- 1 " LI QU D- DI SCHARG NG APPARATUS, AND DENSI TY ADJUSTI NG METHOD AND SYSTEM
OF THE SAME BACKGROUND OF THE I NVENTION 1. Field of the Invention The
present invention relates to a |iquid-discharging apparatus including a
head equi pped with a plurality of juxtaposed |iquid-discharging units
havi ng respective nozzles, form ng dots by |anding droplets discharged
from the nozzles onto a droplet-1landing object, and providing half tones
by arranging a dot array, and also relates to a density adjusting nethod
and a density adjusting system for adﬂustlng the density of the dots. Mre
particularly, the present invention is relates to a technique for

adj usting density unevenness when the unevenness occurs due to a

vari ati on LnQuischasginagceher AstRRABYS CSaRD bRAstrqupH udisRbaugirngpunits.
2. Description of the Related Art An |nkjet printer is known as one of

conventional |iquid-dischargingseappemaprsess Fheri nkj et printer |s

equi pped with a head including a | arge nunber of juxtaposed :
| i qui d-di schargi ng units having respective nozzles, forns dots on a sheet
of printing paper by discharging ink droplets fron1the nozzl es, and forns

an i nage HACKGRCGAMNY) ifr T4E ags/ENTIdNe dots. - 2-
1. Field of the Invention

The present invention relates to a liquid-discharging
apparatus 1nclud1ng a head equipped with a plurality of
juxtaposed liguid- dlscharglng units hav1ng respective
nozzles, forming dots by landing droplets discharged from
the nozzles onto a droplet-landing object, and providing
half tones by arranging a doﬁ array, and also relates to a
dénsity adjusting method and a density adjusting system for
adjusting the density of the dots. More particularly, the
present invention is relatés to a technique for adjusting
density unevenness when the unevennéss occurs due to a
variation in discharging characteristics of the liquid-
discharging units.

2. Deécription of the Related Art

An inkjet printer is known as one of conventional
liquid—dis@harging apparatuses. The inkijet printer is
equipped with a head including a large.number of juxtaposed
liquid-discharging units having respective nozzles, forms
dots on a sheet of printing paper by discharging ink
droplets from the nozzles, and forms an image by arranging

arrays of- the dots.



Al so, a serial-type inkjet printer performs printing in the main scanning
direction (in a direction perpendicular to a feeding direction of a sheet
of* printing paper by using a known nethod (see, for exanple, Japanese
Exami ned Patent Application Publication No. 56-6033) for providing half
tones by superinposing dots by reciprocating the head nore than once, that
is, by applying so-called overprinting. To be specific, according to the
nmet hod, at every novenent of the head,in the nain scanning direction, the
first recording is performed with a"d%t"pitch greater than the dianeter of
a dot, and the second recording is performed by arranging a dot so as to
cover the space between adjacent dots generated in the first recording.
Wth the abovkisgept aonedialetppeninkgetoprpnowrdpagfotasfpronesng in

di scharging characteristics of the liquid- discharging units are made nore
uni f or m thhemeby sekinngngdeisiery ioneVénnes siireditsbnnpeirpendieadai te, when
the head has a plurality of |iquid-discharging units juxtaposed side by
si de t hereifpedangadiiakictn cinn ofi scshegtng fcraiatied sepes bef ushag a

| i qui d-di scharging units, for exanple, a variation in_ discharge anmounts of
i nk dr opkepwynosethoduifseey ufateleyamphe, Hepaneset Reamikeet Patierter, for
exanmpl e, including thermal |[|iquid-discharging units, can discharge only a
const ant APakdGat ien Prlkldcepieon NPonﬁéa@@3%dz%Pé Fevidgisfe hadifschar gi ng
operatiog, except for a special head including a 3

ones by superimposing dots by reciprocating the head more
than once, that is, by applying so-called overprinting. To
be specific, according to the method, at every movement of
the head in the main scanning direction, the first recording
is performed with a dot pitch greater than the diameter of a
dot, and the second recording is performed by arranging a
dot so as to cover the space between adjacent dots generated
in the first recording.

With the above-mentioned overprinting for providing
half tones, discharging characteristics of the 1iquid—
discharging units are made more uniform, thereby making
density unevenness indistinctive. Meanwhile, when the head
has a plurality of ligquid-discharging units juxtaposed side
by side therein, a variation in discharging characteristics
of the liquid-discharging units, for example, a variation in
discharge amounts of ink droplets occur. Unfortunately, the
head of the inkjet printer, for example, including thermal
liquid—discharging units, can discharge only a constant
amount of ink droplet from each nozzle during one

discharging operation, except for a special head including a




speci al di scharging nmechani smformed by utilizing the piezo technology. In
ot her words, a discharge anount of an ink droplet during one discharging
operation cannot be controlled. As a counterneasure for solving the above
di sadvantage, overprinting is applied so a to nake density unevenness
substantially indistinctive even when a part of the |iquid- discharging
units have poor discharging characteristics, for ~exanple, discharging an
i nsufficient anbunt or no anount of migk_droplet due to clogging of the
correspondi ng nozzles or the like. Unfortunately, according to the
above-nenti oned overprinting nethod, problens such as density unevenness
caused by a variation in discharging characteristics_of the L

| i qui d- dspehangi dgsehietrgivgnmachabéswofpraed] ysBEdedzirgr ERByPLEZBr obl em
arises froma certain limtation of an ink-absorbing anount of sheet of
printingtpapeclo@ivat Insothksnvardst RsddspERTAB0SBAUBEYS daphén?initation
of an ink-absorbing amount of a sheet of printing paper, the dot s

unl i kel yddebder dndialdsenect 8igekergardePPeRBirden gﬁEnBF PEhe dot spreads
over the adjacent dots and generates color mxture with that of the

adj acent ceptgoliRger-eby leading to a failure in achieving an expected

density gradailon characterlshie ros°600dhNy PhENLBLOL hTBAS.GHRLLEY. for
overprinting is applied so a to make density unevenness
substantially indistinctive even when a part of the liquid—
discharginé units have poor discharging characteristics, for
example, discharging an insufficient amount or no amount of
ink droplet due té clogging of the corresponding nozzles or
the like.

Unfortunately, according to the above-mentioned
overprinting method, problems such as_density unevenness
cauéed by a variation in discharging characteristics of the
liquid-discharging units can not be completely solved.

'Firstly, a problem arises from a certain limitation of
an ink-absorbing amount of a sheet of printing paper. That
is, when a dot is superimposed beyond the limitation of an
ink-absorbing amount of a sheet of printing‘paper, the dot
is unlikely dried, and.also, to make matters worse, ink of
the dot spreads over the adjacent dots and generates color
mixture with that of the adjacent dots, thereby leading to a
failure in achieving an expected density gradation
characteristic.

Secondly, when high image quality, for example




1

equivalent to that of a photographic inmage is required, existence of even
a small part of the liquid-discharging units of the head which do not
normal |y discharge ink droplets makes a streak or the |like distinctive.
For exanple, when a color other than black is printed in a pupil area in
the case of printing an i mage such as a facial portrait, or when a color
other than red is printed in an apple or flower area in the case of
expressing such an object, the foregoinhg col or becones distinctive even
when its printed area is tiny. In ordér to solve such densi ty unevenness,
a thermal sublimnation printer or the like normally having a |line head
structure has an exanpl e counterneasure incorporated therein as described

bel ow. Fiegiuidh lidrtusio attest afengstadt dgptdisei ¢ amaaps riectidguitensi ty

unevenness by image processing. A density neasuring-pattern (test pattern)
provi di n@za afrsrfaer miardrercansinanitl desust tof i tshd i isfuipt+diischsogasgt o nmeasur e
a state of density unevenness with respect to each color across the ful
sheet of Wdger .ofThemg hdeel prhitttedla esad thawndl Iespienthartae each color is
scanned by an inmge-scanning apparatus. Since the scanned data includes
density i ledts okawl 2 @ieveathess G ok e | dbing t itrhe daweer agéodensity and
coefficients of unevenness over the all pixels are conputed. In addition,
a dat a t &FPEDISraivEn By JAdan pitliely H1an gosiak ois Brinted in a pupil

area in the case of printing an image such as a facial

portrait, or when a color other than red is printed in an

apple or flower area in the case of expressing such an

object, the foregoing color becomes distinctive even when

its printed area is tiny.

In order tc solve such density unevenness, a thermal

sublimination printer or the like normally having a line

head structure has an example countermeasure incorporated

therein as described below. |

Fig. 21 illustrates a general method for correcting

density unevenness by image processing. A density

measuring-pattern (test pattern) providing a uniform and

constant density is first printed so as to measure a state

of density unevenness with respect to each color across the

full sheet of paper. Then, the printed result with respect

to each color is scanned by an image-scanning apparatus.

Since the scanned data includes density information and

unevenness information, the average density and coefficients

of unevenness over the all pixels are computed. In addition,

a data table obtained by multiplying all positions




corresponding to the pixels -of an input imge by the reciprocals of
coefficients of unevenness corresponding to the positions (that is,
obt ai ned by conputation with an inverse function) is produced and stored.
When an image is inputted, multiplication process is perfornmed on the
basis of the data table before imge processing so as to produce a
corrected image file, and a printing operation is perfornmed on the basis
of information of the corrected inagem%ile, wher eby density unevenness
peculiar to the head is canceled. MeanwhiTe, this nmethod is presently used
for printers other than an inkjet printer, and it wll be appreciated
that it is also applicable to an inkjet printer. Unfortunately, the

f or egoi ngcREEAAPARLhDD fortheopirelsngfdensihiputingmegpeps theneeded to
process an input image, and, especially when an input image including a

| arge anb@ftPbpPcait acfscoefficients bE pnecesseds aokesgpbnpenyodo of tine
for processing the input image is needed before printing, thereby
resul ti ngti® BostlieRd pEhati by, speedinédprovesenttatibhewpthnkhng speed
incurs an,increase in hardware, nenory, and the |ike, and hence causes a
| arger st2¥ebie tHenpiionkeris iR ORITHE tOENTI ON Accordi ngly, an

object of the _present invention is to - 6 adjust density unevenness caused
by a variatio G an image is inputted, multiplication process is

performed on the basis of the data table before image
processing so as to produce a corrected image file, and a
printing operation is performed on the basis of information
of the corrected image file, whereby density unevenness
peculiar to the head is canceled.

Meanwhile, this method is presently used for printers
other than an inkjet prinfer, and it will be appreciated
that it is also applicable to an inkjet printer.

Unfortunately, the foregoing known method for
correcting density unevenness is needed to bProcess an input
image, and, especially when an input image including a large
amount of data is required to be processed, a longer period
of time for processing the input image is needed before - |
printing, thereby resulting in a reduced printing speed.

Improvement in the printing speed incurs an increase in
hardware, memory, and the like, and hence causes a larger

size of the printer.

SUMMARY OF THE INVENTION

Accordingly, an object of the present invention is to




di scharging characteristics of a plurality of liquid- discharging units
without incurring a reduction in a printing speed and the like, also

Wi thout incurring an increase in a hardware, a nenory, and the |ike, when
the density of a pixel train formed by a |iquid-discharging apparatus
including a head equi pped with the plurality of juxtaposed

| i qui d-di scharging units is adjusted. The above-descri bed problens are
solved by the present invention as will be described bel ow. One aspect of
the present invention provides a liquid- discharging nmethod for formng a
pi xel by landing at |east one droplet @li-scharged fromone of plurality of
| i qui d- discharging units on a droplet-I|anding object, and providing
gradati onaidqug%ca%ﬁg%e with the nunberecpfbl;t ggrvg:or%%%ﬁd dr.oplets in a pixel

Unevennes . .
area, conprrsing the sfeps of Eorfetiinga d'séflar gi ng si gnal

defi ni ng Whechdenshyycharibeepl xelcs oAacegldazad tw O theuadrber of

droplets and difying the nunber of droplets formng the pixel so that
t he densi%ﬁSSHBFHéXEig%+t%nw%?ﬁp%ﬁcﬁﬂ?ﬁqéaQ%uﬂlﬁEQHﬁté@P afrées with the

density ipraeeongapgeed dhg the pfep) elrdl sehaf@icnd nsh@tahy and control ling
the plurality of |1quid-discharging units in accordance with the
correct ed 1@FEBREE- 8N s MARHIHRYT i ghaley Yas arg fibremid kepi w&enokhehe

(dropl et -1 gadiagyobregtpl o peepifanenid fhd he 1itRdidiad urhengof droplets,
wherein the droplet- discharging signal is corrected after gradation
processingpparatus including a head equipped with the plurality of

juxtaposed ligquid-discharging units is adjusted.

The above-described problems are solved by the present

invention as will be described below.

One aspect of the present invention provides a ligquid-
discharging method for forming a pixel by landing at least
one dropiet discharged from one of plurality of liquid-
discharging units on a droplet-landing object, and
providing gradation in accordance with the number of the
landed droplets in a pixel area, comprising the steps of:
correcting a droplet-discharging signal defining the
density of the pixel in accordance with the number of
droplets and modifying the number of droplets forming the
pixel so that the density of the pixel on the droplet-
landing object agrees with the density in accordance with
the droplet-discharging signal; and controlling the
plurality of ligquid-discharging units in accordance with
the corrected droplet-discharging signal so as to form a
pixel on the droplet-landing object in accordance with the
modified number of droplets, wherein the droplet-
discharging signal is corrected after gradation processing
including image processing and error diffusion is

performed.



i ncluding i mage processing and error diffusion is perfornmed. - 6a Another
aspect of the present invention provides a density-adjusting nethod of a

| i qui d-di schargi ng apparatus conprising a head including a plurality of

j uxtaposed |iquid-discharging units having respective nozzles, which

forns dots by |anding droplets discharged fromthe nozzles onto a

dropl et-1andi ng object, and which provides half tones by arrangi ng a dot
array, conprising the steps of: (i) obtaining density information, and the
rel ati onship between the nunber and thesgensity of discharged droplets

Wi th respect to each pixel train (a) by providing a droplet-discharging

command signal . to the |iquid- discharging apparatys so as.to provide a

uni f orm and c%rh%if}é%"f Eﬂ%‘hqasﬁ fﬁdots}hei Ip%%?g’lt RS 1P RGOV SEfe@mai n

scanni ng dbrect-omiyt ing MerNo oF densiyhydrBasdhbigin§abpsireals the
dropl et -1 andi ng object by discharging a_ predeterm ned nunber of droplets
f r om each QWA IR iad Pdidst HBCHivRg "gnitt PLERality BY 3eBkAPA§S€he density of

the densiiysRASHIIG RAE Y NG abiihl; ¢eELERLELRgLLDE Jheady upon recei pt
of a dropl et-discharging command signal, on the basis o f he previously
obt ai ned fgen%s tdptisnfor Fanidsmyg awertlies sr disthenghidpfibenweba hhezhewmber and

the densidye Pla HFANAGeH ATPIELEM, t 1nheRech [2o52G0sPLXEE train, so as
tones by arranging a dot array, comprising the steps of:
(i} obtaining density information, and the relationship
between the number and the density of diécharged dreplets
with respect to each pixel train (a) by providing a
droplet-discharging command signal to the liguid-
discharging apparafus S0 as to provide a uniform and
constant density to all pixel trains lying in the main
scanning direction (b) by forming a density-measuring
pattern on the droplet-landing object by discharging a

predetermined number of droplets from each



to adjust the density of the pixel train corresponding to the discharge
command si gnal by making the nunber of droplets to be actually discharged
fromthe liquid- discharging units different fromthe nunber of droplets
di scharged in accordance with the di scharge command signal. Another aspect
of the present invention provides a density-adjusting systemof a

| i qui d-di schargi ng apparatus conprising a head including a plurality of

j uxtaposed |iquid-discharging units, formng a pixel by landing at | east
one droplet discharged fromone of the plygrality of |iquid-discharging
units onto a droplet-landing object, and providing gradation in accordance
with the nunber of the |anded droplets, conprising: an inage-scanning
apparatusll%%%ﬁﬂﬁ#ﬁfﬁ@ﬁgkﬂﬁnﬂqﬁ¢:oﬁnﬂhécblQEIS@@mmﬁmgbthFﬂﬁﬂaumm @£

di schar g1 o Uil & JBOSNLYTIPARUILG, PALLET B OLIMDO Y g causi ng e

| i qui d-di schar gi ng "appar at us orm a measuring rn on the
dropl et -1 Iam@ﬂnglm ectcdipt adter dia:n@éew—tilmsahdlrgmhgt edmmaﬂﬂ@.r@iqtgals,l gnal
defi ni ng Slt 0, the |er accor dance unber
dropl et s ornlng :%ypfée V&ﬁHFE& ﬁﬁgﬁlega Pﬁ@sfﬁé l?ﬁ% %Eﬁhnlng
appar at usata Bhéuréﬂﬁtxhnﬁhﬂg/hﬁtw@b@ tdensuhpefeandr tRg gatd ety Jormed by
t he densi%,- surin attern-formng unit; and a_control unit
controlli %Scf g efp Sl FEdParSchar §RAY BATES FReBRcoIdahte with
t he COVre@éQﬂdfﬁéﬂﬂﬁﬂe(Héﬁgﬂﬁﬁyd@gtﬁégB@keQOEEQEEe@o§H§onndlng to

the discharge command signal by making the number of

droplets to be actually discharged from the ligquid-

discharging units different from the number of droplets

discharged in accordance with the discharge command signal.

Another aspect of the present invention provides a
density-adjusting system of a liquid-discharging apparatus
comprising a head including a plurality of juxtaposed
liquid-discharging units, forming a pixel by landing at
deast one droplet discharged from one of the plurality of
liquid-discharging units onto a droplet-landing object, and
providing gradation in accordance with the number of the
landed droplets, comprising: an image-scanning apparatus
scanning the density of the pixel formed by the liquid-
discharging unit; a density-measuring-pattern-forming unit
causing the liquid-discharging apparatus to form a density-
measuringrpattern on the droplet-landing object in
accordance with a droplet-discharging signal defining the
density of the pixel in accordance with the number of
droplets forming the pixel; a scanning unit causing the
image-scanning apparatus to scan the density of the

density-measuring pattern formed by the density-measuring-




that, on the basis of the scanned result of the density- neasuring pattern
scanned by the scanning unit, the droplet-discharging signal is corrected
and the nunber of droplets formng the pixel is nodified so as to nake the
density of the pixel on the droplet-landing object agree wth the density
in accordance with the original droplet- discharging signal. Another aspect
of the present invention provides a density-adjusting systemof a

| i qui d-di schargi ng apparatus conprising a head including a plurality of

j uxtaposed |iquid-discharging units having respective nozzles, formng
dots by | anding droplets discharged fromthe nozzles onto a
droplet-landlngob ect, and providing half tones by arranging a dot array,

conpri si MeptERER -@Ehhﬁﬂﬁg aagpar apnsredanni hgconerekhsng ythof the dot
array forgmd-by; ¢ i a t qﬁafurlng-
pattern- fornlngiﬁnlt causi ng d?%gﬁ 3 d- gﬁggﬁagglﬁgcggﬁggé%Iu o di scharge

a predet eftrg ek reatet dﬁbp$QMSheBshatgmngeacgnel tbherédiged dswilschar gi ng

units so or enS| peasuring jpatte t he |l et -1anding
obj ect iﬁg§§%cord§%%E§m 8 d.s8h5?88n%8nﬁﬁﬁaiguﬁﬁa Fhpr %?%Vﬁ@ uni f or m
and constmedsweins tpattteral Iscainxel braiche bkyangihg uibe, na& scanni ng

direction; a scanning unit caysing ihe immge-scanning apparatus to scan
t he den5|q€PQﬁe§74; éhﬁﬁﬁﬁ?@ ﬁé§§ﬁg|ﬁ§ FarterhefofRedthy Hyfeper of

genSI Ey ERasIrd g - RAtiRy RnkobikBY ¥BI hod@Rielt 86 NhH0:4hdkObtad ni ng
ensi
Y density of the pixel on the droplet-landing object agree
with the density in accordance with the original droplet-

discharging signal.

Another aspect of the present invention provides a
density-adjusting system of a liquid-discharging apparatus
comprising a head including a plurality of juxtaposed
;iquid—discharging units having respective nozzles, forming
dots by landing droplets discharged from the nozzles onto a
droplet-landing object, and providing half tones by
arranging a dot array, comprising: an image-scanning
apparatus scanning the density of the dot array formed by
the image-discharging apparatus; a density-measuring-
pattern-forming unit causing the liquid-discharging
apparatus to discharge a predetermined number of droplets
from each of the liquid—discharging units so as to form a
density-measuring pattern on the droplet-landing object in
_accordance with a discharge command signal providing a
uniform and constant density to all pixel trains lying in
the main scanning direction; a scanning unit causing the
image~scanning apparatus to scan the density of the
density-measuring pattern formed by the density-measuring-
pattern-forming unit; an obtaining unit obtaining density

information and the relationship between the number and the



i nformati on andthe rel ati onship between the nunber and the 7b density of
droplets with respect to each pixel line on the basis of the scanned
result of the density-neasuring pattern scanned by the scanning unit; a
menory storing the density information and the relationship between the
nunber and the density of droplets, obtained by the obtaining wunit; and a
control unit controlling the head, upon receipt of a droplet-discharging
command signal, on the basis of the density information and the

rel ati onship between the nunber and ghe density of discharged droplets
stored in the nenory with respect to each pi xel train, so as to adjust

the density of the pixel train corresponding to the dlscharge conmmand

si gnal bydsakinhy Dﬁedrmmimﬁscwith(nﬂsnert ttw kecacpuaklyldhscharged fromthe
| i qui d-di LOLPO UNi LS fere fr t he, nu er of droplets discharged
in accor%%%ge m?t R hie C%P%c ar'ge’ coﬁﬁSE SICgRAr yAWS?ﬁﬁFlggpect of the
present |puenérnns@amw@ﬁ&%mthdlsnamhih§eﬂﬂkgl@gmém@@paBQSrgﬁgpthélng a
pIuralltyd # U|g di schar gi units, formng a pixe b{ | andi ng at

| east one“QPSpFét * Bt TR HY qﬂéﬂﬁﬁ?(ﬁe%QR%ﬁﬂsﬁﬂglPﬁﬁwﬁﬁn RgurETBFSchar gi ng

units ont@na ﬂh@p&i@ﬁsi@gﬂcﬁf‘%%l@ém mal&re@vw RE068EaE heRy! N accordance
w th the nunber of droplets |anded in a pixel area, wherein a dropl et -

" di schar gi RBLE7 gRBY PP (e tdernsiampldinoh&hsi keRdi nupascordaipe wit h

the nunbegrof QEQ@i@%sdiébﬁéyéfﬁg(%%ﬂH§$&'gignal, on the basis of

the density information and the relationship between the
numpber and the density of discharged droplets stored in the
memory with respect to each pixel train, so as to adjust
the density of the pixel train corresponding to the
discharge command signal by making the number of droplets
to be actually discharged from the liquid-~discharging units
different from the number of droplets discharged in

accordance with the discharge command signal.

Another aspect of the present invention provides a
liquid-discharging apparatus comprising a plurality of
liquid-discharging units, forming a pixel by landing at
least one droplet discharged by one of the plurality of
liquid-discharging units onto a droplet-landing object, and
providing gradation in accordance with the number of
droplets landed in a pixel area, wherein a droplet-
discharging signal defining the density of the pixel in
accordance with the number of droplets is corrected and the
number of droplets forming the pixel is modified so that
the density of the pixel on the droplet-landing object
agrees with the density in accordance with the droplet-
discharging signal, and the plurality of liquid-discharging
units is controlled in accordance with the corrected

droplet-discharging signal so as to form a pixel on the



nunber of droplets formng the pixel is nodified so that the density of
the pixel on the droplet-landing object agrees with the density in
accordance with the droplet- discharging signal, and the plurality of

l'i qui d-di scharging units is controlled in accordance with the corrected
dropl et-di scharging signal so as to forma pixel on the 7c droplet-Ianding
obj ect in accordance with the nodified nunber of droplets, wherein the

dropl et-di scharging signal is corrected after gradation processing
including image processing and error,diffusion is perforned. Another
aspect of the present invention provides a |iquid-discharging apparatus

conprising a head including a plurality of juxtaposed |iquid-discharging
uni t s havdnfpleatedpadingechoeztesn aocm@@ld@tmﬁy trendiquy f[dreobl ets

di SChafg%n{) %motfh%rgﬁiélcg ﬁﬂé%i‘nd{ﬁg'&r f‘e“td'o{‘lgs %balreg%tﬂg A Aroviding
hal f tones by arran arra 7S5

density- m&asunumgtpdthétarfgrauaglunlproé@ﬁmim@ fnamﬂﬁmﬂg/ﬂmagerlng pattern

on the droplet-l.and |nﬁ h? fg accor dance Cg di scharge comuand
si gnal SAF°HG a8 POFRT aftd=EBRLERNES de7s qqu all pixel trains lying
in the main scanning direction by causing each of the |iquid-discharging

units to di schargeea kegeicer gifnete puabentoindenplohspravi@adry storing
i i and the rel ati onship between the nunber and the

density infor
density 1q%r%61|3€tc§la\ﬁgtlﬁlgr E5pecttis ESEH%F%%‘F % i3 ot S HER Dy

plurality of juxtaposed liquid-discharging units having
respective nozzles, forming dots by landing droplets
discharged from the nozzles onto a droplet-landing object,
and providing half tones by arranging a dot array,
comprising: a density-measuring-pattern-forming unit
forming a density-measuring pattern on the droplet-landing
object in accordance with a discharge command signal
providing a uniform and constant density to all pixel
trains lying in the main scanning direction by causing each
of the liguid-discharging units to discharge a redetermined
number of droplets; a memory storing density information
and the relationship between the number and the density of
droplets with respect to each pixel train obtained by
scanning the density of the density-measuring pattern
formed by the density-measuring-pattern-forming unit; and a
control unit controlling the head, upon receipt of a
droplet-discharging command signal, on the basis of the
density information and the relationship between the number
and the density of discharged droplets stored in the memory
with respect to each pixel train, so as to adjust the
density of the pixel train corresponding to the discharge
‘command signal by making the number of droplets to be

actually discharged



scanning the density of the density-neasuring pattern formed by the
density-neasuring-pattern-formng unit; and a control unit controlling the
head, upon receipt of a droplet-discharging command signal, on the basis
of the density information and the relationship between the nunber and
the density of discharged droplets stored in the nmenory wth respect to
each pixel train, so as to adjust the density of the pixel train
corresponding to the discharge conmand signal by maki ng the nunber of
droplets to be actually discharged 7gd fromthe |iquid-discharging units
different fromthe nunber of droplets~discharged in accordance with the

di scharge command signal. In enbodi nents of the density-adjusting nethod
accor di ngftan ttfe dﬁﬂsfmﬂ dimvtntrigdng andteplef fdrechar gbmgthe ammand: si gnal
may be pro th UId dlschar apparatus so. as to provide a
unlforn1an é&?ﬁﬁéﬁﬁ é;ﬁﬁﬁ FFCgFagPCFrQFEE FOf ngt F PR mai n
scanni ng ¢hnmeaid Gignaand a denS|ty measuring pattern may be formed by the

| i qui d-di schar gi ng apparatus. The density of the density- neasuring pattern

may be scanned_ so .0 ohtain S i nformation with respect to each
pi xel .train (f ments Q£ t%@rgﬁ & 158 REAHSERBIABRSPPY of each pi xel

train andacddieiiaupragadensidsene! iabknphixal hratdploblal feghhyingcanni ng

the densities of all pixel trains), and the
command signal may be prov1ded to the liquid-discharging
apparatus so as to provide a uniform and constant density
to all pixel trains lying in the main scanning direction,
and a density-measuring pattern may be formed by the
liquid-discharging apparatus. The density of the density-
measuring pattern may be scanned so as to obtain density
information with respect to each pixel train (for example,
a difference between the density of each pixel train and
the average density of all pixel train, obtained by
scanning the densities of all pixel trains), and the
obtained density information may be stored in a memory
installed in the liguid-discharging apparatus or a memory

of a computer or the like submitting a droplet-



obtained density information may be stored in a nenory installed in the

| i qui d-di schargi ng apparatus or a nenory of a conputer or the |ike
submitting a droplet -s- discharging command signal to the

| i qui d-di schargi ng apparatus. Wen a discharge command signal is actually
inputted in the |iquid-discharging apparatus, on the basis of the density
information stored in the nenory of the conmputer or the |iquid-discharging
apparatus submtting the discharge cgngand signal, the |iquid-discharging
apparatus is controlled so as to adjust the density of the pixel train
correspondi ng to the di scharge command signal by making the nunber of
droplets tQ be actually discharged fromthe |iquid-discharging units

di f f er ent HFEGRAEREDRuFSEmasd sduopllets dhechdig@ed-di sapeegdagce wWith the
di scharge_command signal. For exanple, when the density of a pixel train

to be adfHSEEATPS:| ower than the average density by 10% the
apparatus is controlled so as to increase the nunber of

quuid-discha&&%q%
dropl ets by 10%°BR B SESTRIPTE @O THEDRAW NGScEhgl 1 isp@et&xpleded
head of an inkjet printer including a

per specti view of a. i
Iiquid-dig@ﬁa;ﬁ?ﬁbdéabﬁFQ?EglnacéﬁparﬂguS0 thetheebentisi a¥eshiéon; Fig. 2 is
a plan Vi&¥h§1t$‘££ e hegd according to an enbodi ment of the present
i nvent i on: ormation stored in the memory of the computer or

the ligquid-discharging apparatus submitting the discharge
command signal, the liquid-discharging apparatus is
controlled so as to adjust the density of the piﬁel train
corresponding to the discharge command signal by making the
number of droplets to be actually diécharged from the
liquid-discharging units different from the number of
droplets discharged in accordance with the discharge command
signal. For example, when the density of a pixel tfain to
be adjusted is lower than the average density by 10%, the
liquid—discharging apparatus is controlled so as to increase

the number of droplets by 10%.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is an exploded perspective view of a head of an
inkjet printer including a liquid-discharging aﬁparatus
according to the present infention;

Fig. 2 is a plan view of a line head according to an
embodiment of the present invention;

Fig. 3 provides a plan view and a sectional view,

illustrating the detailed arrangement of a heating resistor




Fig. 3 provides a plan view and a sectional view, illustrating the
detail ed arrangenent of a heating resistor 9 - of the head; Figs. 4A to 4C
are graphs, each illustrating the relationship between tinme difference in
bubbl e generations of ink and discharge angle due to divided parts of a
heating resistor when the heating resistor is divided into a plurality of
parts; Fig. 5 illustrates deflection of the discharge direction of an ink
droplet; Fig. 6 illustrates an exanple in which ink droplets from adjacent
| i qui d-di scharging units are landed i % ~single pixel area, and discharge
directions of each ink droplet are set at an even nunber; Fig. 7
illustrates an exanple in which discharge directions of an ink droplet
from eachfl itduei dredidscharging unit are set at an odd nunber by di scharging
the ink droplet into right and left symmetrical directions in a

defel ecting magser 4andodidCeatrky ghalbdw,t ke dH quildrdisehaiPidige unit; Fig. 8
illustrates a process of form ng each pixel on a sheet of printing paper
by the | irpliad-idinsdtiar dietyrani ttSime eRCH dhtSchar h NGLsE 0P| & i$e 4t Pot O
directions (having an even nunber of discharge directions) in accordance
with di $¢hdinde skt tsimgralagig e giued (4 | distidd@Spar i 5SS 1Wdaf DidTi Ng
each pixel on a
resistor when the heating resistor is divided into a
plurality of parts;
Fig. 5 illustrates deflection of the discharge
direction of an ink droplet;
Fig. 6 illustrates an example in which ink droplets
from adjacent liquid—discharging units are landed iﬁ a
single pixel area, and discharge directions of each ink
droplet are set at an even number;
Fig. 7 illustrates én example in which discharge
directions of an ink droplet from each liquid-discharging
~unit are set at an odd number by discharging the ink droplet
into right and left symmetrical directions in a defelecting
manner and directly below the ligquid-discharging unit;
Fig. 8 illustrates a process of forming each pixel on a
sheet of printing paper by the liquid-discharging units,
each discharging droplets into two directions ({having an
even number of discharge directions) in accordance with
discharge command signals;
Fig. 9 illustrates a process of forming each pixel on a
sheet of printing paper by the liquid-discharging units,

each discharging droplets into three directions (having an




sheet of printing paper by the liquid-discharging units, each discharging
droplets into three directions. (having an 10 odd nunber of discharge
directions) in accordance with discharge command signals; Fig. 10
illustrates a general density-adjusting nethod according to an enbodi nent
of the present invention; Fig. 11 is a graph illustrating the relationship
- between the nunmber of discharged droplets and a relative anount of

di scharged droplets; Fig. 12 is a graph illustrating a part of density-

di stribution characteristics, neasuredlét-every nunber of discharge
operations per pixel when droplets are discharged from each

| i qui d-di scharging unit with four colors of ink; Fig. 13 is a table

i | ust ratddiy rAMSage a1 a F &l aaiy@céf&f% iﬁgn%g%ﬁcgiy%%%qsi ties for

colors of yellow (Y), magenta (M, cyan and the

aver age rdlsaiiagydensinand &igidi1golors. Fig. 14 is a graph of the results
shown in Fig. 13; Fig. 15 illustrates a density-neasuring pattern; Fig.

16 illustrat exighe Loelialiugrshite sarD G A SOh G 1EYMRAG 3 iR lRt hod
|'i qui d-di scharging units, and pixel trains; Fig. 17 1llustrates exanple

round- of faccmulitrey iton arfGediat gerit® dhechy g embadidmion Fig. 18 is a
table illustrating differences in conputed results between a round-off
met hod accor dFAg-t @1t he prgzeph illustrating the relationship
between the number of discharged droplets and a relative
amount of discharged droplets;
Fig. 12 is a graph iliustrating a part of density-
~distribution characteristics, measured at every number of
discharge operations per pixel when'droplets are discharged
from each liquid-discharging unit with four colors of ink;
Fig. 13 is a table illustrating average values,'
relative densities of measured densities for colors of
yellow (Y), magenta (M), cyan (C), and black (K}, and the
average relative density for all colors.
Fig. 14 is a graph of the results shown in Fig. 13;
Fig. 15 illustrates a density-measuring pattern;
Fig. 16 illustrates the relationship among discharge
command signals, liquidmdischarging‘units, and pixel trains;
Fig. 17 illustrates example round-off cbmputatioh
according to the present embodiment;
Fig. 18 is a table illustrating differences in compﬁted
- results between a round-off method according to the present

embodiment (according to a method of considering an error

intp the subsequent input) and a simple round-off method;



enbodi ment (according to a nethod of considering an error into the
supsequent input) and a sinple round-off method; - 11 Fig. 19 is a graph of
outputs shown in the table in Fig. 18, putting the outputs according to
the sinple round-off nethod and those according to the error-considered
round-of f method according to the present enbodinent in contrast with
each other; Fig. 20 illustrates an exanpl e graph obtai ned by passing both
out put s through an appropriate lowpass filter so as to attenuate

hi gh-frequency conponents of these vallies; and Fig. 21 illustrates a
general nethod for correcting density unevenness by inmage processing.
DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS Preferred enbodi nents of the
present i nvertion1si bls be gidgserdbadhivibids rafapence EHetQQb?%t aahed

drawings. In the follow ng description, an inkjet printer erelnagfer
si nply raffer pedtingashe RUtHA) ddditBhALA ﬂﬂél@l%plca KAl i appar at us

according to the present invention by way of exanple. In the description,
a term " mekhddophel 't hoaans cxoteritig &"Jaiii|’c|heaf€1lii1ir—(cfd?f51@@mi %OLﬁldc—%Wf
picolillters) of ink (liquid) dlscharged froma nozzle 18 of

| i qui d- direthadgengordiing, tehittle wrdsdit daseidiheshd Gitreroon%rta@tm idet " neans

one formof an ink droplet |anded on

each other;

Fig. 20 illustrates an example graph obtained by
passing both outputs through an appropriate low-pass filter
50 as to attenuate high—frequencyrcomponents of these
values; and

Fig. 21 illustrates a general method for correcting

density unevenness by image processing.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Preferred embodiments of the present invention will be
described with reference to the attached drawings.' In the
following description, an inkjet printer (hereinafter,
simply referred to as a printer) is used as a liguid-
discharging apparatus according to the present invention by
way of example.

In the description, a term "ink droplet" means a very
small amount (for example, a few picolillters) of ink
(liguid) discharged from a nozzle 18 of a liquid-discharging
uqit, which will be described later.

A term "dot" means one form of an ink droplet landed on

a recording medium such as a sheet of printing paper.



a recording nedium such as a sheet of printing paper. 12 Also, a term
"pixel" is a mnimumunit of an inmage, and, in addition, a term"pixel
area" nmeans an area in which a pixel is formed. Thus, when a predeterm ned
nunber (zero, one, or a plurality of pieces) of droplets are landed in a
single pixel area, a pixel (1-step gradation) wth no pixel, a pixel
(2-step gradation) with a single dot, or a pixel (3 or nore-step
gradation) with a plurality of dots is respectively forned. That is, zero,
one, or a plurality of pieces of dotsléorresponds to a single pixel area,
and an image is formed by arranging a | arge nunber of these pixels on a
recordi ng medium Meanwhile, all dots corresponding to a pixel do not

always |ie i®lists Ri %edrmalgsxdout gspgrﬁllgimﬁﬁepggrts ofSQIELI es li_e out of

the pixel area. Aterm "main scanning direction™ means a tran pdrtalnl?g

di recti onirofacklishieet, of fimt T HOkOBPEFed N BHedd N5l VREa P4 n‘f,ﬁ{ equi pped
with a |ine head. In the meantine, with respect to a seri ype printer,

ternms " mailixeslcamifiigemediy ecti on” and "sub scanning direction" are
respectively defined as a noving direction of a head (a width direction

of a sheet of Tprint Whgnp ap @ire dane ré itnedn sRele g Addectden f ;2 sheet of
printing paper, that is, a direction perpendicul ar t'o the mai n scanni ng
d|rect|o@lurallty of pleces) of droplets are landed in a single
pixel area, a pixel (l-step gradation) with no pixel, a
pixgl (2-step gradation) with a single dot, or a pixel (3 or
more-step gradation) with a plurality of.dots is
respectively formed. That is, zero, one, or a plurality of
pieces of dots corresponds to a single pixel area, and an
image is formed by arranging a large number of these pixels
~on a recording medium.

Meanwhile, all dots corresponding to a pixel do not
always lie in its pixel area, but a part of the dots
sometimes lie out of the pixel area.

A term "main scanning direction” means a Lransporting
direction of a sheet of printing paper in a line—type
printer equipped with a line head. In the meantime, with
-respect to é serial-type printer, terms "main scanning
direction”™ and "sub scanning direction” are respectively
defined as a moving direction of a head (a width direction
of a sheet of printing paper) and a transporting direction
of a sheet of printinglpaper, that is, a direction
perpendicular to the main scanning direction.

A term "pixel train" means a group of pixels lining in




A terim"pixel train" nmeans a group of pixels lining in 13 the main
scanning direction. Accordingly, in a line-type printer, a group of pixels
lining in the transporting direction of a sheet of printing paper forma
pi xel train. In the neantine, in a serial-type printer, a group of pixels
lining in the noving direction of a head forma pixel train. A term"pixe
line" neans a line perpendicular to a pixel train, for exanple, in a
line-type printer, a line along which |Iiquid-discharging units (or

nozzl es) are juxtaposed side by side.l&ttucture of Head Fig. 1 is an

expl oded perspective view of a head 11 of the printer. A nozzle sheet 17
shown in Fig. 1 in an exploded manner is bonded to the upper surface of a

barrier thaymeihbsciheifheadikldnehudes 2 5uh ey L1, ncluding a
sem conduct or substrate %@ conposed of silicozlg"tﬁgpgrgén%a%gpﬁeating

resi st or priftdeposi gedudn o ik 1khe isyrtaces of +the Semi-ganduct or
substrate 15. The heating resistors 13 g?e elegiricaﬁﬁﬁqggﬁ ected to an

ext er nal dérectiibn bavhngh@etc@ﬁdp@ﬁh@gn@thb@& (et %h%wgg f er.aed on the
sem conductor substrate 15, interposed therebetween. The %arrler | ayer 16

i s conpoedtbé, méentémanplie, 2 phetasenybli yeieyel, zadgrubber r g3ksl 50
exposure-curable dry filmresist and is lamnated onthe entire surface on
lining in the moving direction of a head form a pixel train.

A term "pixel line™ means a line perpendicular to a
pixel traiq, for example, in a line-type printer, a line
along which liquid-discharging units (or nozzles) are
'juxtaposed side by side.

Structure of Head

Fig. 1 is an exploded perspective view of a head 11 of
the printer. A nozzle sheet 17 shown in Fig. 1 in an
exploded manner is bonded to the upper surface of a barrier
layer 16. |

The head 11 includes a substrate member 14 including a

- semiconductor substrate 15 composed of silicon or the like
and heating resistors 13 deposited on one of the surfaces of
the semiconductor substrate 15. The heating resistors 13
are electrically connected to an external circuit, having a
conducting portion (not shown) formed on the semicohducto£
substrate 15, interposed therebetween.

The barrier layer 16 is composed of, for example,
photosensitive cyclized rubber resist or exposure-curable
dry film resist and is laminated on the entire surface on

which the heating resistors 13 of the semiconductor




ich the heating resistors 13 of the semiconductor - 14 substrate 15 are
rglﬁed, and thengan unnecessary part thereof is renpved by lithography.
The nozzl e sheet 17 having the plurality of nozzles 18 forned therein is
conposed of nickel by electroformng, for exanple, and is bonded to the
upper surface of the barrier [layer 16 such that the positions of the
nozzles 18 agree wth those of the corresponding heating resistors 13,
that is, such that the nozzles 18 are placed so as to face the
correspondi ng heating resistors 13. FThd4head 11 al so i ncludes ink chanbers
12, each defined by the substrate nenber 14, the barrier |ayer 16, and the
nozzl e sheet 17 so as to surround the correspondi ng heating resistor 13.

That is, dundihestd ous eard Neouhel rate pROReL, I Lbe barrier, |ayer 16, and

the nozzle sheet 17 serve as the boftom wa €73l and the top

i j ' i h ink
wal | of ededrddk i€hashefeddy respestiyshy. Wth this structure, each _
chanber 12 has aﬁ_opening aré% exteﬁ%iﬁ€ﬁ¥omard aright front direction in

Fig. 1 S0 as Uteb@oizz1eommeRicCat o wirdd tﬁ&%ﬁ&%ﬁﬁ%@f J ‘%% Lﬂé"’

channel (not shown). A single of the head 11 genera I'ncludes e ink

e . ' . . : q
chanber s fIgnefd arharalar iof kpdsdd Sorngh éRe1 eRtd 1\G-+ £ 865 8H 0L S, 18, di spose
in the corresponding ink chanbers 12. |In response to a conmand from a

control emamdfe,t endprimtiemded he heesl ddpeini gluet S eb €0t 5 6achy pf . t he
heating resistors
layer 16 such that the positions of the nozzles 18 agree
with those of the corresponding heating resistors 13, that .
is, such that the nozzles 18 are placed so as to face the
corresponding heating resistors 13.

The head 11 also includes ink chambers 12, each defined
by the substrate member 14, the barrier layer 16, and the
nozzle sheet 17 so as to surround the corresponding heating
resistor 13. That is, in the figu;e, the substrate member
14, the barrier layer 16, and the nozzle sheet 17 serve as
the bottom wall, the side wall, and the top wall of each ink
chamber 12, respectively. With this structure, each ink
chambef 12 has an opening area extending toward a right
front direction in Fig. 1 so as.to be in communication with
the corresponding ink-flow channel (not shown).

A single of the head 11 generally includes the ink
chambers 12 of an order of 100 units and the heating
resistors 13 disposed in the corresponding ink chambers 12.
In response to a command from a control unit of the printer,

the head 11 uniquely selects each of the heating resistors

13 and discharges ink in the ink chamber 12 corresponding to



13 and di scharges ink in the ink chanber 12 corresponding to - 15 the

sel ected heating resistor 13 fromthe nozzle 18 facing the ink chanber 12.
More particularly, the ink chanbers 12 are filled with 1ink froman ink
tank (not shown) connected to the head 11. Wen a pulse current is fed to
the selected heating resistor 13 for a short period of tinme, for exanple,
1 to 3 gsec, the heating resistor 13 is quickly heated. As a result, a
gaseous-phase ink bubble is generated in ink in the ink chanber 12, |ying
in contact wwth the heating resistor-187 ~-and a certain volune of ink is
pushed away due to expansion of the ink bubble (that is, ink is brought to
boiling). Wth this arrangenent, ink having substantially the sane vol une

as that afhd %ﬂé&édi%ﬂi%gc%ﬁ%tﬂ.etl% the, 44l %ozlz%earzlllcbep%:r}ggg away as

menti oned above is discharged fromt correspondi ng ‘noz an ink

dropl et, drandetk @hapieqty . of printing paper, and fornms a dot (pixel). In
this specification, a conponent nade up by one of the ink chanbers 12, the

heating resi syerclBaditspasad 1kn the ihRk ghapber 13, ,and & ozzlg 18
di sposed above the ink chanbgf 12 ig reFerre £o asag@IFégﬁgadﬁggﬁarging

uni t. mamfmwmmw@thmw@ﬂwm%?kﬂ%aﬁﬁ%ﬁ&@%&&%ﬁm”s
therein which are juxtaposed side by side. Also, in the present enbodi nent,

a pl ural ihpnofs phé scheadseht iis fod aposert sdedvecs e ting He st
Hree IO?B for a short period of time, for example, 1 to 3 usec, the
heating resistor 13 is qguickly heated. As a result, a

gaseous-phase ink bubble is generated in ink in the ink
chamber 12, lying in contact with the heating resistor 13,
and a certain volume of ink is pushed away due to expansion
of the ink bubble (that is, ink is brought to boiling).

With this arrangement, ink having substantially the same
volume as that of the ink lYing in contact with the nozzle
18 and pushed away as mentioned above is discharged from the
corresponding nozzle 18 as an ink droplet, landed on a sheet
of printing paper, and forms a dot (pixel).

- In this specification, a component made up by one of
the ink chambers 12, the heating resistor 13 disposed in the
ink chamber 12, and the nozzle 18 dispésed above the ink
chamber 12 is referred to as a liquid-discharging unit.
.That is, the head 11 has a plurality of liquid-discharging
~units therein which are juxtaposed side by side.

Also, in the present embodiment, a plurality of the

heads 11 is juxtaposed side by side in the width direction

so as to form a line head 10. Fig. 2 is a plan view of the



so as to forma line head 10. Fig. 2 is a plan view of the - 16 |ine head.
10_according to the embodinent, illustrating four of the heads 11: .
(N1)-th, N-th, (N+1)-th, and (N+2)-th heads 11. Wen the line head 10 is
formed, a plurality of conponents (head chips) is juxtaposed side by side,
each formed by the head 11 from which the nozzle sheet 17 is renoved in
Fig. 1. Then, a single sheet of the nozzle sheet 17 having the nozzles 18
formed therein so as to correspond to the respective |iquid-discharging
units of all head chips is bonded to Ithe- upper surfaces of these head
chips. Meanwhile, all heads 11 are disposed such that a pitch between the
,hozzles 18 lying at the ends of the nutually adj acent heads 11, that is,

such tha&anésh%QQWQO'QC%OQQE%bl%g ArRaLty, 1&!%trezgl§ﬁ§p ﬁngﬁ%gag?htgﬁd

nozzl es 18 respectively lying~at the Fi ht an

N+1)-th e ane _ag t bet _adj a t 18 of each
gead)ll ogfggﬁagéguglﬁgctl@nqghg%glﬁgkﬁéans ?ﬁe%ﬁ%agﬁ%l(ﬂﬁéﬁ %ﬁ

di schar gaedid&eat i ONWBBANGHAY 17BANSc2aTHY qlS%@;&gg_d'r 1973¢Qangi ng means
according to the present enbodi nent changes t sch ction of an

i nk dropbapodEEeBang@adfbﬁ&p@acHsngﬁﬁkapééeHHEQd@ B! UrghbtyeQE directi ons

within a direction along which the nozzles 18 i qui'd-di séharging units)

are j uxt posed bydEhéyhsade1androha&hacﬁtEM@tHBQz§§ deseki hod;hel ow
rémoved in Fig; 1.

Then, a single sheet of the nozzle sheet 17 having the
nozzles 18 formed therein so as té correspond to the
respective liquid-discharging units of all head chips is
bopded to the upper surfaces of these head chips. Meanwhile,
all heads 11 are disposed such that a pitch between the

.nozzles 18 lying at the ends of the mutually adjacent heads
11, that is, such that, as shown in a detailed A-part of Fig.
2, a space between the nozzles 18 respectively lying at the
right and left ends of the N-th and (N+1)-th heads 11 is the
same as that between adjacent nozzles 18 of each head 11.

Discharge-direction-changing means
The head 11 includes discharge—direction—changing means,

The discharge—direction—changing means according to the
present embodiment changes the discharge direction of an ink
droplet discharged from each nozzle 18 into a plurality of
directions within a direction along which the nozzles 18
(liquid—discharging units) are juxtaposed side by side and
has a structure as described below.

Fig. 3 provides a plan view and a sectional view,



Fig. 3 provides a plan view and a sectional view, 17 illustrating the
detail ed arrangenent of the heating resistor 13 of the head 11. In the
plan view of Fig. 3, the position of the nozzle 18 is indicated by a
dotted-chain line. As shown in Fig. 3, the head 11 according to the
present enbodi nent has two-way-divided parts of the heating resistor 13

j uxtaposed side by side in a single of the ink chamber 12. Also, the
divided parts of the heating resistor 13 are juxtaposed side by side in
the direction (the horizontal directidh tn Fig. 3) along which the nozzles
18 are juxtaposed side by side. Wien the two-way-divided parts of the
heating resistor 13 are disposed in a single of the ink chanber 12 as

descr | bed 1ab@da i ARIANGG SR dfiindndd i DU Gogqngyati on time)

needed for each divided part of the heating resistor 13 to-attain a
t enper at we@ist owhilgh dmk Hes HYQUANE,  tQ BOId INGH Sriidenfd Galy Wit hhespect

to all divided parts, ink on the divided parts of the heati’ng Hes!stor 13
is sinupbanedosl yrhealehdz1koilg Ng (wWBRLRDY K HRlelknaSy di scharged
along the central axis direction of the nozzle 18. In the neantinme, when

the bubblléngeneration times of the divided parts of the heating resistor
13 are different fromeach other, ink on the, divided parts of the heating
resistor 13 i&snshosnniht @ngouslytheahedd ILn hBt6raasg, t8nthe
present embodiment has two-way-divided parts of the heating
resistor 13 juxtaposed side by side in a single of the ink
- chamber 12. Also, the divided parts of fhe heating resistor
13 are juxtaposed side by side in the direction (the
horizontal direction in Fig. 3} along which the nozzles 18
are juxtaposed side by side.
When the two-way-divided parts of the heating resistor
13 are disposed in a single of the ink chamber 12 as
described above, by arranging such that a time (bubble
generation time) needed for each divided part of the heating
resistor 13 to attain a temperature at which ink is brought
to boiling is identical with respect to all divided parts,
ink on the divided parts of the heating resistor 13 is
simultaneously heated to boiling, whereby an ink droplet is
discharged along the central axis direction of the nozzle 18.
In the meantime, when the bubbie generation times of
the divided parts of the heating resistor 13 are different
- from each other, ink on the divided parts of the heating
resistor 13 is not simultaneously heated. 1In this case, an

ink droplet is discharged along a direction deflected from



ink droplet is discharged along a direction deflected from18 the central
axis direction of the nozzle 18. Hence, the ink droplet can be |anded at a
position deflected froma |landing position at which the ink droplet would
be | anded when discharged w thout deflection. Figs. 4A and 4B are graphs
obtai ned by conputer sinulation, illustrating the relationship between
tine difference in bubble generations and di scharge angle due to the

di vided parts of the heating resistor 13 when the heating resistor 13 is
divided into a plurality of parts ass B®t-forth in the present enbodi nent.
In these graphs, the X-direction (direction shown by the vertical axis OX
in Fig. 4A, not neaning the horizontal direction of these graphs) is the

direct i onpal iCh 1 ' |
 recti onnal eas iiChudike J10ethednl A e el of eskatae 13 dre .

j uxt aposed side by side are juxtaposed y side, and tHe

(directi arophewn chv b@ela%@%Hi%%laa?b%i%ﬁddngﬂied%ggtQggmn%aﬂg%%ibﬁg

vertical direction of these graphs) is a direction he transporti

di recti oposti tacahaet wafi Bl ithiel AAKPARYIN REFRANG ¢l aknRdt hgenX- di rection.
Al so, angles of the X-direction and Y- direction w thout deflection are

bot h set datcB@rgaddweadtudf detthecXidir.ecti on and Y-direction indicates a
- deflection from 00. Also, Fig. 4Cis a graph of neasured data when a
di fference i nFyeser4hi andt iBesrof gbuphkesbehihbl BP Ebephver
simulation, illustrating the relationship between time
difference in bubble generations and discharge angle due to
the divided parts of the heating resistor 13 wheﬁ the
heating resistor 13 is divided into a plurality of parts as
set forth in the present embodiment. 1In these graphs, the
X~direction (direction shown by the vertical axis 8, in Figqg.
43, not meaning the horizontal direction of these graphs) is
the direction along which the nozzles 18 (the heating
resistors 13) are juxtaposed side by side are juxtaposed
side by side, and the.Y—direction (direction shown by the
vertical axis 6, in Fig. 4B, not meaning the vertical
direction of these graphs) is a direction  (the transporting
direction of a sheet of printing paper) perpendicular to the
X-direction. Also, angles of the X-direction and Y-
direction without deflection are both set at 0°, and each of
the X-direction and Y~direction indicates a deflection from
| 0°.
Also, Fig. 4C is a graph of measured data when a
difference in generation times of bubbles of ink on the two-

way-divided parts of the heating resistors 13 is defined as



way- di vi ded parts of the heating resistors 13 is defined as 19 a
reflecting current given by half a difference in currents fed to the

t wo- way- di vi ded parts of the heating resistors 13 and is represented by
the horizontal axis, and a discharge angle of an ink droplet (in the
X-direction) is defined as a ,deflecting anount of the ink droplet at its
| andi ng position (measured when the distance between the nozzle 18 and the
| andi ng position is set at about 2 mm) and is represented by the vertical
axis. In the case of Fig. 4C an ink-didplet is discharged in a deflecting
manner by setting a current of the main power supply of the heating
resistor 13 at 80 mA, and the defelecting current is superinposed on one

of the tyworudysdiyigded,PaLts 8%&%@3?%?@%%Pg?ﬁgfi é%%?%%i?%ﬁgg¥%$§t%xfch

parts of the heating resistors

h I 1 j - bbl es at. different times_ from
Eaaghngtzf]‘e%d aﬁc ﬁ%lmpl esi_et?lsv}]ot@gé%%: éargg)%da}a S}éeﬂjgiﬁ dlé‘?lﬁjlr%:%ﬁ? af%ﬂget

f i ntg adeh i of 1 he r in
gi reE[: gnalg;go%p%mrch th%%o%@&%@g?%&f% a%o}f)ls“i’e]’d érgec%réjgscg?%ﬁ%r as the

tinme diffarEneebeconas: esi vt m@%etﬁﬁ%@ Sntisongg{%rgg%és_evéi_

utilized in the present enbodi nent. That posi ng

di vi ded phrfilsecfiddeartantt R rass Stk Sjﬂé’p?éld’a@yi€§efgrf@in€iéé &y
amounts of currents to these divided parts of the heating sistor 13 from
each ot helmeasherdd qulicth ditRChBrsgidice between the nozzle 18 and the

landing position is set at about 2 mm) and is represented by

‘the vertical axis.‘ In the case of Fig. 4C, an ink droplét

is discharged in a deflecting manner by setting a current of

the main power supply of the heating resistor 13 at 80 maA,

and the defelecting current is superimposed on one of the

tWOHQay—divided parts of the heating resistor 13.

When the two parts of the heating resistors 13, divided
in the direction along which the nozzles 18 are juxtaposed,
generaﬁes bubbles at different times from each other, an ink
droplet is not discharged at a right angle on a sheet of
printing paper, and a discharge angle 0, of the ink droplet
in the direction along which the nozzles 18 are juxtaposed
becomes greater as the time difference becomes greater.

Hence, the aboﬁevméntioned feature is utilized in the
present embodiment. That is, by disposing the two-way-
divided parts of the heating resistors 13 and, by feeding
different amounts of currents to these divided parts of the
heating resistor 13 from each other, the liquid-discharging

apparatus is controlled so as to cause ink on the divided



apparétUs is controlled so as to cause ink on the divided 20 parts of the
heating resistor 13 to generate an ink droplet at different tinmes from
each other and accordingly to deflect the discharge direction of the ink
dropl et. For exanple, when the two-way-divided parts of the heating
resistors 13 do not have a conmon resistance as each other due to a

manuf acturing error or the like, bubble generation times of the divided
parts of the heating resistor 13 are different fromeach other, and an ink
droplet is not discharged at a right- d&yle on a sheet of printing paper, a
| andi ng position of the ink droplet is deflected fromits originally

i ntended position. However, when bubble generation times of ink on both

divi ded parks of hBenBERtRO0LESLELor 1%3F%r eﬁgff%%ggkﬁﬁg%m%gfg&et%& vi ded

identical by feeding dif ent anount S of cdrren

arts of gtthaj k bst 1 o] h her e Lok, droplet can be
8ischarggg gﬁﬁgagﬁgﬁtEgﬁgﬁe?&éﬁgéaghiEFE%%rS ngangégﬁﬁé BP t he di scharge

directi ode@flean tRk dﬁ@@h@&geA§i§QQW@ohnoEigh?Sinﬁhggoﬁﬂettnk droplet i is
di scharged orthogonal to thé discharging surface of the corresponding

' twher i i t ecti as shown by
nozzl e 18, theoi nkzatieps e whemsthQ|§ﬁ$EW£§KH¥W$5@H%?%€§émﬁ%nQ@%

the dotted arrow indicated in Fig. 5. 1In the nean ~the discharge
directi ohestibberenksdoopl @8 doi Sodehhest gdcsMabnt hakiktsncdi gehakgge angle
is deflected by O fromthe vertica

other due to a manufacturing error or the like, bubble

generation times of the divided parts of the heating

resistor 13 are different erm each other, and an ink

droplet is not discharged at a right angle on a sﬁeet bf

printing paper, a landing position of the ink droplet is

deflected from its originally intended position. However,

when bubble generation times of ink on both divided parts of

the heating resistor 13 are controlled so as to be identical

by feeding different amounts of current to the two-way-

divided parts of the heatiﬁg resistors 13 from each other,

the ink droplet can be discharged at a right angle.

Fig. 5 illustrates deflection of the discharge
direction of an ink droplet. As shown in Fig. 5, when an
ink droplet i is discharged orthogonal to the discharging
surface of the corresponding nozzle 18, the ink droplet 1 is
discharged without deflection as shown by the dotted arrow
indicated in Fig. 5. In the meantime, when the discharge
direction of the ink droplet i is deflected such that its

discharge angle is deflected by € from the vertical

direction (that is, deflected along either Z1 or 22



direction (that is, deflected along either ZI or Z2 - 21 direction shown
in Fig. 5, the landing position of the ink droplet i is deflected by AL
given by the following expression: AL = H x tanO. As descri bed above, when
t he discharge direction of the ink droplet i is deflected by an angle A
fromthe vertical direction, the landing position of the ink droplet is
deflected by AL. Meanwhile, in a typical inkjet printer, since the

di stance H between the top of the nozzle 18 and a sheet of printing paper
Pis about 1 to 2 mm it is assuned that the distance His held at an

al nost constant value of about 2 mm The reason for holding the distance H
at an al nost constant value is such that, when a variance in the distance

o alhedang ngpRel {00 ofaf heulal Bl eoletouari HEtile.  uhen

an ink droplet 1T 1s discharged”fro Z
of the shegt ingi R € '»%$ [ ce. H varies
sonewhat , th%%%%i% @%%gl |%Cr11 l(Dnlf ﬁe&l n gor%gtrel’é%j ;f%gg%‘glnn%t vary. In

contrast 4,9 -ddds,nwhen an ink droplet i is discharged in a deflecting
manner as described above, the | anding position of the ink droplet i
varies in accaigdange wzhea variance in the distance H

" Discharge-Direction-Controlling Means

As described above, when the discharge direction of the
ink droplet i is deflected by an angle 9 from the vertical
direction, the landing position of the ink droplet is
deflected by AL.

Meanwhile, in a typical inkjet printer, since the
distance H between the top of the nozzle 18 and a sheet of
‘printing paper P is.about 1 to 2 mm, it is assumed that the
diétance H is held at an almost constant value of about 2 mm.
The reason for.holding the distance H at an almost constant
value is such that, when a variance in the distance H causes
the landing pesition of the ink droplet i to vary. That is,
when an ink droplet i is discharged from the nozzle 18
orthogonal to the plane of the sheet of printing paper P,
even when the distance H varies somewhat, the landing
position of the ink droplet i does not vary. 1In contrast to
this, when an ink droplet i is discharged in a deflecting
manner as described above, the landing position of the ink
droplet i varies in accordance with a variance in the
distance H.

Discharge-Direction-Controlling Means

By using the head 11 having the above-described



By using the head 11 having the above-described -22 -

di schar ge-direction-changi ng neans i ncorporated therein, in the present
enbodi ment, a discharge control of an ink droplet is performed by

di scharge-direction-controlling neans as described bel ow. The

di scharge-direction-controlling neans controls at |east two nearhby

| i qui d-di scharging units so as to discharge ink droplets into respectively
different directions and to I|and the discharged droplets on a single pixel
train so as to forma single pixel trzZZn-or in a single pixel area so as
to forma single pixel. Meanwhile, in the present invention as a first
formof the discharge-direction- controlllng nmeans, IS arranged such

that an ink C)(}llra(}%lJee-t(ilTIre%l%?lc oLpSRaTe} ‘{;Z_Lnﬁt ‘}n%arfs V_L%rcgﬁg&(cat%lds ¢hanged into one of

an even nunber positive ctions in accdrdance with

a controknsi senr{aqz%b%l%n{ bigt S5 S@%&ﬁ%%ﬁ%ﬁ t.erval ;hetween the

renot est | andi ng positions of two |n ose di'sc arged into

the 2) dineghicansd pebtbmel) bl WS igqd ReiAl; dietgen i ] acent

nozzles 18. Wth this arrangement, when an iInk plet is arged from

the nozzkanklasomeseiritaa 2&16krections is selected. Alternatively, as a
second formof the neans for controlling a discharge direction, it is

arranged suchThbadiisahakgk- diﬁ@beioﬁﬁeﬂhthélmQﬁé|ﬁeéﬁsl§oM@Eb§Q|¥t

di schar ged
least two nearby liquid-discharging units so as to discharge
ink droplets into respectively different directions and to
land the discharged droplets on a single pixel train so as
to form a single pixel train or in a single pixel area so as
to form a single pixel.

Meanwhile, in the present invention, as a first form of
the discharge-direction-controlling means, it is arranged
such that an ink droplet from each nozzle 18 is variably
discharged into one of an even number 279 (J: a positive
‘integer) of directions in accordance with a control signal
made up by J bits, and also ﬁhe interval between the
remotest landing positions of two ink droplets of those
discharged into the 29 directions is (27 - 1) times the
.interval between the adjacent nozzles 18. With this
arrangement, when ah ink droplet is discharged from the
nozzle 18, one of the 27 directions is selected.

Alternatively, as a second form of the means for
centrolling a discharge direction, it is arranged such that

an ink droplet from the nozzle 18 is variably discharged

‘into one of an odd number (27 + 1) of directions in



into one of an odd nunber (2J + 1) of directions in 23 accordance with a
control signal nmade up by (J bits + 1), and also the interval between the
renotest | anding positions of two ink droplets of those discharged into
the (2J + 1) directions is 2' tinmes the interval between the adjacent
nozzles 18. Wth this arrangenent, when an ink droplet is discharged from
the nozzle 18, one of the (2' + 1) directions is selected. For exanple, in
the first formof the controlling nmeans, it is assumed that a contro
signal made up by J (= 2) bits is use#3 possible discharge directions of
an ink droplet is an even nunber of 2' (= 4). Also, the interval between
the renotest |anding positions of two ink droplets of those discharged

into 2' Qidestdons kS35~ -1 times the interval between the
adj acent the nozzl es f&.%N%gﬁ%ﬁo% Fﬁ e ef&PnE%? @ﬁé”éﬁbﬁé]dontrolling

means, ighd %18%S4iRd jhhal-a 1cRttal. Si alre%%% stP }%‘dé%‘]q 2302 i tg%)t&ssn u + 1)

is used, possible discharge directions of an'i d nber

of {5 = 62 thollihk Ahe1ckheori %%rs\éa'ditgg:ﬁqg%ﬁgdt Egtger{%t e;nglﬁg;ﬂLi) ng

positions of two ink droplets of those charge |nto€? di rections

s 2) (=capetimenst he pAteral bebvesBels agiacen Lhe ngszles 18 Fig. 6

nore specifically illustrates discharge I rections ropl et when
a controhoshgaallﬁadewmﬂhbyhis(5r¥hnggheh§,u§ggnigntggkfh&%%l%%rq%of t he

controlling
discharged from the nozzle 18, one of the (27 + 1)
directions is selected.

For example, in the first form of the controlling means,
it is assumed that a control signal made up by J (= 2) bits
is used, possible discharge directions of an ink droplet is
an even number of 2Y (= 4). Also, the interval between the

‘remotest landing positions of two ink droplets of those
discharged into 2J'directions is {3 = (29 - 1)} times the
interval between the adjacent the nozzles 18.

Also, in the second form of the above controlling means,
it is assumed that a control signal made up by {(J = 2) bits
+ 1} is used, possible discharge airections of an ink
droplet is an odd number of {5 = (27 + 1)}. Also, the
interval between the remotest landing positions of two ink
droplets of those discharged into (27 + 1) directions is 27
(= 4} times the interval between the adjacent the nozzles 18.

Fig. 6 more specifically illustrates discharge
directibns of an ink droplet when a control signal made up
by J (= 1) bit is used in the first form of the controlling

means. In the first form of the controlling means,



means. In the first formof the controlling neans, 24 discharge directions
of an ink droplet can be set so as to right and left symetrical
directions within the direction along which the nozzles 18 are j uxtaposed
side by side. Wth this arrangenment, when the interval between the

renmotest | anding positions of two (= 2J) ink droplets is set so as to be
{1 =(2J - 1)} tines the interval between the adjacent nozzles 18, that

is, equal to the interval between the adjacent nozzles 18, ink droplets
fromthe adjacent nozzles 18 can be-l aAaded in a single pixel area as shown
in Fig. 6. In other words, when the interval between the adjacent nozzles
18 is defined as X as shown in Fig. 6, the distance between the adjacent

i xel h S1 g
by O 2 (BRIt Retehit %M%h.%@@fi‘%aﬁ b o OWTS %Oosfﬁ M of an
k- droplety t e d
ISBeCI 1[|C)EaI]QLI yﬂt% f‘aﬁnuéggéé%;b | SC 'FBIPJI" djl're&%{l ons O @i}l’??n 3 Op Céifnj??r/ﬁ?en a
control signal wRdS Whe Wodhds ﬂé B Siddad gs%ée&a IS pgeond form of
orm O

the foregoing controlling nmeans. Int sec ove
controlling nmam%,tﬁugc@@&ggg@hkggil%@% of-pan ;i OB, set at an
odd nunber. More particularly, whi'l e, Ph t he rst orﬁ%of%i tl%ﬁ‘%oregoing

control meansestdilsehainge gh 4 @ctdNSoOftvan Gﬁkzljrqm]@tdﬂdﬁl@t%a‘i@ Rezzle 18
can be set at an even nunber of right and left symetri cal
so as to be {1 = (29 - 1)} times the interval between the
adjacent nozzles 18, that is, equal to the interval between
the adjacent nozzles 18, ink droplets from the adjacent |
nozzles 18 can be landed in a single pixel areé as shown in
Fig. 6. In other words, when the interval between the
adjacent nozzles 18 is defined as X as shown in Fig. 6, the
distance between the adjacent pixel areas is given by (27 -
1) x X (in the example shown in Fig. 1, given by {X = (27 -
1) x X)}. Meanwhile, in this case, a landing position of an
ink droplet lies between the adjacent nozzles 18.
Also, Fig. 7 more specifically illustrates discharge

. directions of an ink droplet when a control signal made up
by {J (= 1) bit + 1} is used in the second form of the
foregoing controlling means. 1In the second form of the
above controllingrmeans, discharge directions of an ink
droplet can be set at an odd number. More particularly,

while, in the first form of the foregoing control means,
discharge directions of an ink droplet from each nozzle 18

can be set at an even number of right and left symmetrical

directions within the direction along which the nozzles 18



directions wwthin the direction along which the nozzles 18 25 are

j uxt aposed side by side, in the second formof the controlling neans, the
di scharge directions of an ink droplet can be set at an odd number, by
using a part of the control signal made up by +1, the ink droplet can be
al so discharged directly below the nozzle 18. Accordingly, the discharge
directions can be also set at an odd nunber of - right and |eft symretri cal
directions (represented by reference characters "a" and "c" shown in Fig.
7) and a direction directly bel ow the2hozzle 18 (represented by a
reference character "b" in Fig. 7). In Fig. 7, the control signal is nade
up by {J (— 1) bit + 1}, and the discharge directions are an odd nunber of

3 {=(2J h ZJ +. 1)}, th
i ni er\(/al Fet vﬁmt%%ose erﬁ)ltcggteiD arl%bsdrH gsﬁetsl 3}5 J‘{I 0|)ol} et:[5 iGS set
SO as to %gflgﬂ%rfge ‘3"‘%“& hecr;ﬁn;cﬁ I(&shocyvnrebcyttlOrbs %ga >72%1r1]{bet ween t he

adj acent t Nnozz (in sO as and one of
Eﬁhggﬁag e]th éHh rharas 4y e “o%{lis | eeﬂ ecﬁ;g%é’!‘}gd‘ aa:h(a fftt o e]E s
ge S arrangene as's mn in'Fig ets froma
ol Ko g ooy 9 2 2oa) sl g ety bo o he
area N. Ais@hdhed andide ROHHIANEHS dd¥e1d o et s @& PRRASET the
discharge directions can be also set at an odd number of
right and left symmetrical directions (represented by
reference characters "a" éﬁd "c" shown in Fig. 7) and a
direction directly below the nozzle 18 (represented by a
reference character "b" in Fig. 7).
. In Fig. 7, the control signal is made up by {J (= 1)
bit + 1}, and the discharge directions are an odd number of
3 {= (27 + 1)}. Also, of three discharge directions {= (27 +
1)}, the intgrva} between the remotest landing positions of
two ink droplets is set so as to be twice (= 27) the
interval (shown by X in Fig. 7) between the adjacent the
nozzles 18 (in Fig. 7, set so as to be 27 x X), and one -of
three (= 27 + 1) discharge directions is selected when an
ink droplet is discharged.
With this arrangement, as shown in Fig. 7, ink droplets
from a nozzle N can be landed not only in a bixel area N
lying directly below the nozzle N but also in pixel areas
(N~1) and (N+1) adjacent to the pixel area N.
Also, the landing pbsitions of ink droplets are opposed

Zto the nozzles 18. -



to the nozzles 18. 26 As described above, at |east two nearby |iquid-

di scharging units (nozzles 18) can land ink droplets in at |east one
si'ngl e pixel area depending on the way of using a control signal.
Especially, when a pitch of the liquid- discharging units in the
juxtaposing direction is defined as X as shown in Figs. 6 and 7, each

| i qui d-di scharging unit can land ink droplets at positions |ying along the
direction along which the |Iiquid-discharging units are juxtaposed and
given by the follow ng expression w-tlé&espect to its vertical center

axis: (1/2 x X) x P (P: a positive integer). Fig. 8 illustrates a pixel
formng nethod (wth two- direction discharge) when a control signal made

up by I 1) bt 45 usedldpaRe. ! igst Lorm ofothe. oouty olligo means

(all owi ng i nkdrop arged rnto an ev nunber of

i rect ! oBgdcnlbatnSanfle. fobkiustighes.g noagesaioh.LoraLadigagh bl xel

on a sheet o nti ng~ pap qul I'scharging ~units, eac

an 2 snes J baper by Lhe . di s |
isc argiegséreﬂéeégybpﬁogiﬁel LLeg B%F%n@%?éLBH tB8 §¥ENRUNREROE

di scharge direction ccordance wi harge conmand signals sent in
paral l'el cbat1Be BegHall. E%§@c§a§§9§rgﬁeﬁoaﬂam@cﬁlgﬂakﬁecgﬁaﬁﬁaond to i mge

signals. In Fig. 8, the nunber of gradations of discharge conmand signals
of pixel gidchbMhihg andt6NtR) tRE€juxtaposing direction is defined as
VX as shown in Figs. 6 and 7, each liquid-discharging unit
can land ink droplets at positions lying along the direction
along which the liquidndischarginé units are juxtaposed and
given by the following expression with réspect to its
vertical center axis:

+(1/2 x X) x P (P: a positive integer).

Fig. 8 illustrates a pixel forming method (with two-
direction discharge) when a control signal made up by J (=
1) bit is used in the first form of the controlling means
(allowing ink droplets to be discharged into an even number
of directions).

That is, Fig. 8 illustrates a process of forming eéch
pixel on a sheet of printing paper by the liquid-discharging
units; each discharging droplets into two directions (having
an even number of discharge directions) in accordance with
discharge command signals sent in parallel to the head 11.
The discharge command signals correspond to image signals.

In Fig. 8, the number of gradations of discharge
command signals of pixels N, (N+1), and (N+2) are

respectively set at 3, 1, and 2.



respectively set at 3, 1, and 2. 27 A discharge conmmand si gnal of each

pi xel is sent to predetermned |iquid-discharging units at an interval of
"a' or "b", and also, each liquid-discharging unit discharges an ink
droplet at the above-nentioned interval "a" or "b". The intervals "a" and
"b" correspond to tinme slots "a" and "b", respectively. In the present
enbodi nent, a plurality of dots is fornmed in a single pixel area, for
exanple, during an interval of "a" plus "b" in accordance with the nunber
of gradations of the correspondi ng-di2§ckarge command signal. For exanple,
during the interval "a", discharge command signals of the pixels N and
(N+2) are respectively sent to liquid-discharging units (N-1) and (N+1).

Then, the |i quig-di ' jt ' LS LN et in the
"a" directioﬁyiéﬁé? e eg??%ﬁﬂﬁ%ﬁ%% %% 9%§£¥%{g§§¥%£d€% %?ggﬁgéposition of

the pixe r@aeeemﬁl@&t19&uwiamg&ﬂgr§§§§r?ﬁgkgg@ttQﬁ b haui-dadi §ghaggi ng

unit (N+1) discharges an 1 nk drople direction rn a deflecting

manner sgraspt0 Beql anded a@kchhe:geshLhe8cRhrihey RhXel g6 MRl -gBst By sheet
of printing paper. Wth this arrangenent, an ink droplet correSponding to

the nunbenkofirgpadatdOnthe 2absveandedishelinenposihi ongof oreagh pixghk in the
time slot "a". Since the nunber of gradations of the discharge command
signal ointaeevplxeta” (M2)"bS QortBspphdeto(Nhdd bsotbusafonfmdrpThe same
réspectively. In the present embodiment, a plurality of
dots is formed in a single pixel area, for example, during
an interval of "a" plus "b" in accordancé with the number of
rgradations of the corresponding discharge command signal.
For example, during the interval "a", discharge command
signals of the pixels N and (N+2) are respectively seﬁt to
lliquid*discharging units (N-1) and (N+1).
Then, the liquid-discharging unit (N-1) discharges an
ink droplet iﬁ the "a" direction in a deflecting manner so
as to be landed at the position of the pixel N on a sheet of
printing paper; Also, the liquid-discharging unit (N+1)
discharges an ink droplet in the "a" direction in a
deflecting manner so as to be landed at the position of the
pixel (N+2) on the sheet of printing paper.
With this arrangement, an ink droplet corresponding to
the number of gradations: 2 is landed at the position of
each pixel in the time slot "a". Since the number of
gradations of the discharge command signal of the pixel
(N+2) is 2, the pixel (N+2) is thus formed. The same

process is repeated for the time slot "b".



process is repeated for the tinme slot "b". 28 As a result, the pixel Nis
formed by two dots <corresponding to the nunber of gradations; 3. Wth this
dot-form ng nethod, since ink droplets discharged froma single

| i qui d-di scharging unit are not continuously (twice or nore) landed in a
pi xel area corresponding to a single pixel nunber so as to forma pixe
regardl ess of the nunber of gradations, a variation in dots due to a
variation in discharging characteristics of the |Iiquid-discharging units
can be reduced. Also, for exanple, _-ewgn when a discharge anount of an ink
droplet fromany one of the liquid-discharging units is insufficient, a
variation in areas shared by dots in the correspondi ng pi xels can be
reduced. Also, Fig. 9 illu%%%ates not her pixel formng method (wth
three-directiBfi & SER%tde) eﬁ%‘%oﬁt r§l forgRal birad¥o dptBy {J (= 1) bit +
1} is used . in th?gfeco d formof the controlling neans (allow ng ink

dropl ets 16 BEFHECHRE J&t B P o ff AR IG i rect i ons) . Al though a
bei ng the sandesd FRge" HBLULPPaSEE "RihBrg. S4nCF 64 ATPREEacond T or m of
e ot A0 e G 3 L BB D S B e
| east tWQo%%ﬁ%QﬁuEh@UquﬂkﬁgQ@rQkﬁ%)uﬂ%%%e%§an%.%ﬁ&%ﬁogfg%
| corresponding to a single pixel number so as to form a pixel
regardless of the number of gradations, a variation in dots
due to a variation in discharging_characteristicé of the
liquid-discharging units can be reduced. B&Also, for example,
even when a discharge amount of an ink droplet from any one
of the liquid-discharging units is insufficient, a variation
in areas shared by dots in the corresponding pixels.can be
reduced.

Also, Fig. 9 illustrates another pixel férming method
{(with three-direction discharge) when a control signal made
up by {J (= 1) bit + 1} is used in the second form of the
controlling means {(allowing ink droplets to be discharged
into an odd number of directions).

Although a pixel-forming process shown in Fig. 9 is not
described here because of being the same as that illustrated
in Fig. 8, also in the second form of the controlling means,
in the same fashion as in the first form of the controlling
means, with the discharge-direction-controlling means, at

least two nearby liquid-discharging units can be controlled

so as to discharge ink droplets into respectively different



so as'to discharge ink droplets into respectively different - 29 _
directions and to |and the discharged droplets on a single pixel train so
as'to forma pixel train or in a single pixel area so as to forma pixel.
Subsequently, a density-adjusting nethod according to an enbodi nent of the:
present invention will be described. Fig. 10 illustrates a general ,
densi ty-adjusting nmethod according to the enmbodi ment and corresponding to
that of a known art shown in Fig. 21. Wth the density-adjusting nethod
according to the enbodiment, upon recgppt of a discharge conmand signal of
ink droplets, on the basis of density information and. relationship

bet ween the nunber and the density of ink droplets, both previously

Cned wi h | .trai t | i quid-di sch i
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performed wi t By -@eReek 140 SAGRMRIDIGL AR B RS S3ReGhHY &ach
l'iquid- discharging unit” In particdlar,” when-a single pixel train is
formed byarusiniErind i tohefpdd S d-d-rahar g ng INigs g dgsgd i bed in
t he present enbodi nent, by performng
' Fig. 10 illustrates a general density-adjusting method
according to the embodiment and corresponding to that of a
known art shown in'Fig. 21.
With the denéity—adjusting method according to the
embodiment, upon receipt of a discharge command signal of
ink droplets, dn the basis of density information and
relationship betﬁeen the number and the density of ink
droplets, both previously obtained with respect to each
pixel train, the liquid-discharging apparatus is controlled
so0 as to adjust the density of the pixel train corresponding
to the discharge command signal by making the number Qf ink
droplets to be actually discharged from the liquid-
discharging units different from the number of ink droplets
discharged in accordance with the discharge command signal.

' In other words, density adjustment is performed with
respect to each pixel train not with respect to each liguid-
discharging'unit. In particular, when a single pixel train
is formed by using a plurality of liquid-discharging units
as described in the present embodiment, by performing

density adjustment with respect to each pixel train,



~ processing-I's per

density adjustnent with respect to each pixel train, 30 discharging
characteristics peculiar to the individual |iquid-discharging units are
not needed to be especially taken into consideration. Al so, by perform ng
density adjustnment with respect to each pixel train, the density

adj ust nrent can be perfornmed by common signal processing regardl ess of

whet her an ink droplet is discharged in a deflecting nanner or not. The
density-adjusting nethod has a greatly different point froma known art in
that density adjustnent processing -i SOperformed after perform ng i nage
processi ng and gradation processing. In other words, when an inmage is

i nputted, image processing (adjusting brightness and contrast, correcting
h | udi
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of I nput I'mage 1 nformation gradati on processing I ncluding ifrage
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and the h#siemehechandgb8dpapparatdsbyScemnbnokigdal processing
regardless of whether an ink droplet is discharged in a
deflecting manner or not.

The density-adjusting method has a greatly different
point from a known art in that density adjustment processing
is performed after performing image processing and gradation
processing. In other words, when an image is inputted,
‘image processing (adjusting brightness and contrast,
correcting a ¥y characteristic, and sorforth) and gradation
proceséing including error diffusion are performed on the
assumption that discharging characteristics of all ligquid-
discharging units are uniform, and density adjustment
processing is performed in a step after the image processing
and as close as possible to a step of discharging an ink
droplet.

That is, upon receipt of input image information,
gradation processing including  image processing and error
diffusion is performed on the assumption that the density of
dot ‘arrays formed by all liquid-discharging units is
constant, and the liguid-discharging apparatus is controlled

so as to adjust the density of a pixel train corresponding



so as to adjust the density of a pixel train corresponding - 31 to a

di scharge command signal converted after the gradation processing by

di scharging a different nunber of ink droplets fromthe |iquid-discharging
units, fromthe nunber of droplets discharged in accordance with the

di scharge conmmand signal. A specific exanple of the density-adjusting

nmet hod according to the present enbodinent will be described. In a

printer as used in the present enbodi nent, since an accumul ated anmount of
di scharged ink-droplets is in propoftilon-to the nunber of ink droplets,
and the density of ink droplets is expressed by the y-th power of the
nunmber of the ink droplets, a recording signal, in particular, the nunber
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units, its printing characteristic is uniforma ong the pixe
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l'i qui d-discharging units, its printing characteristic Is not identical to
that of uhephexsl dtikahargber md aR:c3aldengieh the |didddies chah@hay units

due to a wvariation in discharging characteristics of the remaining
| i qui d- dssghangi ng units.

A specific‘example of the density-adjusting method
according to the present embodiﬁent will be described. 1In a
printer as used in the present emﬁodiment, gince an
accumulated amount of discharged ink-droplets is in
-proportion to the number of ink droplets, and the density of
ink droplets is expressed by the y-th power of the number of
the ink droplets, a recording signal, in particulér, the
number of discharged ink-droplets in this embodiment, and
the obtained density have a functional relationship with
each other.

When a pixelrtrain is formed by discharging ink
droplets from any one of the liquid-discharging units, its
printing characteristic is uniform along the pixel train.

In contrast teo this, when a pixel train is formed by the
remaining liquid-discharging units, its printing
characteristic is not identical to that of the pixel train
formed by said one of the liquid-discharging units due to a

| variationvin discharging characteristics of the remaining
ligquid-discharging units.

In view of the above-mentioned disagreement, although



In view of the above-nentioned di sagreenent, although 32 the nunber. of
di scharged ink-droplets is constant for the common di scharge command
signal, a discharge anount of each ink droplet differs from one

| i qui d-di scharging unit to another. Fig. 11 is a graph illustrating the
rel ationship between the nunber of discharged droplets and a relative
anmount of discharged droplets. In the figure, cases of discharging a

normal ampount, a large anount, and a small anount of a single droplet are
illustrated by straight lines (2), £132 and (3), respectively. That is,
al t hough di scharging characteristics of the |iquid-discharging units vary

fromone liquid-discharging unit to another as shown by the lines (1) to
(3), and,thi riatdion cannot be physically adjusted by the respective
i qui d- ditshcr:éhglruér}lo%gr it SS9 gk &Srodﬁ%rlée&ca}s&@ oL e
arbitraridysel ected nce, even when.a di scharge anount of each . dropl et
varies f réom o(r?]le Is&%ﬂ}a{ﬁ% sccq%rgrégrﬁfn(flglﬁlﬁi%' o ﬁ%&ge Y5t ?ﬂfeaﬁ?ﬁ}ht of

di schar ggddr, t Ne I At egnment. wi.th an .i.ntended one.
Wien it is assur?gc?%t ﬁgit fte%gs ¢ If%%gg%leer ﬁé&ugg{ iﬁs&&arrag&&? W B to (3) in
Fig. 11 aggthespectively given by the follow ng expressions: ML = Al x N,
M = A2 x N, and

Fig. 11 is a graph illustrating the relationship

between the number of discharged droplets and a relative
amount of discharged droplets. In the figure, cases of
discharging a normal amount, a large amoﬁnt, and a small
amount of a single droplet.are illustrated by straight lines
{(2), (1), aﬁd (3), respectively.

That is, although discharging characteristics of the
liquid—discharging units vary from one liquid-discharging
unit to another as shown by the lines (1) to (3), and this
variation cannot be physically adjusted by the respective
rliquid~discharging units, the number of discharged droplets
can be arbitrarily selected. Hence, even when a discharge
_amount of each droplet varies from one liquid-discharging
unit to another, the total amount of discharged droplets can

. be brought into agreement with an intended one.

When it is assumed that the characteristics illustrated
by (1) to (3) in Fig. 11 are respectively given by the
following expressions:

M1 = Al x N,

M2

A2 x N, and

M3 A3 x N,




Md = A3 x N 33 where An (n =1, 2, 3) is a proportionality constant, M,
M2, MB is a total amount of discharged ink-droplets discharged N tines
fromeach |iquid-discharging unit, nunbers NI to N3 of discharged

i nk-droplets satisfy the follow ng expression are can be found: M= Al X
Nl = A2. x N2 = A3 x N3. Hence, even when the characteristic of each |iquid-
di scharging unit, that is, a discharge anount of an ink droplet discharged
once fromthe |iquid-discharging unit, is different fromone

| i qui d-di scharging unit to another, th& -total anmounts of ink droplets

di scharged fromthe Iiquid- discharging units can be nmade identical. Wen
the density and the nunber of discharged ink- droplets are respectively

defined as | gpd.M agndnthey coofbhcient ¥rbsorsednat e, dggsLLyaLS o ven by

the follow ng expression: asi's’ o ové-descri bed

concept, ikl o L pak 8 dhscharged i amoeach dekauig- di-sghargi ng unit

with four colors of ink, and a nsity-distribution araCteristic of the
dropl et s qals @i TRe el rdoschaged i rigplci@_ts%h!a§gq%%5 weq. Fig. 12
ig.

illustrates a part of the neasured results. In F , yell'ow (Y) ink is
used. Theur@klisCall ardNIOLIFZEALhad¥RY AhkEGopléts satisfy the
following expression are can be found:

M = Al x N1 = A2 x N2 = A3 x N3.

Hence, even when the characteristic of each liquid-

“discharging unit, that is, a discharge amount of an ink
dropiet discharged once from the liquid-discharging unit, is
different from one liquid=-discharging unit to another, the
total amounts of ink droplets discharged from the liquid-
discharging units can be made identical;

When the density and the number of discharged ink-
droplets are respectively defined as I and N, and the
coefficient ¥ is used, the density is given by the following
expression:

I = An. x NY,

On thé basis of the above-described concept, ink
droplets are discharged from each liquid—discharging unit
with four colors of ink, and a density-distribution
characteristic of the droplets at every number of discharged
droplets is measured. Fig. 12 illustrates a part of the
measured results. In Fig. 12, yellow (Y) ink is used.

The vertical and horizontal axes of Fig. 12

respectively indicate a value obtained such that output



respectively indicate a val ue obtained such that.output 34 (brightness)
levels are subtracted froman 8 bit output (255) levels and the nunber (O
to 6) of discharged ink- droplets per each pixel. Al so, each ellipse shown
in Fig. 12 indicates a density-distribution area. Fig. 13 is a table
illustrating average values, relative densities of measured densities with
respect to colors of yellow (Y), magenta (M, cyan (C, and black (K)

the average relative density for all colors, y values (=natural |ogarithns
of the number of droplets divided by- 3watural |ogarithns of average

rel ative densities), and values of function wwth y = 0.571 (a val ue when
the nunber droplets is 4). Also, Fig. 14 is a graph of the results shown
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i nk-droplets). For exanple, If An vari to A variation-6f"An can

be absorbedihyiehasei Bgdkhe iRyrbekof hdirscharged  droplets fromNto N so
as to satisfy the follow ng éexpression:

Fig. 13 is a table illustrating average values,
relative densities of measured densities with respect to
colors of yellow (Y), magenta (M),'cyan (C), and black (K),
the average relative density for all colors, Y values |
(=patural logarithms of the number of droplets divided by
natural logarithms of average relative densities), and
values of function with y = 0.571 (a value when the number
droplets is 4). Also, Fig. 14 is a graph of the results
shown in Fig. 13. As shown in Fig. 14, a vy-characteristic
with respect to each color is approximately given by a
function with y = 0.571, that is, given by the following
expression:

I = An x NO-57%

. Since the above equation includes variables of An and N,
when a density variation occurs, the variation is nullified
by changing N (the number of discharged ink-droplets).

For example, if An varies to An', the variation of An
can be absorbed by changing the number of discharged
droplets from N to N' so as to satisfy the following
expression:

An x N1 = apv x N'0-571, op



An x No.5n = An" x N 0.571, or 35 - N = Nx (An/ An') 1.71 As described
above, when the nunber N of discharged droplets given by the above
expression is used, the densities of An and An' can be nade equal to each
other. Also, in the present enbodi nent, a density-neasuring pattern (test
pattern) formed in accordance with a di scharge commuand signal providing a
constant density to all pixel trains is printed by the |iquid-discharging
apparatus, in a state in which density adjustnment and the |ike are not
performed at all. The density-neasuringspattern is printed wth respect to
each color. Then, each printed result is scanned by an inmage- scanning
apparatus such as an i mage scanner so as to detect the density of each
pi xel train. fthowgh tﬁg/phhntedsresult can be scanned by a digital
canera or the |ike other than an i mage scanner, dlsposed i ndependent |y

fromthe prinker gel b nn a us
Prinher dekbreBRIPELSLRANNGHALY +3] RS- KO %&' gg%g%EVWth thi s

di sposed in the printer, for exanple, next to the I|ne

st ruct ur iropiass &Y IBY athd edde Isdnserigd intadde tFHé nter again,
for exanple, after it is printed, it can be scanned by the inmage-scanning
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Alternatively, an image-scanni ng apparatus nay be

Also, in the present embodiment, a density-measuring
pattern (test pattern) formed in accordance with a discharge
command signal ﬁroviding a constant density to all pixel
-trains is printed by the liquid-discharging apparatus, in a
state in which density adjustment and the like are not
performed at all. The density-measuring pattern is'printed
with respect to each color.

Then, eéch printed result is scanned by an image-
scanning apparatus such as an image scanner so as to detect
the density of each pixel train.

Although the printed result can be scanned by a digital
camera ox the like other than an image scanner, disposed
independently from the printer, it can be scanned by an
image—scahning apparatus disposed in the printer, for
example, next to the line head 10. With this structure,
when the printed result is inserted into the printer again,
for example, after it is printed, it can be scanned by the
image-scanning apparatus while being transported by a drive
and transport system.

Alternatively, an image-scanning apparatus may be

disposed downstream of the line head 10 (so as to scan a
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di sposed downstream of the |ine head 10 (so as to scan a 36 printed inmage
after a sheet of printing paper is printed. Wth this structure, since the
density of the printed image is nmeasured by the imge-scanni ng apparatus
while the sheet of printing paper is being printed, when the density
measuring pattern is printed, the printed i mage thereof is scanned at the
sane tinme. Fig. 15 illustrates an exanple density-neasuring pattern. The
density-neasuring pattern is forned by a plurality of pairs of belt-shaped
patterns, each formed by dots arranged®so as to extend in the direction
al ong which the [liquid-discharging units are juxtaposed side by side, and
each pair formed with respect to each color, having a predeterm ned space

t her ebet waamtMeamayd e rddie o easn fur _prfiqmirgap gaRal 1 O Pl Ns is as
bel ow. since markers (pixel trains having no dots therein) are inserted at

predet er mined thaGsiddrarg ofe  eaGh qeattey Mdryi Wetldd AN RE-kAWITBRMLh a
pi xel train in question is disposed wwth respect to these markers, the
densi ti edsofnepisxaled Mai n$d Vimage-3 eaitihPlapracht patidne Wies eHdee mar kers
are inserted cannot be neasured. To. solve this problem a pair of
pat t er ns cdr @rimedorgdgthpelrn iat herdnywordsinted, a wheteltHer aiemdingi-udi ng nakers,
the density of the pixel train is scanned fromone of the pair of patterns
i ncl udi ngeps urdltgr patitera gisxelritytaidy the printed image thereof is
scanned at the same time.
Fig. 15 illustrates an example density-measuring
pattern. |
The density—ﬁeasuring pattern is formed by a plurality
of pairs of belt-shaped patterns, each formed by dots
arranged so as to extend in the direction along which the
liquid~discharging units are juxtaposed side by side, and
each pair formed with respect to each color, having a
predetermined space therebetween. Meanwhile, the feason for
forming a pair of patterns is as below: since markers (pixel
;trains having no dots therein) are inserted at predetermined
positions of each pattern for determining how-manieth a
pixel train in question is disposed with respect to these
markers, the densities of pixel trains lying in parts of
each pattern where the markers are inserted cannot be
measured. To solve this problem, a pair of patterns are
recorded. In other words, in a pixel train including makers,
the density of the pixel train is scanned from one of the

pair of patterns including no makers. In a pixel train

including no markers, the density of any one of the patters



i ncludi ng no markers, the density of any one of the patters 37 nay be
scanned, or the densities of both patterns nay be scanned so as to provide
the average thereof. In the present enbodi nent, each pattern has a marker
di sposed therein every 32 pixel trains. Also, a marker included in one of
two patterns with respect to each color |ies between two markers included
in the other pattern. Wth this arrangenent, when two patterns are viewed
as-a single pattern with respect to each color, the single pattern has a
mar ker di sposed therein every 16 pixel3trains. Wen the pattern has no
markers inserted therein, there is a risk of unreliably determ ning that
how-manieth a pixel train in question is disposed. For exanple, when the

densi ti ema@f bhechhxel,t bai RiesbRWI iith ol @r botdr pastarpedmalynpkhe order
fromthe leftnost one, there is a risk of occurrence of a gfeater position

error asskanhngdf abt Ber tawgyovidemchle ahefhgenédneWaer .t he density
i nformati on does not -accurately indicate the position of the correspondi ng

pi xel train, Idetsétyraspnst ompbdLABND] BECRCHHEBE £hYhPET hORAEHe r
Accordingly, the positions of nmarkers are periodically scanned so as to
det er m ndihpwerdnitbelednpexelkyt B2 pixel quashison hies,wat hargspect to the
mar kers. For exanple, when the densities of the pixel trains shown in Fig.
15 are séaahadedninhener dér tivpometherhef tiibst reepdctt her eaahe cdFopi xel
trains on the left side of the first

lies between two markers included in the other pattern.

With this arrangement, when two patterns are viewed as a

single pattern with respect to each color, the single

pattern has a marker disposed therein every 16 pixel trains.

When the pattern has no markers inserted therein, there

is a risk of unreliably determining that how-manieth a pixel

train in question is disposed. For example, when the

densities of the pixel trains shown in Fig. 15 are scanned

in the order from the leftmost one, there is a risk of

‘occurrence of a greater position error as being farther away

from the left end. When the density information does not

accurately indicate the position of the corresponding pixel

train, density adjustment cannot be accurately performed.

Accordingly, the positions of markers are periodically

scanned so as to determine how-manieth a pixel train in

question lies with respect to the markers.

For example, when the densities of the pixel trains
shown in Fig. 15 are scanned in the order from the leftmost

end, there are 15 pixél trains on the left side of the first

marker (included in the lower one of the two patterns in the



mar ker (included in the | ower one of the two patterns in the 38 figure).
Thus, the pixel train lying directly above the first marker and incl uded
in the upper pattern is detected as the 16th pi-xel train. Since too few
mar kers cause the position of a pixel train in question to be inaccurately
detected, and too nany markers causes the efficiency of a
density-neasuring operation to deteriorate, in the present enbodi nent, one
marker is inserted into in the upper and | ower patterns every 16 pi xel
trains. One of the pixels formng the #énsity-measuring pattern has at

| east one dot and may have an appropriate nunber of dots as long as it is
acceptabl e. Although the greater nunber of dots the better in order to

reduce aigfuir@) .causets, Whd IdiGidatd o of ahAmPWLcfy agleplgle of each

dot, too nmany dots cause overlaying wth the adjacent dots and difficulty

in nmeasurfingtt ke rdesidng afn@attediXelthd g pae@ne Pigledted or ned by
two dots by way of exanple. Meanwhile, each |iquid-discharging unit used

in the preseni 1@wOdiinR tdissigharges a droplet having a volune of 4.5 pl
(pico-litters) at every discharge operation. By scanning the density of the

~densi ty- measuBiinge pabt €en asrteser chedeabbvepodemrsichy ciftnbopagkion of -each
of all pixel trains (a value specifying the density of the pixel train)
can be oltraiimedn Ausstiwmertadérsiiinaccurately detected, and too many

markers causes the efficiency of a density-measuring

operation to deteriorate, in the present embodiment, one

marker is inser£éd into in the upper and lower ﬁatterns

every 16 pixel trains.

One of the pixels forming the density-measuring pattern
has at least one dot and may have an appropriate number of
dots as long as it is acceptable. Although the greater
‘number of dots the better in order to reduce an error caused
by fluctuation of an amount of a droplet of each dot, too
many dots cause overlaying with the adjacent dots and
difficulty in measuring the density of each pixel. In Fig.
15, one pixel is formed by two dots by way of example.
Meanwhile, each liquid—discharging unit used in the present
‘embodiment discharges a droplet having a volume of 4.5 pl
(pico-litters) at every discharge operation.

By scanning the density of the density-measuring
pattern as described above, density information of each of
all pixel trains (a value specifying the density of the

pixel train) can be obtained. Also, when density

information of all pixel trains is given, the average



information of all pixel trains is given, the average - 39 density can be
conputed. Then, a ratio of the density of each pixel train against the
average density or a difference therebetween is conputed. Thus, on the
basis of the density ratio or difference, the |iquid-discharging apparatus
is controlled so as to change the nunber of ink droplets in accordance
with a discharge command signal with respect to each pixel train. Such a
control of changing the nunber of ink droplets as described above is

i ndependently performed w th respect B8 each color. For exanple, when the
density of a certain pixel train is |lower than the average density, -and
when the nunber of ink droplets in accordance with the discharge command

signal - Qleddid pioesl e addmdocdl. e duMDer of s i e ged ALopy el p TS set

greater than Contrary, en the density aln plxe trainis
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the printrertieeet CBiSF f srdi SEhairge G S fxomAh extef nad  appar at us
such as a conputer, the number of di schar ged |Hi droplets is changed on

the basi sscfttdidest arehdensidhardy aHati@iber At ermatdmed Vet d hen densi ty
information is previously stored

accordance with a discharge command signal with respect to

each pixel train. Such a control of changing the number of

ink droplets as described above is independently perforﬁed

with respect to each color.

For example, when the density of a certain pixel train
is lower than the average density, and when the number of
ink droplets in accordance with the discharge command signal
of the pixel train is N, the number of discharged droplets
is set greater than N. Contrary, when the density of a
cgrtain pixel train is higher than the average density, and
when the number of ink droplets in aécordance with the
discharge command signal of the pixel train is N, the number
of discharged droplets is set smaller than N.

For example, density information is previously stored
in a memory of the printer, and, after the printer receives
a discharge command signal from an external apparatus such
as a computer, the number of discharged ink-droplets is |
changed on the basis of the stored density information.
Alternatively, the density information is previously stored

in an external apparatus such as a computer, and the



in an. external apparatus such as a conmputer, and the 40 di scharge command
signal in which the density is adjusted in accordance with the density
information (the nunmber of discharged ink-droplets is changed) nmay be sent
tothe printer. Fig. 16 illustrates the relationship anong di scharge
command signals (electrical signal trains), liquid- discharging units, and
pi xel trains. As shown in Fig. 16, a train of the liquid-discharging units
(a train of the nozzles 18) is fornmed by Ni to N7 |iquid-discharging
units. Also, discharge command signals40are represented by Si to S6. In
addition, pixel trains forned in accordance with these di scharge comuand
signals SI to S6 are represented by P1 to P6. In the figure the discharge
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Fig. 16 illustrates the relationship among discharge
-command signals (electrical.signal trains), ligquid-
discharging units, and pixel trains.

As shown in Fig. 16, a train of the liquid-discharging
units (a train of the nozzles 18) is formed by N1 to N7
liguid-discharging units. Also, discharge command signals
are represented by S1 to $S6. In addition, pixel trains
formed in accordance with_these discharge command signals S1
to 86 are represented by Pl to P6.

In the figure, the discharge command signal Sn (n = 1
to 6) is a signal for forming n pieces of dots in a pixel
area. | |

More particularly, for example, the pixel train P2 is
formed in accordance with the discharge command signal S2 so
as to have two pieces of dots.

Also, in Fig. 16, as described above, the discharge
command signals are eent to a plurality of neighboring
liguid~discharging unite, and a single pixel train is formed
by these liquid-discharging units. More particularly, as in
Fig. 16, the liquid-discharging apparatus is controlled such

that, upon receipt of a discharge command signal, ink



that, upon receipt of a discharge command signal, ink - 41 droplets are

di scharged froma liquid-discharging unit lying directly above a pixe
train to be forned and also from |I|iquid-discharging units |lying on both
sides of the pixel train. Accordingly, an exanple shown in Fig. 16
illustrates the second formof the controlling nmeans in the sanme fashion
as that shown in the foregoing Fig. 9. As shown in Fig. 16, for exanple, in
accordance with the discharge connanq signal S3, the pixel train P3 is
formed so as to have 3 dots. O the_dlécﬁarge command signal S3, a first
part of the discharge command signal-is sent to the |iquid-discharging
unit N4, and the liquid- discharging unit N4 discharges an ink dropl et

| ef t war ddropléhe Argudesciapgeadf fecti agl hanbhérdseclasrgindg ormia tptnof the
pi xel train P3. Also, a second part of the discharge comrand signal is
sent to dheetttyi dbdvschapikeal tnain N3¢ banfiothed| dmai allslh sthemgi ng unit N3
.di scharges an ink droplet wthout deflection so as to form another dot of
t he pi xeligquidrdifghargiaddinion, lpingied path sidehecdi Yehapyeel conmand
signal is sent to the |iquid-discharging unit N2, and the

| i qui d- disehar gi Agcondingdy di e hexgerlanshokn diopfdy- 6 ghtWagera®es he
figure in a deflecting manner so as to form another dot of the pixel train
P3. WentRacheepafnfpENf of nble byort BP Lt BrgtHeans| iyutle RBhER R units

di scharging ink droplets in. a deflecting
as that shown in the foregoing Fig. 9.

As shown in Fig. 16, for example, in accordance With
the discharge command signal S3,‘the‘pixel train P3 is
formed so as to have 3 dots. Of the discharge command
signal S3, a first part of the discharge command signal is
-sent to the liquid-discharging unit N4, and the liguid-
discharging unit N4 discharges an ink droplet leftward in
~the figure in a deflecting manner so as to form a dot of the
pixel train P3. Also, a second part of the discharge
command signal is sent to the liquid-discharging unit N3,
and the liquid-discharging unit N3 discharges an ink droplet
without deflection so as to form another dot of the pixel
train P3. ‘In addition, a ﬁhird part of the discharge
command signal is sent to the liquid—discharging.unit N2,
and the liquid-discharging unit N2 discharges an ink droplet
rightward in the figure in a deflecting manner so as to form
another dot of the pixel train P3.

" When each train is formed by a plurality of liguid-
discharging units discharging ink droplets in a deflecting

manner as described above, the pixel train Pn has a



manner as described above, the pixel train Pn has a 42 characteristic
averaged by the discharging characteristics of three |iquid-discharging
units. Accordingly, the characteristic is possibly corrected even when one
of the [liquid-discharging units has a discharging problem In the present
invention, each pixel trainis not always forned by a plurality of

| 'i qui d-di scharging units. For exanple, the head may have a structure in
which a single of the heating resistor 13 is disposed in a single of the

i nk chanber 12 so as to formthe pixel4€rain by discharging ink droplets
fromall nozzles 18 in a direction orthogonal to the plane of a sheet of
printing paper. In this case, when one of the |iquid-discharging units has

a_di schardgiadve el emc thee dansd tyy afnd he Rl :i[r{]ggiug altcﬁg,re{eg@%%fng to the

| i qui d-di schargi ng unit cannot be ™ corrected. t can be

correct et chrees el -8 @ Ryind An BXAND| 8 cdRERRAS)H NG e nunbers of
di scharged droplets of the liquid-discharging units adjacent to the

f or egoi ng-Hamua tebrdi sseiharigd npdAidly alodeasted hererdeisdd Yorf ddheyy xel train
corresponding to the liquid- discharging unit having a di scharging problem
i s differdémuid-rddmdtroseimf hie otther PpiaialcHamjing pMayely. it is
difficult to nake the difference indistinctive. In contrast to this, when a
si ngl e di schafgetbenmardensi gnaknitdoal, | ebicadpintd. arphur aki hptof (3 in the
exanpl e always formed by a plurality of liquid-discharging units.
Fo; example, the head may have a structure in which a single
of the heating resistor 13 is disposed in a2 single of the
ink chamber 12 so as to form the pixel train by discharging
ink droplets from all nozzles 18 in a direction orthogonal
to the plane of a sheet of printing paper.
In this case, when one of the ligquid-discharging unité
has a discharging problem, the density of the pixel traih
corresponding to the liquid-discharging unit cannot be
corrected. Although the density can be corrected to a
certain degree by, fqr example, increasing the numbers of
discharged droplets of the liquid-discharging units adjacent
to the foregoing liquid-discharging unit, at least the
density of the pixel train corresponding to the liquid-
discharging unit having a discharging problem is different
from those of the other pixel trains, whereby it is
difficult to make the difference indistinctive.
In contrast to this, when a single discharge command

signal is allotted into a plurality of (3 in the example

shown in Fig. 16)_of liguid-discharging units so as to form



shown in Fig. 16) of liquid-discharging units so as to form43 a single

pi xel train by the plurality of liquid-discharging units as in the present
enbodi ment, the above density can be conpletely corrected. For exanple,
when a single pixel trainis formed by three |iquid-discharging units as
shown in Fig. 16, and when one of the |iquid-discharging units has a

di scharging problem the density of the single pixel train is about two
third (low density of about 33% . However, for exanple, when the nunber of
di scharged ink-droplets in accordance 4%ith the correspondi ng di scharge
command signal is magnified by a factor of the 1.75-th power of an
inverted value of about two third according to the foregoi ng expression:

N _ N (aAfylnlgle) Likel thalid $y s r%(ililﬁlyeﬁrﬁ)gﬁ_q%fl' o{(l%l i haQgas! t.y can

be restored or exanple, when"the origina n ople is 3, a
pi xel tVQMHt%a%sbqnfQh@eﬁr%%en%Se%®o@§ﬁ%n% n%ﬁ@a%bQ%%ﬁﬁgﬁsg¥ C@%ﬂgb@g the

number to 6, even when one of the |iquid-discharging units Has

d|schargbﬁggpkﬁbugwbo&@ehm@dneant|ne t he nunber of discharged |nk dropl ets
isinreality nust be an integer. Hence, when a conmputed nunber of

di scharged drBpketgamnprepdeBehr ackingsebgiowi €esinakspebhhedthg conputed
nunber is converted into an integer by round-off processing. According to
t he knowthgierplléquddrdisthametingdunditdc@s shown in Fig. 16, and when
one of the liquid-discharging units has a discharging
problem, the density of the single pixel train is about two
third (low density of about 33%). However, forrexample,
when the number of discharged ink-droplets in accordance
with the corresponding discharge command signal is magnified
by a factor of the 1.75-th power of an inverted value of |
about two third according to the foregoing expression: N' =
N (An/ An')Y™, that is, is made double, the original
density can be restoréd. For example, when the original
number of ink droplets is 3, a pixel train can be formed so
as to have a normal density by changing the number to 6,
even when one of the liquid-discharging units haé a
discharging problem.
In the meantime, the number of discharged ink-droplets
.is in reality must be an integer. Hence, when a computed
number of discharged droplets includes fractions below
decimal point, the computed number is converted into an
integer by round-off processing.
According to the known simple round-off method, since

an error generated every computation is omitted, an



an error generated every conputation is omtted, an 44 - accumul ated error
possi bly becomes greater. In view of the above problem in the present
enbodi ment, a conputation error is considered in the subsequent input. In
the present enbodi ment, upon receipt of a droplet discharging comand
signal, on the basis of the density information and the relationship
between the nunber and the density of discharged droplets with respect to
the corresponding pixel train, the nunber of density-adjusted discharged
dropl ets corresponding to the number- ot4 dropl ets di scharged in accordance
with the discharge command signal is conputed, and only a high-order part
corresponding to the nunber of ink droplets to be discharged fromthe

liquid- diceuhangivegl wWiidcy igh RXIIacRERe s Quadiveg of f the conput ed
regult. Thus, tﬁ;@?ﬁquid-dﬁizharg?ﬁg apparat’us is pontrol!ed so as to
di scharge thennutrber odf threoplieive fgB1de 14 quhd- gis58aF JbRGoMLSE,
corresponding to the extracted higher-order part. In addition, a

di f f er enee chepweernt ithe erfrerredei rgpnedrpuieed inestld sutbdpRem@xtihgeted
hi gher-order part is conputed, and the |iquid-discharging apparatus is
control | ed solasthe pddsthe emhpdiednd|fiporneeckapther auab@plet—

i nk-dropl ets discharged in accordance with the subsequent discharge
comand Si§rhRrgEng. commanidustiaeds an ¢hanpkeisf ofouwhe- akhsdeyput ation

according to the present enbodinment. In this exanple, an
information and the relationship between the number and the

density of discharged droplets with respect to the
corresponding pixel train, the number of dénsity—adjusted'
discharged droplets corresponding to the number of droplets
discharged in accordance with the discharge command signal
is computed, and only a high-order part corresponding to the
number of ink dropleté to be discharged from the liquid-
~discharging units is extracted by rounding off the computed
result. Thus, the liquid-discharging apparatus is
controlled so as to discharge the number of droplets from

. the liquid-discharging units, corresponding to the extracted
higher-order part. In addition, a difference between the
foregéing computed result andAthe eXtracted higher-order
part is computed, and the liquid-discharging apparatus is
contrelled so as to add the computed difference to the
number of ink-droplets discharged in accordance with the
subsequent discharge command signal.

Fig. 17 illustrates an example of round-off computation

according to the present embodiment. In this example, an

input value is eqgual to 1, and the number of corrections is



I nput ‘value is equal to 1, and the nunber of corrections is - 45 - 140. As
shown in Fig. 17, when 3-bit data "001" subjected to error diffusion
processing is inputted into an input register 51, the data is converted
into high a value of 3 bits ("00100000") in 8 bits. Then, a value of 140
("10001100" in 8 bits) representing the nunber of corrections is nultiplied
by the above input value in 8 bits, and a value of high 8 bits "00100011"
is outputted froma nmultiplication output register 52. The above out put
value is added to a fraction of a pTeQ/ ously conputed result (the fraction
in the exanple shown in Fig. 17 is zero) by an adder 53, and the added
result is outputted by a fraction addition register 54. The output val ue
"00100011"4g.s subjected to round-off processing. In this exanple, the
fourth bit is rounded off, and the high 3 bits are outputted. That is, a
val ue of the hisghhdwhi tisi FiQQ117, swhent 3tbitheakineobeadsilbjastad eut put.
Al so, the rounded-off result is converted into a two's conpl enent nunber
in order ermromke Signson derddesadirig ieacdmmpoitterd igsvedin iimpart out put
register 55, and is inputted into an adder 56 for being subjected to
round- of fragriciessiiig. Hhe tdera neantdmesrtaad duttputhivil we veflueheff 3act i on
addition register 54 is inputted into the adder 56, and the sum of both
val ues i tsaviedP AP GG Actinor® duthpumt  ridgirst e BAusSiafcd 4thi s val ue

("10001100"™ in 8 bits) representing the number of

corrections is multiplied by the above input value in 8 bits,

and a wvalue of high 8 bits "00100011" is outputted from a

multiplication output register 52.

The above output value is added to a fraction of a

previously computed result {(the fraction in the example

shown in Fig. 17 is zero} by an adder 53, and the added

"result is outputted by a fraction addition register 54. The

output wvalue "00100011" is subjected to round-off processing.

In this example, the fourth bit is rounded off, and- the high

3 bits are outputted. That is, a value of the high 3 bits

"001" is sent to the line head 10 as an output. Also, the

rounded-off result is converted into a two's complement

number in order to make signs identical to each other, saved

in an output register 55, and is inputted into an adder 56

for being subjected to round-off processing. In the

meantime; an output value of the fraction addition register

54 is inputted into the adder 56, and the sum of both values

is saved in a fraction output register 57. Since this value

is inputted into the adder 53 in the subsequent computation,



is inputted into the adder 53 in the subsequent conputation, 46 - the
copputation error is considered. Fig. 18 is a table illustrating
differences in conputed results between a round-off method according to
the present enbodi nent (according to a nmethod of considering a
conputation error in the subsequent input) and a sinple round-off nethod.
In Fig. 18, an external input is obtained by conputing the follow ng
expression: Y = 1.2 - cos{(x/80)X} (X No. of calculation order shown in
the table). Meanwhile, in the case of 4heabove-described exanple, when a
deviation of the density of a certain pixel trainis conputed, this
external input corresponds to the nunber of discharged ink-droplets for

el i m nat ign@ tdaen jatd o afot he densidat-«f0r exanple, the first external
i nput of "1.200" neans that when the nunber of discharged ink-droplets is

set at 1.2, rhg.dewiaki encabitheidensikyibs ehirbpaheds YWepohBgceyt ernal
input is equal to "1.200", the nunber of di'scharged droplets according to

the si nplresuawidteftfvediethadursl-ofif dethba 2RGrAiNAGY PhP RN dgCi mal
point "0.2" is omtted. In the present enbodi ment, "al t hough "t he nunber of

di schar gethdrddpleatts (aceatdialg th' sbmenoisrdiory«ffsiide tikg ssame fashion as
descri bed above, a conputation error "0.2"
computation error in the subsequent input) and a simple
round-off method.

In Fig. 18, an external input is obtained by computing
the following expression: |

Y = 1.2 - cos{(n/80)X} (X: No. of calculation order
shown in the table).

Meanwhile, in the case of the abbve~described example,
when a deviation of the density of a certain pixel train is
computed, this external input corresponds to the number of
discharged ink-droplets for eliminating the deviétion of the
density. For example, the first external input of "1.200"
means that when the numbe; of discharged ink-droplets is set
at 1.2, the deviation of the density is eliminated.

When the external input is equal to "1.200", the number
of discharged droplets according to the simple round-off
method is set at "1", and a fraction below decimal point
"0.2" is omitted.

In the present embodiment, although the number of
discharged droplets is set at "1" by rounding-off in the

same fashion as described above, a computation error ™0.2"

occurred this time is added to the subsequent external input.



occurred this tinme is added to the subsequent external input. 47
Accordingly, since the subsequent external input is "1.161", according to
the sinple round-off nethod, this wvalue "1.161" is rounded off

i ndependently of the previous conputed result, and a resultant error
"0.161" is omtted again. In contrast to this, according to the present
enbodi nent, the previous error "0.200" is added to "1.161", and the
obtained result "1.361" is rounded off, Wth this technique, as shown in
Fig. 18 by way of exanple, outputs‘éd%Brﬁing to the sinple round-off

met hod are continuously equal to "1" despite of fluctuation of the
external input, while outputs according to the error- considered round-off

of the presenkceobddihgkp} Ehinetuahe kObsthaehangetbengn” dnphe j2".. Wen a
fraction is considered in the subsequent external input as described

above, cdOApdwdt,orcioredioly ¢or ahe admplwhalctinead fiFe rpessid)! ehikig. 19 is a
graph of outputs shown in the table in Fig. 18. In the graph, the outputs
accor di ngatlget N -diedpl e s roumdtedf fofifetimadpendienitdse odf thike peevdougonsi der ed
round-of f method according to the present enbodi nent are put contrast
Wi th eackospPhéed A¢ssidwnaingd B gesid taplte eoutput'® .A6A4r disngrtiatiede sinpl e
round-of f met hod show a square formlike a -

again.

In contrast to this, according to the present
embodiment, the previous error "0.200" is added to "i.le1™,
and the obtained result "1.361" is ﬁquﬁded off.
With this technique, as shown in Fig. 18 by way of

example, outputs according to the simple round-off method

are continuously equal to "1" despite of fluctuation of the

external input, while outputs according to the error-

considered round-off of the present embodiment fluctuate in

the range from "Q" to "2m,

When a fraction is considered in the subsequent
external input as described above; computation free éf error
as a whole can be possible.
Fig. 19 is a graph of outputs shown in the table in Fig.

18. In the graph, the outputs according to the simple

round-off method and those of the error-considered round-off

method according to the present embodiment are put contrast

with each other.

As shown in Fig. 19, the outputs according to the

simple round-off method show a square form like a

rectangular waveform in contrast to a smooth sinusoidal



rectangul ar waveformin contrast to a snooth sinusoidal 48 waveform of
inputs. That is, since all deviations fromthe sinusoidal waveform

i ndi cate conputation errors, as the snoother the formof the input signals
becones, the nore the errors becone distinguish. On the contrary, even
when val ues of ‘the outputs .according to the round-off nmethod of present
enbodi nent are once determined, in a state in which many errors occur
since the-outputs i mediately nove so %s to absorb the errors, the noving
aver age devi ations of the outputs v§r§ s0O as to neet the corresponding
inputs while repeatedly varying finely. Fig. 20 illustrates an exanple
graph obtai ned by passing both outputs through an appropriate | ow pass
filter wgevasotm aftenpate. hi'ghatreguentyce apbnest saofohdeSeonatues.

Meanwhi | e, when errors due to rounding off cannot be neglected, bits
great er shaonspidseessangfbrinsindi vatt ycosedtat hoh hercors espondnag system are
allotted to the errors so as to ease themor to bring themunder control
at a prasmbobhéy tpeobbem 6Ffeehéeveput Abidmaldh boeomes orsheénméig. the are
highly visible since decimals after decinmal point are rounded off, if any
nunber efrdrgibscahtedidetnguisipoi nt can be used, even with the sinple
round-of f nmethod, the errors can be nade snaller to a problemfree |evel.
On the contrary, even when values of the ocutputs
according to the round-off method of present embodiment are
once determined, in a state in which many errors occur,
since the outputs immediately move so as to absorb the
errors, the moving average deviations of the outputs vary so
as to meet the corresponding inputs while repeatedly varying
finely.
Fig. 20 illustrates an example graph obtained by
passing both outputs through an appropriate low-pass filter
so as to attenuate high-frequency components of these values.
Meanwhile, when errors due to rounding off cannot be
neglected, bits greater than processing bits normally used
in the corresponding system are allotted to the errors so as
to ease them or to bring them under control at a practically
problem-free level.
Although the errors in Fig. 19 are highly wvisible since
decimals after decimal point are rounded off, if any number
of digits after decimal point can be used, even with the
simple round-off method, the errors can be made smaller to a

problem-free level.

However, there is little room for selecting the number



However, there is little roomfor selecting the nunber - 49 of bits, for
exanpl e, for the nunber of discharge conmands of a printer. Especially,
when an anount of ink droplet during a single discharge operation is fixed
as in a thermal printer, it may be taken for granted that only two val ues
(two bits) are allotted. In addition, a higher dot density causes dots to
be overl apped with each other or to be fused to each other, thereby
resulting in a nodul ated density. An integral effect provided in a human
eye actually leads to the sane prinTe#®result as that obtained by passing
the outputs through a owpass filter. In such a view, the results shown
in Fig. 20 provide an effect of viewwng a printed result close to an

actual objaiitsAccrrdidwdnplay tivr thes lawmas of idiarm ki dguefdactively,
as is seen in Fig. 20, the conputed results according to the

error - consfi dergd ntratnd-Régedipitiog, iwradrude nedufevsr iy asoghan those
according to the sinple round-off nethod. Although one enbodi nent of the

present ehbodigrents:hasle hibiesridesoy ided-ahiore,id e spresentid nveitd@ui s not
limted to this enmbodinment, and can be nodified in various ways as wll
be descrimsichtzet,owt fiory éccanplien (fHr Igrartedrgsantoranbadisrenilusd t hough a
difference between the average density and the density of each pixel
train is Coipdtidds) @ank teladrel ty Iof ittt jginkela thigihes stotadjeustiad i n
accordance with the difference, a threshold of
: causes dots to be overlapped with each other or to be fused
to each other, thereby resulting in a modulated density. An
integral effect provided in a human eye actually leads to
the same printed result as that obtained by passing the
outputs through a low-pass filter. 1In such a view, the
results shown in Fig. 20 provide an effect of viewing a
printed result close to an actual object. Accordingly, with
the low-pass filter working effectively, as is seen in Fig.
20, the computed results according to the error-considered
round-off method include much fewer errors than those
according to the simple round-off method.
Although one embodiment of the present embodiment has
been described above, the present invention is not limited
to this embodiment, and can be modified in various ways as
will be described below, for example.
(1) In the present embodiment, although a difference
between the average density and the density of each pixel
train is computed, and the density of each pixel train is

adjusted in accordance with the difference, a threshold of

the difference for determining whether or not performing



the difference for determ ning whether or not performng 50 density

adj ustnent is decided on a voluntary basis. For exanple, when density
adjustment is perforned even when there is a small difference between the
density of each pixel train and the average density, all pixel trains are
provided with a further uniformdensity although nore processing
operations are accordingly needed. On the <contrary, when density
adjustnment is performed only with respect to a pixel train having density
unevenness to an extent to which ah n~eye visually determ nes as an
insufficient density, operations of the density adjustnment can be nade
fewer. (2) In the present enbodi nent, although the line head 10 is used by

vay of exarplsatyt RejRiesrml iiRveRdigRd Snnat volithed basthe |ime head 10
and is applicable to a serial- type printer having a structure in which ink

dropl et s esempdieschargedoniihe BRMuREm@nRead e rifened RveaaRRieny
direction and in which a sheet of printing paper is transported in the

sub- scannithgrei riecta emallheikeadepiet be ts@nalhley Benplitit 8F keacequi val ent
to the head 11 as one of those of the line head 10 and is fixed at a
_posi tion padtatied raynd@ndeghee aveelkakl denisd tiyhat10f pdxelli neatiype apkel nter. I n
the serial-type printer, a direction along which |iquid-discharging units
are arrangedviislecheritdule- Scamhiemg ugdiifect densfi ttyhe lsdoiugh- tnppe pri nt er
processing operations are accordingly needed. On the
contrary, when density adjustment is performed only with
respect to a pixel train having density unevenness to an
extent to which a human eye visually determines as an
insufficient density, operations of the density adjustment
can be made fewer.
(2) . In the present embodiment, although the line head 10
is used by way of example, the present invention is not
limited to the line head 10 and is applicable to a serial-
type printer having a structure in which ink droplets are
discharged while moﬁing a head in the main scanning
direction and in which a sheet cof printing paper is
transported in the sub-scanning direction.
The head of the serial-type printer is equivalent to
the head 11 as one of those of the line head 10 and is fixed
at a position rotated by 90 degrees relative to that of a
line—type printer. In the serial-type printer, a direction
along which liquid-discharging units are arranged is the

sub-scanning direction of the serial-type printer.

With this arrangement, a density-measuring pattern is



Wth this arrangenent, a density-neasuring patternis - 51 fornmed on a
sheet of printing paper by providing a droplet- discharging command signal
for providing a uniformand constant density to all pixel trains lying in
the moving direction of the head (in the main scanning direction of the
serial-type printer) and by discharging a predeterm ned nunber of ink
droplets fromeach |iquid-discharging unit. By scanning the density of the
density-neasuring pattern, wth respect to each pixel train, density
information and the relationship b&t weel t he nunber and the density of the
di scharged droplets are obtained. Then, in the sane fashion as in the
present enbodi nent, wupon receipt of a droplet-discharging conmand signal,
on the basmsdobnt hespeevi easpyinbiagnpdpdensyt yroni otngt &odreplébe
correspondi ng pixel train and rel ati onship between the nunber and the
density disdhsebangedosineptiessgmbl hfoespestidingeactnpfaeh &ndi n, by naking
the nunber of droplets to be actually discharged fromthe

| i qui d- dcsohaagindennity dof el epixélotrahesnupbeg of thschavied

i nk-droplets in accordance with the di scharge conmand signal different,
the |iqdidedischar§i hgeabpadatlis thecoainobtadnsngagirechiipuset the
density of the pixel train corresponding to the discharge conmand si gnal
(3) Whensehéapregeat Prhveari ngndsbrpgisedarpingserprapdetgpainednter, the

head discharging _an ink droplet in a o . _ _
number ¢f ink droplets from each llquld—dlscharg;ng unit.

By scanning the density of the density-measuring pattern,
with respect to each pixel traiﬁ, density information and
the relationship between the number and the density of the
discharged dréplets.are obtained.

Then, in the same fashion as in the present embodiment,
upon receipt of a droplet-discharging command signal, on the
basis of the previously obtained density information of the
corresponding pixel train and relationship between the
number and the density of discharged droplets with respect
to each pixel train, by making the number of droplets to be
actually discharged from the liguid-discharging units |
different from the number of discharged ink-droplets in
accordance with the discharge command signal different, the
liquid-discharging apparatus is controlled so as to adjust
the density of the pixel train corresponding to the
discharge command signal.

(3) When the present inventing is applied to a serial-
ltype printer, the head discharging an ink droplet in a

reflecting manner as described in the present embodiment may



reflecting manner as described in the present enbodi nent may - 52 be used,
or a head discharging an ink droplet froma nozzle wthout reflection only
in a direction substantially orthogonal to the plane of a sheet of
printing paper may be wused. (4) Al though droplets are discharged into two
directions or three directions by way of exanple, with the di scharge-
direction-controlling neans according to the present enbodi nent, droplets
may be di scharged into any nunber of jrections. In other words, arbitrary
number of |iquid- discharging units may be used for forming a single pixel
train. (5 In the present enbodinent, although tines (bubble generation
tinmes) of ink droplets on two-way-divided parts of the heating resistors
13 neededef arseldei vg lar beghkit diechiaoidingg aar 6 nkade ogilfefterfertn far olozedeh ot her
by feeding different currents to the two-way-divided parts of each

heati ng magihoudr reglechéopr esdnt innventiirew tiionneubstrrtecd ity t he above
structure. Alternatively, the |iquid-discharging apparatus may have a

st ruct ur @Ithogenes ﬁﬁetﬁﬁopW@WEdbii@e@heﬁarmé waniinrig ng gerpEon megs bet ance,

of the heating resistor 13 are juxtaposed, and a current is fed to the

di vi ded ﬁéﬁps at different timngs. For exanple, respectively independent
switches are disposed to the divided parts of the heating resistor 13, and
when the swit chédthruoh dreglsitsagre discharged into two directions

or three directions by way of example, with. the discharge-
direction-controlling means according to the present
embodiment, droplets may be discharged into any number of
directibns. In other words, arbitrary number of liquid-
diséharging units may be used for forming a single pixel
‘train.

(5} In the present embodiment, although times (bubble
generation times) of ink droplets on two-way-divided parts
of the heating resistors 13 needed for being brought to
boiling are made different from each other by feeding
different currents to the two-way-~divided parts of each
heating resistor 13, the present invention is not limited to
the above structure. Alternatively, the liquid-discharging
apparatus may have a structure in which the two-way-divided
parts having a common resistance, of the heating resistor 13
are juxtaposed, and a current is fed to the divided parts at
different timings. For example, respectively independént
switches are disposed to the divided parts of the heating
resistor 13, aﬁd when the switches are turned on at

respectively different timings, ink droplets on the divided



respebtively different timngs, i nk droplets on the divided 53 parts of
the heating resistor 13 are brought to boiling at different tines from
each other. In addition, a conbination of a nethod of feeding different
currents to the respective parts of the heating resistor 13 and anot her
met hod of feeding a current to the sane at respectively different timngs
may be possible. (6) In the present enbodi nent, although the two-way-
di vided parts of the heating resistor are juxtaposed in a single of the
i nk chanmber 12 since the way of dividi the heating resistor 13 into two
parts is a proved technique . fromthe viewpoint of satisfactory durability,
and also, the circuitry of the heating resistors 13 can be nmade sinple,
t he pres@atrtisnydnttihen hestdoly [Hemitsedrt 4 3 ke calboomghitr tet od.ling at
Al'ternatively, three or nore divided parts of the heating resistor 13 may
be j uxt ageddgrientatdimegl €roml teeeh wkhelranbdn atRlition,| @ tdoabinesdon
enbodi ment, al though the heating resistor 13 is used by way of exanple,
al t er nat i0feley meizhoRe gtfi Ageslioe st ffeychd goedenss 4w dher gespedriasi ng
el ement such as an el ectrostatic discharging-type or piezo- type -
ener gy- g&RET&t oy tore heat imgy Nes Lsded. 1An agide eénoddieat metdiost vdr gi ng- t ype
energy-generating element is formed by a diaphragm and two el ectrodes
di sposed TeGRABE PhEVETEPRT AGmRsy iSFgCanr taire sPaFei Viedve Biddegent
timings may be possible.
(6) ;n the present émbodiment, although fhe two-way-
divided parts of the heating resistor 13 are juxtaposed in a
single of the ink chamber 12 since the way of dividing the
heating resistor 13 into two parts is a proved technique
from the viewpoint of satisfactory durability, and also, the
circuitry of the heating resistors 13 can be made simple,
the present invention is not limited to the above structure.
Alternatively, three or more divided parts of the heating
resistor 13 may be juxtaposed in a single of the ink chamber

12.

(7)  In the present embodiment, although the heating
resistor 13 is used by way of example, alternatively, a
heating element may be used, or an energy-generating
element such as an electrostatic discharging-type or piezo-
type energy-generating element may be used.

An electrostatic discharging-type energy-generating
element is formed by a diaphragm and two electrodes disposed
under the diaphragm having an air layer interposed

therebetween. When a voltage of a certain value is applied



t her ebet ween. Wien a voltage of a certain value is applied 54 on the two
el ectrodes so as to bend the diaphragm downward, and then, the voltage is
changed to zero so as to release an electrostatic force. On this occasion,
an ink droplet is discharged by utilizing an elastic force of the

di aphragm returning to its original state. In this case, in order to cause
respective energy- generating elenents to generate energy in different

ways, for exanple, when the diaphrag of two energy-generating elenents
are returned to their original states {Wwhen the -electrostatic force is

rel eased by changing the voltage to zero), the two energy-generating

el enments are arranged so as to generate energy at different timngs or to

have di f faar die twol edged rapisls e tdverteoimernthehs eZepheere memgyagener at i ng

elenent is a lamnate fornmed by a piezo el enent having el ectrodes on both
sur f aces anchéhesh, &h¢ aoditager dgmchalharedca brolzeage sics aappld e lemschan

el ectrodes on both surfaces, the piezoelectric effect of the piezo el enent
causes t - efit&eHtadgmct & opcsduc &na thdsdiongasimrentararid kacoondiatgliy t o be
bent and deforned. An ink_droplet is discharged by utilizing this

def or mat [BFChArgsd Py tild izdse agi miliagrt it fidreealsdv éheagid aphragider  to
cause respective energy-generating elenents to generate energy in

di fferen SI0Gh&R olPFd@eied &5iti%ed on the el ectrodes on both

surfaces of efch Qiezo el enent, the ,
n this case, in order to cause respective energy-

generating elements to generate energy in different ways,
for example, when the diaphragms of two energy—generaﬁing
"elements are returned to their original states (when the
electrostafic force is released by changing the voltage to
zero), the two energy—genérating elements are arranged so as
to generate energy at different timings or to have different
voltages applied thereon.

The piezo-type energy-generating element is a laminate
formed by a piezo element having electrodes on both surfaces
thereof and a diaphragm. When a voltage is applied on the
electrodes on both surfaces, the piezoelectric effect of the
piezo element causes the diaphragm to produce a bending
moment and accordingly to be bent and deformed. An ink
_droplet is discharged by utilizing this deformation.

Also, in this case, similar to the above case, in order
to cause respective energy—generatihg elements to generate
energy in different ways, when a voltage is applied on the
electrodes on both surfaces of each piezo element, the

voltage is applied on two piezoelectric elements at



voltage is applied on two piezoelectric elenents at 55 different timngs
or .nmutually different voltages are applied on the two piezoelectric

el enents. (8) In the above-described enbodi nent, the discharge direction
of an ink droplet is deflected in the direction along which the nozzles 18
are juxtaposed side by side since the divided parts of the divided nozzle
18 are juxtaposed side by side in the sanme direction. Meanwhile, the

defl ecting direction of an ink dropletsds_not always required to
conpletely agree with the direction along which the nozzles 18 are

j uxt aposed side by side. Even when a small anount of m salignnent remains
therebetgﬁgg, substantially the sane effect can be expected as in the case
wher e t hE1GeFFERE AdTdinascGromusiiadd vi i ffegsindt vaditedss eaeplepdigdw t h
the directi al ong which the nozzles 18 are |juxtaposed side by side. (9)
The rounEPoggepF88e§§Q%3%%%Tqﬂ%§Iqh%@e@§§cribed in the present enbodi ment

but al so. byl soPtudFe, SPR0F ACERGIN Y RETHEHAEEE /i ¢ s 60 STRoETT i nter in
e, B SRORCETRRIoNt, by o0 S el D2 M aggondhg, Lo the
Lo s P IS8 apa G DY PR Yo
the divided parts of the divided nozzle 18 are juxtaposed
side by side in the same direction. Meanwhile, the |
aeflecting direction of an ink droplet is not always
required to completely égree with the direction along which
the nozzles 18 are juxtaposed side by side. Even when a
small amount of misalignment remains therebetween,
substantially the same effect can be expected as in the case
where the deflecting direction of an ink droplét agrees
completely with the direction along which the nozzles 18 are
juxtaposed side by side.

(9) The round-off processing and the like described in
the present embodiment can be achieved not only by a
hardware (an operation circuit, or the like) but‘also by

. software.

(10) 'Although the head 11 is used in a printer in the
present embodiment by way of example, the head 11 according
to the present invention is applicable not only to a printer,
but also to a variety of liquid-discharging apparatuses
including an apparatus discharging a solution containing DNA

for detecting a biological specimen, for example.



for detecting a biological specinmen, for exanple. 56 As described above,
according to the present invention, density unevenness caused by a
variation in discharging characteristics of the Iiquid-discharging units
can be adjusted without incurring a reduction in printing speed and the

| i ke and al so without incurring an increase in hardware, nenory, and the
like. 57 - CLAIMS: 1. A liquid-discharging nethod for formng a pixel by

| andi ng at | east one droplet di schargeg fromone of plurality of

| i qui d-di scharging units on a droplet- gnaing obj ect, and providing
gradation in accordance with the nunber of the | anded droplets in a pixel
area, conprising the steps of: correcting a droplet-discharging signal
defining the Adedsistyribied kéoyieseladovratieer daneeanipe sdhe nurRer ioh,

dropl ets and nodifying the nunber of droplets formng the pixel so that

t he densidensgftit hmgyiereien dahesatt dpt et -vd mindi vgh abj etis@gmeETigM th the
density in accordance with the droplet-discharging signal; and controlling
t he pl ur &ampcdenisuies difsdtha giimpidhidischar gioopruaince wdrt tbd he corrected
dropl et-di scharging signal so as to forma pixel on the droplet-Ianding
obj ect i RrAIFECHH AR At H-ndve misw f4 etk dustbiern ofn groiplteitrsy speed and

the like and also without incurring an increase in hardware,

memory, and the like.



wherein the droplet-discharging signal is corrected after gradation
processi ng including i mage processing and error diffusion is perforned. 2.
The Li qui d-di schargi ng nethod according to claim1, - 58 wherein the
plurality of liquid-discharging units is controlled so as to forma pixe
such that at |east two nearby |iquid-discharging units of the plurality of
| i qui d- discharging units discharge droplets in different directions so as

- to be landed in a single pixel area. 3. A density-adjusting nethod of a

|'i qui d-di scharging apparatus conprisifg.a head including a plurality of
j uxt aposed | iquid-discharging units having respective nozzles, formng
dots by FaAdMAY droplets dlscharged fron1 the nozzl es onto a

dropl et-1landing obj K one arrangin dot array,
conpri si ng thg s?g lelc&ujfoar&}b%g%\rél ng drenﬁg‘l f’y %ﬁ?o?%‘ﬁ é%d‘%h}y

rel ati onbafmquq)aw\dmstth@meumineplamddﬁhehde@sﬁtyr@ﬁ rﬁhéCch‘.ar ged droplets

W th respect t ea%g pi xel , trai rovidin dr opl et - di schar gi ng

conmand 21 griat L % dnglgcgﬁgﬂgpﬁ]ugﬁ S cORsT antORiEHS 13Pda Al | pi xel

trains Icymjlg:tt n drie mvndl@@a@mbagt@bﬁeghl QBcof@Andy fOorHvHE @
density- ne surin pattern on the droplet-|anding object by discharging a
pr edet ertit IRNGEGpPEPRLEES M Bag hPL Rl #real semmadisigiauni t, and

(c) by sgannitygpd hg.density of the

correcting a droplet-discharging signal defining the
density of the pixel in accordance with the number of
droplets and modifying the number of droplets forming the
pixel so that the density of the pixel on the droplet-
landing object agrees with the density in accordance with
the droplet-discharging signal; and

controlling the plurality of liquid-discharging units
in accordance with the corrected droplet-discharging signal
so as to form a pixel on the droplet-landing object in
accordance with the modified number of droplets,

wherein the droplet-discharging signal is corrected
after gradation processing including image processing and

error diffusion is performed.

2. The Liquid-discharging method according to claim 1,



density-neasuring pattern; and controlling the head, upon receipt of the
dropl et- discharging command signal, on the basis of the previously - 59
obtai ned density information and rel ationship between the nunber and the
density of discharged droplets with respect to each pixel train, so as to
adjust the density of the pixel train corresponding to the discharge
command signal by meking the nunber of droplets to be actually discharged
fromthe liquid-discharging units different fromthe nunber of droplets

di scharged in accordance with the di schdrge command signal. 4. The density

adj usting methed of.a |iguid-y,discharging apparatus according.to Gaim3,
further conprising thepgﬁgglég&spgﬁiorﬁgﬂﬁlgfé'5 P&H Boc &%ty ilfcl udi ng
i mage preecessondedndceraor tdi fifousi on ppealr ecehpttieft | aputlebBBgG wo

i nformati he ass tion that the depsity of dot  arrays fornmed by
all 1iqui g‘gﬁf‘“gg’hg% Fﬁé uﬂ??%alf%l%%n‘é%ﬁ;Opaﬂb‘;/cfblrﬂrramfi&hg?’ﬁ hetquid-

| i qui d- di siébahgirngngppacaits sodaschO&rgadj Ustodhedensidy of; sedeog! train
correspon Lng Eo a_ discharge command signal converted after the gradation
processi n§THFCAPEENE? gfhig-a 0F fEres Hurfberinsfle méxedr 8kats from t he

| i qui d-di scharging units, fromthe nunber of droplets discharged in

accordance with the discharge
- 3 A density-adjusting method of a liguid-discharging

-apparatus comprising a head including a plurality of
juxtaposed liquid-discharging units having respective
nozzles, forming dots by landing droplets discharged from
the nozzles onto a droplet-landing object, and providing
half tones by arranging a dot array, comprising the steps
of:

obtaining density information, and the relationship
between the number and the density of discharged droplets
with respect to each pixel train (a) by a providing
droplet-discharging command signal for providing a uniform
and constant density to all pixel trains lying in the main
scanning direction, (b} by forming a density-measuring

pattern on the droplet-landing object by discharging a
predetermined number of droplets from each liquid-
discharging unit, and {(c} by scanning the density of the
density-measuring pattern; and

controlling the head, upon receipt of the droplef—

discharging command signal, on the basis of the previously




command signal. 60 5. The density adjusting nethod of a |iquid-discharging
apparatus according to claim3 or claim4, wherein the |iquid-discharging

apparatus conprises (i) discharge- direction-changi ng neans changi ng the

di scharge direction of an ink droplet discharged fromthe nozzle of each

| i quid- discharging unit into a plurality of directions within a direction
al ong which the Iiquid-discharging units are juxtaposed side by side; and
(ii) discharge-direction- controlling neans controlling at |east two nearby
l'i quid- discharging units so as to dirsgharge ink droplets into

respectiv ifferent.directions by usi t.he .di schar ge-
direction?%%ﬁgpgﬁlﬁnaéﬁg n%n%ﬁﬁp?%f%%ﬁHKF%@%ﬁiﬁ%ﬁﬁ@ﬁbge&WSﬁPngeon a

si ngl e pi xehberaandsohasdénsioy wa @is@lardedl Mropleitd aishngkeppixel area
so as to forma, pixel, 6. The density adjusting nmethod of a Iiquid-

di schar gi f§ §655r8ﬁﬁ§1a56%+ﬂin@ot%ﬁam&‘%4ﬂ¥ﬁﬁ Q%eaﬁﬁ§53tﬂo°f5Fhﬁon recei pt
of a drophekedi seharnJec£PEHBHEE Sh@NA 1N iR nha3S Scrfahesdghsity

information and the rel ationshi etween the nunber and the density of

di schar ge8@YdP8BLBE st t Rumbes pektdiepkdies dor bes pordiedd vpiietheraed, furt her
Conpr i si NG rohNenst 8Pgu Ofi-q COTMALL N, t fordensityiadi
dischargedrodropletsé%orrespon%%éégﬁc)t é?ﬂﬁﬁﬁ;ﬁiegg g?S%léﬁg g?%%%ﬁrged in
accor dancefwirhpri fies di sehlaa geed ot widgmale; with the discharge

command signal.

4, The density adjusting method of a liquid-
discharging apparatus according to Claim 3, further
comprising the step of:

performing gradation pﬁocessing including image
processing and error diffusion upon receipt of input image
information, on the assumption that the density of dot
arrays formed by all liguid-discharging units is constant;
and

controlling the liquid-discharging apparatus so as to

- adjust the density of a pixel train corresponding to a
discharge command signal converted after the gradation
processing, by discharging a different number of ink
droplets from the liquid-discharging units, from the number

- of droplets discharged in accordance with the ~discharge

command signal.



extracting only a high-order part corresponding to the - 61 nunber of ink
droplets to be discharged fromthe |iquid- discharging units by rounding
of f the conputed result; controlling the |iquid-discharging apparatus so
as to discharge the nunber of droplets fromthe liquid- discharging units,
corresponding to the extracted higher- order part; conputing a difference
bet ween the conputed result and the extracted higher-order part; and
controlling the Iiquid-discharging apparatus so as to add the conputed
difference to the nunber of discharged k= droplets in accordance with the

subsequent di:sc e mand . signal . 7. The density. adj usting nmet hod of a
l'i qui d- di schzésr'gihi;s,\tg;(9 g%%{g?g us %&rl&gngm?%hoa%yognea 0 l%+3a$rfi!51%:htaorgf‘,ng
wher ei n t hepplarguiud- dcsohdl giyngo appatmt 3So€ o ins 65, ahdrEagetseanni ng
apparatus, .t he. ensit% adj usting nethod further conprising the step of

scanni ng tﬁ%?ﬂ% E?i@c T HE dedfSFAiedsur FREPTpEEEer n' ¥ br meth S AT9E
dropl et - | angi&gc Dbh-estakyi Aiend 4Fg ch HEAMY NhARPAS HiSe BiirRction of
density-adjusting systemof a liquid-discharging apparatus conprising a
head i ncl ugfndg™¥ pluRliat ylbtchyusqdpbsed Ithguithah sthaf gieaghuriiatidor ni ng
a pixel bygilandidnha@t Jheastione dr Oﬁiﬂaﬂi?h%g%g@ﬁ one ofhhe 4
plurality of Iiquid-discharging units onto dropl et - anéing
direction along which the 1liguid-discharging units are
juxtaposed side by side; and (ii) discharge-direction-
controlling means controlling at least two nearby ligquid-
discharging units so as to discharge ink droplets into
respectively different directions by using the discharge-
direction-controlling means and %o land the discharged
droplets on a single pixel train so as to form a pixel train

or in a single pixel area so as to form a pixel.

6. The density adjusting method of a liquid-
discharging apparatus according to any one of claims 3 to
.9,upon receipt of a droplet discharge command signal, on the
basis of the density information and the relationship between
the number and the density of discharged droplets with
respect to the corresponding pixel train, further comprising
the steps of:

computing the number of density-adjusted discharged
droplets corresponding to the number of droplets discharged
in accordance with the discharge command signal;

extracting only a high-order part corresponding to the



62 object, and providing gradation in accordance wth the nunber of the
| anded dropl ets, conprising: an inage-scanni ng apparatus scanning the
density of the pixel forned by the |iquid-discharging unit; a

densi ty-neasuring-pattern-formng unit causing the |iquid-discharging
apparatus to forma density-neasuring pattern on the droplet-I|anding

obj ect in accordance with a droplet-discharging signal defining the
density of the pixel in accordance with the nunber of droplets form ng the
pi xel ; a scanning unit causing the iHmge-scanni ng apparatus to scan the
density he densi t.y- neasur.in tter.n forned th .

density- ?rﬁe%lébuerrl n%ﬁ]plar%]{e&raﬁ S‘loertrﬁ %‘épta?rﬁ t ,lsmrz?e@orﬁ%’(‘i‘l tglffi 1884870l 1ing the
pl uralitydifcldwpiirdy diiseharngiregndihSoEl aB6OkgapsecaM tdsiiihe corrected
dropl et- discharging.signal corrected such that, on the basis of the

scanned resul £9 rpﬁélﬁ ndiPey - BB HE PNy SRR ISy S hessE&nni ng
unit, thejidroplefe di skbar ghlBesi IR | gropokkect edh gnd the nynher Jof
droplets formng the pixel is nodified so as to nmake the density of the

pi xel on dFEhadiddpiet unindi ngobbferenalree twi t the hexteasteg ihdghecor dance
W th the(ﬁgdéylgyrthoplet-discharging signal. 9. The density-adjusting
systemof a liquid- discharging apparatus according to Claim8, wherein the
dr opl et - di schapgbngisggnalliif§ecencecbetwakherthgr adapiuard result and

the extracted higher-order part; and
controlling the liquid-discharging apparatus so as to
add the computed difference to the number of discharged ink-

droplets in accordance with the subsequent discharge command

signal.

7. The density adjusting method of a liquid-discharging
.apparatus according to any one of claims 3 to 7, wherein the
liquid-discharging apparatus comprises an image-scanning
apparatus, the density adjusting method further comprising
the step of scanning the density of the density-measuring
pattern formed on the droplet-landing object by the image-

scanning apparatus.

8. A density-adjusting system of a liquid-discharging
apparatus comprising a head including a plurality of
juxtaposed liquid-discharging wunits, forming a pixel by
landing at least one droplet discharged from one of the

plurality of liquid-discharging units onto a droplet-landing



63 processing including image processing and error diffusion is
performed. 10. The density-adjusting systemof a |iquid- discharging
apparatus according to claim8 or claim9, wherein the plurality of

| i qui d-di scharging units is controlled so as to forma pixel such that at
| east two nearby |iquid-discharging units of the plurality of Iiquid-

di scharging units discharge droplets in different directions so as to be
| anded in a single pixel area. 11. A density-adjusting systemof a

| i qui d-di schargi ng apparatus conprisigg a head including a plurality of

j uxt aposed | i quid-discharging units having respective nozzles, formng
dots by IQﬁaﬁgﬁfdﬁﬁ@(ﬁ%?Wﬁ@ﬁﬂ%ﬂ%ﬁﬁﬁQWkﬁﬂ }heafigosf@aRcontdth the

dropl et - | andieg abj est. 1 adeRr @i NG, halfo.tianes,.by arranging a dot array,
conprising: an inmage-scanni ng apparatus scanning the density of the dot

array fornmed byt R&@agrageannsetarafinfyadppar acasning the density of
density-negsugipgrp -form Uity J . . qui d- di schar gi ng
apparatus to %?sc%a%%%ﬁgygﬁgég%ggﬁ#ﬁ%éi%ﬁ%%%%%ggp%dP%%?éts fromeach of the
- 1'i qui d- di schargi mgngnitysmeseuasngopd ot ara- densidy - nmeasurdags pag t ethe on t he

d | et - di bj.,ect . d ith_a disch . d si. I
( ovi di ng B LUNT T 5F WP s ERRETAERS 1y t & CAM Bi X HE AL Myi ng i n

provi di ng-a“un
t he mai n seanetmgodi tket H@Bplet-landing object in accordance with a

droplet-discharging signal defining the density of the
pixel in accordance with the number of droplets forming the
pixel;

a scanning unit causing the image-scanning apparatus
to scan the density of the density-measuring pattern formed
by the density-measuring-pattern-forming unit; and

a control unit controlling the plurality of liquid-
discharging units in accordance with the corrected droplet-
discharging signal corrected such that, on the basis of the
scanned result of the density-measuring pattern scanned by

. the scanning wunit, the droplet-discharging signal is
corrected and the number of droplets forming the pixel 1is
modified so as to make the density of the pixel on the
droplet-landing ocbject agree with the density in accordance

with the original droplet-discharging signal.

9. The density-adjusting system of a ligquid-
discharging apparatus according to Claim 8, wherein the

droplet-discharging signal is corrected after gradation




a scanning unit causing the inmage-scanning apparatus to scan the density
of the density-neasuring pattern fornmed by the
density-neasuring-pattern-formng unit; an obtaining unit obtaining density
information and the relationship between the nunber and the density of
droplets with respect to each pixel line on the basis of the scanned
result of the density-neasuring pattern scanned by the scanning unit; a
menory storing the density information and the relationship between the
nunber and the density of droplets, @btained by the obtaining unit; and a
control unit controlling the head, upon receipt of a droplet- dlscharglng
command HGHASSIO ﬂﬁ@lﬁgépg OMAPRePTEAERAST YT | FHDrNBIG i i aips 1s

rel ati onshigrdielaseen the nunber and the density of discharged droplets
stored in the nmenory wth respect to each pixel train, so as to adjust the
density of the pixel train corresponding to the discharge connand signa

by neking the nunfier of actyal Ly di s¢harged frr
I'i qui d- di schar gi ng un|f§9ﬁ§H¥ﬁ %ngtg%ghlth hﬁﬁber%gf d%bpljt d“scharged
in accorddasterginyh téepalisvhar gecomiagd sognalain2s The dehsiny-9dj usting

system of .a _li.qui di sc Q ragus acgcqording to Claim. 11, wherein

The oo Shedil] Enc SRBLDLAL BABR 2 3RCSE RePRrbErd. aPBeREr givtg

apparatusostradled so as to form a pixel such that at least two
nearby liquid-discharging units of the plurality of liquid-
discharging units discharge droplets in different directions

S0 as to be landed in a single pixel area.

11. A density-adjusting system of a liquid-discharging
apparatus comprising a head including a plurality of
juxtaposed liquid-discharging units having respective

-nozzles, forming dots by landing droplets discharged from
the nozzles onto a droplet-landing object, and providing
half tones by arranging a dot array, comprising:

an lmage-scanning apparatus scanning the density of the
dot array formed by the image—dischargihg apparatus;

a density-measuring-pattern-forming unit causing the
liquid-discharging apparatus to discharge a predetermined
number of droplets from each of the liquid-discharging units
so0 as to form a density-measuring pattern on the droplet-
landing object in accordance with a discharge command signal

providing a uniform and constant density to all pixel trains



to adjust the-density of a pixel train corresponding to a discharge
command signal converted after gradation processing including inage
processing and error diffusion is performed upon receipt of input inage
information and on the assunption that the density of dot arrays forned by
all liquid-discharging units is constant, by discharging a different
nunber of ink droplets fromthe |iquid-discharging units, fromthe nunber
of droplets discharged in accordance wth the discharge command si gnal

13. The density-adjusting system of a §i4quid- discharging apparatus
according to claim1l or claim12, wherein the |iquid-discharging

appar at us 1¥3RPr i8ebhei Jalgi Serar g Airadtisivchangi ng means changi ng t he

di scharge dirgcticaRn@hgamndink dioplel dhschanged stLam hhe fozzkeaf each
| i quid-discharging unit into a plurality of directions wthin a direction
al ong whi &k skenl £hai dedbsthargi hlye ukensityrmes g snaiapo sed tsirde foymeidde; and
(11) discharge-di Lon- n 1 at trol l.ing at | east two nearby
| i qui d- d? cggﬁgPﬁgg%%?pEegguégﬁ%&k§%§%ﬁh?§%%ﬁ%ﬁrgﬁéﬁrets into
respectivel y dafif ebeatindingectnons obyatsing tdenditschanfermation and
di rection-gcontr i.ng neans,_and to l.and the discharg droplets on a

i 163 bPRFd pific 475

singl e pi x&f ﬁecal]l!ah: SRR oPEEPRFR Jillel “EFRER B IHGTE- i R area
S0 as to hHesplecpi weth Gespkbt e dedisi pyxalj ushieneprsysienvakia kirqui d-
diSChargiQgeagggﬁgégsrgggf{déggtﬁg gg%%fﬁgaéga;ﬂéﬁdgsggkég%n scanned

by the scanning unit;

a memory storing the density information and the
relationship between the number and the density of
droplets, obtained by the obtaining unit; and

a control unit contrelliing the head, upon receipt of a
droplet-discharging command signal, on the basis of the

-density information and the relationship between the number
and the density of discharged droplets stored in the memory
_with respect to each pixel train, sc as to adjust the
density of the pixel train corresponding to the discharge
command signal by making the number of droplets to be
actually discharged from the ligquid-discharging units

different from the number of droplets discharged in

accordance with the discharge command signal.

i2. The density-adjusting system of a liquid-

discharging apparatus according to Claim 11, wherein the



13, wherein the control unit conprises (i) a first conmputing unit, upon
recei pt of a droplet-discharging conmand signal, conputing the nunber of
density-adjusted discharged droplets corresponding to the nunber of
droplets discharged in accordance with the di scharge command signal on
the basis of the density information and the relationship between the
nunber and the density of discharged droplets stored in the nenory, (ii)
an extracting unit extracting only a high-order part corresponding to the
nunber of ink droplets to be dischargged-fromthe quuid-discharging units
by rounding off the conputed result; thus, the |iquid-dischargin

appar at uSCREr ittt | € 5w s the dilseHarga scharAliRBeAPBRT2 B DPFRtaS f rom t he

liqui d- dtécaaaggeg £l fd%-_nsgfeg,r esponding. 1t Q. Lhg %Jrae%tp%%d hghers of der

part, (i11) a discharge- instructing unit instructing t
l'i qui d- dds&@@aggmg memmand<3<ﬁngmmdrgecpm@emmﬁuer @ftdropler@d@b¢¢®spond|ng
to the h order part extracted t he extracte OQVdEP§ gragtlng

unit; (i%f %F%ﬁ?n Clud 1ma| nﬁ&?ﬁﬁa 8°°drfterence between t he
conputedpeffm&medﬁupdnaﬁedéMpt(ﬂﬂnmﬂpumglmagb andotrhethbghand den thﬁt

extracted t he ractin n|t n an addi ng unit addi ng
di f f er en®@® %Hﬁﬁﬂ?bdtgﬁttﬁgi SHBlEﬁnﬁU{ éa urf "3 t h8™ ™ nUntrer %# dropl ets
di schar ggﬂqzhm—ails@@ﬁld@cem&ttsh tike subsequent di;schacgracgIm@Nda si gnal .
different number of ink droplets from the liquid-discharging
units, from the number of dropiets discharged in accordance

with the discharge command signal.

13. The density-adjusting system  of a liguid-
discharging apparatus according to claim 11 or claim 12,
wherein the liquid-discharging apparatus comprises (i)
discharge—-direction-changing means changing the discharge
direction ¢of an ink droplet discharged from the nozzle of
each liguid-discharging unit into a plurality of directions

 within a direction along which the liquid-discharging units
are Jjuxtaposed side by side; and {ii) discharge-direction-
controlling means contrelling at least two nearby liguid-
discharging units so as to discharge ink droplets into
respectively different directions by using the discharge-
direction-contrelling means and to land the discharged
'droplets on & single pixel train so as to form a pixel train

or 1n a single pixel area so as to form a pixel.



15. The density-adjusting systemof a |iquid- discharging apparatus
according to any one of clains 11 to 14, wherein the image-discharging
apparatus conprises the image-scanning unit. 16. A |iquid-discharging
apparatus conprising a plurality of liquid-discharging units, formng a
pi xel by landing at |east one droplet discharged by one of the plurality
of liquid-discharging units onto a droplet-landing object, and providing
gradation in accordance with the nunber of droplets |anded in a pixel
area, wherein a droplet-discharging sggnal defining the density of the

pi xel in accordance with the nunber of droplets is corrected and the
nunber of drdfl-et sTR®r midfPite BN Hi8IDdPFFEe so Athat 2 t helderdity of

the pixelj; opp L g Gy %ﬁgréargd'g&&%% t AHBP soezg tde the, densify {4

accordance w th the droplet- discharging S|gna and the plurality of
| i qui d- digeharhenginuniche i soedmprol |U@dtl n cawroridmsce i)t h & heflzlofﬂif ect ed

dropl et - géﬁ 2 %'ngu§igFﬁl%§gnasré$ rmafplxelfiraP Ee?lééﬁéfé ndi ng

object in a NCE W nodi nunber the
dr opl et - doseaad gisigrsilghatonsutig eched natber grmdaénsﬁtwmysst
i ncludin

ess and error dlffu5|on IS 6 . The
| qui d- CRAETAPG7. SEpar et Lo SEearRA TR AD Sl oo eSS ed T FORHE Dl ural | ty
of |iquig@idisshas@i M accordance with the discharge command signal
on the basis of the density information and the
relationship between the number and the density of
discharged droplets stored in the memory, (ii) an
extracting unit extracting only a high-order part
corresponding te the number of ink droplets to be
discharged from the liquid-discharging units by rounding
off the computed result; +thus, the liquid-discharging
apparatus 1is controlled so as to discharge the number of
droplets from the 1liquid-discharging units, c¢orresponding
to the extracted higher-order part, {iii) a discharge-
instructing unit instructing the liquidudischarging units
toc discharge the number of droplets corresponding to the
high-order part . extracted Dby the extracted Dby the
extracting unit; (iv}) a second computing unit computing a
difference between the computed result of the £first
compﬁting unit and the high-order part extracted by the
extracting unit; and (v) an adding unit adding the
difference computed by the second computing unit to the

number of droplets discharged in



units is controlled so as to forma pixel such that at |east two nearby

| i qui d-di scharging units of the plurality of liquid-discharging units

di scharge droplets in different directions so as to be landed in a single
pi xel area. 18. A |iquid-discharging apparatus conprising a head i ncluding
a plurality of juxtaposed liquid-discharging units having respective
nozzles, formng dots by |landing droplets discharged fromthe nozzles onto
a droplet-landing object, and providing half tones by arranging a dot
array, conprising: a density-neasuri®g-pattern-formng unit formng a

density-neasuring patterp on the droplet-|anding object in_ accordance with
& 0 scharge RoRRG St BnarS pr BUTH G e S LR SramaaHs EARTdensi ty Lo al |
pi xel trains lying in the main scanning direction by causing each of the

| i qui d- dischargiﬂ% units to discharge a predeterm ned nunber_ of droplets;
a menory st oritrgl¥ensi 457§ HF6rabtY ot ihd thestersg  dfel atd onshi @ H&t ween t he

nunber apdstherdengi by QT:aQtEQp!a@E@rd%%htf)e%H?Cbr{bOo%a(alagin?sellltrt?é n
obt ai ned by scanni ng tﬁe density of the density-neasuring pattern fornmed
by the dénsithpufdasuFhhgipageedhsEbany g uaPParands a CODMIAGE suntihe

control | ipa the-bgad, upon receipt of a droplet-discharging conmand
signal, on 9he basi s %f t he

16. A liquid-discharging apparatus comprising a
plurality of liquid-discharging units, forming a pixel by
landing at least one droplet discharged by one of the
plurality of liquid-discharging units onto a droplet-landing
object, and providing gradation in accordance with the
number of droplets landed ir a pixel area, wherein a

" droplet-discharging signal defining the density of the pixel
in accordance with the number of droplets is corrected and
the number of droplets forming the pixel is modified so that
the density of the pixel on the droplet-landing object
agrees with the density in accordance with the droplet-
discharging signal, and the plurality of liquid-discharging
units 1s controlled in accordance with the corrected
droplet-discharging signal so as to form a pixel on the
droplet-landing object in accordance with the modified
‘number of droplets,

wherein the droplet-discharging signal 1is corrected
after gradation proéessing including image processing and

error diffusion is performed.



density information and the relationship between the nunber and the
density of discharged droplets stored in the nenory wth respect to each
pi xel train, so as to adjust the density of the pixel train corresponding
to the discharge comuand signal by meking the nunber of droplets to be
actual ly discharged fromthe liquid-discharging units different fromthe
nunmber of droplets discharged in accordance with the di scharge conmand
signal. 19. The |iquid-dischargi ng apparatus according to C aim18,
further conprising: discharge-directi gg-changi ng neans changi ng the

di scharge direction of an ink droplet discharged fromthe nozzle of each
| i qui d-di scharging unit into a plurality of directions within a direction

al ong whi ch the Prhgwﬂl?gimcmawgﬂmt tp%@altuét aposeH] fyshge dy side; and

di scharge-direction-controlling nmeans con l'ing at ast” two near by
li qui d- digletiar gl g, urhesesd adet elwiaddiiar gf | hiqurdplistchdnaioa espect i vel y

different, i gﬁ;'?ﬁﬁkﬁﬁ? QQDZQ {Qngk chahggegl%%%hl%%a%p@}rolllng
I's S

means and to and arge dropléts on"a single pixel  train so as to
forma meﬁattrtwm omeaﬂba sﬂmghédpdxethar@an§o asite ferfm ahepi xel . 20.

The |i qui d-di schar |n tus, accordin m 18 | ai m 19,
wherein t é”%@ﬁtyb %ﬁggggng}ﬁgggrglng ugl dlséharge é%oﬁi %
in different directions so as to be landed in a single

pixel area.

18. A liquid-discharging apparatus comprising a head
including a plurality of Jjuxtaposed liquid-discharging
units having respective nozzles, forming dots by landing
droplets discharged from the nozzles onto a droplet-landing
object, and providing half tones by arranging a dot array,
comprising:

a density-measuring-pattern-forming unit forming a
density-measuring pattern on the droplet-landing object in
accordance with a discharge command signal providing a
uniform and constant density to all pixel trains lying in
the main scanning direction by causing each of the liguid-
discharging units to discharge a predetermined number of

- droplets;

a memory steoring density information and the



(1) a first conputing unit, upon receipt of a droplet- discharging command
signal, conputing the nunber of density- adjusted discharged droplets
corresponding to the nunber of droplets discharged in accordance with the
di scharge command signal on the basis of the density information and the
rel ati onship between the nunber and the density of discharged droplets
stored in the nenory, (ii) an extracting unit extracting only a high-order
part corresponding to the nunber of ink droplets to be discharged fromthe
l'i quid- discharging units by rounding @ff_the conputed result; thus, the

| i qui d-di schargi ng apparatus is controlled so as to discharge the nunber

of dropl eFS1fFEMRERE’ | PRI Sthdrgiaey auki the deppéspondi AGORPbEEhe

ext ract ed,higheespeder Baldach (il & :Hli3C AL AN LIHCLE N Y Lene
instructing the Iiquid- discharging units to discharge the nunber of
dropl et s deppiegpeidi et odemel ty gearwamgapeterrnactedsy blye tlextract ed

by the exyragting unit.. (1v cand. _conputi.ng _unit conputing a
di fference %etmgeﬁg%%ér%% Lﬁéif reggF-lgg upﬁg’fﬁpgt conputing unit and the
hi gh- order pard wexttradt echiZl cdmytriché iext taet hagdunuponandcéipanoaddi ng unit
adding th éﬁftp.en e caonputed b he .second conputi unit to the nunber
of dropl e‘%so B 53@%%“{9&8?18‘5%%‘% wirfR3the O%ut’fi‘&q[}gﬁlﬁi &thaty2 command
si gnal . 2denshihe; lirfitheadiisehamgi RGeapRaABEE YA sBEEOBEERFeh Oth@NYuMHEr Of
clainms 18 to 20, further cqur|S|ng a scanni ng

and the density of discharged droplets stored in the memory

with respect to each pixel train, so as to adjust the

density of the pixel train corresponding to the discharge

command signal by making the number of droplets tc¢ be

actually discharged from the liguid-discharging units

different from the number of droplets discharged in

accordance with the discharge command signal.

19. The liquid-discharging apparatus according to
Claim 18, further comprising:

discharge-direction-changing means changing the
discharge direction of an ink droplet discharged from the
nozzle of each liquid-discharging unit into a plurality of
directions within a direction along which the 1liquid-
discharging units are juxtaposed side by side; and

discharge-direction-controlling means controlling at
least two nearby 1liquid-discharging units so as to
discharge ink droplets into respectively different

directions by using



unit scanning the density of the density-neasuring pattern fornmed by the
density-neasuring-pattern-formng wunit.

70 -
the discharge-direction-contrelling means and to land the
discharged droplets on a single pixel train so as to form a
pixel train or in a single pixel area so as to form a

pixel.

20. The ligquid-discharging apparatus according to
Claim 18 or claim 19, wherein the control unit comprises
(i) a first computing unit, upon receipt of a droplet-
discharging command signal, computing the number of density-

adjusted discharged droplets corresponding to the number of

dropléts discharged in accordance with the discharge command
signal on the basis of the density information and the
relationship between the number and the density of
discharged droplets stored in the memory, (i1i) an extracting
unit extracting only a high-order part corresponding to the
number of ink droplets to be discharged from the liguid-
discharging units by rounding off the computed result; thus,
the 1ligquid-discharging apparatus is controlled so as to
discharge the number of droplets from the ligquid-discharging
units, corresponding to the extracted higher-order part,
(1ii} a discharge-instructing unit instructing the liquid-
dischérging units to discharge the number of droplets
corresponding to the high-order part extracted by the
extracted by the extracting unit; (iv) a second computing
unit computing a difference between the computed result of

the first computing unit and the high-order part extracted
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by the extracting unit; and (v)an adding unit adding the
difference computed by the second computing unit to the
number 6f droplets discharged in accordance with the

subseguent discharge command signal.

21, The liguid-discharging apparatus acceording to
any one of claims 18 to 20, further comprising a scanning
unit scanning the density of the density-measuring
pattern formed by the density-measuring-pattern-forming

unit.



