LI QUI D- DI SCHARG NG APPARATUS, AND DENSI TY ADJUSTI NG METHOD AND SYSTEM OF
THE SAME BACKGROUND OF THE INVENTION 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 having
respective nozzles, formng dots by |landing droplets discharged from the
nozzl es onto a droplet-landing object, and providing half tones by
arranging a dot array, and also relates,to a density adjusting nethod and
a density adjusting systemfor adjusting the density of the dots. Mire
particularly, the present invention is relates to a technique for

adj usting _density unevenness when the unevenness occurs due to a

variati on PRQHﬂgéﬁéﬁﬁﬁﬁﬁGéﬁ§ré@féﬁﬂ@UBGSA@D DR SITITU ARSI USITS Slca MEITHgIUNi t s.
2. Description of the Related Art An inkjet printer is known as one of
conventional |iquid-dischar §NRgSEEPEMaLOSEHE $RME nkj et printer is

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 PrinCi SaRaRS Y SR Bgr gl 0 0Pl els from Lhe nozel es, and form
Eéigéﬁ&igﬁ{gfﬁg%hfréft%ﬁg’fﬁ%eﬁ{f@gajn scanning direction (in a direction

The present invention relates to a liquid-discharging
apparatus inclﬁding a head equipped with a plurality of
juxtaposed 1iquid—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, 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 relates to a technique for adjusting
density unevenness when the unevenness occurs due to a
variation in discharging characteristics of the liquid-
discharging units.
2. Description of the Related Art

An inkjet printer is known as one of conventional
liquid-discharging apparatuses. The inkjet printer is
equipped with a head including a large number of juxtaposed
liguid-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.



a feeding direction of a sheet of printing paper by using a known nethod
(see, for exanple, Japanese Exam 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 nethod, at every novenent of the head in the
mai n scanning direction, the first recording is performed with a dot pitch
greater than the dianeter of a dot, and_the second recording is perforned
by arranging a dot so as to cover the space between adjacent dots
generated in the first recording. Wth the above-nentioned overprinting
for providing__half tones, discharging characteristics of the |iquid-

di schar gi ng ufilS® are Spadé imby@eudnfkged Priatesy PrEkorgs ®EAStiRouAdvenness
i ndi stinctive. Meanwhile, when the head has a plurality of
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discharginﬁkgh racteristics of the liquid-discharging units, for exanple,
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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 liquid—
discharging units are made more uniform, thereby making
density unevenness indistinctive. Meanwhile, when the head
has a plurality of liquid-discharging units juxtaposed side
by side therein, a variation in discharging characteristics
of the liquid-discharging units, for example, a wvariation in
discharge amounts of ink droplets occur. Unfortpnétely, 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



controlled. As a counterneasure for solving the above di sadvant age,
overprinting is applied so a to nmake density unevenness substantially

i ndi stinctive even when a part of the |iquid- discharging units have poor
di scharging characteristics, for exanple, discharging an insufficient
anount or no anount of ink droplet due to clogging of the corresponding
nozzles or the like. Unfortunately, according to the above-nentioned
overprinting nmethod, problens such as gdemnsity unevenness caused by a
variation in discharging characteristics of the |I|iquid-discharging units
can not be conpletely solved. Firstly, a problemarises froma certain

limtation of, _an_ink-absorbing.amunt of a sheet  of .printing p r. That
is, when SPSf2]; 9%‘?%&@%@8&3‘ tfi%gn\el atitort 16 thl%n%?%%soor bi ng
anount of a _sheet of inting pape t_he,.do i | i kel rie nd al so,
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a failu _ | an expecte sity gradation characteristic.
Secondly%ﬁﬂ@ggbfyégll mage quality, for exanple equivalent to that of a
phot ographiciTage is required, existence of even a small part of the

liQUid'diSChaﬁgi%gcoﬂgkg§m%%$hg%,Q%%dsWﬁk%ﬂgqQh@OEbBQé”EﬁbﬁdQEﬁ%EQége i nk
dropl ets makes a streak or the Iike distinctive. For
overprinting is applied so a to make density unevenness
substantially indistinctive even when a part of the liquid—
discharging units have poor discharging characteristics, for
example, discharging an insufficient amount or no amount of
ink droplet due to clogging of the corresponding nozzles or
the like.

Unfortunately, according to the above-mentioned
overprinting method, problems such as density unevenness
caused 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



exanpl e, when a color other than black is printed 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 becones distinctive even when its
printed area is tiny. In order to solve such density unevenness, a thernal
sublimnation printer or the like normally having a |ine head structure
has an exanpl e count erneasure incorporated therein as described bel ow
Fig. 21 illustrates a general method for correcting density unevenness by
i mge processing. A density neasuring-pattern (test pattern) providing a
uni formand constant density is first printed so as to neasure a state of
density wrgwermessst viie hthaspetta tphebedraphbe Heagssis heeqiitedsheet of
paper. Then, the printed result with respect to each color is scanned by
an i mage-SELHRIGE PR us? s heeratie of dhedl bt bd 1ot chreg Hetsi ty
information and unevenness information, the average density and

coef fi ci 8Htkts gIf s drfrd svivielk dhenel NPFmRl kY fesempif etk | n additi on,
a data table obtained by nultiplying all_positions corresponding to the
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corteopond A 10 IS PR LSS AR LSy Spiained by computat op wih an
multipli Caal:[eiaonirprt CeescsasieS 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 incorpcrated
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 deﬁsity 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. 1In addition,

a data table obtained by multiplying all positions



performed on the basis of the data table before inage processing so as to
produce a corrected image file, and a printing operation is perfornmed on
the basis of information of the corrected image file, whereby density
unevenness peculiar to the head is canceled. Meanwhile, this nethod is
presently used for printers other than an inkjet printer, and it will be
appreciated that it is also applicable to an inkjet printer.

Unfortunately, the foregoing known nethod for correcting density unevenness
i s needed to process an input inage,‘a%dj especially when an input inmage
including a large anobunt of data is required to be processed, a |onger
period of tine for processing the input inmage i s needed before printing,

t hereby resnté¢spgnding tedusedpprénsi of §@e§ﬂputlg@5ﬁge9§nghgn the printing
speed incurs an increase in hardware, nmenory, and the Iike, and hence

causes a recgerocslzeobf cobefpeiates. o SUMMRYNGEs THEF NVENTAEN4cesr di ngl y,
an object of the present invention is to adjust density unevenness caused

by a varithe gpos$hticihschengt ngs chalvet wed shy cSomputaplokakity @i |iquid-
di scharging units without incurring a reduction in a printing speed and
the |ike,l¥eose fwoetidmbuis i pgodinced nendaseoreda hardware, a nenory, and
the like, when the density of a pixel train formed by a |iquid-discharging
appar at us i nc"ffimh@ra s dguiimmad bad,h nude il lircaltiiton gfrocess 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 process 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



j uxt aposed |iquid-discharging units is adjusted. The above-described

probl ens are solved by the present invention as will be described bel ow. .
A density-adjusting nethod according to the present invention, of a

| i qui d-di schargi ng apparatus which includes a head including a plurality
of juxtaposed |iquid- discharging units having respective nozzles, which
forms .dots by |anding droplets discharged fromthe nozzles onto a

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

Wi th respect to each pixel train (a) by %roviding a dropl et -discharging
command 280y deHsiky MNGYCANGSSc kargeag bappavarasgtdéeonagnt o provide a
uni formand constant density to all pixel trains lying in the main

scanni ngYdPFREEPARI( FRapRCtErishdcs @éngi Pyuradddyr ofg Lpartien on the
dropl et-1l.anding qQbject .by discharging a predeterm ned nunber of droplets
fron1eaCHlFFhagH}BﬁsBﬁ&FéiW@t@ﬁPF,18ﬁHIEéPgb? TEEHRIAGT: BE @ensity of the
density-neasuring pattern; 1d (i.i) controlli t he head,, upon receipt of
a droplepyﬁpgéﬁgrSgﬁﬁdcgﬁﬁaggesﬁdkﬁk,agﬁotﬁétﬁg i SNGREEREIpABYI ousl y
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apparatus including a head equipped with the plurality of
juxtaposed liquid-discharging units is adjusted.

The above-described problems are solved by the present
invention as will be described below.

A density-adjusting method according to-the present
invention, of a liquid-discharging apparatus which includes
a head including a plurélity of juxtaposed liquid-
discharging units having respective nozzles, which forms
dots by landing droplets discharged from the nozzles onto a
droplet-landing object, and which provides half tones by
arranging a dot array includes the steps of: (i) obtaining
density information, and the relationship between the number
and the density of dischgrged droplets with respect to each
pixel train (a) by providing a droplet-discharging command
signal to the liquid-discharging apparatus so 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



droplets to be actually discharged fromthe |liquid- discharging units
different fromthe nunber of droplets discharged in accordance with the

di scharge conmand signal. According to the density-adjusting nmethod
according to the present invention, a droplet-discharging comand signal
is provided to the |iquid-discharging apparatus so as to provide a uniform
and constant density to all pixel trains 1lying in the main scanning
direction, and a density- measuring pgt}ejn is formed by the

| i qui d-di schargi ng apparatus. The density of the density-nmeasuring pattern
is scanned so as to obtain density information with respect to each pixel
train (for exanple, a difference between the density of each pixel train
and the avbeagddeschaygbhigathitpixed (chily sbimnimeg bye sdemslityg dhe
densities-of all pixel trains), and the obtained density information is
stored i nthe @epdiyyimesaarrédg| patherni gand- diis¢hargitmglappar ates heada
menory of a conputer or the like submtting a droplet dischargi ng command
signal to'R¥R Feeedet dPEchatepmbet wdbseharsingwernmanid sehanayk,

signal is actually inputted in the |jquid-discharging apparatus, on the
basi s of R#e'S dehstis PGP I brPRtkRRA | der it vehwfgrdtior edher or

the Iiquid-dischargin paratus submtting_ the discharge command signal
the |iqu@la‘?ﬂ‘?%%%?‘gmgb%g%%%tﬂ%ei@ﬂ%ﬁtﬂﬁﬂ‘é&es%e%%i% @Hj ust the density
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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.

According to the density-adjusting method according to

the present invention, a droplet-discharging command signal

is provided 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 is formed by the liquid-discharging

apparatus. The density of the density-measuring pattern is

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 is stored in a

memory installed in the liquid-discharging apparatus or a

memory of a computer or the like submitting a droplet-



nunber of droplets to be actually discharged fromthe 1iquid-discharging
units different fromthe nunber of droplets discharged in accordance with
t he di scharge cormand signal. For exanple, when the density of a pixe
train to be adjusted is |ower than the average density by 10% the

| i qui d-di schargi ng apparatus is controlled so as to increase the nunber of
droplets by 10% BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is an expl oded
perspective view of a head of an inkjeé printer including a

| i qui d-di schargi ng apparatus according®to the present invention; Fig. 2 is
a plan view of a line head according to an enbodi nent of the present

invention; Fig. 3 provides a plan view and a sectional view, illustrating
t he deta|ﬁedChargmggneommahdashgaalngoreﬁeslgqugdeal§b§ah@§ﬁ Figs. 4A to
4C are graphs, each illustrating the relationship between tlne di fference

i n bubbl eagearabtidons of ink and discharge angl e due to divided parts of a
heating resistor when the heating resistor is divided into a plurality of
parts; Fig. 5Whems rdisshaledd emrimemdfs idre disc kartgs 11di reghitaredfiran i nk
droplet Fig. 6 illustrates an exanple in which ink droplets from adjacent
| i qui d- d.%‘&%a%ag%gduﬁwgh@r@lm@n@mamtas, on the basis of the -

density information stored in the memory of the computer or
the liquid-discharging apparatus submitting the discharge
command signal, the liquid-~discharging apparatus is
controlled 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. 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 abparatus
according to the present inﬁention;

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

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

illustrating the detailed arrangement of a heating resistor



singl e 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 fromeach |iquid-discharging unit are set at
an odd nunber by discharging the ink droplet into right and |eft
symmetrical directions in a defelecting manner and directly bel ow the

| i qui d-di scharging unit; Fig. 8 illustrates a process of form ng each pixel
on a sheet of printing paper by the ligquid-discharging units, each

di scharging droplets into two directfbﬁ%'(having an even nunber of

di scharge directions) in accordance with discharge command signals; Fig. 9
illustrates a process of form ng each pixel on a sheet of printing paper
by the |igfuithalilsthr ging units, each discharging droplets into three
directions, (having an - 10 odd nunber of discharge directions) in
accordance wi thgsdi $éh&ogd Ccemeaga apihgnaleschFiig. 1ukd nadiosy rttees a gener a
density-adjusting nethod according to an enbodi nent of the present

i nvent i orEeIRtg.omehips ketgregsh tinaisiiife renehein dheth onsfeperdetowen t he
nunber of discharged droplets and a relative anount of discharged

dr opl et s:°fFiigk B9 disiagse iandks rdne iy dvardedfpaieisief-a distrinmt i on
characteristics, neasured at every nunber of dischange oper ati ons per

pi xel vm&?%%[ﬂret@% &he %Jg‘éﬁ 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 in a
single pixel area, and discharge directions of each ink
droplet are set at an even number;

Fig. 7 illustrates an 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 liquid-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



from each |iquid-discharging unit with four colors of ink; Fig. 13 is a
tahle illustrating average values, relative densities of neasured
densities for colors of yellow (Y), magenta (M, cyan (C), and bl ack (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-mnmeasuring pattern;
Fig. 16 illustrates the relationship anong di scharge command si gnal s,

| i qui d-di schargi ng units, and pi xel Lrabng; Fig. 17 illustrates exanple
round-of f conputation according to thé present enbodinment; Fig. 18 is a
table illustrating differences in conputed results between a round-off

met hod according to the present enbodinment (according to a nmethod of

consi der i AgdaRuBPesr of | 4t ochavgeusegqabhons hpim) aandrdastapkethound- of f
‘nmethod; 11 Fig. 19 is a graph of outputs shown in the table in Fig. 18,
putting tReSERRPUE sCAEBIRYI AboR@dLIEhe sinple round-off method and those
according to the error-considered round-off nethod according to the
present enbodifmeéht 3% domtstaates th s bidmresitypd o tiidasietdias an

exanpl e graph _obt ai hed by assing both outputs through an appropriate
| ow pass ??%#%ﬁgn%ot%saToﬁ%ﬁééﬁﬁ%ﬁE Pf gHb e reFRReRYy tenipohtens of these

val ues; and Hﬁ% 2%.iLIustrate a general nethod for correcting
g. 11 is"a graph illustrating the relationship

between the number of discharged droplets and a relative
amount of discharged droplets;

Fig. 12 is a graph illustrating 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), cvan (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, liquid—discharging.units, and pixel trains;
Fig. 17 illustrates example round-off computation

according to the present embodiment;

Fig. 18 is a table illustrating differences in computed
results between a round-off method according to the present
embodiment (according to a method of considering an error

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



density unevenness by inmage processi ng. DESCRI PTI ON OF THE PREFERRED

EVMBODI MENTS Pref erred enbodi nents of the present invention wll be
described with reference to the attached drawings. In the follow ng
description, an inkjet printer (hereinafter, sinply referred to as a
printer) is used as a |liquid- discharging apparatus according to the
present invention by way of exanple. In the description, a term"ink
droplet” means a very small anount if?g exanple, a few picolillters) of
ink (liquid) discharged froma nozzle 18 of a |iquid-discharging unit,
-which will be described |ater. Aterm"dot" neans one formof an ink
droplet |anded on a recording nedium such as a sheet of printing paper. -
12 Al so, a tfégm "% Xed "a igraphmiof neurtpni ¢ sfiown inmagke aadle in a&ddition

a term"pixel area"” neans an area in which a pixel is fornmed. Thus, when a
pr edet er nithedbuhinier Yheerojtmones agceardiplarat ithe ofingler exjuragi-adrfopl et s are
| anded in a single pixel area, a pixel (1l-step gradation) with no pixel, a
pi xel (2nstEpdgradhtilorye dadrrligindgie et w0 goinasldgx® drr aumrdeoftfep
gradation) with a plurality of dots is respectively formed. That is, zero,
one, or AghadlaacerFingiter ddropfPrRfeNtc FHPRIE tih) £LHITHFGE pibtdl area,

and an image is forned by arranging a | arge nunber of these pixels
each other;

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; 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
(ligquid) discharged from a nozzle 18 of a liquid-discharging
unit, 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.



on a recordi ng nmedium Meanwhile, all dots corresponding to a pixel do not
always lie in its pixel area, but a part of the dots sonetines |ie out of
the pixel area. Aterm"min scanning direction"” nmeans a transporting
direction of a sheet of printing paper in a line-type printer equipped
with a line head. In the neantine, with respect to a serial-type printer,
ternms "main scanning direction” and "sub scanning direction" are
respectively defined as a noving digegéign of a head (a width direction
of a sheet of printing paper) and a trafsporting direction of a sheet of
printing paper, that is, a direction perpendicular to the main scanning
direction. Aterm"pixel train" neans a group of pixels lining in - 13 the
mai n scanni ngldidec i eerm Alpbrel hgiy, ai niaimimeuhype ofpainntigiaged @meyp of
pixels liping in the transporting direction of a sheet of printing paper
form a pi%elafdbiion, |a teEnntabxehearea” aneans adn typea pin ntetch aa group of
pi xels lini jn the mpving direction of a head forma pixel train. Aterm
"pixel_li?&?e starpede perpendicular to a pixel train, for exanple, in
a line-type p&jnter a line along which |iquid-discharging units (or

]

nozzles) are JUNrafoEst &iRFE IR Hmi@ e orimbas o 26 HeadeRhi @ B i s an
expl oded ﬁ%:ﬁsﬁ:&[}} Vc?f VIiD:LeeY\é:eosf) ao & Jgog'llei?sf are landed in a single
pixel area, a pixel (l1-step gradation) with no pizgel, a
pixel (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 transporting
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 printing paper, that is, a direction
perpendicular to the main scanning direction.

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



the printer. A nozzle sheet 17 shown in Fig. | in an exploded manner is
bonded to the upper surface of a barrier layer 16. The head 11 includes a
substrate nenber 14 including a sem conductor substrate 15 conposed of
silicon or the like and heating resistors 13 deposited on one of the
surfaces of the sem conductor substrate 15. The heating resistors 13 are
electrically connected to an external circuit, having a conducting portion
(not shown) formed on the seniconductq£ substrate 15, interposed

t her ebet ween. The barrier layer 16 is %dbosed of, for exanple, ,
phot osensitive cyclized rubber resist or exposure-curable dry filmresist
and is lamnated on the entire surface on which the heating resistors 13
of the séirecomrductseannihgy duesttriane 1BRcacediogi®d, iand thee-agpennecessary
part thereof is renoved by |ithography. The nozzl e sheet 17 having the
pluralitprihteszzlegrodp fodr mecetllserldininigs inomhes ¢édaakpoirckaly by

el ectroformng, for exanple, and is bonded to the upper surface of the
barrier digpetios sdch tsheett lod podintiogs peperhdomozzl pi=x28 &grée. with
those of _the corresponding heating resistors 13, that is, such that the
nozzl es 18 &he prastdmep a8 o skyeelriiepec priaspondangrbeat phgpiesist or s
13. The Eead 11 al so includes ink chanbers 12, each defined by the
subst r at elReRFelt14her ROVERGr fdrechkjeon o, aghgaghdorm a pixel train.

A term "pixel line" means a line perpendicular to a
pixel train, for example, in a line-type printer, a line
along which ligquid-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 semiconductor
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



nozzl e sheet 17 so as to surround the corresponding heating resistor 13.
That is, in the figure, the substrate nenber 14, the barrier |ayer 16, and
the nozzl e sheet 17 serve as the bottomwall, the side wall, and the top
wal | of each ink chanber 12, respectively. Wth this structure, each ink
chanber 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
chanbers 12 of an order of 100 units~afd the heating resistors 13 disposed
in the corresponding ink chanbers 12. In response to a command froma
control unit of the printer, the head 11 uniquely selects each of the

heating resbstoase 13 and fomebar gesdi tkeh Nah henhdke §53pPepa 42
corresponding to - 15 the selected heating resistor 13 iromthe nozzle 18
facing theeredf chanbemodd Wpreipasdrapharly, the ink chanbers 12 are
filled wth ink froman ink tank (not shown) connected to the head 11.
When a pul se ¢ve enmizdls fedokeain tthéaselrecttdct hdatialg e Strayzz16s fig a
short period of time, for exanple, 1 to 3 ~[err]sec, the heating resistor
13 is quitxiyedecthereinsia cempdsedaof gatebes-lphaskedtko Hohibieyj stgener at ed
inink in the ink chanber 12, lying in contact with the heating resistor
13, and FIEIY VS| i otdedkt ¢ sthwistere aweyr taree tof edpansionienf the

i nk bubble (that is, ink is brought to boilinqg.
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 alsc 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 figure, 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



Wth this arrangenent, ink having substantially the sane volune as that of
the ink lying in contact wwth the nozzle 18 and pushed away as nenti oned
above is discharged fromthe corresponding nozzle 18 as an ink droplet,

| anded on a sheet of printing paper, and fornms a dot (pixel). In this
specification, a conponent nmade up by one of the ink chanbers 12, the
heating resistor 13 disposed in the ink chanber 12, and the nozzle 18

di sposed above the ink chanber 12 is ﬁgfgrred to as a |iquid-discharging
unit. That is, the head 11 has a pluralfity of liquid-discharging units

t herein which are juxtaposed side by side. Also, in the present enbodinent,
a plurality of the, heads 11 is juxtaposed side by side in the width

di rectiontkbe sslectédrmeatingerdenstdd. 1FifiroR tise anglare Viewiidde - 16

|l i ne head 10 according to the enbodinment, illustrating four of the heads
11: (N-1)thepink-eamBee132-th, and (N+2) -th heads 11. Wien the |ine head
10 is forned, a plurality of conponents (head chips) is juxtaposed side by
side, each f &faksd By tivalinadd 1 ther dmlwithaimbetrs 16z zlre fHddedl Fiith
renoved in Fig. 1. Then, a single sheet of the nozzle sheet 17 having the
nozzl es TF¥ oIy 3hekek tawk agm?*b Fyris pethe et et o rdepdutddiell.

| i qui d-di cha&gin units of al] head chips is bonded to the upper surfaces
of these Eﬁbedﬂ RpsSe NBERRIT ets &89 tedde Belaetef] dafdhias wdsitatr a

pitch bepﬂ§qg5£rgeshort period of time, for example, 1 to 3 psec, the
heating resistor 13 is quickly 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 disposed 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

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



nozzles 18 lying at the ends of the nutually adjacent heads 11, that is,
such that, as shown in a detailed A-part of Fig. 2, a space between the
nozzl es 18 respectively lying at the right and left ends of the Nth and
(N+1)-th heads 11 is the sane as that between adjacent nozzles 18 of each
head 11 Di scharge-direction-changi ng neans The head 11 i ncl udes

di scharge-direction-changi ng neans. The di scharge-direction-changi ng neans
according to the present enbodi nent changes the discharge direction of an
ink droplet discharged fromeach nozzi%® 18 into a plurality of directions
within a direction along which the nozzles 18 (Iliquid-discharging units)
are juxtaposed side by side and has a structure as described below. Fig. 3

provi des 1dngd aRad a0 ar¢ordSert tenaheViedWodimbat,i LhuskitaticAgqt keudet ai | ed
arrangenment of the heating resistor 13 of the head 11. In the plan view of

Fig. 3, Ufetpesieiaair ofl:t hei-n9zzhe 1B ths i(mdilgated bwda (debyednchain |ine.
As shown in Fig. 3, the head 11 according to the present enbodi nent has
t wo- way - thiewidded 1par tiheaf thiee lieat hegd nesiist dorkdd, uxt ppogadisiyderby side
in a single of the ink chanber 12. Al so, the divided parts of the heating
resi st or cot@oaeatisuXhapds ettipisde iby jsxdeposetheider bgt isdde(t kachhori zont a
direction in Fig. 3) along which the nozzles 18 are juxtaposed side by
si de. formed by the head 11 from which the nozzle sheet 17 is
removed 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 liquid-discharging units of all head chips is
bonded 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 tﬁe 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 sectiocnal view,



When the two-way-divided parts of the heating resistor 13 are disposed in
a single of the ink chanber 12 as described above, by arrangi ng such that
a time (bubble generation tinme) needed for each divided part of the
heating resistor 13 to attain a tenperature 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 ong the central axis direction of
the nozzle 18. In the neantine, when the bubble generation tinmes of the

di vided parts of the heating resistor 13 are different from each other,
ink on the. divided parts of the heating resistor 13 is not simultaneously
heat ed. il lidstsraddsey tare detlaidreaplaatrargyetiesthafgetheahengiagdi recti on
deflected from- 18 the central axis direction of the nozzle 18. Hence,
the i nk msd@itetr dah dfe Htendechdatlla pdsi ttihen pdefl edtesd offr dthga [3andheg -
position at which the ink droplet would be | anded when di scharged w t hout
def | ect i @esiftiign ofA tdrad M zdree 1dr dghsinolitcaiteed byy ac clgttegr-chsiimul at i on,
illustrating the relationship between tine difference in bubble
gener ati @d%€and di scharge angle due to the divided parts of the heating
resistor 13 when the heating resistor 13 is divided into a plurality of
parts as setAFoFPRYPn1Ph&lfgresenthenbsarineht aceardhagetyr Bpfis, the

X-direction gpirection.shomn by the vertjcal axis OXin Fig. _
present embodiment hasg 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 the 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 bubble 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 simultanecusly heated. In this case, an

ink droplet is discharged along a direction deflected from



4A, not neaning the horizontal direction of these graphs) is the direction
al eng 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 wvertical axis O[err] in Fig. 4B, not neaning the vertical

direction of these graphs) is a direction (the transporting direction of a
sheet of printing paper) perpendicular to the X-direction. Al so, angles of
the X-direction and Y- direction with deflection are both set at 00, and
each of the X-direction and Y-direction indicates a deflection from 00.

Al so, Fig. 4Cis a graph of neasured data when a difference in generation
ti mes of bubbles of ink on the two- way-divided parts of the heating

resi st or sthie3 Gantgetli edisadirergion rodf [tdet inmpzder ént  dienem, by healifnka
difference in currents fed to the two-way-divided parts of the heating
resi st or STEPLlegn I heepraddad ed By Rasd tHen Asfilaicted froand dadidcdalvar ge
angle of an ink droplet, (in the X-direction) is defined as a ,deflecting

amount ofPAHE4Hk afr s &P N ST e R FeasieCe#h@en t he

di stance phetween the .ngzzle 18 and the I|anding position is set at about 2
~mm) and icglsrc\é%l@seéﬂtw %&Pt t‘#é]\?éjrtﬁo@al axis. In the case of Fig. 4C, an
ink droplet s discharged,in_a deflecting, manner by setting a current of
t he main powe?lgﬁppgg gﬁ g ﬁ@ﬁtgﬁapﬁgngFBang By gﬁmﬁﬂ$egand t he

defelec“éﬁ%d&&éﬁﬁﬂ Hﬁf%§%¥g{%§§?9mPQe g%f@héﬂ?% 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. In these graphs, the
X-direction (direction shown by the vertical axis 6, in Fig.
4A, 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 O, 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



t wo- way- di vi ded parts of the heating resistor 13. Wwen the two parts of the
heating resistors 13, divided in the direction along which the nozzles 18
ar€ juxtaposed, generates bubbles at different tinmes fromeach other, an
ink droplet is not discharged at a right angle on a sheet of printing
paper, and a discharge angle OX of the ink droplet in the direction along
whi ch the nozzles 18 are juxtaposed becones greater as the tine difference
becomes greater. Hence, the above-nentioned feature is utilized in the
present enbodiment. That is, by disposilifg—the two-way- divided parts of the
heating resistors 13 and, by feeding different anobunts of currents to
these divided parts of the heating resistor 13 fromeach other, the

li qui d- di schargbRgingPRaLALHS ?§v@ﬁn3§0hé§§ S04 PBrL P fAYSEN | Bl PO DE
divided - 20 parts of the heating resistor 13 to generate an I nk dropl et

at differess tbnEﬁeftﬁﬂlﬁayhdﬂﬁbéédapgr@§c@fdtHQ'Heé@lngefé§£§téﬁ§ 13
di scharge direction of the ink droplet. For exanple, when th

t wo- way- dandided paptresehtédiebyheléi ROrieshsiDrsxils, dondoh @@g@hgrggnnnn
resistance as each other due to a manufacturing error or the like, bubble
gener at i oangleesfoant hekdivopedt pathstioé Xheiheoting) fesistDieddagre
different fromeach other, and an ink droplet is not discharged at a right
angl e on . @etheeting apeiuntiof phpeink adtraptingatiposis i bandfnd heod ki et opl et
is deflected fromits originally intended position. However,

(measured when the distance 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 droplet

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 superimposed on one of the

two-way-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,

generates 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 above-mentioned 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



~ when bubbl e generation times of ink on both divided parts of the heating
resistor 13 are controlled so as to be identical by feeding different
anounts of current to the two-way- divided parts of the heating resistors
13 fromeach other, the ink droplet can be discharged at a right angle.
Fig. 5 illustrates deflection of the di.scharge direction of an ink
droplet. As shown in Fig. 5 when an ink droplet i is discharged

ort hogonal to the discharging surfagg%¢f_the correspondi ng nozzle 18, the
ink droplet i is discharged w thout l'ection as shown by the dotted
arrow indicated in Fig. 5 1In the nmeantime, when the discharge direction
of the ink droplet i is deflected such that its discharge angle is

def | ect edaRntD df drhea heatdmd oalsistioredtl do Gehatraite, attefih&c tiedpakang
either Z1 or Z2 - 21 direction shown in Fig. 5), the landing position of
the ink &k opiidienents tdatasedimem lppcAl ofiheen apygl Blseofrdlingiiyngo expr essi on:
AL = H x tang. As described above, when the discharge direction of the ink
dropletidQ§QQRﬁIP&%(Q}QQbiﬂgaaﬂ$H§qylpmo@ﬁtﬁ@evemﬁidabpldtnectlpn, t he

| andi ng position of th% I nk droEIet is deflected by AL. Meanwhile, in a
typi cal inkjef©pr FEBPLlesi HREDt hBe BrerdArsdivheededarthect ophef the nozzl e

intin er Pis about 1 to 2 mm it is assuned that
%ﬁeand ah%g%%%go&egyggy}s %Bp%% not have a common resistance as each

other due to a manufacturing error or the like, bubble
generation times of the divided parts of the heating
resistor 13 are different from each other, and an ink
droplet is not discharged at a right angle on a sheet of
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 heating 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 i is
discharged without deflection as shown by the dotted arrow
indicated in Fig. 5. 1In the meantime, when the discharge
direction of the ink droplet i is deflected such that its
discharge angle is deflected by 8 from the vertical

direction (that is, deflected along either 21 or z2



di stance His held at an al nbst 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 H causes the |anding position of the ink
droplet i to vary. That is, when an ink droplet i is discharged fromthe
nozzle 18 orthogonal to the plane of the sheet of printing paper P, even
when the distance H varies sonmewhat, the landing position of the ink
droplet i does not vary. In contrast tgo_ this, when an ink droplet i is

di scharged in a deflecting nanner as déscribed above, the |anding position
of the ink droplet i varies in accordance with a variance in the distance
H D scharge-Direction-Controlling Means By using the head 11 having the
above- desgfrbe8ion28hofhh SEharge: dby pCthoN: SHENG NEo SEBIS | SIE O RoT Bl led

therein, in the present enbodi nent, a discharge control of an ink droplet
i s perfordaedpbytdisthatigeliditedtb@nAT omtveh | hngrhearedssl asimtescri bed bel ow.
The di scharge-direction-controlling nmeans controls at |east two nearby
| i qui d- di sEpbBegshgnunits so as to discharge ink droplets into respectively
different directions and to |and the discharged droplets on a single pixel
‘train so as tAL forinxatsinfigl e pixel train or in a single pixel area so as
to forma single pixel. Meanwhile, in the present invention, as a first
f or m of As described above, when the discharge direction of the

ink droplet i is deflected by an angle 0 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

distance 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 wvariance in the distance H causes

the landing position 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. In 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



t he di scharge-direction-controlling nmeans, it is arranged such that an ink
dropl et fromeach nozzle 18 is variably discharged into one of an even
nunber 2J (J: a positive integer) of directions in accordance with a
control signal mnade up by J bits, and also the interval between the
renotest | anding positions of two ink droplets of those discharged into
the 2J directions is (2J - 1) tines the interval between the adjacent
nozzles 18. Wth this arrangenent, when an ink droplet is discharged from
the nozzle 18, one of the 2J directiofts Ts selected. Alternatively, as a
second formof the nmeans for <controlling a discharge direction, it is
arranged such that an ink droplet fromthe nozzle 18 is variably

di schar getl sdhd syonel wdctaliprodthatgiiey nedhst ihcofpddiatest itoRSdim,- i3
accordance with a control signal made up by (J bits + 1), and also the

i nterval tist wesrsdrte erdnaiiesint andidigqiasidd aesitrafl tofo amkindr opl et s of

t hose discharged into the (2J + 1) directions is 2J tinmes the interval

bet ween tdmplditacientpemorziess 8 .diWdHa tde sl iarecangerrenint netidrn ngn i nk
droplet is discharged fromthe nozzle 18, one of the (2J + 1) directions
i s sel ecthnsdrs edeamtided elwfirst formof the controlling nmeans, it
is assunmed that a control signal made up by J (= 2) bits is used, possible
di schar ge di r 8&€i GAscHRIEs-dakegitépheCons rodaingeAeaurbepnstoRs g 4).

Al so, the interval between the

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 2J (J: a positive
-integer) of directions in accordance with a control signal
made up by J bits, and also the 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 an ink droplet is discharged from the
nozzle 18, one of the 2Y directions is selected.

Alternatively, as a second form of the means for
cbntrolling 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



renotest | anding positions of two ink droplets of those discharged into 2J
directions is {3 =(2J - 1)} tinmes the interval between the adjacent the
nozzles 18. Also, in the second formof the above controlling neans, it is
assuned that a control signal made up by {(J = 2) bits + 1} is used, _
possi bl e discharge directions of an ink droplet is an odd nunber of {5 =
(2J + 1)). Also, the interval between the renotest |anding positions of
two ink droplets of those discharged %?to (23 + 1) directions is 2J (= 4)
tinmes the interval between the adjacent”the nozzles 18. Fig. 6 nore
specifically illustrates discharge directions of an ink droplet when a
control signal nade up by J (= 1) bit is used in the first formof the
control | iagrommsamss with ke ddmtstolf arigrefl theicant 8t | (ngirgans,1)-, 24

di scharge directions. of an ink droplet can be set so as to right and |eft
symet ri c&ld diysettihensintiahial tdedwiaredfieorenalteng Whinetirid e owdzzles 18 are
j uxt aposed_side by side. Wth this arrangenent, when the interval between
the renmptlesive dids iiFqiolsitts orfs tdfosenoliischabgeich ki ndroopidhet s(Zi%s +s@f)  so as to
be fl = W- 1)1 times the interval between the adjacent nozzles 18, that
is, equaldFEIHOINtier val thEeRethe theexdpacbatwaerztbs a8jacektdropl ets

fromthe adéq cent. _nozzles 18 can be |landed in a single pixel area as shown

in Fig ™ Sothfer WS, Ehdfe m nrR@ gemeaty avhisst woen nkhelrcpdjedcémst nozzl es
18 is defclinsec%a%rsge)é{ afsrosmh%%e in%ziil%’ 168’, torglee 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 27 directions is {3 = (27 - 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 directions 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
directions 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,



di stance between the adjacent pixel areas is given by (2'7 - 1) x X (in the
exanple shown in Fig. 1, given by {X = (2T 1) x X)}. Meanwhile, in this
case, a landing position of an ink droplet |ies between the adjacent
nozzles 18. Also, Fig. 7 nore specifically illustrates discharge

directions of an ink droplet when a control signal made up by {J (= 1) bit
+ 11 is used in the second formof the foregoing controlling nmeans. In the
second form of the - above controlling neans, discharge directions of an ink
dropl et can be set at an odd nunber.'NBﬂe“particularly, while, in the
first formof the foregoing control nmeans, discharge directions of an ink
droplet fromeach nozzle 18 can be set at an even nunber of right and |eft

symet ri cal schreet dDASc did Not hen difilecdi @ &t oFgn Whé céet heo oz zd@s 18 - -
2 5 - are juxtaposed side by side, in the second formof the <controlling
means, t heidglhscéad geefit r egtrhonsi ol adi redcicioplethtantibe setectign odd
nunber, by using a part of the control signal made up by +1, the ink
dropl et cahohe whsch Uhscharzbes dlif extd vilbetaposdd sode|ley 18idéAccor di ngly,
the discharge directions can be also set at an odd nunber of right and
left symmetri dilthditleict iaonsngeammasentheth Bhe rigftesrde bettaresot ehe "a" and
"c¢c" shown in Fig. 7) and a direction directly bel ow the nozzle 18
(represente@OBgsh l@@ﬁm@r&@stm@%t@f twe (7 Fg.ink dropdeftigg isy sethe

control signal is nade b
sc? as to be p 3/"

- 1)} tlmes the interval between the
adjacent nozzles 18, that is, equal to the interval between
the adjacent nozzlés 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 i1s 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 = (29 -
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. In the second form of the
above co:r:ltrollii*ljmeans,r 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



bit + 1}, and the discharge directions Are an odd nunmber of 3 {_ (2' + 1)
}. Also, of three discharge directions {_ (2" + 1)}, the interval between
the renotest |anding positions of two ink droplets is set so as to be
twice (= 2J) the interval (shown by Xin Fig. 7) between the adjacent the
nozzles 18 (in Fig. 7, set so as to be 2J x X), and one of three (= 23 +
1) discharge directions is selected when an ink droplet is discharged.
Wth this arrangenent, as shown in Fig,-.7, ink droplets froma nozzle N
can be | anded not only in a pixel area lying directly below the nozzle N
but also in pixel areas (N-1) and (N+1) adjacent to the pixel area N

Al so, the landing positions of ink droplets are opposed to the nozzles

18.' - 263ar@s]dwbepédhed abdwdry atideastin tvive nesrdnd | faum df dilszhar gi ng
units (nozzles 18) can land ink droplets in at |east one single pixel area
dependi ngCORt¥PEl iRy BEAWSI righer devrhaxye siigrdt idspent an yinkhen a pitch
of the liquid- discharging units in the juxtaposing direction is defined as
X as showhrPRLEF gean ebantel, aleatth ddduruthrSe Ry gD tPartared die i nk
dropl ets osjtions lying along the direction along which the

l'i qui d- di g%%‘gﬁ?%} N IRt SNafe YRR\ pblved hdi iy SP IR t9RN e 13k g

expression.wth re ct to its _vertical center axis: 1/ 2 X x P (P a
pogitive ?h§%%%§gg3p§1rectly below thg nozzle 18. Accérdinglg? the (

discharge directions can be also set at an odd number of
right and left symmetrical directions (represented by
reference characters "a" and "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)}. BAlso, of three discharge directions {= (27 +
1)}, the interva; between the remotest landing positions of
two ink droplets is set so as to be twice (= 2% 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 pixel 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 positions of ink droplets are opposed

to the nozzles 18.



Fig. 8 illustrates a pixel formng nethod (wth tw- 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
nunber of directions). That is, Fig. 8 illustrates a process of form ng
each pixel on a sheet of printing paper by the |iquid-discharging units,
each discharging droplets into two directions (having an even nunber of
di scharge directions) 'in accordance wi _discharge command signals sent in
parallel to the head 11. The dischar command signal s correspond to inage
signals. In Fig. 8r the nunber of gradations of discharge command signals
of pixels N, (N+1), and (N+2) are respectively set at 3, 1, and 2. - 27 A
di schar ge conmandescgheédoébeaeh ptxikass seotnéarbprkigtedm ned
|i quid-di scharging units at an interval of "a" or "b", and also, each
| i qui d- diddelchegigigoumninti tdi Jobarzdes 48) icak deopl enkatrphéesboys- Abnt i oned
interval "a" or "b". The intervals "a" and "b" correspond to tinme slots
"a" and 'lgastr esgectingdley pikelt heegr dependdmgodinnéne, wayppklir HEARY 8f dots
is formed in a single pixel area, for exanple, during an_interval of "a"
pl us "b" comtaedordamed -wi Eperdaddaberhen agpidghi 6dstde LAEUEErrespondi ng
di scharge command signal. For exanple, during the interval "a", discharge
conmand isghargisn Rt A8 $hR dnEteres)ingr direshden ¢&| fefinedt as
¥ as shown in Figs. 6 and 7, each liquid-discharging unit
can land ink droplets at positions lying along the direction
along which the ligquid-discharging units are juxtaposed and
given by the following expression with respect 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 each
pixel on a sheet of printing paper by the liquid-discharging
units, each discharging droplets intc 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+Z2) are

respectively set at 3, 1, and 2.



|'i qui d-di scharging units (N-1) and (N+1). Then, the |iquid-discharging unit
(N-1) discharges an ink droplet in the "a" direction in a deflecting
manner so as to be |anded at the position of the pixel N on a sheet of
printing paper. Also, the liquid-discharging unit (N+l) discharges an ink
droplet in the "a" direction in a deflecting manner so as to be | anded at
the position of the pixel (N+2) on the sheet of printing paper. Wth this
arrangenent, an ink droplet correspondj;ng to the number of gradations: 2
is landed at the position of each pixel in the time slot "a". Since the
nunber of gradations of the discharge command signal of the pixel (N+2)
is 2, the pixel (N+2) is thus forned. The sanme process is repeated for the
tinme slot "b"A digghapgecemsand, sigeapi RE| edrhspisehets byenwotdot s
correspondi ng to the nunber of gradations; 3. Wth this dot-form ng nethod,
si nce i nPIgAGHEETdneg; ddrHigedifchargigpnyndtei gl andiisérargiingtunal are
not continyously (twice or nore) landed in a pixel area corresponding to
a singl e %% x& naRbef1S6-a82C8 LdAN - FiiReP2rPdgSr HPdss AFCPREIRINBBr of
gradati ons due to a variation in dischargin

mwemn

Char act enpl ReBOEY RE chhqaPOTarEenKIGrAG affes edn "Be. PdLEed.  APSo, for
Tho 11 quidEREGRar ing i {51 SOFREGPPPE: GR LISy ZIPER on" aad 7B, o1e O

respectively. 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
gradations 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
liquid-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 1is repeated for the time slot "b".



in areas shared by dots in the correspondi ng pi xels can be reduced. Al so,
Fig. 9 illustrates another pixel formng nethod (with three-direction

di scharge) when a control signal made wup by {J (= 1) bit + 1} is used in
the second formof the controlling nmeans (allow ng ink droplets to be

di scharged into an odd nunber of directions). Al though a pixel-formng
process shown in Fig. 9 is not described here because of being the sane as
that illustrated in Fig. 8, also in the second formof the controlling
means, in the same fashion as in the £frst formof the controlling neans,
wi th the discharge-direction-controlling nmeans, at |east two nearby

| i'qui d-di scharging units can be controlled so as to discharge ink droplets

into respectived ya didddgnteive 28 xedi neGld @rrmaRd By thandidde di schar ged
droplets on a single pixel train so as to forma pixel train or in a

si ngl e pizetrespeadsog aso t thé ofimise Pi x&| grSdisesuentiy, a density-adjusting
nmet hod according to an enbodi nent of the present invention wll be
described. FiWithlGhid ulttr-efcesniaggerartald,densidey -iadj Wiopig tget hod
according to the enbodi nent and corresponding to that of a known art shown
in Fig 2diseliahgedel demst tying]estiqydediwchacrionging it atdeotenbodi nent,
upon recei pt of a discharge command signal of ink droplets, on the basis
of densi t§oRkivre3lvn(tndce or more) landed in a pixel area

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. 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

s0 as to discharge ink droplets into respectively different



rel ati onshi p between the nunber and the density of ink droplets, both
previously obtained with respect to each pixel train, the

| i qui d-di schargi ng apparatus is controlled so as to adjust the density of
the pixel train corresponding to the discharge command signal by making
the nunber of ink droplets to be actually discharged fromthe |iquid- -

di scharging units different fromthe nunber of ink droplets discharged in
accordance with the discharge command éggnal. In other words, density
adjustnment is performed with respect each pixel train not with respect
to each liquid- discharging unit. In particular, when a single pixel train
is formed by using a plurality of |iquid-discharging units as described in
t he presedtrenbbolisremtd ty bemd ot ndiscensidy dchpidtendn W tdiigspect to
each pixel train, - 30 discharging characteristics peculiar to the

i ndi vi duapize¢l quiaini sechas gingfanitas @ieshotraeedsd i desaspeeimitel taken
into consideration. Also, by performng density adjustnent with respect to
each pi xe3rez a3d,as heo depsity pagklist nent can he perforned by common si gnal
processing regardless of whether an ink droplet is discharged in a

defl ecti ng marmdrsesraendily The dferesity-asdjussting megthiesd atao raligroedd y
different point froma known art in that density adjustment processing 1is
per f or necPaf SRPOGERIRY gt hrariee 3l ety et Eorl Wrlddre ctesgrdedsing. In

ot her words, en i.mage i s inputted,
%ﬁg. %% JT% strategja general density-adjusting method

according to the embodiment and corresponding to that of a
known art shown in Fig. 21. | |

With the density-adjusting method according to the
embodiment, upon receipt of a discharge command signal of
ink droplets, on the basis of density information and
relationship between the number and the density of ink
droplets, both previously obtained with respect to each
pixel train, the liquid-discharging apparatus is controlled
so as to adjust the density of the pixel train corresponding
to the discharge command signal by making the number of 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 liquid-
discharging unit. 1In 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,



i mge processing (adjusting brightness and contrast, correcting a 7
characteristic, and so forth) and gradation processing including error

di ffusion are perforned on the assunption that discharging characteristics
of all liquid- discharging units are uniform and density adjustnent
processing is perforned in a step after the imge processing and as close
as possi-ble to a step of discharging an ink droplet. . That is, upon
recei pt of input inmage information, fOadatlon processi ng |nclud|ng i mge
processing and error diffusion is perforned on the assunption that the
density of dot arrays fornmed by all |iquid-discharging units is constant,
and the |iquid-discharging apparatus is controlled so as to adjust the
density df.sahpirgéhgt chbmactoeréspondi pgculdar to dhdi $pAavgduadmmand si gnal
converted after the gradation processing by discharging a different nunber
of ink diepheétsdifcharghes ugdtd- drschatgnagdadi te, ber eRPEREaALNDer of
dropl ets discharged in accordance with the discharge command signal. A
speci i ctekenplietof considemsitipradj BdsPngPiePRECrBEREr APR§IEY the present
enbodi ment will be described. In a printer as used in the present
enbodlneﬁﬂjU§¢W@@tawltﬁcéﬁﬁﬁﬁ&ﬁe@oaﬁéﬁﬁtPéﬁeél§6ﬁépgeHth§egF6ﬁVets isin
proportion to the nunber of ink droplets, and-the density of . ink droplets
i's expre§§éﬂsﬁﬁepﬁecﬁntPepﬁﬁéﬁoéﬂeghéynﬁﬁﬂ@Pn pignal 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 so forth) and gradation
processing including error diffusion are performed on the
assumption that discharging characteristics of all liquid-
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 liquid-discharging apparatus is controlled

so as to adjust the density of a pixel train corresponding



the ink droplets, a recording signal, in particular, the nunber of
di scharged i nk-droplets in this efnbodi nent, and the obtained density have
a functional relationship with each other. Wien a pixel train is forned by
di scharging ink droplets fromany one of the |iquid-discharging units, its
printing characteristic is uniformalong the pixel train. |In contrast to
this, when a pixel trainis formed by the remining |iquid-discharging
units, its printing characteristic is fog identical to that of the pixel
train fornmed by said one of the quui%-discharging units due to a
variation in discharging characteristics of the renaining
| i qui d-di scharging units. In view of the above-nenti oned di sagreenent,
al t hough to 32 di gdie nyearvemirein dli ssiciverlg esbrivek-tohrdo [ feites: ithec grstdaritichor t he
common di scharge command signal, a discharge amount of each ink droplet
differs foromessend dui dhidaheharigiong whiffaqrentamordery. o gnkl dricpletgr aph
illustrating the relationship between the nunber of discharged droplets
and a r elf&amy & hegpigigitl fdididarariged wyids etfscom hehaumiiypr ©L cases of
di scharging a normal anount, a |arge anmount, and a spall anount of a
single drigsRdetdE disqhriged dd REaLdaa Withedhe Bisqharoemenmmpd
respectively. That is, although discharging characteristics of the

sidgnal.

A specific example of the density-adjusting method

according to the present embodiment will be described. In a

printer as used in the present embodiment, since 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 particular, the

number of discharged ink-droplets in this embodiment, and

the obtained density have a functional relationship with

each other.

When a pixel train is formed by discharging ink

droplets from any one of the liguid-discharging units, its

printing characteristic is uniform along the pixel train.

In contrast to 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

variation in discharging characteristics of the remaining

ligquid-discharging units.

In view of the above-mentioned disagreement, although



| i qui d-di scharging units vary fromone |iquid-discharging unit to another
as shown by the lines (1) to (3), and this variation cannot be physically
adjusted by the respective |iquid-discharging units, the nunber of

di scharged droplets can be arbitrarily selected. Hence, even when a

di scharge anount of each droplet varies fromone |iquid-discharging unit
to another, the total anpbunt of discharged droplets can be brought into
agreenent with an intended one. Wen if_is assuned that the characteristics
illustrated by (1) to (3) in Fig. 11 ?e"respectively given by the
followi ng expressions: M = A x N M = A2 x N and M3 A3 x N, - 33
where An (n =1, 2, 3) is a proportionality constant, M, M, M3 is a
total anotit rofmicksoh@rdietchakgatt aplletdropliesghargesbd tdrmesrdr aheach

| i qui d-di scharging unit, nunbers N1 to N3 of discharged ink-droplets

sati sfy té¢rmmdroldosehmy ex prassoh armalagn el faetdgdamAintx il ead X N2 =
A3 x N3. Hence, even when the characteristic of each |iquid- discharging
uni t, thatnk gdrepkitchisfipraninm wofe dniduikd-dirseplaetgidics atrairtge once from
the liquid-discharging unit, is different fromone |iquid-discharging unit
to anot hefiothRr- total ampunts of ink droplets discharged fromthe |iquid-

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 dreoplet are illustrated by straight lines
{2y, (1), aﬁd (3), respectively.

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



di scharging units can be nmade identical. Wen the density and the nunber of
di scharged ink- droplets are respectively defined as | and N, and the
coefficient y is used, the density is given by the following expression: |
= An X NY. On the basis of the above-described concept, ink droplets are
di scharged fromeach |iquid-discharging unit wth four colors of ink, and
a density-distribution characteristic of the droplets at every nunber of
di scharged droplets is neasured. Fig.,12 illustrates a part of the
measured results. In Fig. 12, yellow ( ink is used. The vertical and
hori zontal axes of Fig. 12 respectively indicate a value obtained such
that output - 34 (brightness) levels are subtracted froman 8 bit output
(255) |evels aheérehé&nndmber 1¢02t 036) ief adpsohargeédnahktydcopbeestper each
pi xel . Al so, each ellipse shown in Fig. 12 indicates a
densi t y- dilst Mbutorisareed.otiilg.amBints of ddisicdaindeds timdr-idygrdedrsage val ues,
relative densities of neasured densities with respect to colors of yellow
(Y), mageéhschaggedyhrtimes e Magdk JdauiddHechpaddigd vdHidri ve density
for all colors, y values (=natural |ogarithnms of the nunmber of droplets
di vi ded Byaestuiet Yodbt iqﬁwr?sl%ﬁhaa‘«ﬂédgd@]%—éilr%%saéﬁéﬁlﬁfé@)t,heand val ues
of functioq_mﬁth y = 0.571 (a value when the nunber
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
droplet 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 ¥y is used, the density is given by the following
expression:
I = An x NY.
On the 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 cutput



droplets is 4). Also, Fig. 14 is a graph of the results shown in Fig. 13.
As shown in Fig. 14, a y-characteristic wth respect to each color is
approximately given by a function with y = 0.571, that is, given by the
following expression: | = An x N 571 Since the above equation includes
vari ables of An and N, when a density variation occurs, the variation is
nullified by changing N (the nunber of discharged ink-droplets). For
exanple, if An varies to An', the vari %ign of An can be absorbed by
changi ng the nunber of discharged drdg ets fromNto N so as to satisfy
the followng expression: An X No 57" = An"® x N 0'571, or - 35 N = NXx
(An/ An') 1,75. As described above, when the nunber N of discharged

dropl et s @inigrhineate labmis e esgitordtedisetn tame 8 densicuitgstof An and
An' can be nmade equal to each other. Al so, in the present enbodi nent, a
densi t y- nEasUr iy e lsatangt ihe esmbsat t(@r oo f63r wed dirs checgredariok-wi th a

di scharge, command signal providing a constant density to all pixel trains
i s print &FWLatFe A9 EaRdiRseirdr-gi Ad sappeestusl liipse shioatre iinn Rilgi.ch
density justent and the like are not perforned at all. The

densi t y- neasid i iest fedensd tyricsdd Ihwtdierr é9@et to each col or

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 logarithms of the number of dropiets divided by
natural logarithms of average relative densities), and
values of function with y = 0.571 (a value when the number
droplets is 4). BAlso, Fig. 14 is a graph of the results
shown in Fig. 13. As shown in Fig. 14, a y-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-°7%,

~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 N0.571 = Anl » NIU.S?I' Or



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

Al t hough the printed result can be scanned by a digital canera or the like
ot her than an i mage scanner, disposed independently fromthe printer, it
can be scanned by an inmage-scanni ng apparatus disposed in the printer, for
exanpl e, next to the line head 10. Wth this structure, when the printed
result is inserted into the printer agakn, for exanple, after it is
printed, it can be scanned by the i nmage-scanning apparatus while being
transported by a drive and transport system Alternatively, an

i mage- scanni ng apparatus nmay be_  di sposed downstream of the |ine head 10
(so as to scaM'a= MN& (Bni/nded)i'mdge after a sheet of printing paper is
printed. Wth this structure, since the density of the printed inmage is
measured by t Bé deggeideshmbeycapphed GSiewmiungeghd 'siededisghagpiedt i ng paper
is being printed, when the density- neasuring pattern is printed, the

print ed icﬁﬁéél*i%r%’o‘fe‘? PY ShRPER PIRCSTHOR (e us8dy. WB il lustrates an
exaaneAqggsil - measur | attern. The density-measuring pattern is forned

by a pl urdiiy-1%t A s g | -SHagRl TS GHEL R IFFC RIS dot s

arranged so a%l%%,eéke%%g %r%%%A@ E%QQ&%&e%k?”% %@%%qtgh%easuring
pattern (test pattern} formed in accordance with a discharge
command signal broviding a constant density to all pixel
trains 1s 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, each 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 or 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 béing 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



| i qui d-di scharging units are juxtaposed side by side, and each pair fornmed
W t-h respect to each color, having a predeterm ned space there between.
Meanwhi |l e, the reason for formng a pair of patterns is as bel ow since
mar kers (pixel trains having no dots therein) are inserted at

predeterm ned positions of-each pattern for determ ning how manieth a

pi xel train in question is disposed wwth respect to these markers, the
densities of pixel trains lying in partg of each pattern where the markers
are inserted cannot be neasured. 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 fromone of the pair of patterns

i ncl udi ndn'd? ef299 ey deIshesd f iHARIdIN P SarierEintsd density of
any one qf, the patters - 37 may be scanped,, or the densities aof both
pat t er ns "My B S HEF EE aS T Dr Dts‘rfé:ya\Pe{] . Y% he

t
present enbaodi nent ac attern has a .marker disposed.therein.every 32
pi xel trathdCW¥sd PR Y cﬁ?éaao?attl%) ‘”gﬁtlteer vﬁhtel?ecr espect

to each colaor... lies hetween t .mar ker.s .i ncl uded i.n the of.her pattern.
Wth thi soji‘a rralnngtelﬁj%%a%renl% %elﬁla‘% tpeﬁlr{lsteé]f’e%egiv\é: easOlee a E"’lrskleyngl e pattern

L TR LUl R S RN S P gl
tih)e(;lei n, deheqis add sdepf fel i ably determining that hownanieth a
P 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 ieason 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



trainin guestion is disposed. For exanple, when the
pi xel trains shown in Fig. 15 are scanned
one, there is a risk of

farther

densities of the
in the order fromthe | eftnost
occurrence of a greater position error as being
away fromthe left end. Wien the density information does not

accurately indicate the position of the corresponding pixel train, density
adj ust nent cannot be accurately perforned. Accordingly, the positions of

markers are periodically

train i

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

scanned so-ag7t.o determ ne how mani eth a pixe

n question lies with respect to the markers. For exanple, when the

fromthe |leftnost end the%ﬁgfre 15 plxel tralns on the left side of the

first
figure).

i ncl uded |ﬁqﬂ? Viololcind

mar ker
trains.

miRe |§ﬁﬁQHﬁﬂi|Q¥t

£ Oedhy Re 5SS ASYi Rt he - 38

Thus he plxgé}traln dlrectl t&ﬁgve the first marker and
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ropriat e nunb
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 gquestion 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 pizxel
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 pixel trains on the left side of the first

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

&®Pét'h pixel train. Since
f Kk h f t to b

| nacouratel y 40t LhPeRr SARas: BB° ﬁ@ﬂgﬁnﬁm EEF§ Baliba5h has R TarERy of a
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dots as long as it is acceptable. Although the greater nunber of dots the
better in order to reduce an error caused by fluctuation of an anount of a
dropl et of each dot, too many dots cause overlaying with the adjacent dots
and difficulty in neasuring the density of each pixel. In Fig. 15, one
pixel is formed by two dots by way of exanple. Meanwhile, each

| i qui d-di scharging unit used in the present enbodi nent di scharges a
droplet having a volune of 4.5 pl (pigg-Litters) at every discharge
operation. By scanning the density of the density-neasuring pattern as
descri bed above, density information of each of all pixel trains (a val ue
specifying the density of the pixel train) can_be obtained. A so, when
density 33 oFevati ofPwd. athe @il theahs 18ing vErredthlyy ARTEydhe 39

density can be conputed. Then, a ratio of the density of, each pixel train

agai nst thersl diageeaind t3inotudedi 31 rlth PP hR et Mk e 19 t&SHSAH ed.

Thus, on the-bagL of the densjty ratio or difference, the
li qui d- di & HYi A gpiat USF38° control led so as to change the nunber of

ink droplets gp ac&prd ce with a discharge connﬁﬁq si%nal mﬁtq respect to
each pixel traCssEay &Moot Gt G 58 el of P&R“dr opl ets as

doscrs Do AR S| GLOSERSTIRIAY PRSI VUL ASPRE 0 SR el

exanpl e, a certaln plXel-” tral

average %%¥iéﬁ% éHHhé!“%hé*E%f&Eﬁ&Hc§”of a density-measuring

operation to deteriorate, in the present embodiment, one
marker is inserted into in the upper and lower patterns
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 1s 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-measuxing
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



ink droplets in accordance with the di scharge command signal of the pixel
train is N, the nunber of discharged droplets is set greater than N.
Contrary, when the density of a certain pixel train is higher than the
average density, and when the nunber of ink droplets in accordance with
the discharge conmmand signal of the pixel train is N, the nunber of

di scharged droplets is set smaller than N. For exanple, density information
is previously stored in a nenory of _thg printer, and, after the printer
receives a discharge command signal from an external apparatus such as a
conputer, the nunmber of discharged ink-droplets is changed on the basis of
the store densitg iﬂgornation. AlternativeI%, the density information is
previ ous| §ERPOFBACAR MPGNCERPRE PRt appeRat isTabEd F Bheodpusbiy @fd the -
40 discharge co nd signal jn which the density is adjusted in

accor dance™ W A ¥fe GEAST tJIRHPOT bl ? ofV TT RS bRt Lufor f sehbFgernce
the el at L BRETBCARBRG: B ST GR CoMaPt S oHar el et | i Srumahy
o) oG heeheraian s RLEL Ll e s il L2 B o, 10
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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 performed
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 accordance 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



formed in accordance with these discharge command signals S1 to S6 are
represented by P1 to P6. In the figure, the discharge command signal Sn (n
=71 to 6) is a signal for formng n pieces of dots in a pixel area. Mre
particularly, for exanple, the pixel train P2 is fornmed in accordance with
t he di scharge command signal S2 so as to have two pieces of dots. Also, in
Fig. 16, as described above, the discharge command signals are sent to a
plurality of neighboring [Iiquid-dischgpging units, and a single pixel
trainis formed by these |iquid-discharging units. Mre particularly, as
in Fig. 16, the liquid-discharging apparatus is controlled such that,
upon recei pt of a discharge command signal, ink - 41 droplets are

di schar ge‘alWW%lelfF@me@iﬂfgi st i by winieh | shedemirtectlsy abpyvsetead pirkel
train to be formed and also from Iiquid-discharging units Iying on both

si des of ¥FeCHidRFe WiEP nthacdensl gl inf ermatdompl e lshownkier Rify. 16
illustrates the second formof the controlling means in the sane fashion.
as that s IRl BTSRRI Fi S hangedhdidy ke Fept 18 the exanple, in
accordance wth the discharge command signal S3, the pixel train P3 is
formed s@HE 1% have 3 dots. OF the discharge command signal S3, a first
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command signals (electrical signal trains), liquid- '
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
liquid-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 S6 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 éent to a plurality of neighboring
liquid-discharging units, 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



di scharging unit N4 discharges an ink droplet leftward in the figure in a
defl ecting manner so as to forma dot of the pixel train P3. Al so, a
second part of the discharge conmand signal is sent to the
| i qui d-di scharging unit N3, and the liquid-discharging unit N3 di scharges
an ink droplet wthout deflection so as to form another dot of the pixel
train P3. In addition, a third part of the discharge conmand signal is
sent to the liquid-discharging unit N -and the |iquid-discharging unit N2
di scharges an ink droplet rightward in the figure in a deflecting manner
so as to form another dot of the pixel train P3. Wen each train is forned
by a plurality of |iquid-_ discharging units discharging ink droplets in a
deflectiﬂ&OPEéﬁﬁeFrﬁsg&§§éﬁFB§8 5%8@e? thEUpAXELSERaraipe Hadtalving
character,,stic.-averaged by.th gischar [ haracteristics _of three
1 qui d- dP&EREFAnG aNFL 8. PAEESr GFRGRY EOt HE TEABFOCEBR 8LFE FEossi bl y
‘corrected.even when,one.of the_ liquid-discharging units Qas a dj schargi ng
robIenlgﬁﬁu%ﬁeggFgggﬁPlPﬁvgﬂ%Fgn?géggho i§8€£tfégﬁsi8%n5 € BFﬁﬁ;s f or med
by 2 pl Ucal iy ohk Gl de 9| SCUar 8,06 Va1 {5, FOE eXaTDL h
y a plugality a&-l .d-di schargin nit.s. or exanp ,._ge Feag nay have
a structuré in \ Fgﬁggas ngl e gogx?ﬁg e% e %85?%90r %3}# “ar5posed in a
single otnthecchbili ERAPBE LheSBoftrbo1iALMhEORSPLXCELL! Bhie PYadh SEhAT 01 NG
ink droplets froma nozzles 18 I'n"a diréctron orthogonal "to e pl ane of
a sheet g prhPtkAGwRARA" 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 83, a first part of the discharge command signal is
-sent to the liquid-discharging unit N4, and the liquid-
discharging unit N4 discharges an ink droplet leftward in
the figure in a deflecting manner sc 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 third part of the discharge
command signal is sent to the liquid-discharging unit N2,
and the liguid-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 liquid-
discharging units discharging ink droplets in a deflecting

manner as described above, the pixel train Pn has a



In this case, when one of the |iquid-discharging units has a discharging
problem the density of the pixel train corresponding to the

| i qui d-di schargi ng unit cannot be corrected. Although the density can be
corrected to a certain degree by, for exanple, increasing the nunbers of

di scharged droplets of the liquid-discharging units adjacent to the
foregoing liquid-discharging unit, at |least the density of the pixel train
corresponding to the |iquid- dischargiqg unit having a di scharging problem
is different fromthose 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
exanpl e SheWACLArEpgicisyestakdquydtiesdhacyangingitsasacesriotfeym.- 4 3
a single pixel train by the plurality of |iquid-discharging units as in
the present ERB8aI hibAuldrAésabaveidenaniys canibeordingby etehy correct ed.

For exanple, when a single pixel trainis formed by three
Iiquid-diEgﬂﬁ?ﬁFﬁﬁlﬁﬁFFsléspgﬁ%%lenC¢¥§$CH%ﬁ el vileen ome @f ithee

| i qui d-discharging units, has a discharging problem the density of the

si ngl e piije‘?u{‘&éﬁiﬁs'gaﬁ%bﬁg bt S thif P (FESFirreing pfokkwut 33% . However,

for exanple, éthﬂg%he nunber, of discharged ink-droplets in accordance
with the corredhontfi Rf i EtharyEYoffan E3SyRixels thadmi fise@®otby a fact or

of the 1~thé$bpﬂ&ﬁ&e8fb€”ai5 &%é fkyaéyelfguidfdischarging units.
Fo; example, the head may have a structure in which a single
of the heating resistor 13 is disposed in a 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 liquid~discharging units
has a discharging problem, the density of the pixel train
corresponding to the liquid-discharging unit cannot be
corrected. Although the density can be corrected to a
certain degree by, for 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 liquid-discharging units so as to form



about” two third according to the foregoing expression: N _ N (An/
An')[err], that is, is nade double, the original density can be restored.
For exanple, when the original nunber of ink droplets is 3, a pixel train
can be forned so as to have a nornmal density by changing the nunber to 6,
even when one of the |iquid-discharging units has a discharging problem
In the neantine, the nunber of discharged ink-droplets is in reality nust
be an integer. Hence, when a conputed nunber of discharged droplets
includes fractions below decinal poin3 the conputed nunber is converted
into an integer by round-off processing. According to the known sinple
round-of f nmethod, since an error generated every conputation is omtted,

an - 44 aceimgl atetkel rofa 1038} Mine REGONES 19F @At aliqd i~y iaWHfrfikg above
problem in the present enbodinent, a conputation error is considered in
t he subsamuerd asipid .thd pideery aseivd | rer RN deeraitit @fh dedropl et

di schargi ng command signal, on the basis of the density information and
t he rel atdonshitipebetowmearedtsri nunber and the density of discharged droplets
with respect to the corresponding pixel train, the nunber of
densi ty- adj ustted ediegpher; getiedr eplséngleopigspondang tie tfhemadnbegr of
droplets discharged in accordance with the discharge command signal is
conput ed,thare drlguig1d iglcharmiEm g armti teorerse shonai g tRi.gt.hd 6, 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')*7"°, that is, is made double, the original

density can be restored. 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 has 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



nunber of ink droplets to be discharged fromthe |iquid- discharging units
is.extracted by rounding off the conmputed result. Thus, the
| i qui d-di schargi ng apparatus is controlled so as to discharge the nunber
of droplets from the liquid-discharging units, corresponding to the
extracted higher-order part. In addition, a difference between the
foregoing conputed result and the extracted higher-order part is conputed,
and the |iquid-discharging apparatUs_i; controlled so as to add the.
conputed difference to the nunber of %kfdroplets di scharged i n accordance
with the subsequent discharge command signal. Fig. 17 illustrates an
exanpl e of round-off conputation according to the present enbodinent. In
t hi s examp@mamtdédptromlpessidblgguscdres] graad drhe nunber of corrections
is - 45 140. As shown in Fig. 17, when 3-bit data "001" subjected to
error diffusilon videocessitite i abdrpuptalemt oiranthapotesert)i sheodbient he dat a
is converted into high a value of 3 bits ("00100000") in 8 bits. Then, a
val ue of A4PTRUTEGOEI Grrdm g sars)idegmde sentthey stulbs emendr iafpudor r ect i ons
is multiplied_by the above input value in 8 bits, and a value of high 8
bits "00100011" it&CSoprHILNEd SMPofiASf| RPPRI EackdRtoafpat dreglster 52. The
above output value is added to a fraction of a previousby conputed result
e

(the fra %%ﬁ?%§9¥ﬂﬁ399@ﬂﬁﬂ43Slgnalf on the basis of the nsity

informationrand the relationship between the number and the
density of discharged droplets with respect to the
corresponding pixel train, the number of density-adijusted
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 ligquid-
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. 1In addition, a difference between the
foregding computed result and.the extracted higher-order
part is computed, and the liquid-discharging apparatus is
controlled 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 equal to 1, and the number of corrections is



shown in Fig. 17 is zero) by an adder 53, and the added result is
outputted by a fraction addition register 54. The out put val ue "00100011"
is subjected to round-off processing. |In this exanple, 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 conpl enent nunber in order to
make signs identical to each other, % in an output register 55, and is
inputted into an adder 56 for belng subj ected to round-off processing. In
the neantine, 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 M@ put register 57. Since this value is inputted into the adder
53 in the subsequent conputation, - 46 the conputatlon error is

consi dered. FiAg. st®uirs i E&@IelﬂlIM@@ma@rﬁgtdﬁﬁﬁér A8dS prbgBAPaEEHC
results between a round-off method according to the present enbodi nent
(accor di rrEer o W wrokb o oS TEHT nigh aln atitéh a8 AePYth t he
subsequent |nput) and a sinple round-off nethod. In Fig n _ext er nal

i nput | s BT HRE w dempAatR) 13 e G ﬂ@@a}l&é&.%ﬁ’aw&ﬁf -
cos{(lt/80)X} f . Of caICLg tion order sho in HP%. abl e). Meanwhi l e,
in the cd¥e-of Qﬁ?%ﬁﬁ&% deser ®xanptdlr @ vaiue o

("10001100" in 8 bits) representing the number of
corrections is multiplied by the above input value in_8 bits,
and a value of high 8 bits "00100011" is outputted from a
multiplication output register 5Z.

The aboﬁe 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 value "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 wvalue

is inputted into the adder 53 in the subseguent computation,



when a deviation of the density of a certain pixel trainis conputed, this
ext.ernal input corresponds to the nunber of discharged ink-droplets for
elimnating the deviation of the density. For exanple, the first external
i nput of "1.200" neans that when the nunber of discharged ink-droplets is
set at 1.2, the deviation of the density is elimnated. When the external
input is equal to "1.200", the nunber of discharged droplets according to
the sinple round-off nethod is set at él", and a fraction bel ow deci nal
point "0.2" is omtted. In the presén? enbodi nent, al t hough the nunber of
di scharged droplets is set at "1" by rounding-off in the sane fashion as
descri bed above, a conputation error "0.2" occurred this tinme is added to
t he subseduentomgpuiterinedn iaptdr s LbrAcelyrdidigl y, since the subsequent
external input is "1.161", according to the sinple round-off nethod, this
val ue "1. 161" Hig.r diinded aoftlabiledépéndentityngf difi€¢epreacesusn computed
result, and a resultant error "0.161" is omtted again. In contrast to
this, accordlilg theitvweepraesentnd-enfodiatdnd adwenotien dus téver pres@n200" is
added to "1.161", and the obtained result "1.361" is rounded off. Wth
thi s teclRiiRpELNSRE shsveP IR ¢-o B8 Methasly off comeddisird ngo@t put s accor di ng
to the sinple round-off nethod_ are continuously equal to "1" despite of
fl uct uat iIGHRIFLaHEen 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} (¥: No. of calculation order
shown in the table).
Meanwhile, in the case of the above-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 deviation of the
density. For example, the first external input of "1.200"
means that when the number 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.



external input, while outputs according to the error- considered round- of f
of the present enbodi nent fluctuate in the range from"0" to "2".. Wen a
fraction is considered in the subsequent external input as described
above, computation free of 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 sinple round-off nethod and those of the error-considered
round-of f nethod according to the pregent enbodi ment are put contrast

with each other. As shown in Fig. 19, the outputs according to the sinple
round-of f method show a square formlike a rectangular waveformin
contrast to a snooth sinusoidal - 48 waveformof inputs. That is, since
al | devi at i on®FGFAHELY /siSusE ddle wanpslegmentn éxtaraadodppusgt ien errors,
as the smoother the formof the input signals becones, the nore the
errors bechre?Hi st3FRRFSHII GrP tHee coitRke yrowvdrpidharethsidre$ TS t he out put's
.according to the round-off nmethod of present enbodinent are once

det er mi netP1i% al stet'e 15 TPHRIPHELHL errdprensianirly off dde e HRYsut s

i medi atel y nove so as. to absorb the errors, the noving average deviations
of the oﬁ%ﬁﬁ%t%r{/e%‘blt'asa‘? HeRSHHE o s EPond P 4 'npt s,OI‘%R;H?igCIQéi

r epeat edlé’gé’:ﬁ{ ying finely.

In contrast to this, according to the present
embodiment, the previous error "0.200" is added to "1.161",
and the obtained result "1.361" is rouﬁded 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 accorxding to the error-
considered round-off of the present embodiment fluctuate in
the range from "0" to "2"..

When a fraction is considered in the subsequent
external input as described above, computation free 6f error
as a whole can be possible.

Fig. 19 is a graph of outputs shown in the table in Fig.
18. 1In 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



Fig. 20 illustrates an exanpl e graph obtai ned by passing both outputs

t hrough an appropriate Iowpass filter so as to attenuate high-frequency
conponents of these val ues. Meanwhile, when errors due to rounding off
cannot be neglected, bits greater than processing bits normally used in
the corresponding systemare allotted to the errors so as to ease themor
to bring themunder control at a practically problemfree |evel. Al though
the errors in Fig. 19 are highly visihke_since decinals after decinal
poi nt are rounded off, if any nunber of digits after decinmal point can be
used, even with the sinple round-off nethod, the errors can be nade
smaller to a problemfree |level. However, there is little room for

sel ect i ngavhéomunbér inpngs . of That sisf oplrganpl &, deviatHenhuhber be

di scharge commands of a printer. Especially, when an anmount of ink dropl et
during asiénBgpédalsPR¥E§ErBpeRaLraRe| SOMPREAtLSN | ATECTherdal EPPrinter, it
may be taken for %ranted t hat onlg t WO valuef %tmo bits), are allgﬂted. I n
addi t i onsmoknghekEhGof ogBnStt {heciORBE BbFRALH %C%W%?1a%%%dmﬂf?h each
other or to be fused tQ each other, thereby resulting in a nodul ated

densi ty. SARCrEnPEGPRF Qﬁﬁg&PgBFB fded in a human eye actually leads to the

o Bna "t o0, EHY Siah b AT IO B e Sy P oteh 2
effect QEC%E%QER% 2o 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 biﬁs normally used
in the corresponding system are allotted to the errors so as
to ease them or to bring them under contreol at a practically
problem-free level.

Although the errors in Fig. 19 are highly visible 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



printed result close to an actual object. Accordingly, with the |ow pass
fil.ter working effectively, as is seen in Fig. 20, the conputed results
according to the error-considered round-off nethod include nuch fewer
errors than those according to the sinple round-off method. Al though one
enbodi ment of the present enbodi nent has been described above, the present
invention is not limted to this enbodi nent, and can be nodified in
various ways as Wwll be described bel @L_for exanple. (1) In the present
enbodi nent, although a difference between the average density and the
density of each pixel train is conputed, and the density of each pixel
train is adjusted in accordance with the difference, a threshold of the
di f f er encefflbrtelet Eoni examgp Whet frer e noimper fof Mischafe cenmsnds
adjustnent is decided on a voluntary basis- For exanple, when density

adj ust nen®fia peERERRed BsRecCimbly. tHeR 3% anai [ofifrflerdramlddet ween t he
density of each pixel train and the average density, all pixel trains are
provi ded AFRLQ # uFineke Rl $har TR pesa el ehoky i iRe apristessihrymal
operations are accordi ngly needed. On the contrary, when density

adj ust merR T TREPRr £ bF R i yEHFEH EesPERITRD B XK rtaith WIS density
et 1101 EhtS danss EyAER et SrPrE: of i B GE Ky S oot QAR hade
fewer. 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 leadé to
the same printed result as that obtained by passing the
outputs through a lqw-pass filter. In 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 varioué 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



(2) I'n the present enbodi nent, although the line head 10 is used by way of
exanpl e, the present inventionis not I|limted to the line head 10 and is
applicable to a serial- type printer having a structure in which ink
droplets are discharged while noving a head in the main scanning

direction and in which a sheet of 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 6ipe head 10 and is fixed at a
position rotated by 90 degrees relativ% to that of a line-type printer. In
the serial-type printer, a direction along which |iquid-discharging units
are arranged is the sub-scanning direction of the serial-type printer.

W t h t hi s damrsdinge reetity s tanedénsiist ylemdakul iomg apatflentairy, bas3s- f domed on a
sheet of printing paper by providing a droplet- dischargi ng command si gnal
for provi d¥aprlamivmmmdans 1 tgorstjarsttngans iy peg fairmeg galent Waiehs |ying in
the nmoving direction of the head (in the main scanning direction of the
seri al -t ypa19%4 riterd sawd byidifediencg g taesneddcedensédy mdnSachof ink
droplets fromeach |iquid-discharging unit. By scannin% the density of the
densi t y- nddsift) dgadt tad¥ch thaniave negsp 86 sid Yead@d lppriselt CaeARsdérsi ty
information and. the relationship between the nunber and_the density of the

di schar ged®P* RIS St it ReE, YR HoPid tyafd HRRoMOZE in the

present qugggégggdg operations are accordingly needed. On the

contrary, when density adjustment is performed only with
respect to a pixel traiﬁ 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
1imited to the line head 10 and is applicable to a serial-
type printer having a structure in which ink droplets are
discharged while moving a head in the main scanning
direction and in which a sheet of 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
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ei pt of a droplet-discharging conmand signal, on the basis
| y obtained density information of the correspondi ng pixel

of the
train

and rel ationship between the nunber and the density of discharged droplets
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pect to each pixel train, by nmaking the nunber of droplets
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f discharged ink-droplets in accordance with the discharge

ifferent, the |iquid-dischargjng apparatus is controlled so
the density of the pixel train corresponding to the dischar
signal. (3) Wen the present inventing is applied to a seria
the head discharging an ink droplet in a reflecting manner
doirmechenpee sdpetenborrieiingapares2bypprgEédingr agdhenget-

ing an ink droplet froma_nozzle wthout reflection gnly in
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number of ink droplets from each liguid-discharging unit.

By scanning the density of the density-measuring pattern,
with respect to each pixel train, density information and
the relationship between the number and the density of the
discharged droplets 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 liquid-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-
type printer, the head discharging an ink dreoplet in a

reflecting manner as described in the present embodiment may
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(5) I'n the present enbodi nent, although tinmes (bubble generation tines) of
i nk droplets on two-way-divided parts of the heating resistors 13 needed
for being brought to boiling are nade different fromeach other by feeding
different currents to the two-way-divided parts of each heating resistor
13, the present invention is not linmted to the above structure.
Alternatively, the liquid-discharging apparatus nmay have a structure in
whi ch the two-way-divided parts havingp a conmon resistance, of the heating
resistor 13 are juxtaposed, and a current is fed to the divided parts at
different timngs. For exanple, respectively independent sw tches are

di sposed to the_ divided parts of the heating resistor 13, and when the

swi t ches Bf a8 né&F éh hed HSE@naiagy &g fifedr siierliad fgem ignBodZdl et s on
the divided - 53 parts of the heating resistor 13 are hrao %pt to boiling
at di f f erBit? ST STh @A PTothe™ A RHFERHBh SUPdailddtion  of a net hod

of feedin ifferent cyrrents to the respective .parts of the heating
Fest st or S REEIAo it oM Dr0 oG o AREHENE L B fBTabe
respectiveky different timngs my be possible. (6) In the present

embodi mett>€%i t hough the two-way- divided parts of the heating resistor 13

are JUXt ap0ssd 1t ho el o 41 1k ARSI A2 S hs A0l i V1 i ng

the heating resistor Wo parts 1S aproved t romthe

vi ewpoi nt,,,0fy p3ald %fi%ceth:riyoncg’"k@)ivjaw Yo %@gn@l%o,’ Ji% the discharge-

direction-controlling means according to the present

embodiment, droplets may be discharged into any number of
directidns. In other words, arbitrary number of liquid-
discharging 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 independent
switches are disposed to the divided parts of the heating
resistor 13, and when the switches are turned on at

respectively different timings, ink droplets on the divided



circuitry of the heating resistors 13 can be nade sinple, the present
invention is not limted to the above structure. Alternatively, three or
nore divided parts of the heating resistor 13 may be juxtaposed in a
single of the ink chamber 12. (7) In the present enbodi ment, although the
heating resistor 13 is used by way of exanple, alternatively, a heating
el ement may be used, or an energy-generating elenent such as an

el ectrostatic discharging-type or piezgs; type energy-generating el enent may
be used. An electrostatic discharging-type energy-generating elenent is
formed by a di aphragm and two el ectrodes di sposed wunder the di aphragm
having an air |ayer interposed therebetween. Wen _ a voltage of a certain
val ue i s RS &f -thsy heat i repd sdigc thidodes ¥ cagihto tee P 21HHE IdiR&phr agm
downward, , and then, the voltage_ is changed to zerqg so as to_rel ease an

el ect r ostHT TV & INGS THE faGEsidhetan ilhk B HEN i & GrOLRETGEF by

R R R
o oot s M990 2 Shelgnd 1ALl P on L9 xR given Lhe
orSLnal ALGR (SIS, 1S5y LG LGRS0 PR B phanal o the
timings may be possible.
{6) ;n the present émbodiment, although the 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 resisteor 13 into two parts is a proved technigue
from the viewpoint of satisfactory durability, and also, thé
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.examplé, 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



to generate energy at different timngs or to have different voltages
applied thereon. The piezo-type energy-generating elenent is a lamnate
formed by a piezo el enent having el ectrodes on both surfaces thereof and a
di aphragm Wen a voltage is applied on the electrodes on both surfaces,
the piezoelectric effect of the piezo elenent causes the diaphragmto
produce a bending nonent and accordingly to be bent and defornmed. An ink
droplet is discharged by utilizing thisgdeformation. Also, in this case,
simlar to the above case, in order to cause respective energy-generating
el ements to generate energy in different ways, when a voltage is applied
on the electrodes on both surfaces of each piezo elenent, the voltage is

appl i ed M thS iy sl edtiade el et SaaPendfheyidirahdaom SRRy oy

(8) T { B A S 100 A HORTO%h i st S0 PGB R S Tk
et apos St ST Ty G B Ge T TR iR TiPrs 20t eHe APTFed Mozl e 18
e | bot | T P D1 S e A e Tt s TR ey el

conpl et el y. .agree wth the direction.aliong which the nozzles 18 are .
juxtapose§33|dé Si de. é@eﬁﬁ' en a small anmount of msalignnent remains
therebetmeen,ln this case, in order to cause respective energy-
generating elements‘to generate energy in different ways,
for example, when the diaphragms of two energy-generating
"elements are returned to their original states {(when the
electrostaﬁic force is released by changing the voltage to
zero), the two energy-generating 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-generating 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



substantially the same effect can be expected as in the case where the
def.lecting direction of an ink droplet agrees conpletely with the
direction al ong which the nozzles 18 are 'juxtaposed side by side. (9) The
round-of f processing and the |i ke described in the present enbodi nent can
be achi eved not only by a hardware (an operation circuit, or the like) but
al so by software. (10) Although the head 11 is used in a printer in the
present enbodi nent by way of exanple; ihe-head 11 according to the present
invention is applicable not only to a printer, but also to a variety of

| i qui d-di schargi ng apparatuses including an apparatus discharging a

sol ut i on gonalnlng AT of, elocting @ diolagl Gal sBecl 1o, {on gxanpl e.

- 56 As déscribed abov according e préesent i nventi on, ensirty

unevenne S 3, variaki [ ' rging characteristics of the
h G %ﬂ%zé%le %?E dl Ml

| i qui d-di scharging units can adjusted without incurring a reduction in

printing s d j I ) I ACULEI.NG 4 iL,ncr.ease in
D1 LI N SPERU A erdherld 2k Wi o0, 3R e
li qui d- digGhangidig Jrethod fiola fning 2 dipilety ihardengidetgast one

dropl et discharged fromone of plurality of |iquid-discharging units on a

dropl et - laardigh@hich the nozzles 18 are juxtaposed side by side since
.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 droplet agrees
completely with the direction along which the nozzles 18 are
Jjuxtaposed 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 presént invention is applicable not only to a printer,
but also to a wvariety of ligquid-discharging apparatuses
including an apparatus discharging a solution containing DNA

for detecting a biclogical specimen, for example.



obj ect, and providing gradation in accordance with the nunber of the

| anded droplets in a pixel area, conprising the steps of: correcting a

dr opl et -di schargi ng signal defining the density of the pixel in accordance
with the nunber of droplets and nodifying the nunber of droplets formng
the pixel so that the density of the pixel on the droplet- |anding object
agrees with the density in accordance with the droplet-discharging signal;
and controlling the plurality of |iquiggdischarging units in accordance
with the corrected dropl et-discharging signal so as to forma pixel on the
dropl et-1andi ng object in accordance with the nodified nunber of droplets.
2. The liquid-discharging nmethod according to Claim1, wherein the

dr opl et - di schﬁ‘rsgidﬁﬁcéﬁl@ﬁ%l aboVeer pECEdliatt &P tHeaBIesSEAtpLOvEssing

i ncludi ng, i mage processing and error diffusion is performed. 3. The

Li qui d- di ¥SHENG A TERHEE 2 CBIRhPA & TG o i | HiSAIBrIingg  wher ei n

the plurality of |iquid-discharging units i.s controlled so as to forma
pi xel suc%at%a‘ftealflﬁqfe]a%st Q%q’%glér‘ﬁ?%%lﬁ@acﬁ%rﬂﬁ Uit Pf the
plurality of liqguid- .discharging units discharge droplets in different
directi on“:‘sé)j L;ssoteg"[@sl "’Pbt}boeusq alrm%g % %i%egcauec i Ilnarpe%ne%ngA bpddd S

densi ty- agjusting el rh%o“wi‘%ﬂ&ﬂf“ﬁcgjfrci% UG nerease in hardware,

memory, and the like.



apparatus conprising a head including a plurality of juxtaposed

| i qui d-di schargi ng units having respective nozzles, form ng dots by

| andi ng dropl ets discharged from the nozzles onto a droplet-Ianding
object, and providing half tones by arranging a dot array, conprising the
steps of: obtaining density information, and the relationship between the
nunber and the density of discharged droplets wth respect to each pixel
train (a) by a providing droplet- dlsg?a{ging command signal for providing
a uniformand constant density to alt pixel trains lying in the main
scanning direction, (b) by formng a density-neasuring pattern on the
dropl et-1andi ng obj ect by discharging a predeterm ned nunber of droplets
from eadftiAT g dCLALIMEIhAESE ng unit, and (c) by scanning the density of the
density-neasuring pattern; and controlling the head, upon receipt of the
dropl et- discharging conmand signal, on the basis of the previously - 59
obt ai ned density information and rel ationship between the nunber and the
density of dilschdr déduddoplistcharigimgr aspbeod fog daghmipioxel Pix&ilnbyso as to
adjust the density of the pixel train corresponding to the discharge
comand JAnmialg B keddthenahadinminy difsahasged sfram ea@fual |y di schar ged

from the |liquid-discharging units different fromthe nunber of droplets

di schar geles L e T Al W T S Hha o i9th iy & sirgn iroplet—landing

object, and providing gradation in accordance with the
number of the landed droplets in a pixei 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 S0 thaf 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—dischargingAunits
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.

2. The liguid-discharging method according to Claim 1,
wherein the droplet-discharging signal is corrected after
gradation processing including image processing and error

diffusion is performed.

3. The Liquid-discharging method according to claim 1

or claim 2,



signal. 5. The density adjusting nmethod of a |iquid- discharging apparatus
according to Claim4, further conprising the step of: perform ng gradation
processing including image processing and error diffusion upon receipt of

i nput image information, on the assunption that the density of dot -
arrays fornmed by all |iquid-discharging units is constant; and controlling
the liquid-discharging apparatus so as to adjust the density of a pixel
train corresponding to a discharge comrand signal converted after the
gradation processing, by discharging di fferent nunber of ink droplets
fromthe |liquid-discharging units, fromthe nunber of droplets discharged

in accordance with the discharge comuand signal. -- 6 0 - 6. The density
adj ust i ngvheetehiod tfe g lvixpdiid-ydicsic Harggiiniy dispharating acddasdiisg to claim 4 or
claim5, wherein the I|iquid-discharging apparatus conprises (i) discharge-

di rect i orcagtanygilreyf resarss divarfgimy a Ips xdils chabhgd hditr edt ilerséf twan i nk
dropl et discharged fromthe nozzle of each |liquid- discharging unit into a
pl ural i t ynesfrig rldguishsdlididsngiag dinddet iodn tiicowpd Walsildie vt led 1iquid-

| i quid-discharging units are juxtaposed side by side; and (ii)

di schar gelidiqdhectaiols Wordts Gsdhg e s adwtsolin i e rneadsdirmstieasby -

|1 quid so as to be landed in a single pixel area.

4. A density-adjusting method of a liquid-discharging
apparatué 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 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 droplet-

discharging command signal, on the basis of the previously



di scharging units so as to discharge ink droplets into respectively
dif.fferent directions by using the discharge- direction-controlling neans
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 forma pixel. 7. The
density adjusting nmethod of a |iquid-discharging apparatus according to
any one of clains 4 to 6, upon receipt of a droplet discharge command
signal, on the basis of the density-igbormation and the relationship

bet ween the nunber and the density of discharged droplets with respect to
the corresponding pixel train, further conprising the steps of: conputing
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part; cornputing a difference between the conputed result and
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to add the %%%put%d di fference ?%lthe nunber of discharged ink- droplets
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droplets discharged in accordance with the discharge command

signal.

5. The density adjusting method of a liquid-
discharging apparatus according to Claim 4, further
cbmprising the step of:

performing gradation processing including image
processing and error diffusion upon receipt of input image
information, on the assumption that the density of dot
arrays formed by all liquid-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 signai 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.



signal. 8. The density adjusting nmethod of a |iquid-discharging apparatus
accoerding to any one of clains 4 to 8, wherein the |iquid-discharging
apparatus conprises an image-scanning apparatus, the density adjusting
nmet hod further conprising the step of scanning the density of the
density-neasuring pattern forned on the droplet-Ianding object by the

i mage- scanni ng apparatus. 9. A density-adjusting systemof a

| i qui d-di scharging apparatus conprising®a—head including a plurality of

j uxt aposed |iquid-discharging units, form ng a pixel by I|anding at |east
one dropl et discharged fromone of the plurality of |iquid-discharging

units onto draplet-1anding,- 62. object,  an roviding gradation in
accor dance ?\?‘t hﬂ?%eée ﬁ}b%rg%?ﬂ‘ﬁen? arh%lé&é‘ar%gl gt quEbe)?i'rgL’EF gr9ah9

| Mage- SCarpigr anparat sy g 1ddn densot yc0hihhe, Ph¥ekihotped by the
| i qui d-di scharging unit; a density-neasuring-pattern-form ng unit causing
the |i quild-qliisthaiging: gipparaiperdtud Qidipe eS| LYy Basiid fge— pattern on

t he dropl et-landi ng object in accordance with a droplet-discharging signal
defini ng tdieredemisirtyclafngirey piecls dhmmapicoy dane edvddiatde qurderiaf of
droplets formng the pixel; a scanning unit causing the image-scanning
appar at us am irdegirapiles tdalisichamfed hieraeridid yroweaistire hge gt t Btquidy ned by
t he densi&x-neasuring-pattern-forning unit; and
ischarging unit into a plurality of directions within a
direction along which the liquid-discharging units are
juxtaposed'side by side; and (1i) discharge-direction-
controlling means controlling at least two nearby liquid-
discharging units so as to discharge ink droplets into
respectively different directions by using the discharge-
direction-controlling 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.

7. The density adjusting method of a liquid-discharging
apparatus according to any one of claims 4 to 6,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



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 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-Ilanding object agree with the density
in accordance wth the original drgp% t-di scharging signal. 10. The
density-adjusting systemof a liquid- gischar i ng apparatus according to
y-adj g sy q gi ng app g
Claim9, wherein the droplet-discharging signal is corrected after
gradation - 63 processing including image processing and error diffusion
i s perfonrumbder 1af Thk deeslelys adp use i dgsslyatreadofram| thei digusdhar gi ng
apparatus according to claim9 or claim 10, wherein the plurality of
| i qui d- diisedhaydhed uanits By cornndliedosd bheteoomporedargswbt: such that at
| east two nearby |iquid- discharging units of the plurality of
Iiquid-disch&ﬁﬂﬁﬁPfRHRQ§ﬂui§@my%ﬁrdﬂ&ﬁﬂ&ﬁQ#HQ1&ﬁﬁ&ﬁﬁﬁ#ﬁ s ragcttions so as
to be landed in a single pixel area, 12. A density-adjusting systemof a
|i qui d- diseFRR EFRgthapparke st RprPLehy Bremathe nilrﬁ@mgdasr@h@%mgy of
j uxt aposed, | i qui d-di schargi ng units having respective nozzles, formng
dots by VhdfngCorbpPReRdHrS charyed $¥bracted higher-order part;

computing a difference between the computed 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 sﬁbsequent discharge command

signal.

8. The density adjusting method of a liquid-discharging

apparatus according to any one of claims 4 to 8, wherein the
liquid-discharging apparatus comprises an image-—scanning
apparatus, the density adjusting method further comprising
the step of scanniné the density of the density-measuring
pattern formed cn the droplet-landing object by the imagé—

scanning apparatus.

9. 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 least one droplet discharged from one of the

plurality of liquid-discharging units onto a droplet-landing



the nozzles onto a droplet-Ianding object, and providing half tones by
arr.anging a dot array, conprising: an inmage-scanning apparatus scanning the
density of the dot array fornmed by the imge-dischargi ng apparatus; a
densi ty-neasuring-pattern-formng unit causing the |iquid-discharging
apparatus to discharge a predeterm ned nunber of droplets fromeach of the
| i qui d-di scharging units so as to forma density-nmeasuring pattern on the
dropl et- | anding object in accordance g4 th a di scharge command si gnal
providing a uniformand constant density to all pixel trains - 6 4 - lying
in the main scanning direction; a scanning unit'causing t he i mage- scanni ng
apparatus to scan the density of the density-neasuring, gattern formed by

t he densiPPyestas@ich§rpIicdra- fERRRkdCONLEY, a&ﬁoaeeapﬁlwg Bnfkeobt ai ni ng
density |nn8pnat|on an t he relaalonshlp bet ween the nunber and the
density SMpESpPdt $hew FﬁdPQsE§EP £5SealRMBI*ELPF ne on the basis of the

scanned result of the density-neasur attern scann b) the scanni n
anit: a nemor9%tewﬁgseﬂana%%smat#%?ng b e e T

bet ween the nS|t ets, talned by the obtalnlng
uni t; an&@*&€ o%? % t@&nﬁthF lﬁﬁé %@&89 888 ‘recei pt of a
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liquid-discharging apparatus to form a density-measuring
pattern on the droplethlanding 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 ﬁnit controlling the plurality cof liquid-
discharging units in accordance with the corrected droplet-
discharging siénal corrected such that, on the basis of the
scanned result of the density-measuring pattern scanned by
the scanning unit, the droplet-discharging signal is
corrected and the number of droplets forming the pixel is
modified so as to make the density of the pixel on the

droplet-landing object agree with the density in accordance

with the original droplet-discharging signal.

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

droplet-discharging signal is corrected after gradation



and the density of discharged droplets stored in the nenory with respect
ta each pixel train, so as to adjust the density of the pixel train
corresponding to the discharge conmand-signal by naking the nunber of
droplets to be actually discharged fromthe |iquid-discharging units
different fromthe nunber of droplets discharged in accordance with the

di scharge command signal. 13. The density-adjusting systemof a |iquid-

di schargi ng apparatus according to §I§EWL12, wherein the - 65 control unit
controls the liquid-discharging apparatfus so as to adjust the density of a
pi xel train corresponding to a discharge command signal converted after
gradati on processing including image processing and error diffusion is

per f or nepropessiegeiptlofingpishajaageccasvimpt amd aendoondi fitusassunpt i on
that the density of dot arrays formed by all [|iquid-discharging units is
const antpebyouinedharging a different nunber of ink droplets fromthe

| i qui d-di scharging wunits, fromthe nunber of droplets discharged in
accordance wth the discharge command signal. 14. The density-adjusting

system of a Uindzdj [ : a cordi,ng . t,0:glak .claim
1% wherei n the F?‘au?%ﬁﬁ?&%ﬁé%ﬁﬁgﬁgg Sy aE By rat e T
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dr opl et cP%cﬂargedF??%ﬂ1 H% nozz of each iquid dlscﬂarglng unit into a
pluralltgiura 1{eCt 1qu1é 1sgharging units is controlled 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 so as to be

landed in a single pixel area.

12. A density-adjusting system 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:

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



direction along which the liquid-discharging units are |uxtaposed side by
side; and (ii) discharge-direction- controlling neans controlling at |east
two nearby liquid- discharging units so as to discharge ink droplets into
respectively different directions by using the discharge-
direction-controlling neans and to |l 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. 66 15. The den hty-adjusting system of a
| i qui d-di schargi ng apparatus according'to any one of clainms 12 to 14,
wherein the control unit conprises (i) a first conputing unit, upon
recei pt of a droplet-discharging conmand signal, conputing the nunber of
densi t y- aby g eth di lse Itea e ds cropl ey sdivertiewpondi ng to the nunber of
dropl ets discharged in accordance with the di scharge conmand signal on the
basis of the ad&¥EANNLNGLGdFatdans iaed thige L@dgrisershilp ob éPrasa tilse tonunmber
and the density of discharged droplets stored in the nenory, (il) an
extract i mFami thexdsnt ihPhnthe o0kt brierasuligrd Rairtree@bo%/ﬂﬁw Y t he
-nunber of_ink droplets to be discharged fromthe |iquid-discharging units
by roundi i AFSIHE RIAHPUEERE TRALF SN THRINIR % &M tqui d- di schar gi ng
apparatus is controlled so as to di,scharge the nynher of droplets. from
the |iquid-di é&hf&’dﬁaﬁ@]% 01T HESEIRG H§TEe Th e MdRrFREieR aRPgREE- or der
part, (ii] di scharge-.instructing-unit _instructing.the
i qui d-di%%%%rjg?‘h%“&n i S G4 pnd the density'of droplets

with respect to each pixel line on the basis of the scanned

result of the density-measuring pattern 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 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 from the liquid-discharging units
different from the number of droplets discharged in

accordance with the discharge command signal.

13. The density-adjusting system of a liquid-

discharging apparatus according to Claim 12, wherein the



nunber of droplets corresponding to the high-order part extracted by the
extracted by the extracting unit; (iv) a second conputing unit conputing a
di fference between the conputed result of the first conmputing unit and the
hi gh- order part extracted by the extracting unit; and (v) an adding unit
adding the difference conputed by the second conputing unit to the nunber
of droplets discharged in - 67 accordance with the subsequent di scharge
command signal. 16. The density-adjusging system of a |iquid-discharging
apparatus according to any one of clains 12 to 15, wherein the

i mage- di schargi ng apparatus conprises the image-scanning unit. 17. A

l'i qui d- dlschargl apparatus caonprising a_. plurality of ui d- di schar gi ng
units, ’%1 é?orﬁfO]isar?Hi%ghéiml%é?tS%%rtﬂ)l@P%%r%@%y one
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CorreCt%@sumptlon that the density of dot arrays formed by all

liquid-discharging units is constant, by discharging a

different number of ink droplets from the liquid—dischafging

units, from the number of droplets discharged in accordance

with the discharge command signal.

14. The density-—-adjusting system of a liquid-discharging

apparatus according to claim 12 or claim 13, wherein the

liquid-dischérging apparatus comprises (i) discharge-
direction-changing means changing the discharge direction of
an ink droplet discharged from the nozzle of each liquid-
discharging ﬁnit into a plurality of directions within a
direction along which the ligquid-discharging units are
juxtaposed side by side; and (ii) discharge-direction-
controlling means controlling at least two nearby liquid-
discharging units so as to discharge ink droplets‘into
respectively different directions by using the discharge-
direction-controlling 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 pizxel.



dropl et-di scharging signal so as to forma pixel on the droplet-Ianding
obj ect in accordance with the nodified nunber of droplets. 18. The

| i qui d-di schargi ng apparatus according to - 68 Claim17, wherein the
dropl et-di scharging signal is corrected after gradation processing
including i mage processing and error diffusion is perfornmed. 19. The

| i qui d-di schargi ng apparatus according to claim17 or claim18, wherein
the plurality of |iquid-discharging u%its is-controlled so as to forma
pi xel such that at |east two nearby Iﬁqﬁid-discharging units of the
plurality of liquid- discharging units discharge droplets in different
directions so as to be landed in a single pixel area. 20. A

| i qui d-di schargi ng apparatus conprising a head including a plurality of
j uxt aposed |iquid-discharging units having respective nozzles, formng

dropl ot -1 andr g o) Bere R e T Cancs Thars SheTiE S 0 array.
conpr i siapgaratuwe ascoxdimgatew rAnggepatctfecteimer g ngp 04} twHezehh righea
density-neasuring pattern on the droplet-Ianding object in accordance with
a di schaf@prttohmantt stemrriseovidl iy Blrsmi donpuaing comst antpotensity to all
pi xel trains lying in the main scanning direction by causing each of the
| i qui d- %R fhe Wil el ¢ setvargiena eeratanersd greall nurdrgrutoing

the number of density-adjusted discharged droplets

corresponding to the number of droplets discharged in

accordance with the discharge éommand signal on the basis of

the density information and the relationéhip between the

number and the density of discharged droplets étored in the

memory, (ii) an extracting unit extracting only a high-order

part corresponding to the number of ink droplets to be

discharged from the liquid-discharging units by rounding off

the computed result; thus,'the liquid-discharging apparatus

is controlled so as to discharge the number of droplets from

the ligquid-discharging units, corresponding to the extracted

-higher—order part, (iii} a dischafge—instructing-unit

instructing the liquid-discharging 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 differencé between the

computed result of the first computing 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



droplets; a nenory storing density information and the - 69 relationship
bet ween the nunber and the density of droplets wth respect to each pi xel
train obtained by scanning the density of the density-nmeasuring pattern
formed by the density-measuring-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 rel ationship

bet ween the nunber and the density-of7discharged droplets stored in the
menory wth respect to each pixel train, so as to adjust the density of
the pixel train corresponding to the discharge command si gnal by making
the nu

d | t ual | i df
l'i qui d- ?;c%araélrrc%g tisr{ t%edrﬁlrbgs(r:eeqlﬁa 1'1‘1%/ IS[ ar:ﬂ%ﬁtfé?mg‘?ﬁnﬂ‘{jﬁ'@n@t]s di schar ged

in accordance with the discharge command signal. 21. The

| i qui d-di schargi ng apparatus according to Caim20, further conprising:

di scharge-direction-changi ng neans changi ng the drscharge direction of an
i nk dropl et th-sCh&r geast 6ﬂ?§ﬁé3tﬁﬁﬂzﬁ§55ﬁnb§éhﬂ|¥$ﬁW}4T KRG duni t

into a phphalddsya@iordhladd LRYSoM bR & Andi ifctto' 95‘ alepgiMingh the 1iquid-

di scharging units are juxtaposed side by side; and

di schar gerdid-eG - r¢AMty @ﬂﬁé}%&a%@ptge@ WY i3agd-8R%hA1YY near by

| i qui d-di scharging units so as to disc
unit,

17. A liquid-discharging apparatus comprising a
plurality of liquid-discharging units, forming a pixel by
ianding 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 défining the denéity 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 con the
droplet-landing object in accordance with the modified

number of droplets.

18. The liquid-discharging apparatus according to



ink droplets into respectively different directions by using - 70 the
di.scharge-direction-controlling neans and to | and the discharged droplets
on a single pixel train so as to forma pixel train or in a single pixe
area so as to forma pixel. 22. The |iquid-discharging apparatus according
to Caim20 or claim?2l1l, wherein the control unit conprises (i) a first
conputing unit, upon receipt of a droplet-discharging command signal,
conputing the nunber of density-adjuskgd- di scharged droplets correspondi ng
to the nunber of droplets discharged in accordance with the discharge
command signal on the basis of the density information and the

relatio i tween the nunber and the density of discharged droplets

st or ed ﬂiﬂ?ﬁg ﬂZﬁDVQ?r???)t%%g&?PQEYTﬂbS%m?¥g r3t9*dy 1dnly a hi gh-order
part correspondi ng the n er of ink drop]et o be, di scharged fromthe
|i qui d- di%C %?E?QQa%ﬁ?Fsgr%ggEbﬁ%d?ﬁ%c%ﬁ?l?%el% %&%@ TRR9ft; thus, the

l'iquid- dj L g paratus,is_controlled sp as to discharge the nunber
of dropllg%(g&?rg%%wh% i(eqﬁlr%lgdciilsiﬁ%?b?rhgl%rﬁj?g,or %cﬁ'r esponding to the
extracted higher-order part, (iii) a discharge-instructing unit
instructing the liquid- discharging units to discharge the nunber of

dropl ets corgespndi Ak 4 Q4 i qh- r racted by t extracted
by the extracting un??@ﬂ%?%%ggﬂ%%g ﬁ%kggégﬁfﬁﬁagé%%¥%E%éﬂﬁﬁ?iﬁg a
di f f er ence detimeh whercionph¢ gduredidyt off 1iduie-figshrgompuhifng unit and the

hi gh- order part -extracted
' is .controlled so as to form a pixel such that at least two

nearby liquid-discharging units of the plurality of liguid-
discharging units discharge droplets in different directions

S0 as to be landed in a single pixel area.

20. 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:

a density-measuring-pattern~forming unit forming a
density—ﬁeasuring 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 liquid-
discharging units to discharge a predetermined number of
droplets;

a memory storing density information and the



- 71. Dby the extracting unit; and (v) an adding unit adding the

di fference conputed by the second conputing unit to the nunber of droplets
di scharged in accordance with the subsequent discharge conmmand signal. 23.
The |i qui d-di schargi ng apparatus according to any one of clains 20 to 22,
further conprising a scanning unit scanning the density of the
density-neasuring pattern forned by the density-neasuring-pattern-formng
unit. - 69 -

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 adijust the
density_of the pixel train corresponding to the discharge
command signal by making the number of droplets to be
éctually discha;ged from the liquid-discharging units
different from the number of droplets discharged in

accordance with the discharge command signal.

21. The ligquid-discharging apparatus according to
Claim 20, further comprising:

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

discharge-direction-controlling means controlling at
least two nearby liquid-discharging units so as to discharge

ink droplets into respectively different directions by using



-~ 70 -

the discharge-direction-controlling 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.

22. The liquid-discharging apparatus according to
Claim 20 or claim 21, 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 droplets
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, (ii) an extracting unit extracting
only a high-order part corresponding to the number of ink
droplets to be diséharged from the liquid-discharging units
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,
correspoﬁding to the extracted higher-order part, (iii} a
discharge-instructing unit instructing the liquid-
discharging 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



- 71 -

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 accordarice with the

subseqguent discharge command signal.
23. The liquid-discharging apparatus according to any one
of claims 20 to 22, further comprising a scanning unit scanning the

density of the density-measuring pattern formed by the

density-measuring-pattern-forming unit.



