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EJECTI ON CONTROL METHOD, RECORDI NG MEDI UM AND PROGRAM BACKGROUND OF THE
I NVENTION 1. Field of the Invention The present invention relates to a

| i.qui d-ej ecting apparatus for ejecting droplets to an object, and to an
éj ection control device for controlling such an ejecting operation.
Furthernore, the present invention relates to a nethod and a program for
controlling such an ejection operation. Mreover, the present invention
relates to a recording medi um having the program recorded thereon. 2.
Description of the Related Art One of known techniques for gray-scale
expression of a printing imge is a pulse-nunber nodul ati on techni que.
According to such a technique, each pixel, which is the smallest unit in
an imge, is expressed with a group of droplets having a small dianeter.

Dependi ' I t | f the di t
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different gray- scaNmdievehsion! REXGRSIH® Wk he term"the
nunber of droplets” refers to the nunber ﬁ@ OSFDtS ej%%%ed to a pixel

range of one pixel. An application of such a pul se- nunber nodul ation
technlque is disclosed in WO01/ 039981 PCT Gazette. ti
BACKGROUND OF THE INVENTION
‘1. Field of the Invention
The present invention relates to a liquid-ejecting
apparatus for ejecting droplets to an object, and to an
'ejectien control device for controlling such an ejecting
operation. Furthermore, the present 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 techniques 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. Dependlng on the number
_of droplets, the visual appearance of the diameter of each
pixel changes. The v1sual differences in the pixel diameter

. give different gray-gcale leﬁels of pixels to a viewer.
Here, the term “"the number of droplets® refers to the number.
of droplets'ejected to a pixel range of'oﬁe pixel.

An appllcatlon of such a pulse-number modulatlon

technlque isg dlsclosed in: W001/039981 PCT Gazette




16 March 2007 2 According to WOOL/ 039981 PCT Gazette, drdaplMirshaog? ej ected
in a consecutive nmanner based on gray-scale data, i.e. data for

determ ning the nunber of droplets to be ejected to one pixel range. For
exanpl e, according to a gray-scale-level data itemPNVS, five droplets are
to be ejected in a consecutive manner. In detail, the gray-scale data and
the pulse nunber are conpared, and a signal that allows droplets to be
ejected until the pul se nunber exceeds the nunber corresponding to the
gray-scal e 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 conplieated circuit for the ejecting
position with respect to the center of the correspondi ng pixel.

Furt hernore, WO01/039981 PCT Gazette and Japanese Unexam ned Patent

App"Cathﬁﬂxﬁ%gngc%k'ﬁ80§P 3&&9?]&%5%}zet for é@ﬁﬁhgaxgiaﬁ ?ég a line head

functioni'ng as head anlsn1|n a |qu d- ej appar a Such a

line head;, %a%o%sgkue%étmameﬁ%@e%so@d 594 S&Qféecmaanq ganggeaw pixels
sinmul taneously wth respect to the nunbef of nozzles provided. Such a |ine

head is pr@blefRineniagcond pidd:eHf idFopikew 06 Bdejeatedt batome extrenely
. a large nunber of nozzles are provided. For this reason, there are cases
Wher e soneixedf rahgenozEbesexampict, ejcecirddngptets grapeckye-level
"~ data item PNM5, five droplets are to be ejected in a
consecutive manner. In detail, the gray-scale data and the
éulse number are compared, and a signal that allows droplets
to be ejected until the pulse number exceeds the number
corresPSnding to the,gray—scale data is generated.

However, such a technique that generates a driving
signal based on the comparison';esult 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, W001/039981 PCT Gazette and Japanege
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 nozzlés aligned thereon and can draw
pixels simultaneousiy with respect to the numbe: of nozzles
provided.

Such a line head is pfoblematic'(second problem} in

' view of the fact that an extremely a lérge number of nozzles
.are p:ovided, Foxr this réason, there ére caées whéreAsoﬁe

 of the nozzles cannot’ eject droplets properly.
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i nvention solve these. problens by providing a technology that allows easy
and accurate setting for the ejecting positions of droplets and for the
ejection timng. Enbodi nents of the present invention provide a technol ogy
that allows conpensation for malfunction of ejection with a sinple
structure. Enbodi nents of the present invention enploy one table or a
plurality of tables. Here, a table is used as a correspondence between
gray-scal e data and ejection patterm® data. In a table, each gray-scale
data itemis provided wth one predeterm ned ejection pattern. Each
ejection pattern includes ejection data bits for determ ning whether 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 "1", a
~dr opl eBUMMBRY oOBheTRY e EHT Iifter eas i f an ejection data bit is set at "0",

a droplet is nat to be ejected. Accaqrdingly, th ej.ecting positions and
Ciming are HEPAARFRED Hadhd oFF s d"VERELY] cGPLER WRER bits "1" are

IQcate?rgégﬁgigygg%%gﬁﬁaéggq%ﬁ%58§8%¥q&mkhglg&@§ggégigMgntion, an ejection

control ¢ e ejection control vice includes a nenory
- for staetithte Hotbhfightcd0@he djecting positions of droplets and

for the ejection timing. Embodiments of the present
invention provide a technology that allows compensation for
malfunction of ejection with a simple structure.

Embodiments of the present invention employ 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 ejecticn data_bits for
determining whether or not a droplet is to be ejected. The
ejection data bits are arranged in a time-series manner. For
lexample, if an ejection data bit is set at “17, 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




correspondence table between gray-scale data itens and ej@ak@p2paitern
data itens, each gray-scale data item determ 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
determning the ejection timng. of droplets; and a converter for
converting each gray-scale data itemof the corresponding pixel to the
correspondi ng ejection pattern data itemby 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 nenory for
storing nultiple types of correspondence tables between gray-scal e data
itens and ejection pattern data iteng® -each gray-scale data item

determ 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 ejection

pattern dééﬁréé;%’ﬁdedﬁiee&&bmengethéeﬁjwy%auenﬁﬁgaoiteiﬁs)pJnﬁts a sel ector
for selecting one of the tables; and a converter for converting each

gray- scalegebmibntpanue&ntﬂateontemppn@hqn;gmayebc&tetd&;a-d@ﬁmespondlng

ejection pattern data itemby referring to the - table selected by the

sel ect or . d¢pexieiajoe dhiconuabatr of desplatsaéeobdi ﬁ@eeibeq H® Second aspect,

the sel ector may sel ect ong of the tables based on J)Sltion of the
gr cale .

| corresponﬂ??ﬁﬁﬁﬁ%&ﬂlqﬂopﬁée r 5Bed8ell HBPUMSCR 2BOHTC

“level of the pixel, each ejection pattern data item
determining the ejection timing of droplets; and a converter
for COnvertihg 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 ﬁresent invention,
an ejection control device is provided. Such an ejection
control device includes a memory for storing multiple types
of correspondence tables between gray-scale data items and
ejection pattern data items, each graywscale data item

- deteimining the number of droplets to-be ejected to a

: corresponding_ﬁixel S0 as to express a desired gray-scale
level of.the pixel, each ejection’pattern data ijitem
.determining the ejection timing of-dropléts;‘a'eelector“ﬁor
selecting one of the tables; and a converter for converting
‘each gréy—seale data item of the corfesponding pixel to the
eorrespondingrejectiqn pattern data item by referring to the
table Seiected'by the selector.

In the ejection-COntrol device according to the eecond

_'ésﬁeétﬁ thé‘Selector may select oné_of the tables béeed on

- ‘the position of the correspbnding pixel to be processed.




Furthernore, in the ejection control device according to lishdagieoon
aspect, the selector may sel ect one of the tables based on a random
nunber. Moreover, each table may include at | east one ejection pattern
data itemin which the ejection timng of droplets is non-consecutive.
Furthernore, the menory may be rewitable such that the content in each
tabl e can be changed. According to a third aspect of the present invention,
a liquid-ejecting apparatus is provided. Such a |iquid- ejecting apparatus
i'ncludes a nmenory for storing 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 corresponding pixel
so as to express the desired gray-stale |evel of the pixel, each ejection
pattern data item determning the ejection timng of droplets; a converter
for converting each gray-scale data itemof the corresponding pixel to

t he corr espordirighegimeeti, onpahé e¢ fecatom icoamrby deefer micegrddng he t abl e;
and an ejection driver for ejecting droplets through a correspondi ng

nozzl e basethensedmnd gsgetdton that setacthi anav emlentconslidfg 6 a fourth
‘aspect of the present invention, a liquid-ejecting apparatus is. provided.
Such a | Fgbles Raeed 91y 2apF&QPuSYIReT udes a nemory for storing nultiple 16
March 2007 6 - f

Moreover, each table may include at least one ejection

pattern data item in which the ejection timing of droplets
_ié.non~coﬁse0uti§e.

Furthermore, the memory may be rewfitable guch that the
confent in each table can be'Chahged.

According to a third aspect of the present invention, a
1iquid—ejecting apparatus is provided. Such a liquid-
ejecting apparatus inclpdes a memory for stpring a
correspondence table between gray—séale data items and ,
ejectién pattern data items, each gray-scale data item
détermining the number of droplets to be ejected to é
corresponding pixél.so as to express the desired gray-scale
level of the piiel, each ejection pattern data item

'-detérmining the ejection timing of droplets; a converter fof

converting each gray-scale data item of the corresponding

pixel to the corresponding ejection pattern data item by
referriﬁg to the table; and an ejection driver for ejecting
droplets through a corresponding nozzle based on the

ejection paﬁtern data item.

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

. ejecting apparatus includeé a‘memory for storing multiple




types of correspondence tables between gray-scal e data it assvart 260Ection
pattern data itens, each gray-scale data item determ 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 ejection pattern data item
determning the ejection timng of droplets; a selector for selecting one
of the tables.; a converter for converting each gray-scale data item of

t he correspondi ng 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 correspondi ng nozzl e based on the
ejection pattern data item According to a fifth aspect of the present
invention, a. method for controlling®n ejecting operation is provided.
Such a nethod includes the steps of referring to a correspondence table
bet ween gray-scale data itens and ejection pattern data itens, each

gr ay- scal eyped aoff temredgioadrnoe ngalbes mwtepnofray-oplades debabetejected to a
.corresponding pixel so as to express a desired gray-scale Ilevel of the

pi xel , eaehdgiretiiom pattern data }jtewa. gechrarayrralgedafacit®h tim ng of

droplets; _and converting each g%%%%fcale data item of  the corresponding
i e

pi xel -t o LRESTEIFTES fhdPHYCET ect | GiPRH& el Bat® 94%6M b8s8d on the tabie.
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control ling an operation is p
level of the pixel, each ejection pattern data item

determining the ejection timing of droplets} a seléctbr for
selecting one of the tables; a converter for converting each
gray-scale data item of the corresponding pixél to the
cofresppnding ejection_patterh data item by referring to the
table selected by the selector; and an ejection driver for
ejécting droplets through a correéponding nozzle based on
the ejection pattern daﬁa item.
hccording to a f£ifth aspect of-the present invehtion, a.
method for controllihg an ejecting operation is provided.
"8Buch a method includes the steps of referring to é
'correqundence table between gray-scale data items and
uejection pattern data itéms, each gray-scale data item
. determining the numbei of droplets to be ejected to.a
.corresponding pixel S0 as to express a desired gray-scale
level of the'pixel, each ejection pattern data item
‘ determining the ejection timing of droplets;.éndfCOnvérting
'xéach gray-scale data iteﬁ of ﬁhe-correspondiqg'pixel to the
corresponding ejection pattern data item based on the table.
"Acqording-to a sixth aspect of the- present invention, a

method for cqntrolling‘an'ejectingroberation is provided.




Such a nmethod includes the steps of selecting one of nul tiioNechypgs of
correspondence tabl es 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 corresponding pixel so as to express a desired gray-
scale level of the pixel, each ejection pattern data item determ ning the
‘ejection timng of droplets; and converting each gray-scale data item of
t he corresponding 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 tabl e~ bBetween 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
expr ess sachesi medhgs aynsbadess |temelstepstbe gEberdtingache ef ection pattern
data itemdetermning the ejection timng of droplets, whereby the
conput emudanpdet svpes hofregrmswioadetae at il betweepodraspoidiong pi xel to

the corresponding ejection pattern data item based on the tahle. According
to an eidgheh 15§PEcRNBf el ¢ T KSHECTRVIREF Orfe™ea F@EEr%’F%‘%‘F@&%m havi ng a
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to a corresponding pixel so as to express a desired gray-
scale level of the pixel, each ejection‘pattern data item
determining the éjection timing of droplets; and éonverting
each gray-scale data item of the corresponding pixel to the
.corresponding ejection pattern data item by réferring to the
selected table.

According to a seventh aspect of the pfgsent invention,
a recording medium having a program recorded thereon is
-provided. Such a program can be read by a computer and
allows -the computer tb refer to a'correspondenCe table
"between gray-scale data ifems and ejection‘pattern data
items, each Qray;sca1e data item determining the number of
droplets'to be ejected to a corresponding pixel so as to
express a deéired gray-scale level of the pixel, each
ejeétion pattern data item determining the ejection timing
of dfoplets, ﬂhexeby the computer converts each gray-scale
data item of the corresponding pixel to the corresponding
ejection pattern data item based on the table.

Accoxding to an eighth aspect of the present. invention,
a recordingfmedium-having a prGgram.iée@rded thereon_is

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




allows the conputer to select one of nmultiple types of cdwerMajgbrdence

t abl es 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
pixel, each ejection pattern data item determning the ejection timng of
droplets, whereby the conputer converts each gray-scale data itemof the
correspondi ng pi xel to the corresponding ejection pattern data item by
referring to the selected table. According to a ninth aspect of the present
invention, a programfor allowing a conputer to refer to a correspondence
t abl e between gray-scale data itens gnd ejection pattern data itens is
provi ded. Each gray-scale data item “determ nes 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 determ nes the

ej ect i omticisnghef comppkersto Hrdessnpheerl oiviElest¥aeh Qﬁ' ay-scal e data

itemof the correspondin pi xel to the correspondln %% on pattern data
i t em baseerrespondencgptables hetused H52Y o° Pt %g‘é t he present

O OBl SRR L haf LAV, BRRTIHLS e 0 omkeat e of il ¢ Gt on
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‘correepcnding 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.

Accordlng to a ninth aspect of the present 1nvent10n,ra
program for allowlng a computer'to-refer to a correspondence
table between gray-scale data items and ejection pattern
data items is prcvided. Each gray-scale data item
determiﬁes the number of drcplets to be ejected to a

VcorreSPOhding pixel so as to express a desired gfay—écale
ievel'of the pixel. Each ejection pattern data item
determines the ejection timing of droplets. _The computer.
converts each gray-scale data item of the_corresponding

- pixel to the ccrresponding ejection pattern data item based
on the table..

Accordlng to a tenth aspect of the present invention, a
program for allow1ng a computer to select one of multlple
-types of correspondence tables ‘between gray- scale data items

.and ejection pattern data items'is_provided. Each gray-




scale data item determ nes the nunber of droplets to be dpédireh20@e7 a
correspondi ng pi xel so as to express a desired gray-scale |level of the
.pi xel . Each ejection pattern data itemdeterm nes the ejection timng of
droplets. The conputer converts each gray-scale data item of the
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 detferminer for det erm ni ng whether or
- not each gray-scale data item subject to conversion corresponds to a pixel
-affected by mal function - of ejection; and a converter for converting the-
gray- scaH@aL@a@atﬁtéﬁ@%Ldﬁﬁaﬁmlp§5c§h9éW§ﬂ6ﬁ?F@ éﬁogﬂ@ﬁfﬂﬁhlﬁhttern dat a
item Based on the determ natign resul qiéﬁ det er m ner

‘gray- scaled sF&es tPeﬁ1E%F?§§ﬁ6ﬁH§9 Pbxﬁ ﬁ&teng?%%fédkﬁvlﬁQIfunctlon
f t th t t th
o et on B aeR Garevrt on BB %a Yjepeioh fafed WL 1S o

af f ect ed 1*E>ém E%EE%%&.Q%&J e%Je%%Ebﬂntuﬁﬁﬁd;@labe@eé@terfmenatl on result by
the determner, if the gray-scale data item corresponds 16 March 2007 10

computer converts each gray-scale data item of the
corresponding pixel to thé_corresponding ejection pattern
data item by referring to the selected table.

According to an eleventh agpect of the present
invention, an ejection control device for controlling
ejection'of droplets for a liquid-ejecting apparatus .
provided Qith 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.controi device includes a determiner for
h ' 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. .Bésed on fhe determination result by the determiner,
if the gray—Scale éata'item corresponds to a pixel not
affectéd by malﬁunction‘of-ejectioﬁ,'the_convérter converts.
the gray—scale'data item to the ejection pattern data item |
by referring to a fifsﬁ tablé for a pixel not affected by
‘malfunction of ejection.. . Based on the determination result

by‘the determlner, 1f the gray scale data item corresponds ‘




to a pixel affected by mal function of ejection, the convd6tMarch@erts 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. In the ejection control device of the eleventh aspect,
".the second table may conprise first and second table conponents, the
first table conponent being used for a nozzle which is determ ned to be
mal functi onal, the second table conponent being used for a nozzle adjacent
to the malfunctional nozzle in the deflecting direction. Furthernore, one
of the first and second tables nay conprise nmultiple types of table
conponents, and the ejection contTtd® device may further conprise a
selector for selecting one of the table conponents for gray-scal e data
conversion. According to a twelfth aspect of the present invention, a
-1 qui d- efecd ipigedpparattsd o wad€dnwi:Lbon asf e jeetion, hebd s provided. Each
.of nozzles disposed in the ejection head is capable of ejecting droplets
~to nultipbergiites] coamgess hyhe deklvesthba &ita Hdedr 5pl Bhe. e R B
| i qui d-ej ecting apparatus includes a determ ner_ for_determ ning whet her or
not eaclPreiscate #aeH ¥Y ainleaBiegt Lo o cRrmBSsFaRIecor rEdsdhds to a pi xel

affected, by, @S YneL! 80 07 &l 86t LoBkatPn M eh290Luch ddat

droplets are to be deflectively ejected only_from nozzles
that function properly. | |

In the ejection control device of the eleventh aspect,

',the second table may comprise first and second table
cpmpénents, the first table componént being used for a
_nozzle which is determinedlto be malfunctionél, tﬁe second
- table component being used for a nozzle adjacent to the
malfunctionél nozzle in the'defiecting direction.

Purthermore, cne of the first and second tables may
comprise multiple types'of'table components, and the
éjection control device may'fu:ther comprise a selector for
.selecting one oflthe tablé componénts for gray-scale data
convefsion.

According to a twelfth aspect of the present invention,
a-liquid—ejecting apparatus provided with an ejection head
‘is provided. Each of nozzles disposed in the ejectiqn head
ié capable of ejecting droplets to multiple pixel rangeé by
deflection of the droplets. Suéh a liquid-ejecting
apparatus includes a determiher-for determiﬁingrwhether or

' ﬁot each gray-scale data item subjéct to conversion

_..COrresponds td_a’pixel affected ﬁy maifunction of.ejection;_




a converter for converting the gray-scale data item subj edt MéaohO0er si on
to an ejection pattern data item and an ejection driver for ejecting
“droplets based on the ejection pattern data itemvia the ejection head.
Based on the determnation result by the determner, if the gray-scale
data itemcorresponds 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 function of ejection. On the other hand, based on the determ nation.
result by the determner, if the gray-scale data item corresponds to a

pi xel affected by mal function of ejection, the converter converts the
gray-scale data itemto the ejecti-oRrlpattern 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
functiona @hBRetky. fOECONHEIdYY ing a8hkhifdeenddlcasipeat ioémthdb jaraesent
invention, a nethod for controlling ejection of droplets for a

| i qui d- efectdamvgrappar &b usa Ei@dtded pattemn dejtectitem; head ans provi ded. Each
of nozzles disposed in the ejection head is capable of ejecting droplets
to mul tiplectpioredrignyeionh el eddfingciromaiis treedr opl Bhe. e B 2 net hod

i ncludes the steps of determ.ning whether or not each gr.ay-scal e data
|t om SUBRETHETD SBEAVOTLN OFL %o GTPe SPBRHLCT Ao xBROSRT QBLEIF 16 March 2007
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-determination result by the determiner, if the gray-scale
data item corrésponds to a pixel not affected by maifunction.
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.
dn'the other hand, based on the determinatiqn.result by the
determiner, if the gray-scale data item cofresponds to a
pixel affected by‘malfunction of ejection, fhe-converter
converts the gray-scale data item to the ejection pattern
data item by referring to a second table in which ejection
:data bi;s are arranged in a manner such that.droplets are to
.bé deflectively éjected only from noézleé that function A
properly.
| According to a thirteenth aspect of the préSept
invention,'a method for controlling ejeétion of drqplets forx
éxliquidwejecfing apparatus provided with an ejection head
ié provided. Each of nozzles disposed in thé ejectiﬁn heaav
is capable of ejecting drqplets‘to multiple pixel ranges by
" de£1ection of the dropleté. Such a method iﬁcludes the
rstéps of determining whethei;or'nbt each'grayjsgale-data

item subject to conversion corresponds to a pixel affected




by mal function of ejection; and converting the gray-scal e 16ddt@&hi20@m

subj ect to conversion to an ejection pattern data item Based on the
determ nation result by the determiner, 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 for a pixel not affected by

mal function of ejection. On the other hand, based on the determ nation
result by the determiner, 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 datd%its 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

i nvent i doy wealfecwtdongofiee]ernikayi pgdacpnograing eter dedy-$drleeon i s
provided. "Such a program can be read by a conputer and all ows the conputer
to det erdrtise iiset Isubjeet no? cawelrsgraytecam esiftd ont patsel} cta o

~conversion corresponds to a pixel affected b% mal Lg\rlzéti on of ejection.
Based ortt@he FEEEANPRatReASEIIEALEAR FROYYahYal St Ut er to

convert {he il Aeseale, daad LR UBLECL Lon L AUV E 89y tho@n el ectlon
pattern data i myby re?errlng 0 & fifrst taple fo a pi xel not affected
ﬂby'nalfLHE%Q&%%dp%yeREQEﬁﬁ%kidﬁjd@eeQEQYiéé,Nﬁk?Qm%QQZteﬁ3converts
' 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, 1f the gray-scale
data item corresponds to a pixel affected by malfunction of
ejection, the converter converts the gray-scale data item to
the ejectién pattern data item by referring té a second
table in which ejection data bits are arranged in a manner
such‘that droplets are to be deflectively ejected only from
nozzles th#t functionlproperly.r
According to a fourteenth aspect of the present
invention, a recording medium having a program recorded
thereon is prdvided; 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 wmalfunction of_ejection; Based on
‘the determination result, the program allowsrthé computer to
" . convert the gfay~scale-data-i;em subject to conversion to an
ejection pattern data item by reﬁerring'to a firs£ table for

a pixel not affected by malfuhction of ejection if the gray- .




scale data item corresponds to a pixel not affected by nabiNvaehRos7 of
.ejection. On the other hand, the program allows the conputer to convert
the gray-scale data item subject to conversion to.an 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 if the gray-scale data item
corresponds to a pixel affected by nalfunction 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 ejectionis
provi ded. Based on the deterni natiod3ré&sult, the program al | ows t he
conputer to convert the gray-scale data item subject to conversion to an
ejection pattern data itemby referring to a first table for a pixel not
af f ect edscdle nithuntenopoufesyastsi 6p Rfpitel grodyas€areedidya item
.corresponds to a pixel not affected by naml function of ejection. On the

ot her hapdlfuissignogfanieftvvs t P8 tEBnpthe Medde ohber®*IHEYr ay- scal e data

item subject to. conversion to an E%egglon atteﬁg ggta itemby referring

to a setbH¥d dbe CPHPWATTE %R E ?aqﬁpyf"sgcg Fangsd in a manner

ool Dok L ek PSS e SRR o ozl e Ll

' 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 corre5ponds_to a pixel
affected by malfunction of ejection.

According to a fifteenth aspect of the present

iqﬁention, 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-mélfﬂnction df
ejection is provided. Baéed on the determination result,
‘the program allows ﬁhe computer to convert the_grayéséale
data item subjeqt to conversion to an ejection patﬁern_data-
'item by referring to a first table for a pixel not affected
b? malfunctibn of_ejection-if the gray-scale daté_item
corresponds to a pixel not. affected by malfunction of
fejectién. !On‘the other hand, the program allows the
domputer to convert the gray-scale data item subject to

- conversion to an éjection pattérn data item by referring to
-a second table in which.ejection data bits are ar&anéealin-éﬁ
‘manner. such that'dfqplets are tb be'déflectively_ejectéd

.only from nozzles that.function:prope;ly if'thé'gray—scale




data itemcorresponds to a pixel affected by mal function a6 Maickeodon.
BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a functional block diagram of
an exanple of the present invention; 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 enbodi nent of the present invention;
Fig. 4 illustrates an exanple of a table for gray-scale data conversion;
Fig. 5illustrates a signal processing unit according to a second
enbodi ment of the present invention; Fig. 6 illustrates other exanples of
tabl es 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. Sillustrates a signal processithg-unit according to a third enbodi ment
of the present invention; Fig. 9 is a functional block diagram of another
exanple of the present invention; Fig. 10 illustrates a positional
rel ati ommapibemvmresmzisesoandppkablaﬁfamgc@si by matbeectitter @fdr opl ets can
be ejected fromtwo directions in a deflective manner; 16 March 2007 15
Fig. 11¢JeFG&PRrates a |iquid-ejecting apparatus -

BRIEF DESCRIPTION OF THE DRAWiNGS

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

Fié. 2 is a functiomal block aiagram of ancther example
of the present inventidn;

| Pig. 3 illustrates a signal processing unit according

to a first ewbodiment of the present ijnvention;

Fig. 4 illustrates‘an example of a table for gray—scéie
data conversgion;

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

Fig. 6'illustrates~other examplés of tableg for gray-
scale data conversion;

‘Figs. 7A and 7B each illustrate a table used for

selecting one df the tabléé for gray-scale data conversion;
| Fig. 8‘i11ustrates a signal processing unit according |
ZtQ a thifd‘embbdiment of the preSEnt‘invention; | |
Fig. 9 is a functional block diagram bf'anbther 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 manmer;




according to a fourth enbodi nent of the present invention;16 Nkarghk 2002A and
12B each illustrate a rel ationship between gray-scal e data and
corresponding ejection patterns; Fig. 13 is a diagramillustrating readi ng
of ejection data bits in a case where droplets can be ejected in a

defl ective manner fromtwo directions; Fig. 14Aillustrates a table for a
mal functi onal nozzle; Fig. 14B illustrates a table for a

mal function-related nozzle; Fig. 15 is a schematic diagram of an

ej ecting-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-emery 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 dr%ébetaé 3?%3 f%?gse%tsthydeéfggg$&§E&m%rgpﬁge directions;

Figs. 21A, 2 I'llTustrate a tablé for a malfunctional nozzle

or at L ab!a@c&?cﬂlﬁ’g nezzl ecatigcimsbdiviel® Mar ehe 20056ent6 indeht Lmes i on of
ej ection;
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

1 data bits in a case where droplets can be ejected in a

deflective manner from two directions}

Fig. 14A illustrates a table for a malfunctiomnal
nézzle;

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

Fig. 15 is a schematic diagram of an ejécting—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 dlrectlons, |

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

- malfunctional nozzle or a table for a nozzle affected by




Fig. 22 illustrates an exanple in which two nozzles are malNawsRo@nal , the
two nozzles having two normal nozzles therebetween; Fig. 23 illustrates an
exanpl e in which every other nozzle is malfunctional; Fig. 24 illustrates
an exanple in which adjacent nozzles are malfunctional; Fig. 25
illustrates a |liquid-ejecting apparatus according to a seventh enbodi nent
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 conponents; and Figs. 27A and 27B
each illustrate an exanple of a table wused for the selection of the table
conmponents. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Referring to Fig. 1,
an exanpl e of an ejection control device according to the present
invention is illustrated. A nenory 1 is for storing a table 1A A

-read-onl%éqgﬂgéyhx{ngégk?tgggnnnly'used for the menory 1. Alternatively, a
ess-nenory (

random acc or other seniconductor menory units may be
used. If a RAMd s Jusedjuititadaabdl®, lehanplér €€l whidieWict abkeled Gaddar ch 2007

17 Consequently, the ejecting positions can be changed to any positions.
For exanpkefuheti®@j=act ithg awplwsatidy hefving two normal nozzles
therebetween;
Fig. 23 illustrates an example in which every othex
nozzle is malfunctional} | |
Fig. 24 illustrates an example in which adjacent '
nozzlés 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 maifunctipn—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 fREFERRED EMBODIMENTS

Referring to Fig. 1, an example of an ejection control
'device according to the present invention is illustrated. A
.ﬁemory 1 is for storing a table 1A. A read-only-memory
{ROM) is commonly used for the'memory-l. Alternatively, a
random-access-memory (RAM) or other semiconductor memory
units may be used. If a RAMgis used, the table 1A is freely

_rewritable.-




droplets, all of the droplets can be ejected in a non- coris$eédarch2édhanner .

I n other words, each pixel..can be drawmn by ejecting a plurality of
droplets to t he correspondi ng -pixel range in a discrete manner. The
‘converter 2 refers to the table | A so as to convert gray-scale data S
corresponding to a pixel to an ejection pattern data S2. 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 elenment to forma bubble in the
liquid. This generates a pressure, thus ejecting a droplet. Alternatively,
the ejection driver controls expansinr and contraction of a piezoelectric
el enent to eject a droplet. Referring to Fig. 2, another exanple of an
ejection control device according to the present invention is

iI'lustrated. cﬁn@bhﬁénél%(t heneX3mRkenkNp&i Diichs (e BEMBEYnded 3ioor es tabl es
and may- be a ROV other storing. units. In this exanple, the
MENOry lagl Of&si didnlsl. p|Bofyé&émpﬁe trakl esecRedgra iploprediEygof 2, n types of
tables I Al, 1A2, | An are stored inthe nmenory 1, n being a positive 16 March
2007 18drop11@lg£r adduel tbe odrgpledtercanhhea Zieqtrth imall 8oRas at | east one

correspondence rel ationship between a gray-scal e-| evel
consecutive manner. In othexr words, each pixel can be drawn

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

- The converter 2 refers ﬁo the table 1A so as to convert
gray—scalé data S1 corresponding to a pixel to an ejection
pattern data S2. 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 drivef.

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

. gtores 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 ﬁypes of tables iAl,

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




data itemand an ejection pattern different from another l6aNareh 2607
exanpl e, an ejecting position of a droplet (ejection sub-period) in a
gray-scal e-level data item PNML, in which one droplet is to be ejected, in
one table is different fromthat of another table. This neans that even

if the sane gray-scale data itens are input, the ejecting positions of
droplets are different depending on the types of tables used. Accordingly,
based on the selection and adjustnent of the tables, the result of the
picture drawn is affected. A selector 3 is for selecting a table 1A (i =
1ton) fromthe n types of tables. For exanple,. _according to the type
of picture to be drawn or quality efighe picture, an appropriate table can
be selected. The types of pictures nmay be, for exanple, text, a

phot ograph, a drawing, a video 1inmmge, or a computer graphic inage. The
quality qhcLBe, Pl 0RY gPEatd Ol 1Ann! epachrigiite Gl htyleadst andard
quality" or “"dra quality" related to an anount or density of droplets to
be ej ect gge 0brPORRSIHOR PEIAEidEHHD tRbesenpa | qtdngicalerLieelore, the
ejecting positions may be, for exanple, changed in a random manner or a
pseudo- r dademi nemnerd afhied ed6idMarwt (2007 difGerenieviaias agashen di stribution
of the droplets. Mreover, this also prevents malfunction of ejection
caused byabhe-

For examplé, an ejecting position of a droplet
(ejection sub-period) in a gray-scale-level data item PNMI,
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 tableg, the ¥esult of the'picture dravn is
affected.

A selector 3 is for selecting a table 1Ai (i = 1 to n)
from the n types of tables. For exampleh"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 quélity of the
ﬁicture may be, for e#ample, “bright qualityf, "gtandard
Quality" or "“draft quality"-reiated to an amount or density
. of droplets to be ejec£ed, or monoghréme printing or colo:
printing.
Furthermoré, the ejecting positions may be, for example,

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




uneven distribution of the droplets. It is preferable thatl6aMarebbeobe

sel ected based on a random nunber generated by a random nunber generator.
-1t i.s also preferable that a table be sel ected based on the position of a
correspondi ng pi xel. The selection of a table based on the position of a
correspondi ng pi xel is achieved by, for exanple, referring to an
additional table containing a correspondence relationship between the
position of a corresponding pixel and a table |Al (i =1 to n). The
correspondence relationship between the pixel position and the table | A
(i=1ton) my be provided for each pixel in the picture range.
Furthernore, the picture range may-besdi vided into sub-ranges, and a table
may be provided for each sub-range. Furthernore, for each input of
gray-scal e data, the tables may be switched in a routine nmanner based on

the  arrgnged.of dato. EU! DEETBLLLod i el asopmycbe swirbebed in  a

periodic manne ased on a prédeterm ned order. Consequently, the

swi t chi ngpof 4N ¢t $ t BB¥a DEuREE faf 3d e 1E0E i G ¥ Riax®ly ehef Or every
group of pixels. By switching the tables for every pixel or every group of

pi xel s, anesémi diadtrablecbnastt cheviirapliche .t abl es are switched in a random
- manner or pseudo-random manner can be achieved. 16 March 2007 20 In this
case, the converisepreferdlets thatt le tehbfebé gelqated bapgdngiis®| ected by the

sel ector 3 so as to convert \
' random number generated by a random-number generator. It 1s

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

The selection of a tabie based on the pogition of a
corresponding pixel is aéhieved by, for example, referring
to an additional table containing a correspondence
relationship between the position of a corresponding pixel
and a table 1Ai (i = 1 to n). The correspoﬁdence
relationship between the pixel poéition 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, énd'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 periédical'manner based on a predetermined oxder.
Consequently; the switching of the tables may be performed
fbr every pixel or for every group of.pixels. By switching

the tébles for every pixel or every grouﬁ‘of pixels, a
similar effect as to where the tables are switched in a

random manner or pseudo-random manner can be achieved.




gray-scal e data of a pixel to a correspondi ng ejection pabtMadh 200
exanple in Fig. 2 is different fromthe exanple in Fig. 1 in that a table
used as a reference may be different for each conversion process of
gray-scal e data. A conpensation technique for mal functional nozzles that
cannot eject droplets will now be described. In such a technique, nozzles
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 nmade noticeable.
An ejection control device for contrpbling 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 capabl e of

ej ecting_dr op} el Aol Lactbyn-dmpes LLADIONG, naezkanio 1wl tiple pixel

ranges. The ejection contr device i ncludes a determ ner 101 for

det er mi nig-t he & OCtdd1E RS blyOPhe ¥l 2 teRN¥EEbESs 12 cdnereonverting
gray-scale data to ejection pattern data by referring to a table. The

det er m nefra}Odcapt elaiznes whetikel s natoreashogdiyg lGiddrion 2007 21 scal e
data item subject to conversion corresponds to a pixel affected by
~mal funct pettefnej e rramBlehidetf&d nithas gafifsrent from the

"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 technigue for malfunctional nozzles that
cannot eject droplets will now be described. 1In 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 control device for contrelling droplet- .
ejection in a liquid-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 deflective manner from one nozzle to
multiple pixel ranges.

The ejection control device includes a determiner 101
for determining the ejecting pOSition; and a converter 102
for converting gray-scale data to ejection pattern‘data by
Ireferring to a table.

The determiner 101-determines whether or not each gray-.




for performng different control operation for a pixel notlé6 MafceQbeér by
mal function of ejection and a pixel affected by malfunction of ejection.
Nozzles determined to be mal functional include ones that cannot eject
droplets at all and ones that cannot ejection droplets in the proper
‘direction. A pixel affected by mal function of ejection is explicitly a

pi xel originally subject to droplet ejection wth a nozzle determned to
be mal functional. Here, a pixel facing a nmalfunctional nozzle corresponds
to a pixel to which a droplet is ejected in a deflective manner.
Specifically, referring to Fig. 10, pixel ranges N and AN + 1) correspond
to each other. In Fig. 10, referencei nuneral "0" indicates that a droplet
is not to be deflected, and reference nuneral 11+1" indicates that a
droplet is to be deflected. In this case, if a nozzle Nis malfunctional,

the pi Xelca&rg?aggag_h im S‘%ubgte%t\'\/@%:cg Igvgf&gérgtccjnrgle%goﬂgs L& Ghafdiom t he

nozzle N pixe ecte y nction of = ejection. Fig.

10 111 ustiratesan, st al fruihiiiendofr opbetibs, dldieabedrhonariisn tihe right of

t he draw ng. eover, a droplet can be ejected to a position
correspa@di RArEarhiey Ofi MM¥renpi ¥6hsraVhaypdramon Wozzhepiddl Mach 2007 22

Furthernore, a droplet can be deflected towards the left of the draw ng.
| n .t hat affeeredeberenchimumienabi” ejéctsogyjargh a pixel affected by
| malfunction of ejection.

Nozzles determined to be malfunctional include ones
that cannot eject droplees at all and ones that cannot
ejection dfoplets 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

rf(N + 1) correspend to each other. In Fig. 10, reference
-nﬁmeral ngr indicates that a droplet is not to be deflected,
and reference numeral "+1" indicates that a droplet is to be
-rdeflected.
In thie caszse, if a nezzle N is malfunctional,.the.pixel
“range (N + 1), to whieh a droplet is to be ejeeted from the
nozzle N, corresponds to a pixel affected by malfunction of
ejection. Fig. 10 illustrates a sﬁaﬁe where a droplet is
deflected towards the right of the drawing.
| Moreover, a droplet can be ejected to a posifion

corresponding to two or more pixels away from a nozzle.

4




as the ejecting direction. Alternatively, droplets nmay be,6Mathaodzd in
both left and right directions. The converter 102 sel ects one of two types
of tables based on the determ nation result by the determ ner 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 mal function of ejection,
the converter 102 refers to a first table 103 for the correspondi ng 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
pi xel affected by mal function of ejzztion, 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 fromnozzles functioning properly. Thus,

‘the convprier. 1Ra-L0avarbs1ifec4d a %r‘eéfh@ctgat Bod APRHRPIE&EECE] ecti on
pattern data based on the second table 104. In other words, the converter

102 ref egpet@ranadf 1di thet eddsd ypeTebntabh@serdl e.-1a habbeveﬂrrespondlng
toa pixel drawn only through a normal nozzle (which will be referred to
as a tabhe flr edmawmihgndizéesidrer eikidfetren)ivally a d®MEtehm290Pe. 23  tabl e
‘corresponding to a pixel affected by malfunction of ejection (which wll
be ref erdefleerass ia babheleby and right directions.

The converter 102 selects one of two types of tables
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 converéion corresponds to a
pixel not affected by malfunction of ejection, the converter
102 refers to a first table 102 for the corresponding pixel
soc as to convert the gray-scale data to appfopriate ejection
" pattern data. o

Furthermore, if the gray-scale data subject to
‘conversion corresponds to a pixel affected by malfunction of
ejection, the converter 102 refers tora second table 104
having ejection data bits arranged in a manner such that
droplets are to be ejected only from nozzles functieoning
.properly._ Thus, the éonverter 162 converts.the gray-scale
data to appropriate ejection pattern data based on the
éecond table_ld4}

In other.words, the converter 10é refers to one of
'différent types of tables, i.e. a table corresponding to a
 §ixel drawn only through a normal nozzle (which will be

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




mal function-rel ated nozzles hereinafter), so as to conver t16 Nfdreh Q0@y- scal e
data to appropriate ejection pattern data. In that case, gray-scale data
corresponding to a malfunction-related nozzle is converted such that
droplets can be ejected in a deflective manner only through norma

nozzl es. 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 exanple, referring to Fig. 10, if the nozzle Nis nmalfunctional, the
nozzle Nis not used for ejecting droplets to the pixel ranges N and (N +
1). In other words, wth respect to the pixel range N, a desired
gray-scal e expression can be achievad -by ejecting a droplet froma nozzle
(N - 1). Moreover, with respect to the pixel range (N + 1), a desired
gray-scal e expression can be achieved only by ejecting a droplet fromthe

nozzle (N.gd)ao B ldRaRRE o d Islsxeqr gkecabbe BPatalhimcsdoandtt abl e 104
i ncl udes % e cofmponent 104A a nozzle determned to be

‘mal funct é?@é‘imr@nﬂdﬁchabh@lcwpﬁmtreméB foranodzlesioradj acent to the

mal functional nozzle in the deflecting direction. Mreover, if one of the
first anglazpaond dabedattsnantled Cbrenokbtes) mseigh &9 fﬁ’é‘?GBF tabl e
conponents, it is 16 March 2007 24 preferable that the ction control
devi ce behereovaytertadiet Hata te| WR¥APTHgtesel 8etimR Rﬁﬁ?%ﬁﬂ'%ﬁ %t abl e

conponent s for
‘ np In that case, gray- scale data corresponding to a

malfunction-related nozzle is converted such that droplets
can be ejected in a deflective manner 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, reférring to Fig. 10, if the nozzle N is
malfunctional, the nozzle N is not used for ejecting
dropleté to the pixel ranges N and (N + 1). 1In other words,
with respect to the pixel range N, a desired gray- scale

expression can be achleved by ejectlng a droplet from a
nozzle (N - 1). Moreover, with respect to the plxel range
(N + 1), a desired gray-scale expression can be achieved
oﬂly by ejecting a droplet from the nozzle (N + 1).

Furthermore, it is preferable that the second table 104
includes a table\component 1d4A for a nozzle determined to
Be malfunctional, and a tabie 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 typesﬁpf table. components, it is




gray-scal e data conversion. According to the present inveldbiMach2§®ction
pattern data corresponding to the input gray-scale data can be out put ;
based on the correspondence relationship in the table. Mreover, according 2
to the table, easy and accurate setting for the ejecting positions of ?
droplets and for the ejection timng can be achieved. Furthernore, a
droplet to be originally ejected froma mal functional nozzle can be
ejected in a deflective manner froma normal nozzle. Accordingly, al

pi xel s can be expressed with desired gray- scale level's, or with
practically sufficient quality. Using a printer for ejecting ink droplets
as an exanple, enbodinments of a |4 4 d-ejecting apparatus wll be
described. The essential features not specified in the present
specification or in the drawings are selected fromknown ones in the
techni ﬁgkréfe%!a%l%f thie %@S@jgcel%\ﬁeebhemlawm @RS pirbpt Beaswbel ow, the
enbodi nents are reali zed har dwar e, but software equival ent to such

har dvar e; ne & oru e b@l@i‘ﬁﬁﬁg @fnet Be BREdvaEBE: dampohenesbédinent s
~described below, in a case where the present invention is used as a

conput ergfawogcame .theéaprogvemsidms stored in a recordi ng nedi um whi ch can be
read by a 16 March 2007 25 conputer. Such a recording nedium may be, for
exanpl e, a nBGREr{ENd rke drhfi RECRBAE UHFYERcHP s e eREIABIPREH Sk (flexibl e

di sk or

data corresponding to the input gray-scale data can be
output based on the corréspondeﬁce 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
briginally ejected from a maifunctional nozzle can be
ejected in a deflective manner from a normal nozzle.

Accordingly, éll pixels can be expressed with desired gray-

.scale levels, or with practically sufficient guality.

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 or in the drawings are selected from known

ones in the technical field of the present invention.

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

'In the ewbodiments 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




hard disk) or a magnetic tape. Alternatively, the recordi ng Maehiotm may be,
- for exanple, an optical recording nmedium such as an optical disk, an
optical tape, or a bar-code which can be read by a machine. Furthernore,
the recording nediummy alternatively be a sem conductor nenory unit,
such as a random access-nenory (RAM or a read-only-nmenory (ROV); or other
physical units or nedia used for storing conputer prograns. 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 diagramsf -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 he%gmpﬁgg#roller 12, and head chips 13. The DSP 11 receives 8-bit

i mage data, “pérforms nultilevel error diffusion on the inage data, and

then 16 Marchs 2007 r@BorGPRYShddidn@ad- B! FoRaS A1, & Aabhér ¥ ay-scal e
data. The gray-scale data Tncludes information for determi ning the nunber

of dropl ekgopeingimliumAceatHi g 4 anddi@etiir aliskenmbbeitind disheopi xel
corresponds.to a maxi num of 8 droplets. ‘

i - hard disk) or a magnetic tape. Alternatively, the recording
‘medium may be, for example, an optical recording medium,
such as an optical digk, 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
hérdware, an application specific integrated circuit (ASIC)

or other knowh units in the technical field of the present

“invention may be used.

i. First Embodiment

1-1. Circuit

Fig. 3 is a circuit diagram.of a gignal processing unit
according to a first embodiment of the present invention.
The signal processing unit includes three main qomponents,
that is, a digital-éignal processor (DSP) 11, a head
;controllef 12, and head chips 13. |

The DSP 11 receives 8-bit image data, performs

_multilevél error diffusion on the image data, and'then _




The gray-scale data is transferred by DVA (direct nenory l&addaskp0td t he
head controller 12. In detail, the gray-scale data is transferred in
sequence as 4-bit data in a range of 0 to 7 for every pixel, i.e. dot,
fromthe first address to the n-th address corresponding to the w dth of
the 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 menory 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 nmenoryzd2B contains a | ook-up table 12B1,
Fig. 4 illustrates an exanple of a |look-up table 12B1 for gray-scale data
conver si on. According to this table 12B1, the row addresses correspond to
the oraysoscalé Fig ohay: sl e g Robdessbdrstada i b

gray- scaf 8 evéi ata|

y, a flrst -scale- level data itemin

whi ch no Q&f@&.{ﬁe @a%aellﬁeiﬁéeé nlz?foﬂra%woﬁg £B@r aeﬁleﬂﬁlﬁt@ mheel , a second
gray- scal evel data 16 March 2007 27 itemfor discharging one droplet

in a draphfigePesti Aropfle@Bepepi gitel a tHhidodddngytscehe-fiona! data itemfor
di.scharging two droplets in a drawing period of one pixel, and so on. In
Fig. 4, eMEodlmanx,gmwp-scabé texed sphatds  itoem mgximum of 8 droplets.

The gray-scale data is transferred by DMA (direct
.memory access) to the head controller 12. In detail, the
gray-scale 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—pat£ern 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 pefiod for one pixel includes eight ejection sub-

?eribds.

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 conversiqn. According to

this table 12B1, the row addresses correspond to the gray-

scale 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 are ejected in a

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




i ndi cated by PNMO, the second gray-scal e-level data item il§ Manchl200%Z ed by

PNML, :.. , and the ninth gray-scale-level data itemis indicated by PNVB.
- The nunber following PNMindicates the nunber of droplets included in one

pi xel . ~Each bit address in the colums in the table 12B1 corresponds to

one of the eight ejection sub-periods in a drawng period of one pixel. In

other words, a first colum address corresponds to a first ejection
sub-period, a second colum address corresponds to a second ejection
sub-period, a third colum address corresponds to a third ejection sub-
period, ... , and an eighth colum address corresponds to an eighth

ej ection sub-period. Consequently,-e@th-ejection data bit 110" or "I" in
t he correspondi ng col um address indicates whether or not a droplet is to
be ejected in the corresponding ejection sub-period. In Fig. 4, each

ej ecti on; daf ar i tas 's@ilahcggh§a&% 4R 0 indRORLSYi kS detiba sEeshed, and each

ejection data bit indicates that a droplet is to be ejected. For
exanple,piibllfuedﬂﬂratggéﬁyséﬁlﬁ4iéu@@ebadatatemeﬁbfW&ﬂacha@gﬂngplets are to
be ejected. This neans that all. ejection data bits in the first

gr ay- scatee | @namiledat dni hedrPNVE aregioet odt oheOpixell6 avdr sh 2007 28
Accordingly, the first gray-scale-level data itemPNMDis ., given an
~ej ection pat {18 Fig10800000FirshpEEsvarcain- el dasAdiErRyi%cal e- | evel data
i tem PNML

ihdicated by PNMO, the second gray-scale-level data item is
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 12BE1
corresﬁonds to one of the eight ejection_sub—peripds in a
drawing period of one ﬁixel. In other words, a first column
address corresponds to a first ejection Sub;period, a second -

column address corresponds to a second ejection sub-period,
a third column ad&ress corresponds te a third ejection sub-
periéd, ... , and an eighth column address corresponds to an
~ eighth ejection sub-period. Cbnsequently, each ejection
data bit "0" or miv in the corresponding column address
indicates whether of not a droplet is_to be ejected in the
‘corresponding ejection sub-period.
- In Fig. 4, each éjection data bit "0v indicates that no
droplet ig to be ejected, and each ejection data bit "17
indicates that a droplét is to be ejeéted. 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 "0".




for exanple, one droplet is to be ejected. This neans thatl6 Mackd0@f the
col um addresses are given the ejection data bits "0", and one of the
colum 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 PNML. Consequently, the second gray-
scale-level data itemPNML is given an ejection pattern "00000100".
Droplets can be ejected in other ejection sub-periods by providing an
ej ection pattern containing an ejection data bit "I" 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

" 0000110Rco,3dolhe (AOULLORUySEaheel r¥Rl1 dala ikem B is i ven an

.ejection patte 01110". "Sim larly, for the remaining gray-
scal e-| eyiBlerdahacht&Pfon GR&R Gt aobbeopos  provided with an ejection

pattern containing one ejection data bit "1" nore than its previous data
item | n Fi gModeowhen imhehkateeond hgtdy -Gfcallee 1sublpéatodstem BN . of t he
- data itens is 16 March 2007 29 conpletely filled with the ejection data
‘bits "1'fomexemple] cond chrapdes Bit tolbe| alerifstt t FPERe™BRRE He&ub- peri ods
I n the ggv%%t or%ail:fle Oéoltuqem satléi%sr% léggt agg tgix;énemheTg% egitri]gxq P&Y-
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 ejectionrsub—period of the second gray-
scale-level data item PNMl. Consequently, the second gray-
scale-level data item PNM1l is given an ejection pattern
*Qo0003100".
Droplets can be ejected in other ejectién 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 correspoﬁding
ejection daﬁa-bit i ig written.
Furthermore, in Fig. 4, the third_gray—scale-level data
item PNM2 is given an ejedtion pattern "00001100", and the
fourth grayuscale—leﬁél data item.PNMB is given an ejection
péttern "00001110". Similarly, for the remaining gray-
'scale—level_data items, each data iteﬁ is provided with an
ejection pattern containing one ejection data bit "1" more

than its previous data item. In Fig. 4, when the 1atter_

half of the sub-pexiods in one of the data items‘is




scal e-level data item PNMB is given an ejection pattern "1&M&&d2007 in
which all ejection data bits are set at "1". According to the table 12Bl1 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 asymetrically as
the gray-scal e-l1evel data items becones higher. On the other hand, the
ejection timng of the droplets can be set individually for each

gray-scal e-level data item This neans that the ejection timng for each
gray-scal e-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 nultiple mon-ejecting sub-periods. Mreover, 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 Lo, SlAGS a0 Lh,ngh Ofnd 18 dliapkebicLobi the at enehal f of the

sub- peri o acent gray-scal e-l1evel data item Accordingly, the

ej ecti onefladdi di taralbifRy1be; Seldaddy ao Re.- wnjﬁﬁgtﬁub@etmaagrlm thin the
sane ejection pattern and noreover, the ejection patterns may be.set in a

manner stlied frhdmat HahE 5anEhejsmﬁseqnam&t@ahatstém" e ndmtbogs&Ecut i ve
bet ween adj acent gray-scal e-level data itens. In contrast, 16 March 2007
30 suchseate-imysls daihf Leeht P cigh@divenoasl egeeleinn PattReRerr | ng to Fig.

3, a buffer nenory 12C i s prOV|ded for tenporaril storlng fhectlon
‘pattern et ddt” firoibinR all ejection data bits are set at .

According to the table 12B1 in Fig. 4, the ejectiom
pattern data for all the drawing periods is . set in a manner
such that the ejection data bits "1" increase asymmetrically
ags 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. Thié
means that the ejection timing for each gray-scale—level

.data item can be set in a manner such that the sub—peridds
in which droplets are to be ejected may be separated by one
non-ejecting sub-period or multlple 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
éjection timing of the drbplets for thé latter ﬁalf of the
gsub-periods for an-édjacent grayfécale—lgvel data item.

Accordingly, the ejection data bits "1" may be set in a
non-consecutive manner within the same ejection pattern, and
rmoreover, the ejection patterns may be set in a manner such
:that the same ejection data bits ﬂl”fare non—consécutive

"betWeen adjacent gray-scale-level -data items. In contrast,




PNM 12A. The buffer nenory 12C has a doubl e buffer structloMdarchda007 ncl udes
a RAM (random access nenory) 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 nenory capacity sufficient for storing ejection
pattern data corresponding to the drawi ng range of each head chip 13. For
exanple, in a case where a |ine 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 reciprocate, the nunber of row addresses
provided is set to be nore than thesmuwrber of pixels to be drawn in a
single scan period. On the other hand, the nunber of col unm addresses
provided is sufficient for recording an ejection pattern corresponding to

each Pl Xl on | 0L LSl 890001 e cncIUBer cOfcipalum addr esses

provi ded”correspon ternatively, the row addresses and the

col um  addr ggses-18Y, PE FW ! ched, HRFRi-NBehbA; 1dte icopuswiasdr esses may
correspond to the piXels and the row addresses nay correspond to the

ej ecti onfsubt@gsdds1vletbrinl PF il paRekenr dags taerfi grod, thewrite
counter 12D is provided for generating a witing address for witing
ej ect i onPNpalz&r n Tet dufferhwebefy er2Gréwmsr p doeblsitideg- bit ej ection
l‘structure that includes a RAM (random access memory) 1 and a
RAM 2. One of the RAMs 1 and 2 iﬁputs-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 nozzleg 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
s¢an period.
On the other hand, the number of column addresses
provided is sufficient for recording an ejection pattern
corresponding to each pixel. 1In the fixst embodiment, the
.ﬁumber of column addresses provided corresponds to 8 bits.
‘Alternatively,.the row addresses and the column
addresses may be switched, meaniﬁg that the column addresses .

- may correspond to the pixels and the row addresses may

correspond to the ejection sub-periods.




pattern data is input to the buffer nenory 12C in a paral [16lIManch26&*, 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

ej ection pattern data fromthe buffer nmenory 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

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

erbodi ment Ry eDe AP ShLo 8, cegeipbers, AL desheatragigrpcal es in 2

direction (séecondary scanm'ng‘drrectiron) perpendicu e relative

novi ng di j T8N, S ' ' [ heivegp Lheckbpe head and the
obj ect ?%ﬁﬁgﬁﬁggﬁ%qﬁgoﬁ.G?ﬂa?ﬁgfggggg% ?Eg 1%£Nhrcﬁ%2067 32 ejection data

bits of gadilehpl gathethi ORe SHbERY nRESTer @26eNntgidde @abhithepsketurp 13 in a
paral | el manner. Furthernore, the head chips 13 may alternatively be
pattern data is input to the 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 fiom the buffer memory 12C. In detail, the read
counter 12E sgequentially generates an address for reading an
ejection data bit for every ejection sub-period.

Each head chip 13Aejects droplets through nozzles 134
based oh the ejection data bits gent 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
1ihe head has a plufality 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
fsecoﬁdary scanning direction) perpendicular to the relative
.moving direction (main scanning direction) betweeﬁ the line

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




used in a non-line head having one nozzle or multiple nodéMach2¥h 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
ej ection sub-period. 1-2. Operation The operation of the signal processing
unit shown in Fig. 3 wll now be described. First, the DSP 11 perforns
multilevel error diffusion on imge 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 nenory 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-scale-level data item an

ej ection pattern 1100000000" is output. If the gray-scale data corresponds

to the 58?8%185 aé’a't%C?Jeig'slg\fe{nug@ngla(i[ :egjl@ﬁt&@)ﬂ SIS Sd A RALLEN Doy, 00001100

i's output: e conver ej ection ata i1sinput to the uffer

menory 126 asc¥-ihida Rafi hel sdabapatie: Whendf. March 2007 33 ejection
pattern data is alternately input to the RAMS 1 and 2 of. the double

buffer. For exanpleemowbenthbeh&j®aitipn 1pabierdldatnatiselgase from RAM 1,
the ejection pattern data is witten into RAM 2. Thus, ejection data bits
in the safed in a non-line head having one nozzle or multiple

‘nozzles, such that the head reciprocates in the secondary

scaﬁning direction. 1In 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 sgignal proceséing 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 122 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 ejectioﬁ pattern data..-For example, if the gray-scale
~data corresponds to‘the first gray—scaleflevel data item, an
éjection pattern "00000000" is outﬁut.' 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




drawi ng period are read fromthe RAM1 in a serial manner.16T¥Warch2aGl
ejection data bits are sent to the ejection driver 13B of the
correspondi ng head chip 13. The ejection driver 13B controls whether to
eject or not to eject a droplet based on each ejection data bit. For
exanple, the ejection driver 13B controls the supply of current to a
heater elenment if the droplet ejection is perforned based on expansion of
bubbl es. Moreover, if the droplet ejection is perforned based on expansion
and contraction of a piezoelectric elenment, for exanple, the ejection
driver 13B controls such expansion and contraction. Thus, a pattern inmage
formed of pixels having desired gray3scale levels is drawn onto the

obj ect. 1-3. Advantages of First Enbodi nent According to the signal
processing unit of the first enbodinent, the | ook-up table 12B1 stored in
the e ecéﬁ%@t L RRIIRN P AREY 128, Al daus dife s Eﬁi'ﬁ@aﬂclﬁe date toahe

converte |re ejection pattern data. The | ook-up table 12B1

provi des;apr eptengiita & NGl epectd:amlatt @hna thdatjesdioactual |y be
drawn. For exanple, the droplets can 16 March 2007 34 be ejected in a
non- conspatitéme deEners readt feonorAY lal theugh echéoyreat-eal égFével dat a
items change at a constant rate or at a gradual rate w thin certain
range, the efktttdmindas ¥ s | e %qegaaoandaﬁaﬂeb?%fbé#\ﬁeéﬁ“‘& fferent

ray-scale level data itens, for
J y drawing period are read from the RAM 1 in a serial manner.

The read ejection data bits are sent to the ejection
driver 13B of the corresponding head chip 13. The ejection
driver 13B contrels 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

.embodlment the look- up table 1281 stored in the ejection-
" pattern memory 12B allows the gray—scale data to be

converted to deeired ejection pattern data. The look-up
:.teble:12Bl provides an exteﬁsive range of ejectioh patterns

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




exanpl e, may be set in a non-consecutive manner. This al 16Wfardh 2007 but ed
use of the nozzles for the droplet ejection. As a result, sufficient tine
required for refilling the liquid after each ejection process can be
provi ded, thus inproving the quality of the drawn inmage. Mreover, this
prevents the quality of the drawn inmage from deteriorating, which my be
caused by vibration of the housing. Furthernore, the first enbodinent is
capabl e of conplying with system changes. For exanple, for changing the
ej ection pattern data, the only requirenent is to rewite the table 12B1.
Specifically, in a case where the ejection timng of droplets in each
gray-scal e-level data itemis to -ba4ahanged, or the nunmber of droplets or
the nunber of sub-periods per pixel is to be readjusted, such conpliance
with system changes can readily be perforned by rewiting the table 12B1.

2. Seco %ggg IRt 22ndn-CGdLdde 148 MargE- 2007 35 Fig. 5is a circuit

di agramo Ignal processing unit according to a second enbodi nent of

the present ippyveAti-Adre, BiEwughakhar ge£gssduleuevel nddtigg.itemsi m |l arly has
three conponents, nanely, the DSP 11, the head controller 12, and the
head chiqsark® atlowevenstihe fatteeronmalatsbr gradual gfatehwithEad control | er 12

in the second enbodiment is different
certain range, the ejection data bits in the ejection

patterns between different gray-scale level data itemg, 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.
Furthexmore, the first embodiment is capable of
‘complying with system changes. For example, for changiag
' the ejection pattern data, the only requirement isrto
rewrite the table 12Bl. Specifically, in a case whexe 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 plxel is to be readjusted, such
compllance with system changes can readlly be performed by

rewriting the table 12Bi.

2. Second Embodiment

_2—1. Circuit




fromthat of -the first enbodi ment. Accordingly, the diffdocévdaek200v t he
internal structure of the head controller 12 will be described bel ow. The
" second enbodi nrent has two main features. One is that a plurality of

| ook-up-tables 12B1 to 12Bn for gray- scale data conversion is stored in
the ejection-pattern nenory 12B. The other is that the head controller 12
is provided with a table-selector 12F for selecting one of the |ook-up
tables 12Bi (i =1 to n). OQher elenents 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 enbodinent, and
descriptions of those elenents w Il stshus be omtted. Accordingly, the
second enbodi nent will be described by only pointing out the distinctive
features. Fig. 6 illustrates exanples of |ook-up tables stored in the

ej ect i on- pat bern penpry 426,10 deLatly i & Bkl ysicalanshate vhere n

| ook-up tabl d9%r s?ore in the ection-pa ftern nmenory n being a

- positive, Lategel; 16 Vbt 011,20 W Mo ROUSE e YiroBbRE Bhyakb V0. The

ej ection s in each gray-scale-level data itemin one table are
ar r angedrndli ffpranphycésomg hase iin Fhe. corgiaspendingadatiardd em of — anot her

~ table. It is preferable that the tables have different arrangenent

char act e¢dmidiestaf, hheeky ectieoMSpatt eths Heasmcomsrahdenet2. 1andot her wor ds,
each tabl e

the head chips 13. However, the interxnal structure of the

head controller 12 in the second embodiment is different

from that of the firse embodiment. Accordingly, the

differences iﬁ the internal structure of the head controllexr

12 will be described below.

The second embodiment has two main features. One is
that a plﬁrality of look-up tables 12B1 to 12Bn for gray-
scale data conversion is stored in the ejectionupattern
meﬁory.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 12A, the buffer memory 12C, the write counter 12D, and
the read counter 12E, are egquivalent to those in the first
‘embodiment, and descriptions of those elements wil; thus be
omitted. Accordingly, the second embodiment will be
aescribed_by only pointing out the distinctive features.

Fig. 6 illustretee examples of look-up tables stored in
the ejectlon pattern memory 12B. In detail Fig.‘s

' 111ustrates a state where n look- up tables are stored in the

'_eject10n~pattern memory 12B, 1 belngja positive 1nteger




preferably has a distinctive arrangenent characteristic ofl6é Nreh@p@&tti on
patterns. For exanple, the tables 1 and 2 in Fig. 6 have distinctive
characteristics in the ejection patterns of the |ower gray-scale-Ievel
data itens, i.e. PNML to PNM 4. In detail, in table 1, the droplet
ejection is concentrated in the latter half of the sub-periods in the

| ower gray-scale data itens. In table 2, the droplet ejectionis
‘concentrated between the front half and the central portion of the
sub-periods. On the other hand, in table n, the timng of the droplet
ejection is distributed in a discrete manner. Mreover, the droplet
ejection is concentrated in the frog¢ half and the latter 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 pern;%%gg%gﬁ%vee%F%g%g%iQﬂagq55gyn§%gfej%%ﬁiﬁ%qﬂ&agkg¥ssg§!e-IeveI dat a

itens. such consecutiveness sane ejection data bits

is not -“Eﬁéﬁﬁ%f%#—kéﬁ%u%%gli Batde serendoss ML 2002 rr8dge@mbodi nent. In
t he second- enbodi nent, however, the switching of the tables is done

f requent §y £t @rditEMe Hronh€hoS8NEn ejies tdodteppbheimy fdaam Beemgofised
repeatedly. Wth respect to the ejection patterns corresponding to the
sane grayetsiat exdbdeel dat asi peeteirtlveshati therwhleasabpys, such

~consecutiveness of the same ejection data bits can generally
different arrangement characteristics of the 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. 6 have
distinctive characteristics in the ejection patterns of the
lower gray-scale-level data items, i.e. PNM1 to PNM 4. 1In
detail, in table 1, the droplet ejection isrconcentrated in
the latter half of the sub-periods in the lower gray-scale
data items. In table 2, the droplet ejection is
‘concentrated between the front half and the dentral portion
of the submperidds. On the othef hand, in table n, the
timing‘of the dro?let.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
- lowex gray—SCale—levél data items. The tables in Fig. & are
.éxamples in which the consecutiveness of the same ejection
data bits is permitﬁed between ejection patterns of
_différent gray—écale-level data items.
Alternatively, such consecutiveness of the same

-ejection data bits is not necessarily required in the second




be | owered by providing a | arger nunber of stored tables. 16Noavelv 2907 si nce
the conbination 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
enbodi nent, 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 correspondi ng-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

tabl es 1268 0oh@bl e 6keCLEGR AldREALER:ANGRIGN ke Labl e for

gray-sca ata conversion for each pixel in the drawi ng range. Such 16

March 20Q%:i+38ingl d00ald @Ab2Esaid alth ifscpaEhOIRLL iptetenanties such t hat
the table is not used repeatedly. On the other hand, the | ook- up table

12F1 cansahsoefbtotdt dthtersafeon ddind asedr aypestoally -daWatitonver si on for
pi xel s | ocated distant fromeach other within the sane draw ng range.
Gener al | yesascshowrtlian efiegs 1o MaHR 7B, coxshsPepking to the same

‘gray-scale-level data items between different tables, such
' éonsequtiveness 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-
éelector 12F is performed based on the position of the
‘corresponding pixel. In order to achieve this, look-up
tables 12F1 are provided. Figs. 7A and 7B illustrate
ekaﬁples of the look-up tables 12F1 for table selectioh.

The row addresses and the column addresses in Figs. 7A and
7B correspond to a range of pixels drawn by the

corresponding head cﬁip 13 to be_driven;.

7 In a case where a sufficient 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
-sélection allocates an appropriate .table for grayéécale data

conversion for each pixel in the drawing range.- Such




table 12F1 is forned of basic table units disposed in a népgatiedooranner
and each corresponding to a nunber of pixels. One of the basic table units
is itndicated by a section surrounded by a bold line. Specifically, Fig. 7A
illustrates an exanple in which the basic table units are each conposed of
two rows by two columms and are disposed in 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 di sposed in
a repeated. manner. Referring-to the | ook-up table 12F1 of Fig. 7A for a
pi xel corresponding to a position at row 1 and colum 1, the table 1 is

gi ven for gray-scale data conversi-ong -Furthernore, for a pixel
corresponding to a position at row 2 and colum 2, a table n is given for
gray-scal e data conversion. According to this exanple, adjacent pixels are

gi ven different. types_o l.es f ray-£a gdabd sV dhe The sane
appl ies atjoloé:r?r%é‘fgng eaot;atélﬁeg % agleg%TgFl shown f6 March 2007 39 in Fig.

. 7B.. HowgVvglie aGCaRhEi f9ed Orddiaticdive 18k1thd Jutgr BBnd, ttiee Skt ype of
. tabl es appear in a repeated manner periodically in the columm direction.

Al't er natiy alabieby 281 Osh g Y alllbeabast e tsduee tabiles£en 9xd t abl e- sel ect or
12F, the positional information in one of the basic table units
cor r espanetilyy dataacphxets huidrfeys piagls located distant from each
| ‘other 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. 7A
illustrates an example in which the basic table units are
: each composed of two rows by two columns and are disposed in
a fepeated manner. On the other hand, Fig. 7B illustrates
.an-example in which the basic table units are each composed
‘of three rows by-threé columms and are élso disposed inra
' repeaﬁed_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
 tab1e 1 is given for gray-scale data conversion.
Furthermore, for a pixel corresponding-to a position at row
| 2 and column 2, a table n is given for gray-scale data
convergion. According to thiS'examplé, adjacent.pixels are
given:different types of tables for gray-scale daté
conveision; |

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




be read. For exanple, by determ ning a residue group having MareElads 2, the
addresses in each basic table unit may correspond to the row and col um
-addresses. Al though the basic table units in the second enbodi ment are
each conposed of a square matrix having mrows by m colums, mbeing a
positive integer equal to or greater than two, the conposition of the
basic table units is not limted to such a matrix. For exanple, each of
the basic table wunits nmay alternatively be conposed of a rectangul ar
matrix in which the nunber of rows is greater than the nunber of col ums,
or vice versa. As a further alternative, although the control operation
may becone nore conplicated, each ofyg the basic table units may be conposed
- of a polygonal matrix having, for exanple, a substantially rhonboi dal
'shape. In such a case, each rhonboi dal -shaped basic table unit may be

used as a correspondence between a .pi xel and t e | gt abl e for
gray-scal® ¥fa 7(i]%‘onv?élf’g’faﬁﬁ.I' Zac‘f.ora}gl?ag?oﬁhel'htea%(;elﬁeﬁ'g?ﬁozggﬁfq 'hg]Bs'i gnal

_processiﬂgelé%%i}mal Q%%?P%ntéglgéwégﬁé%goﬁn goreg%ﬁﬁeésdgnhgrnOM/be descri bed.

First, t orms hu evel error fusion on image data or
text datgo}o,fia1diAWa 8Rea8ol GuPladuee:ghay-scal e data for each pixel. The

gray-scafe data 1s'then transferred to the PNM 12A in the head controller

12. The PNM hdAet-hedisengs vihetgidygseale et dasdct heble units in
:the table-selector 12F, the positional information in one of
the basic table units'corfesponding to a pixel address may
be read. For example, by determining a residue group having
modulo 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 td or gieater than
twﬁ, the composition of the basic table units is not limited
to such a matrix. For example, each of the basic table
units may altérnatively be composed of a rectangular matrix
in‘which the number of rows is greater than the number of
éolumns, 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 subgtantially rhomboidal shape. In
éuch a case, each rhomboidal-shaped basic table unit may be
used as a correspondence between a pixel and the
' corfesponding table for gray-scale data convergion.

V"2~2,_-Operation |

The operation of.the signal processing unit shown in




tabl e-sel ector 12F. The tabl e-sel ector 12F detects the pasiNta@h 2067 each
pi xel by, for exanple, counting the nunber of inputs of the gray-scale
data- Wien the position of each pixel is detected, the table-selector 12F
refers to the |ook-up table 12F1 so as to select an appropriate table for
gray-scal e data conversion based on the position of each pixel. For
exanple, a look-up table n is selected. Wien 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 perforned by
‘sending determ nation data for the ggbles 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 fo ray-. sgal e.data.conversiQn._ In this
case, thd Skl acladl 1B £ ﬁFSCFhée‘gr ayE]srcf’gcl'e%&gt }ajggo]gg r%xlsfc?%r&lcsonnect ed via
the switch.is, used e 0 [ e}.ect| Npdata. 16

Mar ch 20(5“}1151&ev ee%]?%%ecgi%ftgg ‘élrq Jf;%a I ng t‘%gaeiogc%%}gg %’ﬁ% g:rogbdata is the

sane as id}-hesh éé%@;@ﬂ&ﬂd&%nbraﬁﬂ.&r’cél@ AaSC LRt E9Bh 0bixIUCh TRepr OCESS
wll thus be omtted, 2-3. Advantages of Second Enbodi nent According to the

~signal prfiegsstale Ulhta afs tdhens ecanstemrdbdiorthe, PRl 2%0ln ufret abl es for
gray-scal e data
head controllexr 12,

The PNM 122 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‘tablemselector 12F refers to the
look-up table 12Fl so as to select an appropriate table for
gray—séale data conversion based on the position of each
_pixel. For example, a look-up table n isg selected.

When the table for gray-scale data conversion is
selected, the gray-écale data is gent 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 ag input addresses sO as to read the
ﬁorresponding ejection pattern daté.. Alternatively, for
. example, a switch maylbe used to select a table for gray-
_scalé'data conversion. In this case, the selec;éd table for
- the gray-scale data convérsion connected via the.éwitch ig

~used to read the corresponding ejectiqn_pattern'data.




. snoot her refilling of liquid after each droplet ejection process, and

. Circuit

conversion can be switched according to the position of ed&Magh2607
Consequently, different types of tables for gray- scale data conversion are
used for the pixels in a periodical manner. According to the second

enbodi ment, even when data itens of the sane gray-scale |evel are input
repeatedly, various types of -ejection patterns can be output. For exanple,
~even if the gray-scale-level data itens PNML are repeatedly input, the
ejecting positions are discretely distributed. This achieves, for exanple,

nor eover, prevents the droplet ejection from being adversely affected by
V|brat|on of the housing of a printgr, i.e. a liquid-ejecting apparatus.

In contrast, droplets are repeatedly ejected fromthe sane position if the
ej ecting positions are not discretely distributed. This nay adversely

affect the refilling of liquid after ach dr.opl et t hus may
| ead to det eMIOPFOCERS ?f‘b“'flbtli?raglaﬁaltﬁ :'é:‘(glvé)r‘—’l%l:%%Ll (%e d?l(r;sgl ets 16

March 2007 42 are re at %&ﬁ?%ﬁﬂEFEOngﬁgetﬁg”H%dE}EbEhQH’ofhe

devi at i oR™€of2HF o} % Triginal "&j écting position due to

varatioE|8£ %hﬁ ggggg @glgaggggqggqmﬂgkbgeable 3. Third Enbodi nrent 3-1.

S acircult diagramof a signal processing unit according
to a third enbodi ment of the present invention.

2-3. Advantages of Second_Embodiment

N 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-
écale data conversion are.uséd for the pixels in a
periodical manner. According to the second embodiment, even
when data itéms of the same gray-scale levei are inpqt
reéeatedly, various types of ejection patterms can be output.

For example, even if the gray-scale-level data items

'Pmﬁl are repeatedly input, the ejecting positiéns are
dlscretely dlstrlbuted This achieves, for example,

smoother refilling of liquid after each droplet ejectlon

process, and moreover, prevents the droplet ejectlon from

being adversely affected by vibration of the houging 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
. 1liquid after each droplet ejection, and thus may lead to

' Ideterioration of picture quality. Moreover, if the droplets




The signal processing unit in Fig. 8 simlarly has three 160moh20075,
nanely, the DSP 11, the head controller 12, and the head chips 13.
However, the internal structure of the head controller 12 in the third
enbodinent is different from those of the first and second enbodi nents.
Accordingly, the differences in the internal structure of the head
controller 12 will be described below The third enbodinent is basically a
nodi fication of the second enbodinent. Specifically, the third enbodi nent
is simlar to the second enbodinent in that the plurality of |ook-up
tables 12B1 to 12Bn for gray-scale data conversion is stored in the

ej ection-pattern menory 12B and that2the .head controller 12 is provided
with the table-selector 12F for selecting one of the |ook-up tables 12B
(i =1ton). On the other hand, the third enbodinment is different from

the second ¢l %qw&g@ dfLddaal £30k A0HO TR ITREE 1 09BET ALY akAGHhoh generating

a random nunb roni zation With 16 March 2007 43 each input of

gray- SC%ﬁd%%q et s Pf&wlﬂiédorﬁgiﬁgl%ééﬁngggagiai@d d@ndem nunber, one of
|

t he tables =1ton or gray-scale data conversion is selected
In Othehvﬂmﬂation aECEHéhhu@shﬁgtheytEE¢QMGambadbaehle the sel ecti on of one
table 12Bi is perforned regardl ess of ‘the position of each pixel. Here,
t he random nunber generator 12G nay alternatively be a pseudo-random
nunber ‘generator as |ong as the out put
3. Third Embodiment
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 internal 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

gimilar to the second embodiment in that the plurality of

 look—up tables 12B1 to 12Bn for gray-scale data conversion
is stored in the ejeetion—pattern memory 12B and that the
‘head controller 12 is provided with the table-selector 12F
for selecting one of the look-~up tablee i2Bi (i = 1 to mn).
 On,the other hand, the third embodiment is different
'-from'the second embodiment in that a random—numbef generator

12G for generating a random number in synchronization with




interval of the sane values is |ong enough with respect taeé MdehdoGn ng
range. Furthernore, it is preferable that the random nunbers generated
correspond to the nunber of the tables 12Bi (i = 1 to n) provided.
Alternatively, in a case where a |larger anount of random nunbers are to be
generated, for exanple, an allocation to one of the tables can be
performed by determning a residue group having nodulo n, n being the
nunber of tables provided. 3-2. Operation The operation of the signal
_processing unit shown in Fig. 8 will now be described. First, the DSP 11
performs nmultilevel error diffusion on imge data or text data to be

drawn so as to produce gray-scale daia 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 16 March 2007 44 table-selector 12F.
Here, a random nunb ener nu e or 12Gis sent
to the tSB6F -%ﬁ?ékﬂéﬁ éif?ﬁ?g%ggé%¥g%q%hg&?ggggﬁinﬁ%%%??gﬁhgﬁ%able-selector |

12F = sel geh S, 006 q{arfc%ﬁ‘n tahbes, fote WRYnaCakldat owonversioso Mhen the
tabl e for gray-scale data conversion is selected, the gray-scale data is

appl i ed kgrtheayahiae Haus, coatessrat iien spatteed. corn espendivngds o t he
‘gray-scale data is read by the PNM 12A. This readi ng process is perforned
in according to the third embodiment, the selection of one
‘table 12Bi is performed regardless of the position of each
pixel.
Here, the random-number generator 12G may altermnatively
be a pseudo-random number generator as long as the output
interval of the same values is long enough with respect to
the drawing range.
Furthermore, it is prefefable that the random numbers
generated correspond to the number of the tables 12Bi (i = 1
td 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
_détermining a residue group having modulo n, n being the
hﬁmber_of tableé provided.
3-2. Operation

The operation of the‘signal.processing unit shown in

Fig. 8 will now be described. First, the DSP 11 performs

multilevel error diffusion on image data or text data to bhe

drawn so as to producé 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




t he sanme manner as in the second enbodi ment. The process 1&fNefchibe7 r eadi ng
of the ejection pattern is perforned in the sane manner as in the first
enbodi ment, and the description will thus be omtted. 3-3. Advantages of
Third Enbodi ment According to the signal processing unit of the third
enbodi nent, the generated random nunber acts as a basis for selecting an
approprlate | ook-up table for. gray-scale data conversion. Consequently,
different types of tables for gray-scale data conversion are used for
every pixel. Simlar to the second enbodi ment, various types of ej-ection
patterns can be output according to the third enbodi nent even when data
itenms of the sanme gray-scale |level -ag£ input repeatedly. This achieves
stable picture quality. Enbodi nents of the present invention described
bel ow 16 March 2007 45 wll be based on a technology of

def!ect! yepgbegd Ocﬂ'[oqj 1280 OPLELS, PXATRGS nfhinst flritaREBNBL OG ar €

descri be i N previ ous” applications e present applicant.

Such appliGabh ORGu:EL qeh@ha ESAMI @, 1 o) aRARCse DAL eftblARRhEERsEON No.
2002- 320861, Japanese Patent Application No. 2002-320862, and Japanese

Pat ent AppFi cabassd Ny 2603208 43imbeAG C abdi tgbye- g&ﬂhmmdantzExplanatlons of
such a deflective- ejection technology will be omtted, and only the
porti onsseletevame taf tthe prekentfdnoaavi-enaht| fatye apeyersbed- bel ow. 4.

"Fourth Enbodi nent
When the table for gray-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 as in the first embédiment, and the

description will thus be omitted.

3-3. Advantages of Third Embodiment
According to the signal processing_unit of the third
embodiment, thé 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

repéatedly. This achieves stable picture quality.

Embodiments of the preéent invention described below




4-1. Crcuit A fourth enbodi nent according to the present leoMefhi20n7 w | |
now be described. Fig. 11 is a schematic diagramof a |iquid-ejecting
apparatus according to the fourth enbodi nrent of the present invention.
Accordi ng to such a liquid-ejecting apparatus, the ejecting direction of
dropl ets can be deflected by using electricity. Referring to Fig. 10,
according to the fourth enbodinent, the ejecting range of each nozzle
covers two pixels. Mreover, the deflecting direction of each of the
nozzl es aligned on the line head is the sane for all the nozzles. In a
single ejection sub-period, which is the mninum unit in a draw ng period
of each pixel, droplets are ejected J6 March 2007 46 in a deflective
manner in the sanme direction fromall nozzles or froma pair of nozzles.
Moreover, in the fourth enbodinent, the deflecting direction is

alternately switched for every ejectio $ b-period. The |iguid-ejecting
appar at uylibrb‘i)é?afsﬁfinfjﬁgas’ﬁ% @éﬂye@ﬁ \%8 EFSQ{Y%}FF cT08e€ t hree main

. t I SP 111 I , head chi 113.
The DeprPRLad T FRetRir e pavai it SreRbdy (REe peeraBia Eal TN Be o

produce graysscg| ?r%%éus' Q?ﬁi‘fcaftﬁlﬁﬁsh 2hadi pRaient tHpp1PSBntl| receives
8-bit i'mage data and converts the 8-bit 1inmage data to 4-bit gray-scale
data. TheughaymPiGdla@idakaats, for example, Japanese Patent
| .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 Embodimenp
4~1. Circuit .

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

Fig. 11 is.a schematic diagram of a liqgid~ejecting
apparatus according to the fourth embodiment of the present
iﬁvention. Abcording to such a liquid-ejecting apparatus,
‘the ejecting direction of droplets can be deflected py'using
electricity. Referring to Fig. 10, according to fhe fourth
embodiﬁent, the ejecﬁiné range of each nozzle covers two
pixels. Moreover, the deflectihg diréction of each of the
nozzles aligned on the line head is the same for all the
hozzlés.
| In a single ejection sub-period, which is thé minimum

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




then output fromthe DSP 111. The gray-scal e data i ncl udestd Mamhmat? on for
determ ning the nunber of droplets to be ejected towards each pixel range.
Accordingly, this technique in which each pixel is expressed with a group
of droplets is called pul se nunber nodul ation. The value of the gray-scale
data is determ ned based on the gray-scale |level nunber to be expressed.
In the fourth enbodi nent, one pixel may include a maxi mum of six droplets.
The head controller 112 converts the gray-scale data to corresponding

ej ection pattern data, and supplies the ejection pattern data to the
~correspondi ng head chip 113 at a predetermned timng. The head controller
112 includes a PNM 112A, an ejectiongpattern nenory 112B, a tabl e-sel ector
16 March 2007 47 112C, an ejecting-position determ ner 112D, a buffer
menory 112E, a wite counter 112F, and a read counter 112G Wil e
referring to ble.stored in.the, ejection- t.tern_ne 112B, the PNM
1728 convt B FERISGgE UMY di SPECSNE A RorCar 881 el on pattern. In
the Toulldyz AUROILMERLY 4 1 BIMELAg0, cODV e billl, ghaVpec@lodata Lo

8-bit ejection pattern he ejection pattern data i's for determning
- the ej echiRibbAt Nged dHoRlRlSg birdetadd .id hateirastiop swialdeun data

contains a series of ejection data bits for determning whether or not to
ej ect dr doreksery ejection sub-period.

' Thé ligquid-ejecting apparatus for performing such
deflective ejection inclﬁdes three main components, namely,
a D8P 111, a head controller 112, and head chips 113. The
DSP 111 performs multilevel exror 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.

o The gray-scale data includes information for
determining the number of droplets to be ejected towards
each pixel range. Accordingly, this technique in which each
pixel is expressed with a group of droplets is called pulse
nuﬁber_modulation. The value of the gray-scale data_is
determined based on the gray-scale level number to be
expressed. In the fourtﬁ embodiment, one pixel may'include
a wmaximum of six dréplets.

The head controller 112 convertsrthe gray-scale data to

. corresponding ejectioﬁ 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




For exanple, an ejection data bit "1" indicates that a driéMaichi26010 be
ej ected, and an ejection data bit "0" indicates that no droplet is to be
ej ected. Thus, each ejection pattern data is given a sequence of nunbers
"0" and-"1". The length of each sequence corresponds to the nunber of

ej ection sub-periods included in a drawi ng period of one pixel. In the
fourth enbodi nent, a drawi ng period of one pixel includes eight ejection
sub-periods. In this case, the length of the sequence form ng each
ejection pattern is 118". Each ejection data bit is for determning
whether or not to eject a droplet in the corresponding ejection sub-
period Figs. 12A and 12B each il |l ust4ate an exanple of an 16 March 2007 48
ejection pattern. Specifically, Fig. 12A illustrates an ejection pattern
PNML corresponding to a first gray-scale- level data item In the ejection

pattern EQM' %hdéoe@t‘iﬁqg‘e?gﬁ{t&&? tl%?rrﬁgle!rnli’ of Jhecel ghtoglection

sub- peri 0ds are possi ypés o patterns for t ej ection

pattern PNML. The ssub-pehied ifbmhiLh a degal esumselt qibe. actually ejected
i s determ ned based on whi chever ‘one of the possible patterns corresponds

to the first wgray segkerigyelo Habaplet eovréd ihahet bechamd; Fig. 12B
illustrates an ejection pattern PNM2 corresponding to a second
- gray- scapetteme|mejgiry 112B, the PNM 112A converts the gray-scale
.- ' .'data to an appropriate ejection pattern. 1In the fourth
embodiment, the PNM 11224 converts 4-bit gray-scale data to
8-bit ejection pattern data.

The ejection pattexrn daté is for determining the
ejection timing of droplets. In detail, the ejection
pattern data contains a series of ejection data bits for
determining whether or not to eject aroplets.

For example, an ejection data bit "1".iﬁdicates that a
‘droplet is to be ejected, and an ejection data bit "0
indicateé that no droplet is to be ejected. Thus, each
‘ejection pattern data is given a sequence of numbexs "0" and
win,

The length of each sequence coiresponds to the number
of ejection sub-periods included in a drawing périod of one

- pixel. 1In the fourth embodiment, a dréwing period of one
pixel includes eightrejection sub—periods. In this casa,l
ﬁhe length of the sequence forming each ejection pattern is
ngs . Each ejectiom déta 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 aﬁ_"




item In the ejection pattern PNM2, droplets are to be ejieq¥iadhoot wo of
the eight ejection sub-periods. There are 28 possible types of patterns
for .the ejection pattern PNM2. As shown in Fig. 12B, the ejection may be
performed consecutively or non-consecutively. Mreover, the sub- ,periods
in which droplets are to be actually ejected are determnm ned based on

whi chever one of the possible patterns corresponds to the second
gray-scal e-l1evel data item The sane applies for other gray-scale-|evel
data itens. The ejection-pattern nenory 112B stores nmultiple types of
tabl es which function as correspondence between the gray- scale data and
~the ejection pattern data. Accordigiao the fourth enbodiment, two types
.oftabl es.are stored in the ejection-pattern nenory 112B, nanely, a table
112B1 for 16 March 2007 49 normal ejection and a table 112B2 for

mal f uncti on_ of j L.Qn. 'i y e {ype1afustahles1dzBl for nor mal
ej ecti on?j?%t:b?rh?ra%%!rrgé, %%}gjgf;c%lg’?’léy?ggalie data, only one ejection
pattern gan.be.d ead cbranpime dabtapbhdBhg €8 4 hbimttherakandaléhe tabl e
112B2 incfudes ejection patterns that prevent an ejection data bit "1"
from bei N@veJidaia tidea. noxidl thd hatedtscdepet rene PG .be AuPPUREt1Dnal .
According to the fourth enbodi ment, since the ejecting .direction can be
def | ect etlo i ve tajeatiededni one, of Héig afigdt £ioepiel FHHPEFANith two types of
tabl e conponents 112B21

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'PNMZ correspending 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 patterns for the ejection pattern PNM2.
As 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 date items.

The ejection-pattern memory 112B stores multiple types
ef tables which function asrcorrespoﬁdence 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 teble 112B1 for




and 112B22. The table conponent 112B21 is provided for nozsMsrchiey7 are
~determned to be mal functional, and the table. conponent 112B22 is

provi ded for mal function-rel ated nozzles. The term "nmal functi on- rel ated
nozzl es" refers to nozzles which are adjacent to the nmal functional nozzles
in the deflecting direction. The rel ationship between the nal functional
nozzles and the malfunction-related 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 deflealgion control is not to be perforned, 16
March 2007 50 droplets are ejected froma nozzle n corresponding to
colum address n based on an ejection pattern "00001010". On the other

hand, tg o 8ddLepsesdd Ll l318065 SAROM AL R gt efect i on

sub- perlodml eérénce aracters Ig. 13 each
i ndi cat .4 tqbgctlon pattern in the line direction for the corresponding
ej ectionsub-period. Mreover, the arrows indicate the deflecting

direction of Tﬁeﬂ@tis)rbnlyh@nedeirbec&f ngatdier @acbBONEdN Mdx@all3d is equi val ent
to the deflecting direction shown in Fig. 10. Furthernore, reference
nuner al sjeetioand I9"oEssh wardiscatfert éecls grfayi-ggale data, only
bne ejection pattern can be read from the table 112B1.
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 component 112B21 is provided for nozzles that
ére determined to be malfunctional, and the table. component
112B22 ig provided for malfunction-related nozzles.
The tefm "malfunction-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—relatéd nozzles will now be described with

reference_to Figs. 13, 14A, and 14B. Fig. 13 illustrates a
state where converted ejection pattern data is written in
the bﬁffer memory 112E. Each of the column addresses in Fig.
l13 correspbnds to one of the pixel ranges. For example, in

" a case where deflection control is not to be performed,




direction of a corresponding read address. Such val ues cdadmrdsfehnrdoro the
deflecting direction, and the relationship between the values and the
defl ecting direction is shown in Fig. 10. According to the fourth

enbodi ment, each droplet ejected fromthe correspondi ng nozzl e can be
defl ected. Wth respect to each nozzle, it is thus necessary to read an
ejection pattern while taking into consideration the deflecting direction,
as indicated by the shaded areas in Fig. 13. Wth 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 determ ne an
ejection pattern for the correspondigg pixel wth respect to the
gray-scal e data such that the ejection 16 March 2007 51 data bits of al

shaded areas are set at "0". Figs. 14A and 14B illustrate exanples of the
tabl e cqnponents for defl ive ejection to conpens unction of
ej ecti on’ rﬁPbetﬂﬂ%cﬁJre@ﬁgn%?’Po 2t 1 5b e ©9%% nenJ(nSi1‘_2chfr1?M1 nozzl es

‘that are deternined fo be mLEUDELIONAl 0 0bB: 690 F ESRANAsGH O the tabl e

conponen? unctrton- re nozzles imlar to Fig. 13, the

shaded aB%ﬁér'ﬂaﬁapschel%waaad%é&@@c{hIﬂ@ C@JBGCBBreE%)@&ithDtﬁéb period for
‘droplet-ejection froma nozzle n determned to be functional. As is

apparenteﬁ§§ﬂ1éﬁébtuﬁﬂéumbberepaﬁt|on data bits in all shaded areas are set
at~ Reference characters PNMi (i = 1 to 8) in Fig. 13 each
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 direétion.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 direction, and the relatiopship
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 read an

'ejection pattern while taking into consideration the
deflecting direction, as indicated by the shaded areag in

Fig. 13. With respect to the nozzle n in Fig. 13, droplets

~are ejected based on an ejection pattexrn "00011110".
Thus, if the nozzle n is malfunctional, it is necessary
to determineian-ejection pattern for the éoxtesponding pixel

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




"0". On the other hand, ejection data bits "1" are given tl6 Ma@ha007

sub- periods other than the shaded areas so that a gray- scale |evel
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 enbodi nent, an ejection data bit "1" may be

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 levels that can
actually be expressed is 16 March 2007 52 |limted to half the overal
nunber of ejection sub-periods. GCenerally, a read-only-nenory (ROM is

d for .t i ection-patt 112B. ALt tively, d
acoess: ndbryPTHAY® G20 EREREScRTEUn IS SR nlior ) uni t o may. be used. In a
case where a B | 9ai58fa 108 $A01ATRANRE {L LAY digubbien. |0 other

e C to ot her

wor ds, the egj I'ng positions 'can be change esired positions.

Fur t her mepgpohdia:o @&Cfgﬂe@'le%i{v@regjmw t512BmpBysAld efgiati vel y function
as a storage nediumthat can be detached fromthe |iquid-ejecting

o appar at usal Basedi @on dthejdeteoni narion esubtrrbyptids ajedthiengrable

‘component 112B21 for nozzles that are determined to be
malfunctional. Fig. 14B corresponds to the table component
112B22 for malfunction-related nozzleg. Similar to Fig. 13,
the shaded areas in Figs. 143 and 14B each indicate an
ejection sub-period for droplét-ejection from a nozzle n
determined to be malfunctional. As is apparent from Fig.
‘14At the ajection data bits in all shaded areas are get at
ngr . On the other hand, ejection data bits““l“ 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 othexr than fhe shaded areas.
In the fourth embodiment, an ejection aata bit "1" may be
disposed in any position ﬁithin 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 overali 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




position determ ner 112D, the table-selector 112C sel ect s 18 Maoh eé¥pondi ng
table to be used by the PNM 112A. The determ nation result is used as :
information for determ ning whether the gray-scale data subject to §
conversion is intended for ejection through a normal nozzle or for 5
ej ection through a mal function-rel ated nozzle. For exanple, in a case where
the gray-scale data corresponds to a pixel that is not affected by

mal function of ejection, the table-selector 112C selects the table 112B1
for normal ejection. On the other hand, for exanple, if the gray-scale
data corresponds to a pixel that is affected by malfunction of ejection,
the tabl e-sel ector 112C selects either the table conponent 112B21 or the
tabl e conponent - 112B22 to conpensate for the mal function of ejection. 16
March 2007 53 According to the fourth enbodi ment, the tabl e conponent

112B21 is, first se|ecie and t t abl e coppanent. 11 2_LS: | ected in
the fol I'oWgd ﬁBu%‘aﬁ g?ﬁosoé’cﬁfgﬁ‘ﬁ BP%?EC% eeje(fé:tlz?.%l %ﬁ%splégl%%% to the fact
that, accordjn e flecti ' td gt fogst heygtrbodi ment, a
nozzl e det e?‘reﬁg%%%l%%’ ﬁe(}%adf%%%??%%!écfle‘\fpidr@)ag&grgg and a nozzle affected

by SUCh_é%Jdi%‘ht-FQEtQ{:n%&ﬁﬂfﬁl@@@eaﬁ§t@fﬁﬁm%- a Gangegquently, if the
deflecting direction is opposite to. that in the fourth enbodi nent, the

sel ect i (qrdagst-hembabl eramel @ tdahet]l 26ntosndspond imegloyybeodhesmapposi te. The
sel ection between the two table conponents 112B21 '

‘ be ugsed. In a case where a RAM is used, the tables can be
freely rewritten. In other words, the ejecting positions
can be changed to other desired positions. Furthermore, the

- ejection-pattern memory 112B may alternatively function as a
storage medium that can be detached from the ligquid-ejecting
apparatus.

Based on the determination result by the ejecting-
position determiner 112D, the table—selectof 112C selects a
‘cofresponding 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 ejeétion 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 seléctsrthe table 112B1

for normal ejection. On the other hapd, for example, if the
 gra§—sca1e'data corresbogds to a pixel that is affected by
malfunction of ejection, the table—selector 112¢ selects
'_either the table component 112B21 or the tabile coﬁponent'.

' 112B22 to compensate for the malfunqtion of ejection.




and 112B22 can be done by, for exanple, a toggle switch. 150Mirch2680% tch is
operated based on a determ nation result corresponding to the gray-scale
data for a pixel affected by malfunction of ejection. Furthernore, in a
case where information regarding the mal function of ejection is given in
the determnation result by the ejecting-position determ ner 112D, the
sel ection between the two table conponents 112B21 and 112B22 may be nade
based on such infornmation. In such a case, a selection swtch that
operates based on the informati on may be provided. Based on a wite
address generated by the wite counter 112F, the ejecting-position
deteimner. 112D determ nes whether ©F not gray-scal e data subject
to.conversion 16 March 2007 54 corresponds to a pixel affected by

mal function of ejection. Fig. 15 is a schematic diagram of the

-ej ecting-position..deternner ) ' i ng; WhleORoAsLSEE ner 112D
i ncl udes a n&FFﬁﬁg%Pgng -p%%i?%%%gggggsﬁgﬁgﬁg’?%5%%%Eﬁg aoﬂgonparator

11202, The,um fungti,Qraleapest by ONudatdeemBiY cddeddersd anesabnier mation
regarding the positions of pixels Tfacing nozzles deternined to be

mal f unct senédtedngh thdf epTBbivong ragardiofg subsegasit i rsy-efcapexel s af f ect ed
by malfunction of ejection. The conparator 112D2 conpares the positional
i nf or mat date gerneriat dd byet he whé tERTTO WHIBST, ateprindg théhe
‘deflecting direction in the fourth embodiment, a nozzle
determined to be malfunctional first appears and a nozzle
affected by such malfunction ofrejection 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 téggle switch.
Such a éwitch 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 regarding the
malfunétion of ejection is given in the determination result
by the ejecting-position detefminer 112D, the selection
between_the two table components 112B21 and-112322 may be
made based or such information. In such a case, a selection
switch that opérates 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_cqnyersion




mal functi onal - position information. Wien the two positiondls MafhQoat i on
itenms correspond with each other, the conparator 112D2 determ nes that the
correspondi ng gray-scale data is affected by mal function of ejection. On
the other hand, if the two positional information itens do not correspond
with each other, the conparator 112D2 determ nes that the gray- scale data
corresponds to a pixel subject to nornmal drawing operation. If the

tabl e-sel ector 112C determnes that a predeterm ned nunber of gray-scale
data itens followng the first determ nation input of the gray-scale data
affected by the mal function corresponds to pixels affected by malfunction
of ejection, the nmal functional -positspn-data- nmenory 112D1 may store only

t he positional information of 16 March 2007 55 the pixel that can be read
t he quickest of all the pixels affected by the malfunction. Accordingly,

the tabl g-sel ector. 192G ang | hec qml L4c) |,0A3l-ROSLA | S0 falasBRIOry 11201

may make an” —appropriate~se on the processing content and the

MeEnory cengen e eRLREE: aTHG-APA 4 i9RALjeBE 2RgBRIdQR 19@Nt to the
conparatorbll%ﬁm9éf$on1f%e mwitéQ%%unter 112Fjis aﬁggédreéé of an ejection

sub- peri gdcpERYHhOHS 12 t hehsuby petfimg s itdienwakt ermidsiess2nsent to the _
buffer nmenory 112E for determ ning the pixel position corresponding to the
gray- scaliectlatiast® dpel functional-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 tﬁo 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.
1f the table-selectoxr 112C determines that a
bredetermined number of gray-scale data items following the -
first determination iﬁput 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




processed by the PNM 112A. The buffer nenory 112E is for tigmagscrRrody
storing ejection pattern data. The buffer nmenory 112E includes RAMS 1 and
2. The ejection data bit is read fromand witten to the RAMS 1 and 2. In
ot her words, while one of the RAMS 1 and 2 perforns a witing operation,
the other perfornms a reading operation. The wite counter 112F generates a
wite address for the buffer menory 112E and positional information for
the conparator 112D2. Based on the generated wite address, the witing
operation of ejection data bits is perforned. The read counter 112G
generates a read address for the buffer nenory 112E. Based on the
generated read address, the readingsgperation of ejection data bits is
perforned. 16 March 2007 56 The reading operation of an ejection data bit
is performed for each ejection sub-period. The read counter 112G nust take
into consjderation the deflecti ej ect.i r Lhg nozzle for
gener at | hig® Pl Thadr E88 P 5ea%%lllés 13(:%%3%3??2&%?%}%:%&%?% ge r ead

count er 1%gé%U§§1§£?g% %gigggctggh_the read counter 112G includes a

r ead- addfess  gene and a read-address shifter 112&2 for shifting
the gener at eq, J£3dindtd! 6S%e idhdike sdaklkeeti ngediaerttien. The read- address
shifter 112Q& adds anh i1ndication value for the deflecting direction to
each col yansaslesSli-pokheion-data-memory 112D1 may make an

'appropriate selection based on the processing content and
;the memory content of each other.

The positional information sent to the comparator 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
ﬁosition_corresponding to the gray-scale data to be
processed by the PNM 112A.

Thé 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 RAMes 1 and 2. In other words, while one of the RAMs 1
and 2 performs a writing operation, the other performs a
réading operétion.

The write counter 112F generates a write address for
the buffer memory 112E and positional informatiqn for the
éomparator_llZDz. Based on the generated write address, the
writing operation of ejection data bits is perfdrmed.

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 is performed.




read address input fromthe read-address generator 112Gl. 16RdercBRRempl e, 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
i's sent . to the table-selector 112C as a new col umm address. On the other
hand, each row address is directly output to the table-selector 112C Fig.
17 is a schematic diagramof the read-address shifter 112&. An adder
112Q&21 is provided for transmtting each col unm address. Like the. shaded
areas in Fig. 13, the ejection data bits are read fromthe buffer nenory
112E in a zigzag nmanner. Based on the read ejection data bits, each head
chip 113 ejects droplets fromthe cgrresponding nozzles. The ejection of
droplets is perforned by an ejection driver 113A ----- ----- -------- -----
16 March 2007 57 according to a droplet-ejecting nethod. 4-2. Operation

The operation of the |iqujd-ejecting appara h i 11 will now

be descﬂﬂﬁb&eaﬁFPgtOP?¥é¥ 4ﬁ Pnpgg?ﬁfiép ééh §1eveF é??%% f usi on on

8-bit pi ture ata e ta or text data. According to such
et P ERe R,

multile bit picture data is converted to 4-bit

gray-scal e d ah 8cdabae | Saigeintl cbhsidablmaselet or 112C
via the PNNI?%%AFJ%gcg£&¥ﬁ§Cejectlng position determ ner

deflective ejection from a corresponding nozzle for
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 112G1 and a
feadmaddress shifter 112G2 for shifting the generated read
address in the deflecting direction.

The read-address shifter 11262 adds an indication value
for the deflectlng direction to each column address in the
read address input from the read- address generator 112G1
For example, if no deflection is requ;red, an indication
value "0" is added, whexreas if deflection is required, an
indication value "1" is added. The added result is sént to

the table-selector 112C as a new column address. On the
éther hand, each row address is diréctly output to the
table—séiector 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 areasrin Fig. 13, the ejection da;a‘
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 nozzleé. The

" ejection of droplets is performed by an ejection driver 1134




112D determ nes whether the gray-scale data to be processad Marghabdect ed or
not affected by mal function of ejection. The determnation result is sent
to the table-selector 112C. According to the determ nation result, if the
gray- scale data corresponds to a pixel to be drawn only through a norna
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
determnation result, if the gray-scale data corresponds to a pixe
affected by mal function of ejection, the table-selector 112C first selects
the tabl e component 112B21 and then reads a corresponding ejection
pattern. In this case, the ejectionspattern shown in Fig. 14A is read.
Subsequently, the table- selector 112C selects the table conponent 112B22
‘and reads a 16 March 2007 58 corresponding ejection pattern. In this

case, the ejection attern shown 4B is read. Consequently,
gray- scafe® J?ch(i}f:’rg‘ é ﬂ@f%% ‘?Jdecé:lf)}igxe th é'be drawn through a nor nal

nozzle is converted to an ejection pattern by using the table 112B1 for
normal ejection. On the other hand, gray-scale data corresponding to a
pi xel thatgis a&&g&g@qogy mal function of ejection is converted to an
ejection pattern by using the table conponent 112B21 and the table
conponent 112B22cpetat tampensatsi Agghod- emecmakjuﬂE@WéhuéfS@®@tﬂan
Accordlngly, for a mal functional nozzle, an ejection
Fig. 11 will now be described. First, the DSP 111 performs
multilevel eﬁror 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 1123A. Here, the ejecting-position determiner
112D determines whether the gray-scale data—to be processed
is affected or not affected by malfunction of ejection.: The
determination result is sent to the table-selector 112C.
According to the determination result, if the gray-
écale.data=corresp0hds to a pixel to be drawn only through a
noxrmal nozzle,'the table-selector 112C selects the table
11281 and sends the read ejection pattern to the PNM 112A.
On the other hand, aécording to the determination
result, if the gray-scale data corresponds to a pixel
éffected by malfunction of ejection, the table-selector 112C
| first selects the téhie component 112B21 and then reads a |
éorresponding'ejection.patterﬁ;' Tn this case, the ejection
pattérn shown in Fig. 142 is read. . Subsequently,-the.table—

selector 112C selects the‘table'component 112522 and reads-a-




pattern whose ejection data bits are all set at "0" is reddMirtlhododhe
buffer nmenory 112E. Moreover, for a subsequent nozzle follow ng the

mal functi onal nozzle, an ejection pattern that maintains the gray-scale

| evel of the pixel corresponding to the gray-scale data is read.
Accordingly, as long as mal functional nozzles do not continue in a
repeat.ed manner, droplets can be ejected so as to conpensate for such

mal function of ejection. As a result, the gray-scale |level 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, evesy other nozzle in the line direction
is determned to be malfunctional. - - ------- ------ 16 March 2007 59
Referring to Fig. 18, each position of a nmalfunctional nozzle is indicated

by an "x", M : i ndi i ect. b b
Ly e S, EpEIaOhae nChem S aecgnedatadi L Lo be

read by uncti o area 1s given an ejection

.dat a bitpggﬁsrnléﬁoggigncg§§;v¢@§eaéﬂgyaa_other nozzle is mal functional, four
‘pi xel s can be drawn, each Wth a maxi mum of four droplets, as indicated by

ci rcul ar dot $chBefhen€iPWM Gy -EHrale) st edconasipgondingf téd he miredl ets in this
case is accurate. Accordingly, if the maxi mum val ue of the gray-scale data
‘i's fourtotierdraws nbrdegera orenaln rofzzilhelpi crnirertgdalt g2

“ejection pattern by using the table 112B1 for normal

ejection. On the cher haﬁd, 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

compengating for the malfunction of ejection.

Accordingly, for a malfunctional nozzle, an ejéction

"pattern whose ejeétion.data bits are all set at "0" is read
frém 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
gorresponding 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 ejectioﬁ. As a result,
the gray-scale 1evei can be properly expfessed.

Fig. 18 illustfates an examplé in which the droplet
ejection can be deflected in two directions. In this case,
one pixel can be drawn ﬁhrough-two nozzles. In Fig. 18,
:every-other.nozzle in the line direction is determined to be

malfunctional. _ = ' i




Furthernore, even if the maxi numval ue of the gray-scal e 1daiacezo®eds the
val ue four, a picture having a substantially equival ent gray-scale can be
achi eved. Another exanple will be described with reference to Fig. 19. The
exanple. in Fig. 19 is simlar to the above exanple in that the droplet

ej ection can be deflected in two directions. The difference is that the
mal functi onal nozzles continue in the line direction in a repeated manner.
In this case, the sanme conpensation process as in the exanple in Fig. 18
can be perfornmed for the two outer pixels of the three consecutive pixels.
In other words, if the maxinumvalue of the gray-scale data is four, there
is no deterioration of the picturgzﬂyqlity. However, the pixel in the

'm ddl e cannot -be conpensated for sitice the ejection data bits for all the
sub-periods are 16 March 2007 60 set at "0". 4-3. Advantages of Fourth

“Enbodi nent According to the |iquid-ejecting app%ratus gf Hpe ourth
enbodi ment, BeEATFINGdie %9t A€ nE2FPeROHH EORIf BnREH OHKIE 1888 to ej ection

LI B S0 SO o SRS, (LIRS, AP SO fgcl =t to o
51 Crguid ReFerhpgohoalid A% & bll thag P Ak elnébrodesent
| nozzles. Each shaded area is givén 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, eﬁen if the maximum value of the gray-scale
" data exceeds the value four, a picture haviﬂg 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 thét the droplet ejection can be deflected in two
directions. The difference is that the malfunctional

nozzles continue in the line direction in é_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. 1In cher 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-




invention is an exanple in which droplets can be defl ect ed6 MarchRO&P
directions, nanely, the forward direction, the right direction, and the

l eft ~direction. The basic structure of the fifth enbodinment is the sane as
that of -the fourth enbodi ment. The read-address shifter 112& adds val ues
"-1, 0, +1, -1, 0, +1, -1, 0" to the corresponding colum addresses of the
read addresses generated by the read-address generator 112GlL. so that the
droplets can be ejected in the directions "l eft-forward-
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 bdts correspond to the shaded areas. 16
March 2007 61 |In other words, it is necessary to read an ejection pattern
"00100010". As described previously, if the n-th nozzle can function
properlyg.thegrenis 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 ejection, whichis a

-~ di stinctive-3 eatadeantafgetshe f Fhtthtenbashdiment The table 112B2 i ncl udes
three types of table conponents, nanely, a table conponent 112B21, a

" tabl e conpondsicoriipgn toghlie al @bl & CeHpoRgnEPRAYE2E of the

‘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. FPifth 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 direction.

The basic structure of the fifth embodiment is the same
as that of the fourth embodimenﬁ. The read-address shifter
112G2 adds values "-1, 0, +1, -1, 0, +1, -1, 0" to the
.cdrrequnding column addresses of the read addresses’
generated by the read-address generatoxr 112G1. so that the
dr0p1ets can be ejected in the directions "left-forward-

_ right~leftjforward-riéhtwleft—forwardh.

To pexform sucﬁ deflection control for an n-th nozzle

ih Fig. 20, it is necessary to read an ejectiqn pattern in

which the ejection data bits correspond to'the shaded areas.




The tabl e conponent 112B21 is for pixels facing nmalfunctiléfdhrch@287 es.
Referring to Fig. 21B, an exanple of the table conponent 112B21 is
illustrated. In this exanple, ejection data bits 110" are provided in
sub-periods.in which droplets are to be ejected to an n-th pixel through a
mal functi onal nozzle. Specifically, the ejection data bits in row
addresses of the first, fourth, and seventh bits are set at "0".

Accordi ngly, the gray-scal e expression corresponding to each

gray-scal e-level data itemPNM (i =1, 2, 3, 4, or 5) is achieved by
usi ng the unshaded areas in the drawing. In the case of Fig. 21B, the

- droplet-ejection corresponding to -tée gray-scale-level data item PNML is
set at the O-th bit 16 March 2007 62 of the row address. In such a case,
since there are five unshaded areas in each data item the gray-scale

expressi o GaRe PeRRPeNlY 1 sa5bbeyad-Yith rdpat on de TEuEiBUNpattdive dropl ets.
The two remaining table conponents 112B22 and 112B23 w || now be

.descri bedgoTheci@bl e component 112B22 is for an (n + 1)th pixel affected
by mal function of ejection. Referring to Fig. 21C, an exanple of the table
- conponent 11BZRsicyibkelustentathl,nifhibeerappliwzzdpeedon data bits 110"
are provided in sub-periods in which droplets are to ejected to an (n +
1)th pi xEMnehiGu@ErParaivh utBerents HoRAWLenshRcFirda iy #e ej ection data

[ in.row r f th ' . .
bi'ts e?ec€§¥%1%§§§§gé%. tngever, if the n-th nozzle is determined

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,
é table component 112B22, and a table compoﬁent 112B23.

| The table component 112B21 is for pixels facing
malfunctional nozzles. Referring to Fig. 21B, an example .of
‘the table Compoﬁent 112B21 is illustrated. In this example,
 ejection data bits "0" are provided in sub—periodsiin 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
set at "O".
| Accordingly, the gray-scale expression correspdnding to
each gray-scale-level data item PNMi ki =1, 2, 3, 4, or 5)
is achieved by usiﬁg the unshaded areas in the drawing. In
'the case of Fig. 21B, the droplet-ejection corresponding to

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




second and fifth bits are set at "0". In this case, the griapachReo7
expression corresponding to each gray-scale-level data itemPNM (i = 1,
2, 3, 4,.or b5) is achieved by using the unshaded areas in the drawing. In
the case of Fig. 21C, the droplet-ejection corresponding to the

gray-scal e-level data item PNMB is perforned at the O-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 wth up to a maxi num of six droplets. On the other hand, the
tabl e conponent 112B23 is for an (n - 1)th pixel affected by mal function
of ejection. Referring to Fig. 21A ean exanple of the table conponent 16
March 2007 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 pixe | functional nozzle. Specifically, the ejection
dat a bitéfi%hégéﬁgg£¥§§ggé of the O0-th bit, the third bit, and the sixth

bit are set aty ich hNchdd S £382 thee0haY-S0Al arexpAggsapEacdnr espondi ng
to each gray-scal e-level data itemPNM (i =1, 2, 3, 4, or 5) is achieved

by usi ngehfie aushadesh,atBasgiaytdenidy anprgssiom ¢dre beapeopbrErg. 21A, the
dropl et-ejection corresponding to the gray-scale-level data itemPNM is
per f or redchatevdd wiftity sip. anda seondrbials févet Aecr¥RFsaddr esses. Since there

~are five unshaded areas_ in each data item the ray-sgalf
: The two remaining table components 112B22° and 112B23

will now be déscribed.‘ 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
ng" 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 £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, 4fiqr
5) is achieved by using the unshaded areas in‘the'drawing.
In the case of Fig. 21C, the droplet—ejection coxrresponding
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 gix unshaded areas in each data
item, the_gray—scale expression can be properly achievgd
with up to a maximum of six droplets.

On the other hand, the téble-component_llzBZB is for an
‘{n - 1)th pixel affected by malfunction of ejectibn.

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




expressi on can be properly achieved with up to a nmaxi num a6 Mdrclv200dr opl et s.
5-2. .Operation The operation of the |iquid-ejecting apparatus according to

the fifth enbodiment will now be descri bed. The operation according to the
fifth enbodinent is basically the sane as the fourth enbodi nent. First,
the DSP ill performs nultilevel error diffusion on 8-bit picture data,

i.e. image data or text data. According to such nultilevel error

di ffusion, the 8-bit picture data is converted to 4-bit gray-scal e data.
The gray-scale data is sent to the table-selector 112C 16 March 2007 64
via the PNM 112A. Here, the ejecting-position determner 112D determ nes
- whether. the gray-scale data to be .pracessed corresponds to a pixel to be
drawn only with a normal nozzle or to a pixel that is affected by

mal function of ejection. The determination result is sent to the

(201 & Sel e 120 Aecarding octbs, dehg e Lesults ikl he oray

scal e dat pi 0 awr roug nor mal

le, the table- t ) ts,t 21! ds th d
nozzle, the 4k kﬁfgﬁr‘{aﬁg 2 @%gm g5t $n the Ak ep14d2Blrang sends the rea

ej ection pat A the other hand, according to the
det er m nafd Qg £68SHAht (ni I 1héh Piakisenlsugiata nkQFLASPOAGSL trza 1pi. xel

af fected by mal function of ejection, the table-selector 112C first selects
t he t’-abl&:@rﬁi@la&ﬂly, 142823jertd. cnhdntachilss ain row addresses of the
| 0-th bit, the third bit, and the sixth bit 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) 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 gfayvscale

expression can be properly achieved with up to a maximum of

five droplets.

5-2. Operation
The operation of the 1iquidwejécting apparatus
according to the fifth 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 8-bit
bicture data.is_converted to 4-bit gray-scale data.

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




correspondi ng ejection pattern. In this case, the ejectiornéMNakcheos’ shown
in Fig. 21Ais read. Subsequently, the table-selector 112C sel ects the
tabl e conponent 112B21 and reads a corresponding ejection pattern. In
this case, the ejection pattern shown in Fig. 21B is read. Then, the

tabl e-sel ector 112C sel ects the table conponent 112B22 and reads a
corresponding ejection pattern. In this case, the ejection pattern shown
in Fig. 21Cis 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 nornmal ejection. On the other hand, gray-scale
data correspondi ng 16 March 2007 6564te a pixel to be drawn originally
through a mal functional fi nozzle is converted to an ejection pattern by
using the three table conmponents 112B21 to 112B23 for conpensating for

the mal fuACkhANoGl £15€! 1 Rze/CERL dlllihng Bbsdr il faichigal nozzl e, an
ej ection “pattern whose ejection dat ItsTare all set at 110" is read
from thehubf aeraBRDiys MleheOEROVEFay f¥a10a8Br80ZZ 1R padi-ageadl to the

mal functi onal nozzle, an ejection pattern that maintains the gray-scale

| evel of doveepprelis cora gsipefddcagbé cdtdven gnady- stah ea datrmalls npeatle
Accordingly, if malfunctional nozzles do not continue in a repeated
manner, @ropPetsptupl Hehradj dot affeeted Iy malfunction of ejection.

' The determination result is sent to the table-selector 112C.
According to the determination resgult, if the gray-
scale data corresponds to a pixel to be drawn only through é

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 determinatidn
result, if the gray-scale data corresponds to a pixél
- affected by malfunction of ejection, the table-gelector 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 tab1e~éelector 112C selects the table
component 112B21 and reads a corresponding ejection pattern.

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 corresporiding ejection pattern. 1In 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_qorresponding




conpensate for such mal function of ejection. As a result, 16tMercireyz7 scal e
| evel - can be properly expressed. Fig. 22 illustrates an, exanple in which
the droplet ejection can be deflected in three directions. In this case,
one pi xel can be drawn through three nozzles. In Fig. 22, two nozzles in
the line direction are determned to be mal functional, the two

mal f uncti onal nozzles having two nornal nozzles therebetween. Referring to
Fig. 22, each position of a malfunctional nozzle is indicated by an "x"
Mor eover, the shaded areas indicate ejection data bits to be read by the
mal functi onal nozzles. Each shaded area is given an ejection data bit "0".
In this case where two nal functional gpozzl es have two 16 March 2007 66
normal nozzl es therebetween, six pixels can be drawn, each wth a maxi nmum
of five or six droplets, as indicated by circular dots in the draw ng. The

ej ected Q%§gﬁbg%ﬁgft#r§%]&yaﬂgl8&§g%§aig%§jﬁ§§§hi§ RCCH@t8ondgcordingly, if

the nmaximum 0 € gray-sc ta i1sfive, there is no

det eri or (7,90 ¢Of 5t B8 RISl @oUHA! b ¥ct Tt hREReShXbPiuelsy treurt her more,
even if the maxi num val ue of the gray-scale data exceeds the value five,

t he gray-t3cakete¥pe essigrhanicbh119Bx1 de®@plietBEe3i Sost cdhpposgiibgefbor some of
the pixels, thus achieving high picture quality. Another exanple will be
descri bedhsi mhlfehertmeeft @jBcgion23. The exanple in Fig. 23 is similar to

t he above exanple ] , .
: Accordingly, for a malfunctional nozzle, an ejection

pattern whbse ejection data bits are all set at "0" 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 ejectéd so ag to
compensate for such malfunction of ejection. BAs 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 directioms. In thig 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
therébetween;_ |
- Referring to Fig. 22; éach position of a malfunctional
" nozzle is indicated by an "x". Moreéver, 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 ndzzles have two




in that the droplet ejection can be deflected in three dil6adaichd807 The
difference is that every other nozzle in the line direction is deternined
to be malfunctional. In this case, the same conpensation process as in the
exanple- in Fig. 22 can be perfornmed for the five consecutive pixels.
However, for the pixel in the center, only a maxi mumof three droplets can
be ejected to the pixel range to prevent the nunber 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 exanple will be described with reference to Fig. 24. The
~exanple in Fig. 24 is simlar to theghbove exanples 16 March 2007 67 in
that the droplet ejection can be deflected in three directions. The
difference is that the nalfunctional nozzles continue in the line

direction in a repeate tALS, YW ERsahi ALdH ocess can be
performeB‘"’?“B?l T e@oﬁ? %/%eepl}'xellgc ;é/\:/g‘of/e%rpon |y two outer pixels of

(the four ¢oaSeoUl]¥eup %ekﬁvga&asclm QB Bes OTAY -isEakateaxpy essi on
eqU|vaIen% er ‘exanpl es. 'The two outer pixels can be expressed

with a maxipymofadiis/@nOknsi drawiapl etthe EHpwenal pdmitdoseobftiehe
non-ej ecting sub-period, only a naxi mumof two or thiree droplets can be

ej ect ed Hecpherd W thigeeapexss sacduratenpakicordisialy aiéasee where no
drqplet-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 flve, 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 differencelis that every dther nozzle in
‘the line direction is determined to be malfunc;ionel. In
this case, the same compensation process as in'the example
iﬁ Fig. 22 can be performed for the five comnsecutive pixels.

. However, for the pixel in the center, only a maximum of
three droplets can be ejeeted to the pixel range to prevent
the number of non—ejecting sub-periods f;om doubling.

The other pixel ranges can still be expressed with a
maximum of five ox sii droplets, thus maintaining high
plcture gquality.’

| Another example will be described with reference to Fig.

24. The example in Fig. 24 is 51mllar to theﬁabove examples.




ejection is allowed or a case where a droplet is ejected 16Mach2elry
position, the exanple in Fig. 24 can still allow droplets to be ejected to
their proper positions and mninally keep the picture quality from
deteriorating. On the other hand, if the maxi mumvalue 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 Enbodi nent
According to the liquid-ejecting apparatus of the fifth enbodi nent, even
if sone of the nozzles are determned to be nmalfunctional, due to ejection
inability or deviation, for exanple, droplets can still be ejected to an
accurate 16 March 2007 68 positiensto-achi eve the proper gray-scale

| evel . 6. Sixth Enbodi nent A sixth enbodinent is an exanple in which
droplets. can be deflected in four or nore directions. Simlar to the

above embqdifeot Spe tﬁ’rdi:l’l%\ﬁ' ghestfoétgafﬂ @J enbradpbes of &akle conponents

for mal functional nozzl'es to " performdeflective ejection, the malfunction
~of ej ect hopeEiloRe. COMMERSEERLehOE -is IthaR! RAE WAL fisnctSitaidICONPENsation can

be achieved by ejecting droplets to each pixel range fromfour or nore
di r ect i onszz¥es SevenirueEdbodhaehine Bilrectiibauiih &i geped dds mansehemat i C
di agram of a liquid-ejecting
In this case, a compensatlon process can be performed for
‘four consecutive pixels. However, only two outer pixels of
the four consecutive pixéls 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-period, only a
maximum ofltwo or three droplets can be ejected to the two
inmmer pixels. In comparison with a case whére ne 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 picturé guality from detexriorating.
Cn 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 11quid-ej€cting épparatus of the fifth
gmbodiment, even if some of the nozzles are determiﬁed to be
"malfﬁnctional, due to ejection_inability or deviation, for

. example, droplets can still be ejected to an accurate




apparatus according to a seventh enbodi nent of the presentls Madepgdon. The
structure and operation of such a liquid- ejecting apparatus of the seventh
ernbodi ment are basically the sane as those of the above enbodi nents.
Referring to Fig. 26, the distinctive feature of the seventh enbodinent is
that a table 112B100 for normal ejection and a table 112B200 for

mal function-related ejection are provided. Mreover, the table 112B100
includes a set of table conponents 112B101 to 112BI ON, and the table
112B200 i ncl udes a set of table conponents 112B201 to 16 March 2007 69
112B20N. Each of the table conponents 112B101 to 112B10ON corresponds to
the table 112B1 in the fourth enbodigent, and each of the table conponents
112B201 to 112B20N corresponds to the table 112B2 in the fourth

enbodi nent. In the seventh enbodinent, the table-selector 112C sel ects one

.of the table ggqponentg N £ac 55% ig%?gagggﬁ?pﬂggggses as in the above

. i
embodi meRPE R pé?f%%ﬁnaefor the sé e conponent 112B10i (i =1

.to N and table conponent 112B20j (j = 1 to N). The tabl e conponents
112B101 to 112B1ON for normal ejection are different fromone another. In
detail, egachgitablme@ipenent has at | east one correspondence relationship
between a gray-scale-level data itemand an ejection pattern different
from anot her A aliké¢h Fhbodbmentapsl essekanpldein which droplets can

‘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 wore

directions.

7. Seventh Embodiment
7-1. Circuit

Fig. 25 is a schematic diagram of a liquid-ejecting
apparatus aécording to a seventh embodiment of the present
invention. The structure and operation of such a 1iquid—.
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
éeventh embodiment is that a table 112B100 for nqrmal
ejection and a tablé 112B200 for malfunction—rélated
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




tabl e conponents 112B201 to 112B20N for nal functi on-rel at & M&jceBobo'oNn. I N
t he seventh enbodi nent, the table conponents 112B101 to 112B10N and the
tabl e conponents 112B201 to 112B20N are swi tched in a.random manner for

- every pixel. Consequently, even if the sanme type of gray-scale data is
input, the gray- scale data is converted to a different type of ejection
pattern. According to this nmethod, even when the sane type of gray-scale
data is input in a consecutive manner, the ejecting positions (or the
‘ejection timng) are distributed ------- -- -- - 16 March 2007 70 in a
~discrete manner. This achieves, for exanple, snoother refilling of liquid
after each droplet ejection process,g@and noreover, prevents the dropl et

ej ection from being adversely affected by vibration of the housing of the
i quid-ejecting apparatus. The selecting of the table conponents is
perforneq%gﬁzoﬁhe tabl e-sel ector 112C. In the seventh enbodi nent, a
random nunber “generator 112Cl1 is provided. A random nunber generated by

the random nusher gengLaf 96 114 Ohgnggeg% e(ﬁ_tgggthggﬁ sel ecting one of

t he tabl e conponents. ternatively, ata may be provided in the table-
sel ect or cd32Eeh s tlLehingapne Di2dihant ahkers@rponeicainth2Bldato 11281 ON

and one of the table conmponents 112B201 to 112B20N. In this case, the
tabl e i nether d8Ie: selbdet eomponents 112B201 to 112B20N corresponds

to the table 112B2 in the fourth embodiment. In the seventh

embodiment, the table-selector 112C gelects 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. Iﬁ 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

éjection.

In the seventh embodiment{ the table cﬁmponents 112B101
to 112B10N and the table components 112B201 to 112B20N are
switched in a‘random'ﬁanner for eﬁery pixel._ Consequently,
.éven if the same type of gray—Scale_data ig input, the gray-
scale data is converted to a different type of ejection
pattern. BAccording to this method, even when the same type
lof Qréy-SCale déta is input in a consecutive mannér; the

ejecting positions (or the ejection timing) are distributed




112C functions as a correspondence between a position of a6 Nsarsebo@nd one
of the table conponents 112B101 to 112BI ON, and between a position of a
~ pixel- and one of the table conponents 112B201 to 112B20N. Thus, the

tabl e-sel ector 112C can select a different table conponent corresponding
to the position of every pixel. Simlar to the above enbodi nents, the

positional information of each. pixel may be input fromthe wite counter
112F. Just for reference, exanples of the table wused for the selection of
. the table conponents are illustrated Figs. 27A and 27B. Fig. 27A

illustrates an 16 March 2007 71 exanple in which the table is formed of
basic table units each conposed af ypgwo rows by two columms. On the ot her
hand, . Fig. 27B illustrates an exanple in which the table is forned of
basic table units each conposed of three rows by three colunns. 7-2.

Oper ati on The,,operation of th qui ect i Fig. 25
will nowhé #&< EFFEEdma???%T Eﬁﬁﬁiﬁ gpe o%%%ﬁﬁﬁurfl eve rIeprorlg

di ffusi OPeﬁp.lﬁ.n? }afphg {§ 4 % ehcﬁ %f Salaigh b et angAccor di ng

to such err di Tfusion, -b|t picture data is converted to

4-bit  gpdecedl e g@{réntg hgaéymwpséal &j élad Pori Tremnbelng tidrdmbile- sel ect or
112C via the PNM 112A. Here, the ejecting-position deterniner -
affected by vibration of the housing of the 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
genefated by the random-number generator 112Cl 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
te 112B20N. In this case, the table in the table-selector
112¢C functions as a correspondence between a position of a

"pixel and one of the table components 1128101 to 112B1ON,

. eﬁd between a position of a pixel and one'ef the table
components 112B201 to 112B20N. Thus, the table-selector

'.1120 can select a different table component corfesponding to
the position of every pixel. |

' Similar to the above embodiments, the positional

information of each plxel 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




112D determ nes whether the gray-scale data to be processdd Maehregponds to
a pixel to be drawn only with a normal nozzle or to a pixel that is
affected by mal function of ejection. The determ nation result is sent to

t he tabl e-selector 112C. Simultaneously, based on a random nunber generated
by the random nunber generator 112Cl, the table-selector 112C selects a
tabl e conponent 112B10i (i = 1 to N) and a table conponent 112B20j] (j =1
to N) for gray-scale data conversion. Alternatively, two random nunbers nay
be generated such that one corresponds to the table conponent 16 March
2007 72 for normal ejection and the other corresponds to the table
conponent for mal function of ejectiom 4n the case of the seventh

enbodi ment, a single random nunber is used as a basis for selecting one of
the tabl e conponents for normal ejection and one of the table conponents

for ml fugetion of wBlSCLEAN:AiErd e,Selesti iRl L.l ahlescomponents,

the tabl e- ecto ooses one of the selected table conponents as a

ref er ence basednfhsdd & rdewer PbRathPn LT imis . asord Ghd @@€eaNhafpy opri at e
ej ection pattern corresponding to the gray-scale data. As described

previ ousiMig.t herr EEhRjretes08n @adiielan iins wiieht ene itadet He Bofhedl menory
112E via the PNM 112A. In such a case, for a malfunctional nozzle, an
ej ect i onofphatientalhles andfeceson ehnppdsd ofakleres |rayst bat thIee s read.

columns.

7-2. Operation
The operation of the 1iquid—eje¢ting apparatus shown in
Fig. 25 will now be described. First, the DSP 111 performs
multilevel errer diffusion on 8-bit picture data, i.e. image
~ data or text data. According to such multilevel error
diffugion, 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
éérresponds to a pixel to be drawn only with a normal nozzle
or to a pixel that is affected by malfunction of ejection.
‘The deteimination result is sent to the table-selector 112C.
Simultaneously, based on a random number generated by
_ ﬁhe random-number generatoxr 112C1, the table-selector 112C
selects a table component 112B10i (i - 1 to N) and a tabie
‘_componentlllszoj (j = 1 to N) for gray-scale datal
‘conversion. Alternatively, two randbm-ﬁumbers may be

:generated such that one corresponds to the.table component: ‘




Mor eover, for each of nozzles adjacent to the mal functi ondbMartdo2®7e, an
ejection pattern that maintains the gray-scale |evel of the pixel
corresponding to the gray-scale data is read. 7-3. Advantages of Seventh
Enmbodi ment In addition to the advantages of the above enbodi nents, the
sevent h enbodi nent advant ageously prevents uneven use of the ejection
patterns. This prevents deterioration of picture quality caused 16 March
2007 73 by inconplete refilling of liquid after each droplet ejection
process. Moreover, even if the ejecting direction is deviated due to

vi bration of the housing, the seventh enbodi nent prevents the deviated
spots from being noticeable since-.thg €jecting positions are discretely
di stributed. The present invention described above can be applied to a
printer head that ejects ink droplets. Furthernnre the present invention

o oo BE BRAAL L0 3R BRA) IR UARS UGer BLEGHAL (OF dil2e cBbLE e head

Mor eover ese I nventi on can a SO to a pr|nter haV|ng a

printer. cBﬁﬁQn@M ﬂc& %ﬁ%net@aﬁrd)ﬁaéjé&%ﬁes 1dhendhiae Jdrfoche drawn upon

by using the printer is not limted to paper, and nay alternatively be
ot her maketéails, entidim@nta pl astdgle wAidM almber aismisdd s amt eri al .
Furthernore, the present invention can also be applied to an inspection

devi ce t hatis ef@ctselieestinganpe est ashaltepilet somponents for normal

‘ejection and one of the table components for malfunction of
ejection.

After the selection of the table components, the table-
.selector 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 malfunctional
hozzle, an ejection pattern that maintains 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 deterloratlon of picture quallty caused




16 March 2007 74 CLAIMS: 1. An ejection control device 16dviaich&00@:
a'menory for storing a correspondence table between gray-scale data itens
and ejection pattern data itens, each gray-scale data itemdetermning the
nunber 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
determning the ejection timng of droplets; and a converter for converting
each gray-scale data itemof the corresponding pixel to the corresponding
ejection pattern data itemby referring to the table. 2. An ejection
control device conprising: a menory for storing multiple types. of
correspondence tables between gray-sral e data itens and ejection pattern
data itens, each gray-scale data itemdeterm ning the nunber of droplets
tobe ejected to a corresponding pixel so as to express a desired

gray-scahe |evelniet %f@!l%fﬂlg SA6N quBleakLaP LAY & data |tem determ ning

the ejection timng of droplets; a selector for selectlng one of the
tables; afecitsiOProckes . f onoeanual t icRgneaghtBE ayjstang datectiqm of the

corresponding pi xel to the corresponding ejection pattern data item by
referringstaetizecaldue sel ethetion bifethe- heusing, the- sevdbtiarch 2007
embodiment pievénts 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 proceésing
cireuit 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
dréwn 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.




75 selector. 3. The ejection control device according to 16Mamh2007 wher ei n
the selector selects one of the tables based on the position of the
correspondi ng pi xel to be processed. 4. The ejection control device
according to Caim?2, wherein the selector selects one of the tables based
on a random nunber. 5. The ejection control device according to one of
- preceding clainms, wherein each table includes at |east one ejection
pattern data itemin which the ejection timng of droplets is
non- consecutive. 6. The ejection control device according to one of
precedi ng clains, wherein the nenory is rewitable such that the content
in each table can be changed. 7. A Ii @i d-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 cepomkets to be ejected to a corresponding pixel so as to express
the. desired gray-scale |level of the pixel, each ejection pattern 16 March
2007 76 data itemdetermning the ejection timng of droplets; a
converter for converting each gray-scale data itemof the corresponding
pi xel to the cdorréspéhtinipejeuttinn deaticer aodpxisingm by referring to the

tabl e; and ) .
_ : 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 80 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 converting each gray-scale data item of
the corresponding pixel to the eorresponding'ejection

pattern data item by referring to the table.

2. Bn ejectionicontrol device comprieing:

a memory for storing multiple types of correspondence
tables between gray-scale data 1tems and ejectlon pattern
‘data items, each gray—scale data item determlnlng the number

.of droplets to be ejected to a corresponding pixel so as to

express a desgired 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

pettern data item by referring to the table selected by the




an ejection driver for ejecting droplets through a corredpdiadchng0dvozzl e
based on the ejection pattern data item 8. A liquid-ejecting apparatus :
conprising: a nenory for storing nmultiple types of correspondence tables -
bet ween. gray-scal e 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 so as to express a desired gray-scale |evel of the

pi xel, each .ejection pattern data itemdetermnmning the ejection timng

of droplets; a selector for selecting one of the tables; a converter for
converting each gray-scale data itemof the corresponding pixel to the-
corresponding ejection pattern data 7bemby referring to the table
selected by the selector; and an ejection driver for ejecting droplets
_through a correspondi ng nozzle based on the ejection pattern data item

9. A nethedlkoetocontrolling an ejecting operation, conprising the steps
of : 16 March 2007 77 referring 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
correspondlng3%1x€mes§3&§t@@ne%®m@§§-@6deseredcgw@wngSBaKEehewel of the

pi xel , eac, eotlon attern data item deternlnln% the ejection timng of
droplets aé lector selects one of the tables based on the

p051t10n of the corresponding pixel to be processed.

4. The ejection coﬂtrol device according.to Claim 2,
. wherein the selector selects one of the tables based on a

random number.

5. The'ejection control device according to one of
preceding c¢laims, 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 claims, wherein the memory 1is rewfitable such that

the content in each table can be changed.

7. A 1iquideejecting apparatué comprising:
a memory for storing a cerrespondeﬁce table between
- gray-scale data items and‘ejection pettern data items, each
;gray—scale date-item determining the numper of droplete to
ebe eﬁected to a corresponding pixel so as to express the

"rdesired gray-scale level of the pixel, each ejection pattern




converting each gray-scale data itemof the correspondi ng6piaceh 2067 t he
corresponding ejection pattern data item based on the table. 10. A nethod
for controlling an ejecting operation, conprising the steps of: selecting
one of multiple types of correspondence tables 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 itemdetermning the ejection timng of droplets; and
converting each gray-scale data itemof the corresponding pixel to the
corresponding ejection pattern data itemby referring to the sel ected
table. il; A recording nedi um havi-ngérecorded thereon a program which can
be readby a conputer, wherein 16 March 2007 78 the programallows the
conputer to refer to a correspondence table between gray-scale data itens
-and e e&&éaopt at HeE Dy Hat fnd 11 o j8BE DA BYmSRAlE dabplétem det ernining

- the. nunmber o roplets to be ejected to a corresponding pixel so as to
express a degi refveFEdr el @onkevein®feddie griayebcakaciatej éderontpattern
data item determning the ejection timng of droplets, whereby the

conput ercleoveespeadhngrpixesic &loe that aorresp@idimge ejection

pattern data item by referring to the table; and
an ejection driver for ejecting droplets through a

cdrresponding 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 s0 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 aﬁ-ejeCting bpgration,

'cdmprising the steps of:




correspondi ng pixel to the corresponding ejection pattern 16ddaeh20@m based
on the table. 12. A recording nedi um having recorded thereon a program
whi ch can be read by a conputer, wherein the programallows the conputer to
select one of nmultiple types of correspondence tabl es 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 corresponding pi xel
SO0 as to express a desired gray- scale |level of the pixel, each ejection
pattern data item determning the ejection timng of droplets, whereby the
conputer converts each gray-scale data itemof the corresponding pixel to
the corresponding ejection pattern data itemby referring to the sel ected
table. 13. A programfor allow ng-a’donputer to refer to a 16 March 2007

79 correspondence table between gray-scale data itens and ejection
pattern data itens, each gray-scale data item determ ning the nunber of.
droplets to hefeyreicicedot 8 aorcesp@Esizond ngbpe Xedtweragrhy-expiess a desired
gray-scale level of the pixel, each ejection pattern data item

det er ni dehg ibhengjand jectisfingabiewn olitat dtewler edgh tdr@y-cowpat er converts
~each .gray-scale data itemof the corresponding pixel to the corresponding
ej ect i of2pat +eFh IHRTPIEM RS TBreY 1RF BPdetd 4to og &FSEEHf or al | owi ng

a Conpukgrat80§§g ﬁénéyﬁ% %Exel 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 based on the table.

10. A method for controlling aﬁ ejecting operation,
comprising the steps of:
selecting one of multiple types of correspondence
- tables betweén gray-scale data items and éjection pattern
data items, each gréyescale.data item determining the number
of droplets to be ejected to a corresponding pixel so as to
- express a desired_grayfscalé level of the pixel, each
ejection pattern data item detexmining the ejéctioﬁ timing
of droplets; and
| converting each gray-scale data item of the
cofresponding pixel to the corresponding ejection péttern

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




multiple types of correspondence tabl es between gray-scal g6 Madch2002nms 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 ejection pattern data item
determining the ejection timng of droplets, whereby the conputer converts
each gray-scale dataitemof the corresponding pixel to the correspondi ng
‘ejection pattern data itemby referring to the selected table. 15. An

ej ection control device for controlling ejection of droplets for a

| i qui d-ej ecting apparatus provided with an ejection head, the ejection
head having nozzles each being capable of ejecting droplets to nmultiple 16
March 2007 80 pixel ranges by deftet®ion of the droplets, the ejection
control device conprising: a determ ner for determ ning whether or not each
gray- scale data item subject to conversion corresponds to a pixe

af fected by makfppogiran oflejechecorpmanten tcomedierercof ar converting the
gray-scal e data item subject to conversion to an ejection pattern data
item verrrdsposdeageohabhe kietesan saeyvorcabeufatdyitems dederminer, if the
gray-scale data itemcorresponds to a pixel not _affected by mal function of
‘ej ect i orfItHe FoRGEFEER @6H§e+?%ﬁsf ERENgPEIY SRR ke AR A8 to the ejection

.pattern éggé%ﬂfﬂigb the number of droplets to be ejected to a
lcorresponding pixel so as to express a desired gray-scale
.level of the pixel, each ejed¢tion pattern data item
"determining the ejection timing of droplets, ﬁherehy 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 computer to select one of
multiple types of correspondence tables between gray-scale
.déta 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 eje&tion 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. A program for allowing a computer to refer to a.

S




by referring to afirst table for a pi xel not affected by 16thafchr?g0? on of
ej ection, and based on the determ nation result by the determner, if the
gray-scal e data itemcorresponds to a pixel affected by malfunction 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. 16. The ejection control
device according to Caim15, wherein the second table conprises first and
second table 16 March 2007 81 conponents, the first table conponent being
used for a nozzle which is determned to be mal functional, the second
t abl e conponent being used for a ndzZPe 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
conpr i seSCTFRFRIIANqSy feblef betiten conporsealls, dand itheneiand he ej ection
control device further caonprises a selector for selecting one of the table
conponent4FooRy MRt edRafatyat tetdon Rl gFayiscake |dafid d-tejrect i ng appar at us
provi dedgw {h ej.ection head, the _ejection head havi ng nozzl es each
bei.ng capaecb eﬂgfngejtzléat PREPSE opt ecirsoﬁjtétﬁultf’i Bree RS (tohges by '
- corresponding pixel so as to express a desired gray-scale

level of the pixel, each ejection pattefn data item

determining the ejection timing of droplets, whereby the

computer converts each gray-scale data item of the

corrgsponding 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 dataritems, each_gray;scale
data item determining the number of droplets to be ejected
to arcorresponding pixel so as to express a desired gray-
scale level of the pixel, each ejection'pattern déta item

‘.-determining the ejection timihg of droplets, whereby the
computer gohverts each gray-scale data item of the
corresponding pixel'tq the corresponding ejection pattexrn

data item by referring to the selected table.

15. An ejection control device for controlling
',¢j8ction of droplets for a liquid—ejectingrapparatﬁs
provided-with an ejection head, the ejedﬁion-head having

.nozzles each being capable of ejecting droplets to multiﬁlé'




defl ection of the droplets, the I|iquid-ejecting apparatus 160daph286hg: a
determ ner for determ ning whether or not each gray- scale data item
subj ect 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
determ nation. result by the determner, if the gray-scale data item
corresponds to a pixel not 16 March 2007 82 affected by nmal function of
ej ection, the converter converts the gray-scale data itemto the ejection
pattern data item by referring to a first table for a pixel not affected
by malfunction of ejection, and based on the determ nation result by the
determiner, if the gray-scale data8%em corresponds to a pixel 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
whi ch ejeitdloiradgta by tdefleetiat afigeHe i drépTEumierncheueethadndropl ets are
to be deflectively ejected only fromnozzles that function properly; and
an ej espitowlddevéce formmgjiediong dropl ets based on the ejection pattern
data itemvia the ejection head. 19. A nethod for controlling ejection of
droplets for& 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 patterm data item,
wherein
based on the'determihation result by the-determiner,
if the gray-scale data item-correspoﬁds to a pixel not
affected by malfunetion 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 éorr38ponds'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.

16. The ejection control device adcording to Claim 15,

wherein the second table comprises_first and second table




a liquid-ejecting apparatus. provided with an ejection heddMarkche0® ection
head havi ng nozzl es. each being capable of ejecting droplets to nmultiple
pi xel ranges by deflection of +the droplets, the nethod conprising the
steps of: determ ning 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 16 March 2007 83 based on the determ nation
result by the determner, if the gray-scale data itemcorresponds to a

pi xel 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 for a pixel not affectedlby nmalfunction of ejection, -and based
on the determnation result by the determner, if the gray-scale data item
corresponds to a pixel affected by nalfunctlon of ejection, the converter
convert sdppr@ndy; skdl £idal adpiencbapdientejrdiicomspdt fFermdata item by
referring to a second table in which ejection data bits are arranged in a
manner swedrltchahidhops edstamened be bdefdlBaidtienple]j tbeeteomid/ from
nozzl es that function properly. 20. A recording nedi um having recorded

t her eon &bPisy GoFRATGAT creith ysedr éad %yﬂcaz%%ﬁ@%éﬁcenﬁhé?e he

malfunctional nozzle in the deflecting direction.

17. The ejection control device according to Claim 15,
wherein one of the first and second tables comprises
.multiple types of table componéﬁts, and
| wherein the ejection control device further comprises a
selector for selecting one of the table components for.grayé

scale data conversion.

18. A liquid-ejecting apparatus provided with an
‘ejection head, the ejectibn‘head having noziles each being
capable of ejecting droplets.to multiple pixel ranges bf
deflection of thé droplets, the liquid-ejecting apparatus
comprising:

a determiner for detérmining-Whether or not each gray- -
scale data item subjecﬁ to comversion corresponds to a pixel
Aaffectedrby.malfunction of ejection;

a converter for chvefting the gray—scale daté,item
éubject ﬁé conVersion:to an ejeétion éatterhldata‘iteﬁ,
wherein

based on the determination. result by the determlner,

1f the gray~sca1e data item corresponds to a plxel not




“the program all ows the conmputer to determ ne whether or netMe&&R007
gray-scal e data item subject to conversion corresponds to a pixel affected
by mal function of ejection, and based on the determ nation result, the
programallows the conputer to convert the gray-scale data item subject to
conversion to an ejection pattern data itemby referring to a first table
for a pixel not affected by mal function of 16 March 2007 84 wejection if
the gray-scale data item corresponds to a pixel not affected by

mal functi on of ejection, whereas the program allows the conputer to
-convert the gray-scale data item subject to conversion to an ejection
pattern data itemby referring to a second table in which ejection data
bits are arranged in a manner such 8hat droplets are to be deflectively
ejected only fromnozzles that function properly if the gray-scale data
itemcorresponds to a pixel affected by malfunction of ejection. 21. A

pr ogr am 4 e Ald DO WyNGad F GAGPLEE o @1E8EeHRT NEhe WSS o cBRYe£ACHh : ,_
gray-scal e data item subject to conversion corresponds to a pixel affected

by mal f wist iggreyekcadpedtatanitem whetdienehaseionnpdthedetietai padmon resul t,
the programallows the conputer to convert the gray-scale data item
subj ect 10 redeavdrgi ba oW eebilen fpat eepixeltot bEfebyeddberring to a

-‘flrSt tfﬁgf%ﬁ%%Eignpg§el_not_affected by mal function of

ejection, and
based on the determination result by the determiner,

if the gray-scale data item corresponds to a pixel affected
by malfunctioh of ejection, the converter converts the gray-

_ scale data item to the ejection_pattern data item by
referring to a sécond table in which ejection data bits are

. arranged in a manner such that droplets are to be
deflectively ejected only from nozzles that funetion
properly; and

an ejectidﬁ driver fof ejecting droplets based on the

ejection pattern data item via the-ejeqtioh,head.-

13. A method for controlling ejection of droplets for
a liquid-ejecting abpafatus,provided with an ejection head,
the ejection head having nozzles each being capable of

o ejécting-droplets to_mﬂltiple pixel ranges by deflection of

ﬁhe'dropléts, the method comprising the steps of:

detérmihing whether or not each gréy—scale data item
subject to conversion cqrreéponds to a pixel affected by

-malfunction of ejection; and
converting the gray-scale data-itém‘subject to

- conversion to an ejection pattern data item, wherein




ejection if the gray-scale data item corresponds to a pi xdle Maeh 2067 ect ed
by mal function of ejection, whereas the program allows the conputer to
convert the gray-scale data item subject to conversion to an 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 16 March 2007 85 properly if the
gray-scal e data itemcorresponds to a pixel affected by malfunction of

ej ecti on.

- 83 -

based on the determination resultAby the determiner,
if.the-gray—scale data item corresponds to a pixel not
affected by malfunction of ejection, the converter converts
_ fhe.gray¥sca1e 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—scalé 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 onlj from nozzles that function

properly.'

20. A recoiding medium having recorded thereoﬁ a
‘.program whiéh can be read by a computer, wherein
the program allows the éomputer 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 determiﬁation.result, the program allows
~ the computer to convert the graY—scale.data item subject to
conversion to an ejéction.péttern data item by referring;to

__'a first table for a-pixel not-affected—by malfunction_of
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, ejection-if the gray;scale data item corresponds to a pixel
not affected by malfunction of ejection, whereas the program
allows theICOmputer to convert the gray-scale data ditem
éubject to conversion to an ejection pattern data item by
?eferring to a secoﬁd table in which ejection data bits are
arfanged in a wmanner 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;

- 21. A program for allowiﬁg a éomputer to determine
whether or not each gray-scale data item subject to
convergion corfesponds to a pixel affected by malfunction of
ejection,. wherein |

based on the-determinatiOH result, the program allows
the computer to éonvert the'gray—scéle data item.subject to
‘conﬁersion'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 malfunctioﬁ of ejection, whereas the program

allows the computér to convert the gray—scéle'data item

éubject to conversion to an ejection pattern data item by
- referring to a second-table in which ejection data,bitslafe
arranged in a manner such that droplets are to be

Af&eflectively ejected only froﬁ,nozzles ﬁhat function




16 March 2007

- 85 -

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

affected by malfunction of ejection.




