbodi nent. Specifically, the third enbodi nent
is simlar to the second enbodinment in that the plurality of |ook-up
tables 12B1 to 12Bn for gray-scale data conversion is stored in the
ejection-pattern nenory 12B and that the head controller 12 is provided
with the table-selector 12F for selecting one of the | ook-up tables 12B
(it =1ton) Onthe other hand, the third enbodinment is different fromthe
second enbodi nent in that a random nunber generator 12G for generating a
random nunber in synchroni zation wit+h2 43 each input of gray-scale data
i's provided. Based on the generated random nunber, one of the tables 12B
(it =1ton) for gray-scale data conversion is selected. In other words,

accordi ngyt0 fhgddiand eyhedédeaion ttl?l‘é %3&8%6@&1&1 OR@e HAGLELARABI is
performed regardl ess 0f The position of each pixel. Here, the

r andom nugkedrHENa=Atrronl 2ke NByi didAr kjekyehy péﬁﬂﬁicmsémdotoandonlnunber
generator as long as the output interval of the sane values is |ong enough
Wi th respetbravion ke dhawhnygsimmgey Becoher novicedhleg.s preferable that the
random nunbers generated correspond to the nunber of the tables 12Bi (i =
1 ton) provided. Alternatively, in a case where a |arger anount of

randon1nunbers are to b enerated, for exanple,
. Third Embodim nt np

3-1. Circuit

Fig. 8 is a circuit diagram of a signal processing unit
according to a third embodiment of the present invention.
The signal processing unit in Fig. 8 similarly has three
components, namely, the DSP 11, the head controller 12, and
the head chips 13. However, the internal structure of the
head controller 12 in the third embodiment is different from
those of the first and second embodiments. Accordingly, the
differences in the intermal structure of the head controller
12 will be described below..

The third embodiment is basically a modification of the
second embodiment. Specifically, the third embodiment is
similar to the second embodiment in that the plurality of
look-up tables 12B1 to 12Bn for gray-scale data conversion
is stored in the ejection-pattern memory 12B and that the
head controller 12 is provided with the table-selector 12F
for selecting one of the look-up tables 12Bi (i = 1 to n}.

On the other hand, the third embodiment is different
from the second embodiment in that a random-number generator

12G for generating a random number in synchronization with



an allocation to one of the tables can be perforned by determning a

resi due group having nodulo n, n being the nunber of tables provided. 3-2.
Qperation The operation of the signal processing unit showm in Fig. 8 will
now be described. First, the DSP 11 perforns nultilevel error diffusion on
i mge data or text data to be drawn so as to produce gray-scale data of
each pixel. The gray-scale data is then transferred to the PNM 12A in the
head controller 12. The PNM 12A then sends the gray-scale data to the - 44
tabl e-sel ector 12F. Here, a random nunber generated by the random nunber
generator 12Gis sent to the tabl e-sekdctor 12F. Based on the random
nunber, the table-selector 12F selects one of the tables for gray-scale
data conversion. Wen the table for gray-scale data conversion is

sel ected, 418 9hayeseRl gralptaahe apphi @@ldéﬁbdifai@dt.abia@sea”m,thean ej ection
pattern corresponding to the gray-scale data is read by the PNM 12A. This
readi ng preeeseted perdeart mshlier, bthe sfinthersebddesas2Bh (he= sedond)

enbodi ment. The process after the reading of the ejection pattern is
per f or med fiar girhg-seate ndatrrercoayeraicheld gsltecsrBodi FRnetheihdawis -
description will thus be omtted. 3-3. Advantages of ,(Third Enbodi nent

Accor di ng aasoridngi gRathridbiess ergogarenof e SEREFELon of one

table 12Bi is performed regardless of the position of each
pixel.

Here, the random-number generator 12G may alternatively
be a pseudo-random number generator as long as the output
interval of the same values is long encugh with respect to
the drawing range.

Furthermore, it is preferable that the random numbers
generated correspond to the number of the tables 12Bi (i =1
to n) provided. Alternatively, in a case where a larger
amount of random numbers are to be generated, for example,
an allocation to one of the tables can be performed by
determining a residue group having modulo n, n being the
number of tables provided.

3-2. Operation

The operation of the signal processing unit shown in
Fig. 8 will now be described. First, thé DSP 11 performs
multilevel error diffusion on image data ox text data to be
drawn so as to produce gray-scale data of each pixel. The
gray-scale data is then transferred to the PNM 12A in the
head controller 12.

The PNM 12A then sends the gray-scale data to the



enbodi nent, the generated random nunber acts as a basis for selecting an
appropriate | ook-up table for gray-scale data conversion. consequently,
di-fferent types of tables for gray-scale data conversion are used for
every pixel. Simlar to the second enbodi ment, various types of ejection
patterns can be output according to the third enbodi nent even when data
itenms of the sanme gray-scale level are input repeatedly. This achieves
stable picture quality. Enbodi nents of the present invention described
below - 45 wll be based on a technol ogy of deflective-ejection of

dropl ets. Exanples of such a technol-og¢ are described in detail in

previ ous applications of the present applicant. Such applications are, for
exanpl e, Japanese Patent Application No. 2002-320861, Japanese Patent

Appl i cati aH¥R- 520020320862, mard, Japaaessn fah@al Jpperatdd By Noe
2003-037343. Accordingly, redundant explanations of such a deflective-.

ej ecti on teghnel-agyber| dederaanirt tied, iansenibe tthe pebléeosslegtalrevant to the
present invention will be described below 4. Fourth Enbodi nent 4-1.
Circuit A¥afurt Baegbodinehe xeedomdnuygbe®. tHe pegdencelased ildF will now be
described. Fig. 11 is a schematic diagramof a Iiguid-e'ectin appar at us

accor di ng S-9kE PBAroh W IROHERt TBF TR HIGdEn At RnGeAYSBH.“accor ding to

such a lIqu'd-ﬁkggtéﬂg)égy%%r%ggsgray—scale data conversion is

selected, the gray-scale data is applied to the table. Thus,
an ejection pattern corresponding to the gray-scale data is
read by the PNM 12A. This reading process is performed in
the same manner as in the second embodiment. The process
after the reading of the ejection pattern is performed in
the same manner asg in the first embodiment, and the

description will thus be omitted.

3-3. Advantages of Third Embodiment

According to the signal processing unit of the third
embodiment, the generated random number acts as a basis for
selecting an appropriate look-up table for gray-scale data
conversion. Consequently, different types of tables for
gray-scale data conversion are used for every pixel.
Similar to the second embodiment, various types of ejection
patterns can be output according to the third embodiment
even when data items of the same gray-scale level are input

repeatedly. This achieves stable picture quality.

Embodiments of the present invention described below



the ejecting direction of droplets can be deflected by using electricity.
Referring to Fig. 10, according to the fourth enbodinent, the ejecting
range of each nozzle covers two pixels. Morreover, the deflecting direction
of* each of the nozzles aligned on the line head is the sane for all the
nozzles. In a single ejection sub-period, which is the mninmum unit in a
drawi ng period of each pixel, droplets are ejected - 46 in a deflective
manner in the sanme direction fromall nozzles or froma pair of nozzles.
Moreover, in the fourth enbodinment, the deflecting direction is
alternately switched for every ejectusn-sub-period. The |liquid-ejecting
apparatus for perform ng such deflective ejection includes three main
conponents, nanely, a DSP 111, a head controller 112, and head chi ps 113.

The DSP 111 .perf (o ro i j Dk OBYE- MA@ SO as to
produce gﬁééésgglgggg%gﬁﬁf%tgﬁgh?gér hogﬁ%%%éﬁgﬁf? e?he DSP 111 receives

8-bit i Mg HAklsandeLoRyVRld St Recl- Bi techidgsy datadescAitid igr ay-scal e
data. The gray-scale data is then output fromthe DSP 111. The gray-scale
dat a i ncl utlesiiinfiar paévsud aippldetetonsi o e presbet appliopitets to be
ej ected towards each pixel range. Accordingly, this technique in which
each pi xedudhs apppiesseensvane.a fgroapanslelr olAnenesesPeaétled pul se  nunber
nodul ati on. The -val ue of the %ray-scale data is . .
Application No. 2002-320861, Japanese Patent Application No.
2002-320862, and Japanese Patent Application No. 2003-037343.
Accordingly, redundant explanations of such a deflective-
ejection technology will be omitted, and only the portions

relevant to the present invention will be described below.

4. Fourth Embodiment
4-1. Circuit

A fourth embodiment according to the present invention
will now be described.

Fig. 11 is a schematic diagram of a liquid-ejecting
apparatus according to the fourth embodiment of the present
invention. According to such a ligquid-ejecting apparatus,
the ejecting direction of droplets can be deflected by using
electricity. Referring to Fig. 10, according to fhe fourth
embodiment, the ejecting range of each nozzle covers two
pixels. Moreover, the deflecting direction of each of the
nozzles aligned on the line head is the same for all the
nozzles.

In a single ejection sub-period, which is the minimum

unit in a drawing period of each pixel, droplets are ejected



determ ned based on the gray-scale |level nunber to be expressed. In the
fourth enbodi nent, one pixel nmay include a nmaxi mum of six droplets. The
head controller 112 converts the gray-scale data to correspondi ng ejection
pattern data, and supplies the ejection pattern data to the correspondi ng
head chip 113 at a predeterm ned timng. The head controller 112 includes
a PNM 112A, an ejection-pattern nenory 112B, a table-selector - 47 112C
an ejecting-position determ ner 112D, a buffer nenory 112E, a wite
counter 112F, and a read counter 112G \While referring to a table stored in
the ejection- pattern nenory 112B, t-haePNM 112A converts the gray-scale
data to an appropriate ejection pattern. In the fourth enbodinent, the PNV
112A converts 4-bit gray-scale data to 8-bit ejection pattern data. The

ej ection pal LT rdataiys fAndACLe Fhi Bond NG r &8 @Boki Fing of dropl ets.
In detail, the ejection pattern data contains a series of ejection data

bits for JeiAEY Brngr¥kied KRIiOhbMabzkleg] eqloricRet sSn Fio¢ Bxargl e, an
ejection data bit 111" indicates that a droplet is to be ejected, and an

ej ecti on daitodiiient10the i deff leattdngt Hdreovic opd etltiesntbebe sydntied Thus,
each ejection pattern data is given _a sequence of nunbers "0" and The
| engt h of #acleveagueneet tot rasp®edicdo the nunber of ejection sub-periods

included in a drawi ng period of one
The liquid-ejecting apparatus for performing such

deflective ejection includes three main components, namely,

a DSP 111, a head controller 112, and head chips 113. The
DSP 111 performs multilevel error diffusion on image data so.
as to produce gray-scale data. In the fourth embodiment,
the DSP 111 receives 8-bit image data and converts the 8-bit
image data to 4-bit gray-scale data. The gray-scale data is
then output from the DSP 111.

The gray-scale data includes information for
determining the number of droplets to be ejected towards
each pixel range. Accordingly, this technigque in which each
pixel is expressed with a group of droplets is called pulse
number modulation. The value of the gray-scale data is
determined based on the gray-scale level number to be
expressed. In the fourth embodiment, one pixel may include
a maximuam of =ix droplets.

The head controller 112 converts the gray-scale data to
corresponding ejection pattern data, and supplies the
ejection pattern data to the corresponding head chip 113 at
a predetermined timing. The head controller 112 includes a

PNM 112A, an ejection-pattern memory 112B, a table-selector



pixel. In the fourth enbodi nent, a drawi ng period of one pixel includes
ei ght  ejection sub-periods. In this case, the length of the sequence
form ng each ejection pattern is "8". Each ejection data bit is for
determ ning whether or not to eject a droplet in the correspondi ng

ej ection sub- period. Figs. 12A and 12B each illustrate an exanple of an -
48 ejection pattern. Specifically, Fig. 12A illustrates an ejection
pattern PNML corresponding to a first gray-scale- level data item In the
ejection pattern PNML, a droplet is to be ejected in one of the eight

ej ection sub-periods. There are eight7pessible types of patterns for the
ejection pattern PNML. The sub-period in which a droplet is to be
actually ejected is determ ned based on whi chever one of the possible

patterns Cﬁrz"ces99n9§eé@lﬁ§1%<;sl1rt§bnga@yemé— havel adBterdt aBmdy the ot her
hand, Fig. 12 I'lustrates an ejection pattern PNMVR corresponding to a

second QFQMQEQahewfﬂt{@ccﬂ.ﬁt&r iihem &idtderejeebuanepatisen PNMR, droplets
are to be ejected in tw of the eight ejection sub-periods. There are 28
possi bl e t ypesWinflgatdfmmsnforot Aetad)lactstoregat netlpe RAMELionAs shown in
Fig. 12B, the ejection may be perfornmed consecutively or
non-conseé@ﬁtﬁépymeW®¥E0M%¥L the BHH- 1%ﬁﬁiQﬂﬁ?qrﬁswﬁhéthﬁ¥ﬁﬁ?ﬁ¥$'are to be
actual 1y ej eoted are, det ermned based on WGV, BRS pluilp Possible
embodiment, the PNM 112A converts 4-bit gray-scale data to
8-bit ejection pattern data.
The ejection pattern data is for determining the
ejection timing of droplets. In detail, the ejection
pattern data contains a series of ejection data bits fox
determining whether or not to eject droplets.
For example, an ejection data bit "1" indicates that a
droplet is to be ejected, and an ejection data bit "0"
indicates that no droplet is to be ejected. Thus, each
ejection pattern data is given a sequence of numbers "0" and
win,
The length of each sequence corresponds to the number
of ejection sub-periods included in a drawing period of one
pixel. In the fourth embodiment, a drawing period of omne
pixel includes eight ejection sub-periods. In this case,
the length of the sequence forming each ejection pattern is
ngr  Each ejection data bit is for determining whether or
not to eject a droplet in the corresponding ejection sub-

period.

Figs. 12A and 12B each illustrate an example of an



corresponds to the second gray-scale-level data item The sane applies for
ot her- gray-scal e-1evel data itens. The ejection-pattern nenory 112B stores
mul tiple types of tables which function as correspondence between the
gray- scale data and the ejection pattern data. According to the fourth
enbodi ment, two types of tables are stored in the ejection-pattern nenory
112B, nanely, a table 112B1 for - 49 normal ejection and a table 112B2 for
mal function of ejection. There is only one type of table 112B1 for normal
ejection. In other words, for each gray-scale data, only one ejection
pattern can be read fromthe table 11?%17 on the other hand, the table
112B2 includes ejection patterns that prevent an ejection data bit "1"
frombeing given to a nozzle that is determi ned to be nal functional.
Accordi ng e_tjgct:hgnggy@é};@nb(g@bﬁﬁaﬂicamﬂceF:iIghe 1epetliwmgtrafigsedm on can be
deflected i'n two directions, the table 112B2 is provided with two types of
tabl e conegeentsnljRBiirn ANM1]L282esPIBLRCAKIce ac SiPBReFFENEHIE i s provi ded
for nozzles that are determned to be malfunctional, and,the tahle
conponent1er£2822thsi¢ﬁmwﬁd@UtP6r8h§F¥{RRnHQE¥?ﬁBIBF@a'ﬁ%iPF’ﬁﬁtTﬁg term

"mal function-rel ated nozzles" refers t nozz|.e Wels i acent to the
mal f unct i &ralengigrked i QQﬂBQ§eFﬁ8C?+% t(ﬁ%%ﬁ%ﬁ?@ﬁguﬁhpégfbégu

There are eight possible types of patterns for the ejection
pattern PNM1. The sub-period in which a droplet is to be
actually ejected is determined based on whichever one of the
possible patterns corresponds to the first gray-scale-level
data item.

On the other hand, Fig. 12B illustrates an ejection
pattern PNM2 corresponding to a second gray-scale-level data
item. TIn the ejection pattern PNM2, droplets are to be
ejected in two of the eight ejection sub-periods. There are
28 possible types of patterms for the ejection pattern PNM2.
Ag shown in Fig. 12B, the ejection may be performed
consecutively or non-consecutively. Moreover, the sub-
periods in which droplets are to be actually ejected are
determined based on whichever one of the possible patterns
corresponds to the second gray-scale-level data item. The
same applies for other gray-scale-level data items.

The ejection-pattern memory 112B stores multiple types
of tables which function as correspondence between the gray-
scale data and the ejection pattern data. According to the
fourth embodiment, two types of tables are stored in the

ejection-pattern memory 112B, namely, a table 112B1 for



The rel ati onship between the mal functional nozzles and the

mal function-rel ated nozzles will now be described with reference to Figs.
13; 14A, and 14B. Fig. 13 illustrates a state where converted ejection
pattern data is witten in the buffer nenory 112E. Each of the colum
addresses in Fig. 13 corresponds to one of the pixel ranges. For exanple,
in a case where deflection control is not to be perforned, -- 50
droplets are ejected froma nozzle n corresponding to colunmm address n
based on an ejection pattern "00001010". On the other hand, the row
addresses in Fig. 13 correspond to th& -eight ejection sub-periods.

Ref erence characters PNM (i =1 to 8) in Fig. 13 each indicate an
ejection pattern in the line direction for the corresponding ejection

sub- peri od., M1 e@_]‘fé‘:‘d'biohhﬁnaréoﬂ\éblé ndizgat €okheateir@ctidd@edi rection of
ejection. The deflecting direction in Fig. 13 is equivalent to the

defl ectingjdétesil on shown in Fig. 10. Furthernore, reference nunerals
11+1" and 110" each indicate the shifting direction of a corresponding
read address. TBucie val ordy o regpord tebleellRHl dor mgrdlection, and the
rel ationship between the values and the deflecting direction.is shown in
Fig. 10. Ajeetivhg 15 OFESKoWPTES entiidisasht Jr8¥chcd ol &8¢t ed from the

corr espond: ng_pozzl.e can. be, dell egh e WA espegl,t o 3 nozzle. 101

On the other hand, the table 112B2 includes ejection
patterns that prevent an ejection data bit "1" from being
given to a nozzle that is determined to be malfunctional.
According to the fourth embodiment, since the ejecting
direction can be deflected in two directions, the table
112B2 is provided with two types of table components 112B21
and 112B22.

The table compoment 112B21 is provided for nozzles that
are determined to be malfunctional, and'the table component
112B22 is provided for malfunction-related nozzles.

The teﬁm tmalfunction-related nozzles" refers to
nozzles which are adjacent to the malfunctional nozzles in
the deflecting direction.

The relationship between the malfunctional nozzles and
the malfunction-related nozzles will now be described with
reference to Figs. 13, 143, and 14B. Fig. 13 illustrates a
state where converted ejection pattern data is written in
the buffer memory 112E. Each of the column addresses in Fig.
13 corresponds to one of the pixel ranges. For example, in

a case where deflection control is not to be performed,



ej ectiion pattern while taking into consideration the deflecting direction,
as indicated by the shaded areas in Fig. 13. Wth respect to the nozzle n
inFig. 13, droplets are ejected based on an ejection pattern "00011110".
Thus, if the nozzle n is malfunctional, it is necessary to determ ne an

ej ection pattern for the corresponding pixel wth respect to the
gray-scal e data such that the ejection - 51 - data bits of all shaded areas
are set at "0". Figs. 14A and 14B illustrate exanples of the table
conponents for deflective ejection to conpensate for nalfunction of
ejection. Fig. 14A corresponds to thestable conmponent 112B21 for nozzles
that are determned to be malfunctional. Fig. 14B corresponds to the table
conponent 112B22 for nalfunction rel ated nozzles. Simlar to Fig. 13, the

shaded ar 63%phB:E: 9% £18R £ 11 loBBpoRh PRS0 Bikmber T 0d Tor
dr opl et - E]EC ion from nozz e n determned to be malfunctional. As is

apparent fEMeELOn pddd od R@ ejjeetion kit teobo1lelb” shanedar eas are
set at 11011. On the other hand, ejection data bits 111" are given to

sone sub- pehe@diandhethd hasw talﬁlelralaaeleduarlﬂags 46 rhatreapgnayto 38w e | evel
corresponding to the gray-scale data can be expressed. An ejection data
bit "1" cargbée diepobenl ub-@eyiogssition within a sub-period other than the
shaded areas. In the fourth enbodi ment, an_ejectjop data hit "1' nmay be
Reference characters PNMi (i =1 ko Ss in Fig. 13 each y
indicate an ejection pattern in the line direction for the
corresponding ejection sub-period. Moreover, the arrows
indicate the deflecting direction of ejection. The
deflecting direction in Fig. 13 is equivalent to the
deflecting direction shown in Fig. 10. Furthermore,
reference numerals "+1" and "0" each indicate the shifting
direction of a corresponding read address. Such values
correspond to the deflecting directiomn, and the relationship
between the values and the deflecting direction is shown in
Fig. 10.
According to the fourth embodiment, each droplet
ejected from the corresponding nozzle can be deflected.
With respect to each nozzle, it is thus necessary to xead an
ejection pattern while taking into comnsideration the
deflecting direction, as indicated by the shaded areas in
Fig. 13. With respect to the nozzle n in Fig. 13, droplets
are ejected based on an ejection pattern "00011110".
Thus, if the nozzle n is malfunctional, it is necessary

to determine an ejection pattern for the corresponding pixel

with respect to the gray-scale data such that the ejection



di sposed in any position within half of the eight ejection sub-periods,
i.e. four sub-periods. Accordingly, the period that can be used for
gray-scale expressionis limted to half the overall ejection sub-
periods. For this reason, if the nunber of gray-scale data itens exceeds
such a nunber of the sub-periods, the nunber of gray-scale |evels that can
actually be expressed is - 52 I|imted to half the overall nunber of

ej ection sub-periods. GCenerally, a read-only-nmenory (ROM is used for the
ej ection-pattern nmenory 112B. Alternatively, a random access-nenory (RAM
or other sem conductor nenory units-nay -be used. In a case where a RAMis
used, the tables can be freely rewitten. In other words, the ejecting
positions can be changed to other desired positions. Furthernore, the

€] ect | on- pagteph: eIPI LAZBAIRY o abLer Al el wf upation as a  storage
e ae e

medi um t hat can tac romthe liquid-ejecting apparatus. Based on

the determ natgofs I aswl tinly1hBei Bl @firdte- eRBfplEONoeiley Makgle 112D, the
t abl e-sel ector 112C selects a corresponding table to be used by the PNM

112A. The cothebaent natdwafdseit vese jisedias tionfcompahsahne f Doxr det er m ni ng
whet her the gray-scale data subject to conversion is intended for ejection
t hrough amedfnntthonx g ajedtden. ej BEgi obtA Mogrgisranddl tanelte dilrld at ed

nozzl e. For exanple, in a case where the gray-scal e data
component 112B21 for nozzles that are detexmined to be

malfunctional. Fig. 14B corresponds to the table component
112B22 for malfunction-related nozzles. Similar to Fig. 13,
the shaded areas in Figs. 14A and 14B each indicate an
ejection sub-period for droplet-ejection from a nozzle n
determined to be malfunctional. As is apparent from Fig.
14A, the ejection data bits in all shaded areas are set at
"g", On the other hand, ejection data bits 1" are given to
some sub-periods other than the shaded areas so that a gray-
scale level corresponding to the gray-scale data can be
expressed.

An ejection data bit "1" can be disposed in any
position within a sub-period other than the shaded areas.

In the fourth embodiment, an ejection data bit "1" may be
disposed in any position within half of the eight ejection
sub-periods, i.e. four sub-periods.

Accordingly, the period that can be used for gray-scale
expression is limited to half the overall ejection sub-
periods. For this reason, if the number of gray-scale data
items exceeds such a number of the sub-periods, the number

of gray-scale levels that can actually be expressed is



corresponds to a pixel that is not affected by mal function of ejection,
the tabl e-sel ector 112C selects the table 112B1 for nornmal ejection. On
the other hand, for exanple, if the gray-scale data corresponds to a pi xel
that is affected by nmalfunction of ejection, the table-selector 112C
selects either the table conmponent 112B21 or the table conmponent’ 112B22
to conpensate for the mal function of ejection. - 53 According to the
fourth enbodi ment, the table conponent 112B21 is first selected, and the
tabl e conponent 112B22 is selected in the follow ng i nput of subsequent
gray-scale data. This is due to the $act that, according to the
deflecting direction in the fourth enbodi nent, a nozzle determned to be
mal functional first appears and a nozzle affected by such mal function of

ej ection t rds. QUER, i f4 s gef L@std Jdisrection is
opposite ?gﬁ§€%§“§§ﬁ§¥ﬁgt %u??%ygﬁgodin§%¥?ft%gggg%g§t%onIﬁ?gihg t abl e-

sel ector 112C go{dvesngndihngbyg hack meRPOSROR) Theusel aetxd ahebet ween t he
two table conponents 112B21 and 112B22 can be done by, for exanple, a

t oggl e swetjebtioBusat thersincabris1bpRer atrdd chased vehya detramdimati on resul t
corresponding to the gray-scale data for a pixel affected by nalfunction
of ej ecti encefarmdrerrr ®RAMInox ebBEY V#RIFICANIUSTRAT MBRCFE Fa dishd@he

mal functi on of ejection is given in the ﬂeterg%na%jog gfsult t he
ej ecti ng- PESPEEBn dEt &t (faRer WReDH), a1 H! ' iSopn the tables can be

freely rewritten. In other words, the ejecting positions
can be changed to other desired positioms. Furthermore, the
ejection-pattern memory 112B may alternatively function as a
storage medium that can be detached from the liquid-ejecting
apparatus.

Based on the determination result by the ejecting-
position determiner 112D, the table-selector 112C selects a
corresponding table to be used by the PNM 112A. The
determination result is used as information for determining
whether the gray-scale data subject to conversion is
intended for ejection through a normal nozzle or for
ejection through a malfunction-related nozzle.

For example, in a case where the gray-scale data
corresponds to a pixel that is not affected by malfunction
of ejection, the table-selector 112C selects the table 112B1
for normal ejection. On the other hand, for example, if the
gray-scale data corresponds to a pixel that is affected by
malfunction of ejection, the table-selector 112C selects
either the table component 112B21 or the table component

112822 to compensate for the malfunction of ejection.



bet ween the two table conmponents 112B21 and 112B22 may be nade based on
such information. In such a case, a selection swtch that operates based
on-the information may be provided. Based on a wite address generated by
the wite counter 112F, the ejecting-position determ ner 112D determ nes
whet her or not gray-scale data subject to conversion - 54 corresponds to a
pi xel affected by mal function of ejection. Fig. 15 is a schematic diagram
of the ejecting-position determner 112D. The ejecting-position determ ner
112D includes a mal functional -position-data-nenory 112D1 and a conpar at or
112D2. The mal functional - posi ti on-dat a3nenory -112D1 stores information
regardi ng the positions of pixels facing nozzles determned to be

mal functional, and information regarding the positions of pixels affected

by —mal functi of.of, &) L H0Rne TRE, FOMRAIRINBmeht2 Dene OPPSI & oorfpenRasi ti onal

I nformati on generated by the wite counter 112F wth the

mal f unct i QRakR2p0sEt £ ORst NrdBiedgNanihieRe t heb Tevaoppeinthonal 2B2 Mfigr mat i on
items correspond with each other, the conparator 112D2 determ nes that the
corr espondiglgcgedyiscehe fhitlaviing adfipettel dybsemivemtcoren-8taks ection. On
the other hand, if the two positional information itens do not correspond
with eachiaggher Thifeieodtpartat ghe1fack beter ARGt tPhEPYray- scal e data

corresponds to a pixel subject. to nornal draw n
P deflectigg direction in the fourth eg%oéiment, a nozzle

determined to be malfunctional first appears and a nozzle
affected by such malfunction of ejection appears afterwards.
Consequently, if the deflecting direction is opposite to
that in the fourth embodiment, the selection by the table-
selector 112C correspondingly becomes opposite.

The selection between the two table components 112B21
and 112B22 can be done by, for example, a toggle switch.
Such a switch is operated based on a determination result
corresponding to the gray-scale data for a pixel affected by
malfunction of ejection.

Furthermore, in a case where information regaxding the
malfunction of ejection is given in the determination result
by the ejecting-position determiner 112D, the selection
between the two table components 112B21 and 112B22 may be
made based on such information. In such a case, a selection
switch that operates based on the information may be
provided.

Based on a write address generated by the write counter
112F, the ejecting-position determiner 112D determines

whether or not gray-scale data subject to conversion



operation. If the table-selector 112C determ nes that a predeterm ned
nunber of gray-scale data itens following the first determ nation input of
the gray-scale data affected by the nmalfunction corresponds to pixels
affected by nmalfunction of ejection, the mal functional -position-data-
menory 112D1 may store only the positional information of - 55 the pixel
that can be read the quickest of all the pixels affected by the

mal functi on. Accordingly, the table-selector 112C and the

mal f uncti onal - posi ti on-data-nenory 112D1 nay nmake an appropriate selection
based on the processing content and- Bhe-nenory content of each other. The
positional information sent to the conparator 112D2 fromthe wite counter
112F is an address of an ejection sub-period previous to the sub-period of

the witeRddegpsnasert 4 @it bukbeteaeppranlifizitiion deteferdiiong the pixel
position corresponding to the gray-scale data to be processed by the PNM
112A. The rauf.f e fEnmdrycHehdE iics dfiagrhenpdrizie leyj esttdmgngosefewti on pattern
data. The buffer nenory 112E includes RAMs 1 and 2. The ejection data bit
i s read fdefeamdnari1ih. t Thet lod eRAVBT IPA@HE D [determareRotd) whil e one of

the RAMs 1 and 2 perfornms a witing, operation, the other pen;orns a
readi ng OG@F&PﬁBﬁ.a malfunctional-position-data-memory 112D1 and a

comparator 112D2. The malfunctional-position-data-memory
112D1 stores information regarding the positions of pixels
facing nozzles determined to be malfunctional, and
information regarding the positions of pixels affected by
malfunction of ejection.

The comparator 112D2 compares the positional
information geﬁerated by the write counter 112F with the
malfunctional-position information. When the two positional
information items correspond with each other, the comparator
112D2 determines that the corresponding gray—scale data is
affected by malfunction of ejection. On the other hand, if
the two positional information items do not correspond with
each other, the comparator 112D2 determines that the gray-
scale data corresponds to a pixel subject to normal drawing
operation.

If the table-selector 112C determines that a
predetermined number of gray-scale data items following the
first determination input of the gray-scale data affected by
the malfunction corresponds to pixels affected by
malfunction of ejection, the malfunctional-position-data-

memory 112D1 may store only the positional information of



The wite counter 112F generates a wite address for the buffer nenory
112E and positional information for the conparator 112D2. Based on the
generated wite address, the witing operation of ejection data bits is
perfornmed. The read counter 112G generates a read address for the buffer
menory 112E. Based on the generated read address, the reading operation of
ejection data bits is perfornmed. - 56 The readi ng operation of an ejection
data bit is performed for each ejection sub-period. The read counter 112G
must take into consideration the deflective ejection froma correspondi ng
nozzle for generating a read address55Ftg. 16 is a schematic diagram of
the read counter 112G As shown in Fig. 16, the read counter 112G i ncl udes
a read-address generator 112Gl and a read-address shifter 112& for

shifting the gﬁgg atied '8l peaddrgsend Nl itecdef bechlngrik neicdslan. The
read- addr ess Ifter 112&2 adds an indication value for the deflecting
di recti ontrecepel B9tk radduassibn. the read address input fromthe
read- address generator 112GlL. For exanple, if no deflection is required,
an indication AcainEinbl®; theadaele-stledas A28efn@cti®n is required, an
indication value "1" is added. The added result is sent to the

t abl e- sel @eilérnetPohak-rPsidkoBoraRA-BEMPES LB MY ™BKRc? ™ hand, each row

address 1 s di rectly_output, Lo L1 4! B8 6 SR Uik onflle 1S 2
the memory content of each other.

The positional information sent to the comparatox 112D2
from the write counter 112F is an address of an ejection
sub-period previous to the sub-period of the write address
sent to the buffer memory 112E for determining the pixel
position corresponding to the gray-scale data to be
processed by the PNM 112A.

The buffer memory 112E is for temporarily storing
ejection pattern data. The buffer memory 112E includes RAMs
1 and 2. The ejection data bit is read from and written to
the RAMs 1 and 2. 1In other words, while one of the RAMs 1
and 2 performs a writing operation, the other performs a
reading operation.

The write counter 112F generates a write address for
the buffer memory 112E and positional information for the
Comparator 112D2. Based on the generated write address, the
writing operation of ejection data bits is performed.

The read counter 112G generates a read address for the

buffer memory 112E. Based on the generated read address,

the reading operation of ejection data bits ig performed.



read- address shifter 112&. An adder 112Q&21 is provided for transmtting
each colum address. Like the shaded areas in Fig. 13, the ejection data
bits are read fromthe buffer nmenory 112E in a zigzag manner. Based on the
read ejection data bits, each head chip 113 ejects droplets fromthe
correspondi ng nozzles. The ejection of droplets is performed by an
ejection driver 113A - 57 according to a droplet-ejecting nmethod. 4-2.
Qperation The operation of the Iiquid-ejecting apparatus shown in Fig. 11
wi |l now be described. First, the DSP 111 perforns nultilevel error
diffusion on 8-bit picture data, i.e.5¢d mage data or text data. According
to such nultilevel error diffusion, the 8-bit picture data is converted to
4-bit gray-scale data. The gray-scale data is sent to the table-selector

112C  via.fhe PNM 1124, £&n & eaz?jee_ucétcittgg%p8§££i19f\: ae! eerReheq 112D

t k ?
deterninesh%Wﬁﬁﬁuﬂnq:ﬁgea?ay-sca e data e processed “is affected or not

affected py,. nal NGl -2R.0f <8LEG4F 0y, The determnation result is sent to
t he tabl e-sel ector "112C. According to the determ nation result, if the

gray- scal e datha eeraecspemesy 110 2% piwsel thke binth awmsddeyathoougie a  nor nal
nozzl e, the table-selector 112C selects the table 112B1 and sends the read
ej ecti on gafierinite ejketPhiv @A a Getseporiénghapezladed ding to the
determ nati on ) .
generating a read address. Fig. 16 is a schematic diagram
of the read counter 112G. - As shown in Fig. 16, the read
counter 112G includes a read-address generator 112Gl and a
read-address shifter 112G2 for shifting the generated read
address in the deflecting direction.
The read-address shifter 112G2 adds an indication value
for the deflectihg direction to each column address in the
read address input from the read-address generator 112Gl.
For example, if no deflection is required, an indication
value "0" is added, whereas if deflection is required, an
indication value "1" is added. The added result is sent to
the table-selector 112C as a new column address. On the
other hand, each row address is directly output to the
table-selector 112C. Fig. 17 is a schematic diagram of the
read-address shifter 112G2. An adder 112G21 is provided for
transmitting each column address.
Like the shaded areas in Fig. 13, the ejection data
bits are read from the buffer memory 112E in a zigzag manner.
Based on the read ejection data bits, each head chip

113 ejects droplets from the corresponding nozzles. The

ejection of droplets is performed by an ejection driver 113A



result, if the gray-scale data corresponds to a pixel affected by

mal function of ejection, the table-selector 112C first selects the table
conponent 112B21 and then reads a corresponding ejection pattern. In this
case, the ejection pattern shown in Fig. 14A is read. Subsequently, the
tabl e- selector 112C selects the table conponent 112B22 and reads a - 58
corresponding ejection pattern. In this case, the ejection pattern shown
in Fig. 14B is read. Consequently, gray-scale data corresponding to a

pi xel, to be drawn through a normal nozzle is converted to an ejection
pattern by using the table 112BlI for peoraal ejection. On the other hand,
gray-scal e data corresponding to a pixel that is affected by mal function
of ejection is converted to an ejection pattern by using the table

conponent _112B2 d th thelded22 for conpensating for the
mal f uncti 8F-6f m%qf %r,@?or di ﬁg?{’{&?

1 h or a nmal functional nozzle, an
ejection pattern whose ejection data blts are all set at 110" is read
fromthe buffer menory 112E. Moreover, for a subsequent nozzle follow ng
the mal funchignal op@zazdien an ejection pattern that maintains the
gray-scale level of the pixel corresponding to the gray-scale data is
read. Accor di ntjey ,opgscaltdog af hh¢flﬁﬂnldnﬂaﬁcﬁéﬁﬁl@EP%R?WRﬁ she¥ht thue in a
repeat ed manner, droplets can be ¢gj ected so as .to conPgPsat% for such
mal f unct i GAdef 1) €ttl grew ke seFexdbe First, the DSPF 111 perro

multilevel error diffusion on 8-bit picture data, i.e. image
data or text data. According to such multilevel error
diffusion, the 8-bit picture data is converted to 4-bit
gray-scale data.

The gray-scale data is sent to the table-selector 112C
via the PNM 112A. Here, the ejecting-position determiner
112D determines whether the gray-scale data to be processed
ig affected or not affected by malfunction of ejection. The
determination result is sent to the table-selector 112C.

According to the determimation result, if the gray-
scale data corresponds to a pixel to be drawn only through a
normal nozzle, the table-selector 112C selects the table
112B1 and sends the read ejection pattern to the PNM 112A.

On the other hand, according to the determination
result, if the gray-scale data corresponds to a pixel
affected by malfunction of ejection, the table-selector 112C
first selects the table component 112B21 and then reads a
corresponding ejection pattern. In this case, the ejection
pattérn shown in Fig. 14A is read. Subsequently, the table-

selector 112C selects the table component 112B22 and reads a



the gray-scale | evel can be properly expressed. Fig. 18 illustrates an
exanple in which the droplet ejection can be deflected in two directions.
In“this case, one pixel can be drawn through two nozzles. In Fig. 18,
every other nozzle in the line direction is determ ned to be

mal functional. - 59 Referring to Fig. 18, each position of a mal functional
nozzle is indicated by an "x". Mreover, the.shaded areas indicate
ejection data bits to be read by the mal functional nozzles. Each shaded
area is given an ejection data bit 110". |In this case where every other
nozzle is mal functional, four pixelssgan be drawn, each with a maxi num of
four droplets, as indicated by circular dots in the drawi ng. The ejected
position of the droplets in this case is accurate. Accordingly, if the

maxi mum V%Hﬁe%@oﬁ&%ggr -%-c%qghepg%@rﬁ;s _ffrplélhd_st hgte, ignd@jdetephoration of

the picture quaiity. rthernore, even if the maxi nrumval ue of the

gray-scal Fatgé{u@ MGREGS, Mg vakhpeiotdag.a picture having a substantially
equi val ent gray-scal e can be achi eved. Another exanple will be described

Wit h referencecdrsdgugnt1¥9. gFhae- sxalpldatian cbrgesgondigigsitwi Rapikelt he above
exanple in that the droplet ejection can be deflected in two directions.
The diffekenbe dxawhdthndvehmal honeel oredzlendsz ceavesred e h the |ine

direction in a repeated manner., In this case, the sane c ensation
P o £ P
process agjpﬁt%%% pattern by using the table 112B1 for norma

ejection. On the other hand, gray-scale data corresponding
to a pixel that is affected by malfunction of ejection is
converted to an ejection pattern by using the table
component 112B21 and the table component 112B22 for
compensating for the malfunction of ejection.

Accordingly, for a malfunctional nozzle, an ejection
pattern whose ejection data bits are all set at "0 is read
from the buffer memory 112E. Moreover, for a subsequent
nozzle following the malfunctional nozzle, an ejection
pattern that maintains the gray-scale level of the pixel
corresponding to the gray-scale data is read.

Accordingly, as long as malfunctional nozzles do not
continue in a repeated manner, droplets can be ejected so as
to compensate for such malfunction of ejection. As a result,
the gray-scale level can be properly expressed.

Fig. 18 illustrates an example in which the droplet
ejection can be deflected in two directions. In this case,
one pixel can be drawn through two nozzles. In Fig. 18,
every other nozzle in the line direction is determined to be

malfunctional.



exanple in Fig. 1S can be perforned for the two outer pixels of the three
consecutive pixels. In other words, if the nmaxinum value of the gray-scale
data is four, there is no deterioration of the picture quality. However
the pixel in the mddle cannot be conpensated for since the ejection data
bits for all the sub-periods are - 60 set at "0". 4-3. Advantages of
Fourth Enbodi ment According to the liquid-ejecting apparatus of the fourth
enbodi ment, even if some of the nozzles are nmalfunctional, due to ejection
inability or deviation, for exanple, droplets can still be ejected to an
accurate position to achieve the proper-gray-scale. 5. Fifth Enbodi ment
5-1. Circuit Referring to Fig. 20, a fifth enbodi ment of the present

i nvention is an exanple in which droplets can be deflected in three

di recti ons, a@f%%%r_%%%tgog rd glr héi???n &f Aty Lisdeeth 8Ra1 and the

| ef t dlrectlon ic S ucture th enbodi ment is the sane as

that of tBSzEQHrw ﬂmﬂaltf&n Ehe"kead-mfércﬁ%&ﬁhhétgkliade]é&%@%aadds val ues
11-1, O, +1, -1, 0' to the correspondi ng colum addresses of

the read aﬂd&e§§@3e3@ﬁ1ﬂrratmabysitbetoem wgdy &ys themea bfwrctlib2@l so t hat
the droplets can be ejected in the directions "left-forward-

nozzles. Bach shaded area is given an ejection data bit "0".
In this case where every other nozzle is malfunctional, four
pixels can be drawn, each with a maximum of four droplets,
as indicated by circular dots in the drawing. The ejected
position of the droplets in this case is accurate.
Accordingly, if the maximum value of the gray-scale data is
four, there is no deterioration of the picture quality.
Furthermore, even if the maximum value of the gray-scale
data exceeds the value four, a picture having a
substantially equivalent gray-scale can be achieved.

Another example will be described with reference to Fig.
19. The example in Fig. 19 is similar to the above example
in that the droplet ejection can be deflected in two
directions. The difference is that the malfunctional
nozzles continue in the line direction in a repeated manner.
In this case, the same compensation process as in the
example in Fig. 18 can be performed for the two outer pixels
of the three consecutive pixels. In other words, if the
maximum value of the gray-scale data is four, there is no
deterioration of the picture quality.

However, the pixel in the middle cannot be compensated

for since the ejection data bits for all the sub-periods are



right-left-forward-right-left-forward". To perform such deflection contro
for an n-th nozzle in Fig. 20, it is necessary to read an ejection pattern
in which the ejection data bits correspond to the shaded areas. - 61 In
other words, it is necessary to read an ejection pattern "00100010". As
described previously, if the n-th nozzle can function properly, there is
no problemin using such an ejection pattern. However, if the n-th nozzle
is determned to be malfunctional, all the ejection data bits in the
shaded areas nust be set at "0". Figs. 21A, 21B, and 21C each illustrate a
table 112B2' for malfunction of ejeceobon, which is a distinctive feature
of the fifth enbodinent. The table 112B2 includes three types of table
conponents, nanely, a table conponent 112B21, a table conponent 112B22,
and a tablg.coppepent 112B23. The table conponent 112B21 is for pixels
facing malfunctional nozzles. Referring to Fig. 21B, an exanple of the
tabl e conponent 112B21 is illustrated. In this exanple, ejection data bits
"0" are provided in sub-periods in which droplets are to be ejected to an
n-th pi xel #hBoughdeameddemciii FoalkthoEwbedin®paci fically, the ejection data
bits in row addresses of the first, fourth, and seventh bits are set at
"0". Accor di nghgsoxdiendyrtey theal éanipreiegtondc sPPREREMII Hy W6

fourth embodiment, even if some of the nozzles are
malfunctional, due to ejection inability or deviation, for
example, droplets can still be ejected to an accurate

position to achieve the proper gray-scale.

5. Fifth Embodiment
5-1. Circuit

Referring to Fig. 20, a fifth embodiment of the present
invention is an example in which droplets can be deflected
in three directions, namely, the forward direction, the
right direction, and the left directiom.

The basic structure of the fifth embodiment is the same
as that of the fourth embodiment. The read-address shifter
112@2 adds values "-1, 0, +1, -1, 0, +1i, -1, 0" to the
corresponding column addresses of the read addresses
generated by the read-address generator 112Gl so that the
droplets can be ejected in the directions "left-forward-
right-left-forward-right-left-forward".

To perform such deflection control for an n-th nozzle
in Fig. 20, it is necessary to read an ejection pattern in

which the ejection data bits correspond to the shaded areas.



each gray-scale-level data itemPNM (i =1, 2, 3, 4, or 5 is achieved by
using the unshaded areas in the drawing. In the case of Fig. 21B, the
dropl et-ejection corresponding to the gray-scale-level data item PNML is
set at the O-th bit - 62 - of the row address. In such a case, since there
are five unshaded areas in each data item the gray-scal e expression can
be properly achieved with up to a maximum of five droplets. The two
remai ni ng tabl e conponents 112B22 and 112B23 will now be described. The
tabl e conponent 112B22 is for an (n + 1)th pixel affected by mal function
of ejection. Referring to Fig. 21C;- éh exanple of the tabl e conponent
112B22 is illustrated. In this exanple, ejection data bits "0" are

provi ded in sub-periods in which droplets are to ejected to an (n + 1)th

pi xel threuoBrAePBldLES! i1@nals REEEkSary SREGehidcahl ¥jedtiorejpacteen data bits
in row addresses of the second and fifth bits are set at "0". In this
case, thergpnagestate expression corresponding to each gray-scal e-I|evel
data itemPNM (i =1, 2, 3, 4, or 5) is achieved by using the unshaded
areas in the diawleasribed pheviewalnf i gheoncthimezdd 58t - ej ecti on
corresponding to the gray-scale-level data item PNMB is perforned at the
0-th bit, EMRECEPRSPTERETlanFheRe thi Y HPIEM tHe“FHiP &es. Since

Egﬁr geagfgaig)léf:gg%gﬁg’gg%%{ .eaﬁ-loiwrévg%? hif]aéh% Il—tt%mnonge of QY3 AE nEYPr essi on
to be malfunctional, all the ejection data bits in the
shaded areas must be set at "0".

Figs. 21A, 21B, and 21C each illustrate a table 112B2°
for malfunction of ejection, which is a distinctive feature
of the fifth embodiment. The table 112B2 includes three
types of table components, namely, a table component 112B21,
a table component 112B22, and a table component 112B23.

The table component 112B21 is fox pixels facing
malfunctional nozzles. Referring to Fig. 21B, an example of
the table compoﬁent 112B21 is illustrated. 1In this example,
ejection data bits "0" are provided in sub-periods in which
droplets are to be ejected to an n-th pixel through a
malfunctional nozzle. Specifically, the ejection data bits
in row addresses of the first, fourth, and seventh bits are
get at "0O".

Accordingly, the gray-scale expression corresponding to
each gray-scale-level data item PNMi (i =1, 2, 3, 4, or 5)
is achieved by using the unshaded areas in the drawing. In
the case of Fig. 21B, the droplet-ejection corresponding to

the gray-scale-level data item PNM1 is set at the 0-th bit



with up to a maxi num of six droplets. On the other hand, the table
conponent 112B23 is for an (n - 1)th pixel affected by mal function of
ejection. Referring to Fig. 21A, an exanple of the table conponent - 63
112B23 is illustrated. In this exanple, ejection data bits 110" are
provided in sub-periods in which droplets are to ejected to an (n - 1)th
pi xel through a malfunctional nozzle. Specifically, the ejection data bits
in row addresses of the O-th bit, the third bit, and the sixth bit are set

at 110". In this case, the gray-scal e expression corresponding to each
gray-scal e-level data itemPNM (i = &2 2, 3, 4, or 5) is achieved by
using the unshaded areas in the drawing. 1In the case of Fig. 21A the

dropl et-ejection corresponding to the gray-scale-level data item PNV is
perfornmed &t thherofil £84ral second bits of the row addresses. Since there
are five unshaded areas in each data item the gray-scale expression can
be properly achhesech vi tdasep tbdnee neheraumref fifevenshagisdetageag-2n (Operati on
The operation of the |iquid-ejecting apparatus according to the fifth
enbodi menteaghl Hatawi bem deige idrad - SThES PR ERSSIRNaEedr Bf r%rqﬂt?rtlﬁfe fifth

enbodi ment is basically the sane, as thg %ﬁurth egbgdinent. First, the DSP
111 per f oAFR1RYEA PATRI YRADA FRFFTNTORT TSR B P BFEture data, i.e. inmage

data or text d@ﬂg”two remaining table components 112B22 and 112B23
will now be described. The table component 112B22 is for an
(n + 1)th pixel affected by malfunction of ejection.
Referring to Fig. 21C, an example of the table component
112B22 is illustrated. In this example, ejection data bits
Q" are provided in sub-periods in which droplets are to
ejected to an (n + 1)th pixel through a malfunctional nozzle.
Specifically, the ejection data bits in row addresses of the
second and f£ifth bits are set at "0".

In this case, the gray-scale expression corresponding
to each gray-scale-level data item PNMi (i =1, 2, 3, 4, or
5) ig achieved by using the unshaded areas in the drawing.
In the case of Fig. 21C, the droplet-ejection corresponding
to the gray-scale-level data item PNM3 is performed at the
0-th bit, the first bit, and the third bit of the row
addresses. Since there are six unshaded areas in each data
item, the gray-scale expression can be properly achieved
with up to a maximum of six droplets.

On the other hand, the table component 112B23 is for an
(n - 1)th pixel affected by malfunction of ejectiomn.

Referring to Fig. 21A, an example of the table component



According to such nmultilevel error diffusion, the B-bit picture data is
converted to 4-bit gray-scale data. The gray-scale data is sent to the

t abl e-sel ector 112C - 64 via the PNM 112A. Here, the ejecting-position
determ ner 112D determ nes whether the gray-scale data to be processed
corresponds to a pixel to be drawn only with a normal nozzle or to a pixel
that is affected by nmal function of ejection. The determnation result is
sent to the table-selector 112C. According to the determnation result, if
the gray- scale data corresponds to a pixel to be drawn only through a
normal nozzle, the table-selector 11263 selects the table 112B1 and sends
the read ejection pattern to the PNM 112A. On the other hand, according to
the determination result, if the gray-scale data corresponds to a pixe

af fected Ry gphfunctiQiQheebect i@nenidhed-abhe; seleadivn bhese pitsst selects
t he tabl e conponent 112B23 and then reads a corresponding ejection

pattern. khprthirs sBsSEiddddneksabtponiofatitewhishodroplets gre2td i s read.
Subsequently, the table-selector 112C selects the table conmponent 112B21
and reads edecoedespodi ng ~ejléthi pixeatthoomgh pnmahfwnatdsmalt hezejecti on
pattern shown in FiP' 21B is read. _Then, the table-selector 112C selects
the tabl eSeerpohently 1 1B 2Iisrb eR A % Rider d8psani 3 sseesi 858 pS€tern. In

e S5 ahaE] S AR LD SR AR 171G o, Cposeavently,

In this case, the gray-scale expression corresponding

to each gray-scale-level data item PNMi (i =1, 2, 3, 4, or

5) is achieved by using the unshaded areas in the drawing.

In the case of Fig. 21A, the droplet-ejection corresponding

to the gray-scale-level data item PNM2 is performed at the

first and second bits of the row addresses. Since there are

five unshaded areas in each data item, the gray-scale

expression can be properly achieved with up to a maximum of

five droplets.

5-2. Operation

The operation of the liquid-ejecting apparatus
according to the f£ifth embodiment will now be described.

The operation according to the fifth embodiment is basically
the same as the fourth embodiment.

First, the DSP 111 performs multilevel error diffusion
on 8-bit picture data, i.e. image data or text data.
According to such multilevel error diffusion, the B8-bit
picture data is converted to 4-bit gray-scale data.

The gray-scale data is sent to the table-selector 112C



to be drawmn through a normal nozzle is converted to an ejection pattern by
using the table 112B1 for normal ejection. On the other hand, gray-scale
data corresponding - 65 to a pixel to be drawn originally through a

mal functi onal nozzle is converted to an ejection pattern by using the
three tabl e conponents 112B21 to 112B23 for conpensating for the

mal functi on of ejection. Accordingly, for a mal functional nozzle, an
ejection pattern whose ejection data bits are all set at "0" is read from
the buffer menory 112E. Moreover, for each nozzle adjacent to the

mal functional nozzle, an ejection patt®érn that nmaintains the gray-scale

| evel of the pixel corresponding to the gray-scale data is read.
Accordingly, if malfunctional nozzles do not continue in a repeated
manner, drojd efte CIN bhe2R] edicatk ,Sa@haset oct hoypendat enf detsteinaml f uncti on
of ejection. As a result, the gray-scale |evel can be properly expressed.
Fig. 22 ill2ktdeaegnings exbeigler ithewbirelhi- s¢relaldepeetoebecpierrssmd be
deflected in three directions.. In this case, one pixel can _be drawn

t hrough t HVEFSFELPAESEO A Rl 52 PenBTAdE AR i¥H tht AeRPTHR! di9%&dei on are

determ ned . tq be mal functional, the o mal functi.onal —nozzl es having two
nor mal o2 66 % ReFEhorURers RITELEERGDY 0V 33 Choab o ReeT i of a
mal functi opal gQzhliRat Soh NHLALCT PYAD & tndRaBUCLe1 LOESHAGRM areas
According to the determination xesult, if the gray-
scale data corresponds to a pixel to be drawn only through a
normal nozzle, the table-selector 112C selects the table
112B1 and sends the read ejection pattern to the PNM 112A.
On the other hand, according to the determination
result, if the gray-scale data corresponds to a pixel
affected by malfunction of ejection, the table-selector 112C
first selects the table component 112B23 and then reads a
corresponding ejection pattern. In this case, the ejection
pattern shown in Fig. 21A is read.
Subsequently, the table-selector 112C selects the table
component 112B21 and reads a corresponding ejection patterm.
In this case, the ejection pattern shown in Fig. 21B is read.
Then, the table-selector 112C selects the table component
112B22 and reads a corresponding ejection pattern. In this
case, the ejection pattern shown in Fig. 21C is read.
Consequently, gray-scale data corresponding to a pixel
to be drawn through a normal nozzle is converted to an
ejection pattern by using the table 112B1 for normal

ejection. On the other hand, gray-scale data corresponding



indicate ejection data bits to be read by the mal functional nozzles. Each
shaded area is given an ejection data bit "0". In this case where two

mal functi onal nozzles have two - 66 normal nozzles therebetween, six

pi xel s can be drawn, each wth a maxi mumof five or six droplets, as
indicated by circular dots in the drawing. The ejected position of the
droplets in this case is accurate. Accordingly, if the maxinmum val ue of
the gray-scale data is five, there is no deterioration of the picture
quality in these six pixels. Furthernore, even if the maxi mum val ue of the
gray-scal e data exceeds the value fi¢B,-the gray-scale expression with

six droplets is still possible for sonme of the pixels, thus achieving high
picture quality. Another exanple will be described with reference to Fig.

23. The examl 8;L01 R g. b@:ﬁfa%nsbﬂbﬁﬁaiﬂrtﬂ!&oﬁgﬁvﬁ SXBRRi icnalt hat the
droplet ejection can be deflected in three directions. The difference is

t hat ever yhptzher i BoZgheerided theahi agedii@cibanners detwsinqedet o be

mal functional. In this case, the same conpensation process as in the
exanpl e  ithriEleg taB2e caomimepeis OLABYL for YURB2B| For coPBRIARALIEIIERE 5.
However, for the pixel in the center, only a maximumof three droplets can
be ejectedﬂﬁbﬁﬁﬂéupFRéwnﬁﬁhgéeFélﬁFevent t he nunber of non-ejecting

sub- peri ods fron1doubll e ot |er anges,; ca st | expressed
with a nHX|nuﬁ?%ﬁr¢%Qﬂ§ ngxadT%§% l°tnﬁ‘usnrra|n aﬁﬁ}ﬁaeCtgﬁn

pattern whose ejection data bits are all set at "O" is read
from the buffer memory 112E. Moreover, for each nozzle
adjacent to the malfunctional nozzle, an ejection pattern
that maintains the gray-scale level of the pixel
corresponding to the gray-scale data is read.

Accordingly, if malfunctional nozzles do not continue
in a repeated manner, droplets can be ejected so as to
compensate for such malfunction of ejection. As a result,
the gray-scale level can be properly expressed. Fig. 22
illustrates an example in which the droplet ejection can be
deflected in three directions. 1In this case, one pixel can
be drawn through three nozzles. In Fig. 22, two nozzles in
the line direction are determined to be malfunctional, the
two malfunctional nozzles having two normal nozzles
therebetween.

Referring to Fig. 22, each position of a malfunctional
nozzle ig indicated by an "x". Moreover, the shaded areas
indicate ejection data bits to be read by the malfunctional
nozzles. Each shaded area is given an ejection data bit "0".

In this case where two malfunctional nozzles have two



picture quality. Another exanple will be described with reference to Fig.
24. The exanple in Fig. 24 is simlar to the above exanples - 67 in that
the droplet ejection can be deflected in three directions. The difference
is"that the mal functional nozzles continue in the line direction in a
repeated manner. In this case, a conpensation process can be perforned for
four consecutive pixels. However, only two outer pixels of the four
consecutive pixels can achieve the gray-scale expression equivalent to the
ot her exanpl es. The two outer pixels can be expressed with a nmaxi mum of
five or six droplets. However, because -of the non-ejecting sub-period,
only a maxinmumof two or three droplets can be ejected to the two inner
pi xels. In conmparison with a case where no droplet- ejection is allowed or

a case where a,droplel, i5 SLBELRGed O 518 WiRBUsPOSh IhOrahitG @%8API € in Fig.
24 can stPPFm§F|%§%4%ﬁ%35%§?§E%% %% bfgbtgg tostheir proper positions and

mi ni mal |y keapat fx et Wree saval biys{x apoakesi osat imdic@ed bg ot her hand,
i f the maxi num val ue of the gray- scale data corresponding to these pixel

ranges i s ciweulbhedottlesin ethegtaywinal e Thepegssted pegitbomedutitel v
achi eved. 5-3. Advantages of Fifth Enbodi nent According to the
|i qui d- ej ecbphgtappardtis calset he a¢¢erprteenhdGrrERINI e th8ome of the
nozzles are determ ned to be . . .
maximum value of the gray-scale data is five, there is no
deterioration of the picture quality in these six pixels.
Furthermore, even if the maximum value of the gray-scale
data exceeds the value five, the gray-scale expression with
six droplets is still possible for some of the pixels,'thus
achieving high picture quality.

Another example will be described with reference to Fig.
23. The example in Fig. 23 is similar to the above example
in that the droplet ejection can be deflected in three
directions. The difference is that every other nozzle in
the line direction is determined to be malfunctional. In
this case, the same compensation process as in the example
in Fig. 22 can be performed for the five consecutive pixels.
However, for the pixel in the center, only a maximum of
three droplets can be ejected to the pixel range to prevent
the number of non-ejecting sub-periods from doubling.

The other pixel ranges can still be expressed with a
maximum of five or six droplets, thus maintaining high
picture quality.

Another example will be described with reference to Fig.

24. The example in Fig. 24 is similar to the above examples



mal functional, due to ejection inability or deviation, for exanple,
droplets can still be ejected to an accurate - 68 position to achieve the
proper gray-scale level. 6. Sixth Enbodi nent A sixth enbodi nent is an
exanple in which droplets can be deflected in four or nore directions.
Simlar to the above enbodi nents, by providing a sufficient nunber of
table conponents for mal functional nozzles to performdeflective

ej ection, the malfunction of ejection can be conpensated for. In other
wor ds, such conpensation can be achieved by ejecting droplets to each

pi xel range fromfour or nore directié@ns. 7. Seventh Enbodi nent 7-1.
Circuit Fig. 25 is a schematic diagramof a |liquid-ejecting apparatus
according to a seventh enbodi nent of the present invention. The structure

and operatiprmf suehasopiéllichectlioat bag BPpRAldseal ihhensayent h

enbodi nent are basically the sane as those of the above enbodi nents.

Ref erri ng dixefeitgon26, The difStarectieveésfeaturtheomallfencsbyesit h enbodi nent i s
that a table 112B100 for nornal ejection and a table 112B200 for

mal f unct i gazdiegt egntgfeetimriher dipeodidvect iawrigorerereeed aifremer128100

i ncl udes a set, of table conponents 112B101 to 112B10N, and the table
112B200 i nidt (dS §288t DdfCTHINSAEIAPORERTRSS PPmobe Periormed for

four consecutive pixels. However, only two outer pixels of
the four consecutive pixels can achieve the gray-scale
expression equivalent to the other examples. The two outer
pixels can be expressed with a maximum of five or six
droplets.

However, because of the non-ejecting sub-peried, only a
maximum of two or three droplets can be ejected to the two
inmer pixels. In comparison with a case where no droplet-
ejection is allowed or a case where a droplet is ejected to
a wrong position, the example in Fig. 24 can still allow
droplets to be ejected to their proper positions and
minimally keep the picture quality from deteriorating.

On the other hand, if the maximum value of the gray-
scale data corresponding to these pixel ranges is two, the

desired gray-scale expression can be accurately achieved.

5-3. Advantages of Fifth Embodiment
According to the ligquid-ejecting apparatus of the fifth
embodiment, even 1f some of the nozzles are determined to be
malfunctional, due to ejection inability or deviation, for

example, droplets can still be ejected to an accurate



- 69 112B20ON. Each of the table conmponents 112B101 to 112B1ON
corresponds to the table 112B1 in the fourth enbodi nent, and each of the
tabl e conponents 112B201 to 112B20N corresponds to the table 112B2 in the
fourth enbodinment. In the seventh enbodinent, the table-selector 112C

sel ects one of the table conponents in each set. The same processes as in
t he above enbodinents are perfornmed for the sel ected table conponent
112B10i (i = 1 to N) and table conponent 112B20j (j = 1 to N) . The table
conmponents 112B101 to 112B10ON for normal ejection are different from one
another. In detail, each table conposent has at |east one correspondence
rel ati onship between a gray-scale-level data itemand an ejection pattern
different from another table. The sane applies for the table conponents

112B201 t%gsgj%g%?lglg%ogcgﬂgéjr&tei BQ%%@B%S;&%—QELQQ h@Pe1l N the seventh

enbodi nmen e conmponents™1 to 112B10N and the table

conponents 112B201 to 112B20N are switched in a random manner for every

pi xel . Consequently, even if the sane type of gray-scale data is input,

the gray- scalsaxiat Bmbsdtmenerted to a different type of ejection pattern.

According to this nethod, even when the sane type _of ra%fscale data is
F}%mégﬁﬁkeﬁﬁecéPection

i nput in a condesikflvenhndizentt he apjeEPlg pBSY
timng) are distributed . . .
be deflected in four or more directions. Similar to the
above embodiments, by providing a sufficient number of table
components for malfunctional nozzles to perform deflective
ejection, the malfunction of ejection can be compensated for.
In other words, such compensation can be achieved by

ejecting droplets to each pixel range from four or more

directions.

7. Seventh Embodiment
7-1. Circuit

Fig. 25 is a schematic diagram of a liquid-ejecting
apparatus aecording to a seventh embodiment of the present
invention. The structure and operation of such a liquid-
ejecting apparatus of the seventh embodiment are basically
the same as those of the above embodiments.

Referring to Fig. 26, the distinctive feature of the
seventh embodiment is that a table 112B100 for normal
ejection and a table 112B200 for malfunction-related
ejection are provided. Moreover, the table 112B100 includes
a set of table components 112B101 to 112B10N, and the table

112B200 includes a set of table components 112B201 to



- 70 in a discrete manner. This achieves, for exanple, snoother refilling
of liquid after each droplet ejection process, and noreover, prevents the
dropl et ejection frombeing adversely affected by vibration of the housing
of the liquid-ejecting apparatus. The selecting of the table conmponents is
performed by the table-selector 112C. In the seventh enbodi nent, a

random nunber generator 112Cl is provided. A random nunber generated by

t he random nunber generator 112Cl is used as a basis for selecting one of
the tabl e conponents. Alternatively, a table nmay be provided in the table-
sel ector 112C for selecting one of thggtable conponents 112B101 to 112B1ON
and one of the table conponents 112B201 to 112B20N. In this case, the
table in the table-selector 112C functions as a correspondence between a
position qﬁzgzoﬂixel and one of the table conponents 112B101 to 112B10ON,
and betweén"a position of a pixel and one of the table conponents 112B201

to 112B20N. Thiseh tdie dr@bkanse! esiinentk2@ 108N et ®ctimidinf f erent tabl e
conponent corresponding to the position of every pixel. Simlar to the

above enbedirifeBbsnds heo pasd thadnal 1128t cimedticofoaf-t kaehbgidentnapnde i nput
fromthe wite counter 112F. Just for reference, exanples of the table

used for thehsefethe oralwfe tdemppabhes cogRAtENtte AA8B29N | ¢rtyepeddli gs. 27A

and 27B. Fig. 27A illustrates an )
to the table 112B2 in the fourth embodiment. In the seventh

embodiment, the table-selector 112C selects one of the table
components in each set. The same processes as in the above
embodiments are performed for the selected table component
112B10i (i = 1 to N) and table component 112B20j (j = 1 to
N} .

The table components 112B101 to 112B10N for normal
ejection are different from one another. In detail, each
table component has at least one correspondence relationship
between a gray-scale-level data item and an ejection pattern
different from another table. The same applies for the
table components 112B201 to 112B20N for malfunction-related
ejection.

In the seventh embodiment, the table components 112B101
to 112B10N and the table components 112B201 to 112B20N are
switched in a random manner for every pixel. Conseguently,
even if the same type of gray-scale data is input, the gray-
scale data is converted to a different type of ejection
pattern. According to this method, even when the same type
of gray-scale data is input in a consecutive manner, the

ejecting positions (or the ejection timing) are distributed



- 71 exanple in which the table is forned of basic table units each
conposed of two rows by two colums. On the other hand, Fig. 27B
illustrates an exanple in which the table is formed of basic table units
each conmposed of three rows by three colums. 7-2. Operation The operation
of the liquid-ejecting apparatus shown in Fig. 25 wll now be descri bed.
First, the DSP Ill perfornms nultilevel error diffusion on 8-bit picture
data, i.e. inage data or text data. According to such multilevel error
diffusion, the 8-bit picture data is converted to 4-bit gray-scal e data.
The gray-scale data is sent to the tald e-selector 112C via the PNM 112A
Here, the ejecting-position determner 112D determ nes whet her the
gray-scale data to be processed corresponds to a pixel to be drawn only

with a nogfal §Ozzl&e Rhnhrd Phid Jhabvbs, aEdLChathly, MBhbyagd: on Of

ej ection. ermnation res Is sent to the table-selector 112C

Si mul t ane@é@il/lirg_f%ﬁ.d 1981841 AAEOM i BkogBaeT & @tk iy prbeesandam nunber
generator 112Cl, the tabl e-selector 112C selects a table conponent 112BI O

(i = 1 tombleconsh a grakletit sconpoierilet]l 2B26fién fxrdm theiNp hdveyseyy scal e
data conversion. Alternatively, two random nunbers may be generated such
that one ebfeespbrids wibrahsorabf cheomeosanyg of 7the liquid-ejecting
apparatus.
The selecting of the table components is performed by
the table-selector 112C. In the seventh embodiment, a
random-number generator 112C1 is provided. A random number
generated by the random-number generator 112C1 is used as a
basis for selecting one of the table components.
Alternatively, a table may be provided in the table-
selector 112C for selecting one of the table components
112B101 to 112B10N and one of the table components 112B201
to 112B20N. In this case, the table in the table-selector
112C functiong as a correspondence between a position of a
pixel and one of the table components 112B101 to 112B10N,
and between a position of a pixel and one Qf the table
components 112B201 to 112B20N. Thus,‘the table-selector
112C can select a different table component corresponding to
the position of every pixel.
gimilar to the above embodiments, the positional
information of each pixel may be input from the write
counter 112F. Just for reference, examples of the table

used for the selection of the table components are

illustrated Figs. 27A and 27B. Fig. 27A illustrates an



for normal ejection and the other corresponds to the table conponent for
mal function of ejection. In the case of the seventh enbodinent, a single
random nunber is used as a basis for selecting one of the table conponents
for normal ejection and one of the table conponents for mal function of
ejection. After the selection of the table conponents, the table- selector
112C chooses one of the selected table conponents as a reference based on
the determnation result so as to read an appropriate ejection pattern
corresponding to the gray-scale data. As described previously, the read
ejection patternis witten into the7butfer nenory 112E via the PNM

112A. In such a case, for a malfunctional nozzle, an ejection pattern
whose ejection data bits are all set at "0" is read. Moreover, for each of

nozzl es aCB GeAk 19 ‘Lﬁaffcﬂ@ ue%ngnﬁé fomwékebagﬂce&aaﬁté qmiRattern that
mai nt ai ns e gray-sca ' evel of the pixel corresponding to the

gray-scal %a%t dohPosé®ask thm3rofdVept BgescalfimBeventh Bwbastimanhahd, addition
to the advant ages of the above enbodi nents, the seventh enbodi nent

advantagemugly2pBeanmstmmﬂmeanusaampletimawqmsbttbﬂ pabieris £ofhed prevents
deterioration of picture quality caused - 73 by inconplete refilling of
| i qui d af todr begdh tabht emits each composed of thxee rows by three

columns.

7-2. Operation

The operation of the liquid-ejecting apparatus shown in
Fig. 25 will now be described. First, the DSP 111 performs
multilevel error diffusion on 8-bit picture data, i.e. image
data or text data. According to such multilevel error
diffusion, the 8-bit picture data is converted to 4-bit
gray-scale data.

The gray-scale data 1s sent to the table-selector 112C
via the PNM 112A. Here, the ejecting-position determiner
112D determines whether the gray-scale data to be processed
corresponds to a pixel to ﬁe drawn only with a normal nozzle
or to a pixel that is affected by malfunction of ejection.
The determination result is sent to the table-selector 112C.

Simultaneously, based on a random number generated by
the random-number generator 112Cl, the table-selector 112C
selects a table component 112B10i (i = 1 to N) and a table
component 112B20j (j = 1 to N} for gray-scale data
conversion. Alternmatively, two random numbers may be

generated such that one corresponds to the table component



ej ection process. Mreover, even if the ejecting direction is deviated due
to vibration of the housing, the seventh enbodi nent prevents the deviated
spots from being noticeable since the ejecting positions are discretely

di stributed. The present invention described above can be applied to a
printer head that ejects ink droplets. Furthernore, the present invention
can al so be applied to a signal processing circuit of the printer head.
Moreover, the present invention can also be applied to a printer having a
printer head and to other electrical devices. The object to be drawn upon
by using the printer is not Iimted-tozpaper, and may alternatively be
other materials, such as a plastic material or a netallic material.
Furthernore, the present invention can also be applied to an inspection

device thal, clegls éic?étl%%?&#@?rgrﬁ% c?{l'?@ﬂ“ irespbfias TN R thbiAn €j ection

control device conprising; or storing a correspondence table
between gRYoneat erdatmiidie® i8Adoe] &fddibrat tar Bhdatasd teithe €ach
gray-scale data item determ ning the nunber of droplets to be ejected to a
COr r espondeR@nhX ehbsaimentt,0 ae ¥hgts samtksi redbgraysseadd d=ewel of the

pi xel , each ejection pattern data itemdetermning the ejection timng of
dropl et s; Isasd safoonvelearirdmoneonferbée nipldar lvogpapental Eoratermatlem of  t he

correspondi ng pixel to the correspondi ng ejection .
ejection and one of the table compdnents for malfunction of

ejection.

After the selection of the table components, the table-
gselector 112C chooses one of the selected table components
as a reference based on the determination result so as to
read an appropriate ejection pattern corresponding to the
gray-scale data. As described previously, the read ejection
pattern is written into the buffer memory 112E via the PNM
112A.

In such a case, for a malfunctional nozzle, an ejection
pattern whose ejection data bits are all set at "0" is read.
Moreover, for each of nozzles adjacent to the malfunctiocnal
nozzle, an ejection pattern that waintains the gray-scale
level of the pixel corresponding to the gray-scale data is

read.

7-3. Advantages of Seventh Embodiment
In addition to the advantages of the above embodiments,
the seventh embodiment advantageously prevents uneven use of
the ejection patterns.

This prevents deterioration of picture quality caused



pattern data itemby referring to the table. 2. An ejection control device
conprising: a nenory for storing nultiple types of correspondence tables
bet.ween gray-scale data itens and ejection pattern data itens, each
gray-scal e data itemdeterm ning the nunber of droplets to be ejected to a
correspondi ng pixel so as to express a desired gray-scale |level of the
pi xel , each ejection pattern data itemdetermning the ejection timng of
droplets; a selector for selecting one of the tables; and a converter for
converting each gray-scale data itemof the corresponding pixel to the
corresponding ejection pattern data 7semby referring to the table
selected by the - 75 selector. 3. The ejection control device according to
Claim2, wherein the selector selects one of the tables based on the
posi tion @f, theGOILESPUIANAY AR 38! 11N BReeEaEH- afopildie €j ection
control device according to daim2, “wherein the selector selects one of
the tabl e%j@@ﬁ@@no%ﬂr@ceésﬂnd%‘rabﬂgﬁf .even e theeetl éORing Aitre@ltidavi ce
according to one o precedi ng cl ai ns, wherein each table includes at |east
one ej ectiisodepadted duatta viemeakhomho thehdorpséogi ovhd isavegptdf droplets
i s non-consecutive. 6. The ejection control device according to_one of
embodiment prevents the deviated spots from being noticeable

since the ejecting positions are discretely distributed.

The present invention described above can be applied to
a printer head that ejects ink droplets. Furthermore, the
present invention can also be applied to a signal processing
circuit of the printer head. Moreover, the present
invention can also be applied to a printer having a printer
head and to other electrical devices. The object to be
drawn upon by using the printer is not limited to paper, and
may alternatively be other materials, such as a plastic
material or a metallic material. Furthermore, the present
invention can also be applied to an inspection device that

ejects test samples as droplets.



precedi ng clains, wherein the nenory is rewitable such that the content
in each table can be changed. 7. A liquid-ejecting apparatus conprising: a
menory for storing a correspondence table between gray-scale data itens
and ejection pattern data itens, each gray-scale data itemdeterm ning the
nunber of droplets to be ejected to a corresponding pixel so as to express
the desired gray-scale |level of the pixel, each ejection pattern - 76

data itemdetermning the ejection timng of droplets; a converter for
converting each gray-scale data item of74the correspondi ng pixel to the
correspondi ng ejection pattern data itemby referring to the table; and an
ejection driver for ejecting droplets through a correspondi ng nozzl e based
on the ejec&%gggﬁgttern data item 8. A liquid-ejecting apparatus

conpri si ng: ry for storing multiple types of correspondence tables
bet ween gray-scale data itens and ejection pattern data itens, each
gray-scale data itemdeterm ning the nunber of droplets to be ejected to a
correspondi ng pixel 230e§8ct Don EXPiRSEl dede skl edmerBytiigal e | evel of the

pi xel , each ejection pattern data itemdetermning the ejection timng of
dropl ets; a sel ectremofryr forl tdTing enecgfreshendait e s atd ec beteetnr for
. converting each gray-scale data itemof the corresponding pixel to the
correspondi §2¥jeetiplata items and ejection pattern data items, each

gray-scale data item determining the number of droplets to

be ejected to a corresponding pixel so as to express a

desired gray-scale level of the pixel, each ejection pattern

data item determining the ejection timing of droplets; and

a converter for comverting each gray-scale data item of

the corresponding pixel to the corresponding ejection

pattern data item by referring to the table.

2. An ejection—control device comprising:

a memory for storing multiple types of correspondence
tables between gray-scale data items and ejection pattern
data items, each gray-scale data item determining the number
of droplets to be ejected to a corresponding pixel so as to
expregs a desired gray-scale level of the pixel, each
ejection pattern data item determining the ejection timing
of droplets;

a selector for selecting one of the tables; and

a converter for converting each gray-scale data item of
the corresponding pixel to the corresponding ejection

pattern data item by referring to the table selected by the



pattern data itemby referring to the table selected by the selector; and
an ejection driver for ejecting droplets through a corresponding nozzle
based on the ejection pattern data item 9. A method for controlling an

ej ecting operation, conprising the steps of: - 77 referring to a
correspondence table between gray-scale data itens and ejection pattern
data itens, each gray-scale data itemdeterm ning the nunber of droplets
to be ejected to a corresponding pixel so as to express a desired gray-
scale level of the pixel, each ejectien7pattern data item determning the
ejection timng of droplets; and converting each gray-scale data item of
the corresponding pixel to the corresponding ejection pattern data item
based on thgeiad®-. 10. A method for controlling an ejecting operation,
conprising the steps of: selecting one of nmultiple types of correspondence
tabl es between gray-scale data itens and ejection pattern data itens, each
gray-scale data itemdeterm ning the nunber of droplets to be ejected to a
correspondi ng pi3xel The ejetoiomxpreseladdests eskb@rmyirscabechgyal 20f the

pi xel , each _ejection pattern data itemdetermning the ejection timng of
dropl ets; afRPIdvens vglegepr gpaleatrnlanedafathe epaloled imsed on the

position of the corresponding pixel to be processed.

4. The ejection control device according to Claim 2,

wherein the selector selects one of the tables based on &

random number,

5. The ejection control device according to one of
preceding claims, wherein each table includes at least one
ejeétion pattern data item in which the ejection timing of

droplets is non-consecutive.

6. The ejection control device according to one of
preceding c¢laimg, wherein the memory is rewritable such that

the content in each table can be changed.

7. A liquid-ejecting apparatus comprising:

a memory for storing a correspondence table between
gray-scale data items and ejection pattern data items, each
gray-scale data item determining the number of droplets to
be ejected to a corresponding pixel so as to express the

desired gray-scale level of the pixel, each ejection pattern



correspondi ng pixel to the corresponding ejection pattern data item by
referring to the selected table. 11. A recordi ng nedi um havi ng recorded

t hereon a program which can be read by a conputer, wherein - 78 the
program all ows the conputer to refer to a correspondence table between
gray-scale data itens and ejection pattern data itens, each gray-scale
data item determ ning the nunber of droplets to be ejected to a
correspondi ng pixel so as to express a desired gray-scale |evel of the

pi xel , each ejection pattern data item determning the ejection timng of
dropl ets, whereby the conputer convefgs-each gray-scale data itemof the
correspondi ng pi xel to the corresponding ejection pattern data item based
on the table. 12. A recording nedi um having recorded thereon a program

whi ch candl%% rE%TP‘?%%eﬁﬁ%g*%e%Pewfé&%& ﬂmﬁﬁ&%ﬁ%%%ﬁ’é@s the conmputer to

sel ect on&°6f correspondénce~t abl es bet ween gray-scal e

data items and, e} &fld@RrPabletdndiatdidd @akh R8P Mk hale icdat agi tem
determ ning the nunber of droplets tobe ejeCted to a correspondi ng pixel

SO as to expressréssemdied pdka)- tscahe dauslspohdihg pjxetioreach ejection
pattern data item determning the ejection timng of droplets, whereby the
conput er gekvertsda higmapysceferdima tid dheoftabhe: awdr espondi ng pi xel to
t he correspondi ng ejection pattern

an ejection driver foxr ejecting droplets through a

corresponding nozzle based on the ejection pattern data item.

8. A liquid-ejecting apparatus comprising:

a memory for storing multiple types of correspondence
tables between gray-scale data items and ejection pattern
data items, each gray-scale data item determining the number
of droplets to be ejected to a corresponding pixel so as to
express a desired gray-scale level of the pixel, each
ejection pattern data item determining the ejection timing
of droplets;

a selector for selecting one of the tables;

a converter for converting each gray-scale data item of
the corresponding pixel to the corresponding ejection
pattern data item by referring to the table selected by the
selector; and

an ejection driver for ejecting droplets through a

corresponding nozzle based on the ejection pattern data item.

9. A method for controlling an ejecting operation,

comprising the steps of:



data itemby referring to the selected table. 13. A programfor allow ng a
conputer to refer to a - 79 correspondence table between gray-scal e data
itens and ejection pattern data itens, each gray-scale data item

determ ning the nunber of droplets to be ejected to a correspondi ng pi xel
SO as to express a desired gray-scale |level of the pixel, each ejection
pattern data item determning the ejection timng of droplets, whereby the
conput er converts each gray-scale data itemof the corresponding pixel to
the corresponding ejection pattern data item based on the table. 14. A
program for allow ng a conputer to sefect one of nultiple types of
correspondence tables between gray-scale data itens and ejection pattern
data itens, each gray-scale data itemdeterm ning the nunber of droplets .

to be ej ected ,d/,3: G0 EESPOAGNG KL C8 O A51d G AXRILSGraydeshied gray-
scal e |l evel of the piXel, each e éction pattern data itém "determning the

ej ection Bhph Nprahs HRPlgEstivhepaedN@ateONREhE] E401Y &S -eaahegr ay-scal e
data itemof the corresponding pixel to the correspondi ng ejection pattern
dat a it emiayarefat rdatgridntihg skt ecindebrt @ifl dropbet Ant@jlectajertednt r ol
device for controlling ejection of droplets for a |iquid-ejecting

appar at ustopa osoxesbadndingnpérett $@rishdad exphess| cigsoirafe&Faavi ng nozzl es

each being capable of ejecting droplets to nultigle, .
Scale level of the piXel, each ejection pattern data item

determining the ejection timing of droplets; and
converting each gray-scale data item of the
corresponding pixel to the corresponding ejection pattern

data item based on the table.

10. A method for controlling an ejecting operation,
compriging the steps of:

selecting one of multiple types of correspondence
tables between gray-scale data items and ejection pattern
data items, each gray-scale data item determining the number
of droplets to be ejected to a corresponding pixel so as to
express a desired gray-scale level of the pixel, each
ejection pattern data item determining the ejection timing
of droplets; and

converting each gray-scale data item of the
corresponding pixel to the corresponding ejection pattern

data item by referring to the selected table.

11. A recording medium having recorded thereon a

program which can be read by a computer, wherein



- 80 pixel ranges by deflection of the droplets, the ejection control

devi ce conprising: a determ ner for determ ning whether or not each gray-
scal e data item subject to conversion corresponds to a pixel affected by
mal functi on of ejection; and a converter for converting the gray-scale data
Item subject to conversion to an ejection pattern data item wherein
based on the determnation result by the determner, if the gray-scale data
item corresponds to a pixel not affected by mal function of ejection, the
converter converts the gray-scale data itemto the ejection pattern data
item by referring to a first table-fge a pixel not affected by

mal functi on of ejection, and based on the determ nation result by the
determner, if the gray-scale data item corresponds to a pixel affected

by mal functiongof SRAth0B11608 El?é‘%%r&;ﬁfte&o%‘ée%ﬁe%h@o o ay- scale data
itemto the EJECtIOH pattern data itemby referring to a second table in

whi ch ej e@dre@sgahdeiitd Scafle batkabfegrif SedlRNdatasiient hatddropl ets are
to be deflectively ejected only fromnozzles that function properly. 16.
The ej ect iegrctanhr phtidesn catacdoeds ngedch QEaynsts lewletai iteéte second tabl e
conprises first and second table - 81

determining the number of droplets to be ejected to a

corresponding pixel so as to express a desired gray-scale

level of the pixel, each ejection pattern data item

determining the ejection timing of droplets, whereby the

computer converts each gray-scale data item of the

. corresponding pixel to the corresponding ejection pattern

data item based on the table.

12. A recording medium having recorded thereon a

program which can be read by a computer, wherein

| the program allows the computexr to select one of
multiple types of correspondence tables between gray-scale
data items and ejection pattern data items, each gray-scale
data item determining the number of droplets to be ejected
to a corresponding pixel so as to express a desired gray-
scale level of the pixel, each ejection pattern data item
determining the ejection timing of droplets, whereby the
computer converts each gray-scale data item of the
corresponding pixel to the corresponding ejection pattern

data item by referring to the selected table.

13. & program for allowing a computer to refer to a



conponents, the first table conponent being used for a nozzle which is
determ ned to be mal functional, the second table conponent being used for
a nozzle adjacent to the malfunctional nozzle in the deflecting direction.
17. The ejection control device according to Caim15, wherein one of the
first and second tables conprises multiple types of table conponents, and
wherein the ejection control device further conprises a selector for

sel ecting one of the table conponents for gray- scale data conversion. 18.
A liquid-ejecting apparatus provided with an ejection head, the ejection
head havi ng nozzl es each being capablm ef ejecting droplets to nultiple
pi xel ranges by deflection of the droplets, the |iquid-ejecting apparatus
conprising: a determ ner for determ ning whether or not each gray- scale

data | t eMcysiedflontionCOMVALR] BRiSRLHCSPOPISCL B Al Glcendl LG! 00 DY

mal function of ejection; a converter for  converting the gray-scal e data
item subjegjeictionCpavessh AadD idRug), eehbRNgRAF teiN dalkaal temy Wherein

based on the determination result by the determner, if the gray-scale data
i t em cor r ebfertidntiogathe xeinbeat of 8rdplatf etd ask yjemmleliunet ion of ej ecti on,
the converter converts the gray-scale data itemto the ejection pattern
data it emcerresponding pixel so as to express a desired gray-scale

level of the pixel, each ejection pattern data item

determining the ejection timing of droplets, whereby the

computer converts each gray-scale data item of the

corresponding pixel to the corresponding ejection pattern

data item based on the table.

14. A program for allowing a computer to select one of
multiple types of correspondence tables between gray-scale
data items and ejection pattern data items, each gray-scale
data item determining the number of droplets to be ejected
to a corresponding pixel so as to express a desired gray-
scale level of the pixel, each ejection pattern data item
determining the ejection timing of droplets, whereby the
computer converts each gray-scale data item of the
corresponding pixel to the corresponding ejection pattern

data item by referring to the selected table.

15. An ejection control device for controlling
ejection of droplets for a liquid-ejecting apparatus
provided with an ejection head, the ejection head having

nozzles each being capable of ejecting droplets to multiple



by referring to a first table for a pixel not affected by malfunction of
ej ection, and based on the determnation result by the determner, if the
" gray-scale data itemcorresponds to a pixel affected by nalfunction of

ej ection, the converter converts the gray- scale data itemto the ejection
pattern data itemby referring to a second table in which ejection data
bits are arranged in a manner such that droplets are to be deflectively
ejected only fromnozzles that function properly; and an ejection driver
for ejecting droplets based on the ejection pattern data itemvia the

ej ection head. 19. A nethod for contr@bling ejection of droplets for a

| i qui d-ej ecting apparatus provided with an ejection head, the ejection
head havi ng nozzl es each being capable of ejecting droplets to multiple

pi xel T anges. by, defd.eot) AReILcelhe Bk ARt ork Bes oLt GOAIG:SI 1O t he

steps of: ter I ng er or not each gray-scale data 1tem subject to

conver si OBoRPESESRANIS OmprRPEXRy: affected by nalfunction of ejection; and
converting the gray-scale data item subject to conversion to an ejection

pattern data id estesenernfor &tdated ngnwhbehaet@r maateach geswylt by the
determner, if the gray-scale data itemcorresponds to a pixel not
af fect ed byaial dagretitem stbgpett tomgonterion epreesporderis a pixel

affected by malfunction of ejection; and
a converter for converting the gray-scale data item

subject to conversion to an ejection pattern data item,
wherein

based on the determination result by the determiner,
if the gray-scale data item correspoﬁds to a pixel not
affected by malfunction of ejection, the converter converts
the gray-scale data item to the ejection pattern data item
by referring to a first table for a pixel not affected by
malfunction of ejection, and

based oﬁ the determination result by the determiner,
if the gray-scale data item corresponds to a pixel affected
by malfunction of ejection, the converter converts the gray-
scale data item to the ejection pattern data item by
referring to a gsecond table in which ejection data bits are
arranged in a manner such that droplets are to be
deflectively ejected only from nozzles that function

properly.

16. The ejection control device according to Claim 15,

wherein the second table comprises first and second table



the gray-scale data itemto the ejection pattern data itemby referring to
a first table for a pixel not affected by malfunction of ejection, and
based on the determination result by the determner, if the gray-scale
data item corresponds to a pixel affected by malfunction of ejection, the
converter converts the gray- scale data itemto the ejection pattern data
itemby referring to a second table in which ejection data bits are
arranged in a manner such that droplets are to be deflectively ejected
only fromnozzles that function properly. 20. A recording nmedi um havi ng
recorded thereon a program which canghe_read by a conputer, wherein the
program al |l ows the conputer to determ ne whether or not each gray-scale
data item subject to conversion corresponds to a pixel affected by

Tl funct] R 9bSheet i G And bRspd ol 8! SALLgY FeRUl . the program

0 convert & gray-sca émsubj ect to

conver si 0Bg018N, B} £ S AALEHABGIRL Al LD AYJALRGN] NEnd Gredbrd TSt tabl e

for a pixel not affected by malfunction of - 84 ejection if the gray-scale

data item:geneespapeSelttd kiRigxekednebr ad fasi-Ad Ry jeebhunesd e of ej ection,
whereas the program allows the conputer to convert the gray-scale data
i tem subj eafl fiact bowat Siarelieo ian thpedéef becipiatd erimedatiani t em by

17. The ejection control device according to Claim 15,
wherein one of the first and second tables comprises
multiple types of table componeﬁts, and

wherein the ejection control device further comprises a
selector for selecting one of the table components for gray-

scale data conversion.

18. A liquid-ejecting apparatus provided with an
ejection head, the ejection head having nozzles each being
capable of ejecting droplets to multiple pixel ranges by
deflection of the droplets, the liquid-ejecting apparatus
comprising:

a determiner for determining whether or not each gray-
scale data item subject to conversion corresponds to a pixel
affected by malfunction of ejection;

a converter for converting the gray-scale data item
Subject to conversion to an ejection pattern data item,
wherein

based on the determination result by the determiner,

if the gray-scale data item corresponds to a pixel not



referring to a second table in which ejection data bits are arranged in a
manner " such that droplets are to be deflectively ejected only fromnozzl es
that function properly if the gray-scale data item corresponds to a pixel
affected by mal function of ejection. 21. A programfor allow ng a conputer
to determine whether or not each gray-scale data item subject to
conversion corresponds to a pixel affected by mal function of ejection,
wherein based on the determination result, the programallows the conputer
to convert the gray-scale data item subject to conversion to an ejection
pattern data itemby referring to a fgbrst table for a pixel not affected
by mal function of ejection if the gray-scale data item corresponds to a

pi xel not affected by mal function of ejection, whereas the program all ows
t he conpu opvert.the gray-scale data item subject to conversion to
an ej ecti %?fﬁgggérﬁyd%?#ﬂcé%%yo r EPBFTITRY 1'% CBVERESE aBPRY S Shi ch
election daaghbySsaife MIANGRG LB EnlBONEL. SUF AN dnoPL elgpre o be

deflectively éjected only fromnozzles t unction - properly if the
gray- scal eydabfelieiig 05 r:L3pRAS tho18 Pbxek paldiediedabyempld unction of

ej ection.
malfunction of ejection, and
based on the detexmination result by the determiner,
if the gray-scale data item corresponds to a pixel affected
by malfunction of ejection, the converter converts the gray-
scale data item to the ejection pattexn data item by
referring to a second table in which ejection data bits are
arranged in a manner such that droplets are to be
deflectively ejected only from nozzles that function
properly; and
an ejection driver for ejecting droplets based on the

ejection pattern data item via the ejection head.

19. A method for controlling ejection of droplets for
a ligquid-ejecting apparatus provided with an ejection head,
the ejection head having nozzles each being capable of
ejecting droplets to multiple pixel ranges by deflection of
the dropiets, the method comprising the steps of:

determining whether or not each gray-scale data item
subject to conversion corresponds to a pixel affected by
malfunction of ejection; and

converting the gray-scale data item subject to

conversion to an ejection pattern data item, wherein



based on the determination result by the determiner,
if the gray-scale data item corresponds to a pixel not
affected by malfunction of ejection, the converter converts
the gray-scale data item to the ejection pattern data item
by referring to a first table for a pixel not affected by
malfunction of ejection, and

based on the determination result by the determiner,
if the gray-scale data item corresponds to a pixel affected
by malfunction of ejection, the converter converts the gray-
scale data item to the ejection pattern data item by
referring to a second table in which ejection data bits are
arranged in a manner such that droplets are to be
deflectively ejected only from nozzles that function

properly.

20. A recording medium having recorded thereon a
program which can be read by a computer, wherein

the program allows the computer to determine whether or
not each gray-scale data item subject to conversion
corresponds to a pixel affected by malfunction of ejection,
and

based on the determination result, the program allows
the computer to convert the gray-scale data item subject to
conversion to an ejection pattern data item by referring to

a first table for a pixel not affected by malfunction of



- 84 -

ejection if the gray-scale data item corresponds to a pixel
not affected by malfunction of ejection, whereas the program
allows the computer to convert the gray-scale data item
subject to conversion to an ejection pattern data item by
referring to a second table in which ejection data bits are
arranged in a mamner such that droplets are to be
deflectively ejected only from nozzles that function
properly if the gray-scale data item corresponds to a pilxel

affected by malfunction of ejection.

21. A program for allowing a computer to determine
whether or not each gray-scale data item subject to
conversion corresponds to a pixel affected by malfunction of
ejection, wherein

based on the.determination result, the program allows
the computer to convert the gray—scéle data item subject to
conversion to an ejection pattern data item by referring to
a first table for a pixel not affected by malfunction of
ejection if the gray-scale data item corresponds to a pixel
not affected by malfunction of ejection, whereas the program
allows the computer to convert the gray-scale data item
subject to conversion to an ejection pattern data item by
referring to a second table in which ejection data bits are
arranged in a manner such that droplets are to be

deflectively ejected only from nozzles that function



properly if the gray-scale data item corresponds to a pixel

affected by malfunction of ejection.



