10

15

20

25

_J‘eﬁ”- shitiong P38 an

-1- DESCRI PTION I NK JET PRI NTI NG DEVI CE AND | MAGE
FORM NG APPARATUS 5 TECHNI CAL FI ELD The present

i nvention generally relates to an ink jet printing
devi.ce and an i mage form ng apparatus, applicable to,
for exanple, copiers, printérs, facsimle,

mul ti-function periphe , and nore

particularly to an ink %égékﬁﬁﬁéﬁynting devi ce and an

i mage form ng apparatus configured to nove the head

uni't in the main scanning direction nultiple tines
repeatedly for the sane printing region in accordance

wi t h t he 1a¥ aleTi RRENVANG OPEYIHE N ANAGE RORMING APFRRATUS
BACKGROUND ART Conventionally, the.ink jet printing
device is used in the image form ng apparatus, such

as copier, printer, facsimle, nmulti-function

TEpentgdenalg,etc. In this ink jet printing device, the
head unit 1ncludes a plurality of 20 recording heads
provi ded r 0 n
arranged T|lHnet ?)h%sgbg Js@%{a%%tlnén gqél%ct og' Sf ?? Iff cfmuplrlk

ks of the dlffere cql ors, and
ghan qLRAgs &t%nlﬁn AEPREATaT r iaPldgable
‘at _hi gh speed by discharging ink.drops fromthe

tog §%’ha5?}§9é“94§zz cegigrst h@rqcraafmsm rf@crséaaieas Mgl tirefunction
recordi ng sheet according to the i mage signal while

perphemling atite ,head woi¢ paritivelmmily soaani gk jet
direction. On the other hand, when printing on the

prigcdfiglid¥rice and an image forming apparatus configured to

move the head unit in the main scanning direction mﬁltiple

times repeatedly for the same printing region in accordance

with the array interval of the discharge nozzles.

BACKGROUND ART

Conventionally, the ink jet printing device is used
in the image forming apparatus, such as copier, printer,
facsimile, multi-function peripheral, etc. 1In this ink Jet

printing device, the head unit includes a plurality of

drécording heads provided with a plurality of diséharge nozzles

arranged in the sub-scanning direction, and filled up with the

inks of the different colors, and high—density and high-

_quality printing is carried cut at high speed by discharging

of ink drops from the discharge nozzles of the recording head

to the recording sheet according. £o the image signal while
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sheet with such ink jet printing device, it is known

that the dot density (resolution) is determ ned

according to the 5 physical array interval (pitch) of

t he di scharge nozzles. For exanple, as shown in FIG

12, assum ng that the pitclp_of the discharge nozzles

la, which are arranged at equal intervals on each of
motheg rideotdiadg uhéadsn 18 e 1@ il Mcaandng Ydiwkdion.

respectively discharge the inks of the black (B), the

10 cyan (03 tHehethegehind ( Mhangrtiheiyel baw ) redndiing

constitute the head unit 1, is set to H, and that the

shBkE Ci Hh i s eauahk e %ﬂé@lﬂ NGRS cet her dot Bensi tohat the

accordlng to the pitch of the dlscharge nozzles lais

R BPTIP GRS e Rl R SR e e

per or prln ng a reso nthat is
e as t.he res ytlo

Ok S Rioh i1 e RG9S [T LES s
shown in FIG. 13A and FIG 13B, the head unit 1 is
noved onfSE igxaRd ema A §leawm%fg RiiG-edfi oASBHBL AR hat the
~discharging of the ink is carried out sequentially
pitechnof hehe eticratiangeheads1dB, 120 wiGchl Mreandrdnged it legual
recording sheet P. In this case, the ink drops wll
in@¥erhap oM HHLLORNE, récoMimntebdsang,t he, T} aind 1Y
image will be printed. In this case, if the ink

wh‘_jLicﬁCEQE}?éé‘tgl\}eSlprﬁs%ﬁgEQe v | ﬁﬁ{@\emhtehel@eed y)m tehk

Int ormar naln scanni ng 25 dlrectlon only, the

sta 5 ng er tg i nk .dro f ﬁ f
CYES 8 g t?? Tﬁ?qﬂ Xe )] )afid%t %h éi%oﬂw Y|)ésu P £g$§%EtUte

becone. unjform , ,
the head unit 1, is set to H, and that the pitch H is equal to
1/150 inches, the dot density according to the pitch of the
discharge nozzles la is determined as being 150dpi.

When the head unit 1 performs color printing_at the

resoluticn that is the same as the resolution (150dpi)

determined according to the array of the discharge nozzles la

- as shown in FIG. 13A and FIG. 138, the head unit 1 is moved

only in the main scannihg direction and the dischargihg of the
iﬁk is carried out sequentially from'the recording heads 1E,
1c, 1M, and 1Y, to the recording sheet P.  In this case, the
ink drops will overlap in order of B, C, M, and Y, and the
color image wili be printed.

In this case, if the'ink discharging is performed
while moving the head unit 1 in the forward main scanning

direction only, the stacking order of the ink drops of the
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In contrast to the above case, if the discharging of

the-ink is carried out while the head unit 1 is noved

in 5 the forward main scanning direction and then in

t he backward mai n scanning direction as shown in FIG

14A and FIG 14B, the stacking order of the ink drops

for the backward scanning is reversed to that for the
di feneartd codanni ngl 1 Nearel iked, n ahHethé opwaridirsr amsiudd, will

the ink drops overlap in order of Y, M C, 10 and B
beddite U folke . backward scanni ng, the ink drops overlap

in order of B, C M and Y. In this case, color

i nconsi stﬁn%Ptxé%_L.Jc 05 CLe dabokﬁaeclgént iggtﬁ@%ﬂgcha@:@qng

the quality o printed | mage w [

O e e e

printing device which carries out printing at

- the LA MR gRERDEHAR THET LS Gpﬂoﬁhelae%%rtrﬁ%@@‘:kward

according to the array interval of the discharge
mahpzetaning dAzeshoomn #h Fla@n 15AFIEL GL4ASB A Gr| G4B, the
16, inthe 20 ink jet printing device disclosed in
stdaphneserdubbiftshad Pak efitopsAfoln cati bacNoardI:Gh6lise, is
the high-resolution printing iss achieved in the
refoliQ@Mng vmRNebr Hhéefotned eclnding, Sheghe Ry, 1i% the
noved to the preV|ous printing region of the recordlng

fO§Q§]_e(£ ﬁ:m%_rg gﬁgpﬂjﬂté é %V%(if}_fagr ?ﬁh

C
mal n- scannin |rect| nmovenen |rst sdagy ’

andi B Sl e et BRI s it thar RS Lhs g, Serdfp 1n

di scharge nozzl es Ia the head unit 1 is

‘order of B, C, M, and Y In this case, color inconsistency

will occur in the printing result, and the gquality of the
printed imége will be deteriorated.

Moreover, Japanese Published Patent Application No.
03-056186 discloses an ink jet printing device which carries
out printing at a resoluticn higher than the resclution
determined according to. the array interval of the discharge
nozzles la.

AS.Shown iﬁ FIG. 15A, FIG. 15B and FIG. 16, in the

ink jet printing device disclosed in Japanese Published Patent

 -Application No. 03-056186, the high-rescolution printing is

achieved in the following manner. After the recording sheet P
is moved to the previous printing region of the recording

sheet P where the printing is performed by the main-scanning-

~direction movement (the first scan) of the head unit 1, in the
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noved in the main scanning direction so that the ink
drops reach the non-printed region between the
di scharge nozzles la 5 in the sub-scanning direction
of the first scan. In the exanple of FIG 15A and FIG
16, the printing of the twy colors of the cyan and
the magenta is illustrated for the sake of sinplified
sulexptametrionlirsabseguent ¥ yion Hdeppilhtchny/ 2 switheh i ied hedtf
all over 10 the recording sheet P by noving the head
thenbitdh iIdF tHRe Sibchse@aMdwz Il €@l i @ReSheddalinithe Head
unit 1 is located to the non-printed region

moGOAt LU A nf BRaRRE AL | M- AYIRN scARHatl EREAL AN G ARE
printing procedure. In"this case, the printing at the

0 .0 f . 3 ' ' IS i SO iQn
reb R St P LriahRe SR it k¥ Rl SRS SR e
. the suh-scanni,n irection b /2 of the pitch H of
int RGe o TRl N, o BECH b NBA dotiar sk SR 1o
realize the printing at the higher resolutions which
are threltihfesxamgde efnBEs- [ 13A Wngh&EGt hhh, t Hee
resolution of 20 150dpi, it is necessary to nove the
prhedingmf thd rtwchecdoubs sCarhe nyach mect tba bygdli3d is
1/4, ... of the pitch Hof the discharge nozzles |a.

i1Moseoyesd fidk tthe eaxe of PimplifiGatexbhanht 9bn.
resol uti on higher than the resolution which is

et RN M il I ki Gl e
oo 85 P4 YRS R Bspf B9 1% TREC1PLIVED, Ul -
scanning direction sc that the head unit 1 is loéated to the
non-printed region continuocus to the printing region, and
répeating the printing procedure.

In this case, the printing at the resolution of

300dpi which is twice the resolution of 150dpi is realized by

moving the head unit 1 in the sub—écanning direction by 1/2 of

the pitch H of the discharge nozzles la. Moreover, in order

to realize the printing at the higher resolutions which are
three times, four times, ... -higher than the resolution of

150dpi, it is necessary to move the head unit 1 in the sub-

‘scanning direction by 1/3, 1/4, ... of the pitch H of the

discharge nozzles la.
Moreover, in the case of printing at the high
resoluticn higher than the resolution which is determined

accerding to the pitch'of the discharge nozzles la in the
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time in the main scanning direction, the ink drops of
magenta M reach the target |ocations of the recording
sheet P between 5 cyan C and cyan C when the head unit
1 is scanned in the 2nd tinme in the main scanning
direction. Nanely, the ink_drops of cyan C and
magenta M alternately reach the target |ocations on
ab¢he-meeddicdiedgwsieethd, irdndlrncpsi 9 fpogsn b erdaxiprtéent
the nmutual col or inconsistency on a scanning |ine
red@@&disiPBHeke plOhéecetid i hest P frosmbeid) in the 1st
conspi cuous. However, when the ink discharging nethod

tifd 1&%@@‘%@11'3%@!3!11%{&%9 bttt APPLheat h®MN NG s of magenta
03-056186 nentioned above is used, the ink drops 0

agc ntt&fie re &g;ig&gglé or}e th%m}eé ?ﬁ @él@e %%ttween

1S4t ions n cyan and
of which are ted in . the 1st tlne by the ead unlt
cygh %rﬂ‘P fctyé'ln Q?%c‘b@%uﬁ?@%ﬁ’é@t P 18 ROVERRY nht fRpe 2nd
sub- scanni ng dlrectlon greatly and the head unit 1 is
timevid Ghe medn seRARSRAMBITRFIdionect Nemety, tee ink drops of

non-printed region on the recording sheet P, the

cyampacind egueence Hf al bernaieldr apsmoh ithe 28rdget rleosrtseds on
More specifically, as showmn in FIG 17A and FIG 17B,

tnaf tefotdideadenbl dnd SitscannrEsiblkheo 2pekedd it dhz
the main scanning direction and the di schargi ng of

mu{:ﬁgl 5%161.5 iRl Etc@gcyt&? dead Hniy g %lhé sganned, Itl?ihe

time in the 25 main scannin Irection and
ink.is di.sc - recordlng sheet P. At

repRrding n%w%hﬁﬁépg%&sgcmn% FPBERET k dr ops. of

magenta M (i ndi cated b¥ in FIG, 17B) which reached
However, when the ink discharging method o

Japanese Published Patent Application No. Q3—056186 mentioned
above is used, the ink drops of magenta M are printed in the
2nd time to the target locations between cyan C and cyan C the
ink drops of which are printed in the ist time by the head
unit 1, and after the recofding sheet P is moved in the sub-
scanning direction greatly and the head unit 1 'is moved in the
main scanning direction to the non-printed region on the

recording sheet P, the impact seqﬁence of the ink drops will

be reversed.

More specifically, as shown in FIG. 17A and FIG.
17B, after the head unit 1 is scanned in the 2nd time in the
main scanning direction and the discharging of the ink is

completed, the head unif. 1 is scanned in the 3rd time in the

' main scanning direction and the ink is discharged to the
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the target | ocations fromthe discharge nozzles |a of

the rear-end portion of the head unit 1 when the head

unit 1 is 5 scanned in the 2nd tinme is earlier than

the inpact timng of the ink drops of cyan C

(indicated by d in FIG 17B)_ which reached the

target locations fromthe discharge nozzles la of the
reé@rmﬂngﬂuhqenrﬁlonAbftmh@'mHmﬂ tiet ittpahent itdiendhedd the ink

unit 1 is scanned in the 3rd tinme. 10 The reversing

@%s the nageast Sequsaceavdd the Minkn dropsimentyroned reached
ove arises at the transitional Iocations bet ween

thb h@azﬂdé& wceeleaézgférﬂ' ehefd r nSEgl@%’rié Qﬂf oafhe

ad unit |sc arge nozzles la of
end ., .porti

0 he d un|t 1 en t
weredbiainy dhtee g podfe B e sl Bediis 1 oo
directjon greatléaand t hen the head unit 1 is

scepnehel oAt dTFeyf ofP ol SheP8c 6P 8 H@P%%e‘imlﬂng of
and consequently the problemthat color inconsistency

thpetohedromordpicyasus ohndheatredt drdiClgishEEE- PLEy avhich
whole will arise. 20 DI SCLOSURE OF THE | NVENTI ON An

reabhedttlod ddeyatr ésentibnyeftomntties diechaoyedecanles la of
i mproved ink jet printing device and inmage form ng

thaPpabatLisng igbriiogh ofhenabryed nenitd anedenr ek eMBadnghit 1
el i m nat ed. "Anot her object of the present invention is

1st9ca§§e@rﬁ¥ a4 Rk ket printing device which can
prevent t e - occurrence of color inconsistency on

the recor nedlun1ang ttain qé h allt printi

by 1 ntar B SIS TP AE: CRSeeREe COFIAES! W BT O

bei ng reversed _in the case of o ]
drops mentioned above arises at the transitional locations
between the discharge nozzles la of the rear-end portion of
the head unit 1 and the discharge nozzles la of the front-end
portion of the head unit 1 when the recording sheet P is moved
in the sub-scanning direction greatly and then the head unit 1

is moved to the non-printed region on the recording sheet P,

and consequently the problem that color inconsistency becomes

‘conspicucus on the recording sheet P as a whole will arise.

- DISCIOSURE OF THE INVENTION

An object of the present invention is to provide an
improved ink jet printing device and image forming apparatus
in which ﬁhe above-mentioned problems are eliminated.

Another cbject cf the preeent inventicn is to

provide an ink jet printing device which can prevent the



10

15

20

25

printing at a high resolution higher than the
resolution 5 determ ned according to the array
interval of the discharge nozzles of the head unit.
Anot her object of the present invention is to provide
an image formng apparatus which can prevent the
occurrence of color inconsistency on the recording
ccomcharmeand t6latrt ahcoms pitagual ichy thei pééogding medium and
mai ntai ning the inpact sequence of the ink w thout
at@@ir‘ﬂQlirng\Lqué_@;Qtyan'Etﬁﬂi%meai&ﬁ:'a_ﬂhﬂﬂg @he it
resol ut1on higher than the resolution determ ned
[ : i rval LS r
o500 10 AR T Mok 0l FANEE e o
obj ects .of the present .invention_are achieve . an
et cheip IS L I i R SRR
which a plurality of recording K heads_having di scharge
depespinad \#hcorddngchar e i i opdesvaldp b risdizsios
respectively are arranged in a main scanning 20

nodelestdbitheabgathgndi scharge nozzles of each of the

recording heads are arranged at equal intervals in a

sub- scanmirighedi bBgktOnofhticdh pregesitpendeauian 19 ddie -
mai n scanning direction; a head-unit noving unit

prBPYE8 G hghRad ouhl hgl Bobdies t BRIk 1$62BRH NG & @CtiRn

along a printing region of a recording 25 nedium a

ook GEPLALPS AN TRULRG, oLl oy WD EAPLS RO anc

ub-'scanni ng

uniit . cantrolling the head unit, .the head-unit novin
=thih, hEgR R L e BER T o MRt TGO anTE TR ol 1

the control unit is .
sequence of the ink without being reversed in the case of

- printing at a high resolution higher than the resoclution

determined according to the array interval of the discharge
nozzles of the head unit.
The above-mentioned objects of the present

invention are achieved by an ink jet printing device

‘comprising: a head unit in which a plurality of recording

heads having discharge nozzles which discharge ink drops of

‘different colors respectively are arranged in a main scanning

‘direction, and the discharge nczzles of each of the recording

heads are arranged at equal iﬁtervals in a sub-scanning
direction which is perpendicular to the main scanning
direction; a ﬁead—unit moving unit moving the head unit in the
main écanning direction along a printing region of a recording

medium; a recording-medium meving unit moving the recording
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configured to carry out printing procedures including
steps of 5 noving the recording nediumto the printing
region to perform the discharging of the ink drops,
and noving the recording nediumin the sub-scanning
direction by an interval represented by the formula
H k where His an array interval of the discharge
medze | igs the thb-sobrstrnmingeaiicect aod ancdoktisl 1hhidn
i nt eger above one, to performthe dischargi ng of the
coh kol IM@PEheOhaaA0An Pf j Ni1ed Hee@i-0R i eqdbyah@nin 0, ARl the
array interval H of the discharge nozzles, and
reCORILAMINRA LA hEPEAL LIS RINALIAOLRECCEHUISE o id MBS
according to an ink dot density, and thereafter nove
cofBEarecondl ng qedbym bp the, pub-seanning, 15 difeotion, or
LHIHEC e FEAd Onr T Y TR PET TS A RektChEHtnY step
printed region followng the printing region and the
mOBRGt iy reﬁr"&@é&@r‘é@%\“& Terfsr REdnFoNTt hegHXtto perform
non-printed region, wherein the control unit is
the ot s hatai ngo ofthahealnbdirard apor MPvANGf thderecording
‘di scharge nozzles in an array direction after 20

- meptiumtimgief stbespahnihqgdisgitdonaibg anf tonérend

portion of the discharge nozzles in the array

reflégstdan hefoke rprnfit 4 g/ 0fundRe HNeR- Bhi At Ley 88 QRal of
overlap each other with respect to the sub-scanning

thg :qgf%}h%e apd havaljd po Zéddt?—ss éa%%ﬁﬁlgo dE_‘E’é%t ghs ?Jy}‘?cgg? is

ops are determ ned from anong arbitra
ones of the overl apping discharge nozzles,incluydi,ng,
any RECF TR RIS SR paPLPBhE ST e TeEREERiPBorE | OIF 14pK
the array direction of  the dLschar%e nozzl es. By the
draBsveC cOMFISRLLGH S6f TEREOR kY eta FFitntpnghe array interval

H of the discharge nozzles, and configured to repeat the
printing procedures k times acéording to an ink dot density,
and thereafter move the recording medium in the sub-scanning
direction so that the head unit is iécated to & next non-
printed region following the printing region and the printing
procedures are performed for the next non~printed region,
wherein.the control unit is configured so.that a rear-end
portibn of the discharge nozzles in an.array direction aftér.

printing of the printing region and a front-end portion of the

discharge nozzles in the array direction before printing of

the non-printed region overlap each other with respect to the
sub-scanning direction, and invalid nozzles that do not
discharge the ink drops are determined from among arbitrary

cnes of the overlapping discharge nozzles including the front-
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device, in the case of printing at a high resolution

hi gher 5 than the resolution determ ned according to

the array interval of the discharge nozzles, when the

recording mediumis noved in the sub-scanning

direction greatly so that the head unit is Ilocated to

the non-printed region of the recordi ng nmedi um and
engperdraring the thscheagiargl alorttheni hk thepsriderd reictibs of
- 10 possible that the inpact sequence of the ink drops
thataidharigeansktignal | ocations between the discharge

nozzles of the rear-end portion of the head unit and

the di schar Qﬁengﬁébgsc&{npoéi%to# %?Ltﬁgdizﬁ??r}é@ Qb lihg

head unit “is in accordance w e | npact” sequence

of the ink drops of anot.her colaor, .15 For I.S_reason

defirtovat (g CRESwo! BTt S MR ks ion R25R8r
mai nt ai ni ng the inpact sequence of the ink wthout

thapjthe rr@\ﬁéﬁ@éa% Heterrinest a5COReEing Bevike Pirahdnterval
present invention can prevent the occurrence of col or

of | e rbisstharey onrzzide, oy diheg reedirdbnanteditumails moved
hi gh-quality printing. 20 Moreover, the

in atiey esurerddsonedgi dkr¢etiqr igndangy devihet ofhd heead unit is
i nvention may be provided so that the control wunit is

106804 d Y athd Qctiepei At e @Asyilkel _E the k@&@f&ﬁd@%i% and

-at | east one of the discharge nozzles located in the

pekffeNthe Qﬂrstcﬁqgggkﬁ%;%leuﬁe{ %%kdid%%ﬁgi PleppON; 2 {fJ nal

novenent of the I'n the maln scanni ng
directign faor printing in the -10-. sanpe printin
POPRUT b AT OME OFCERe o SEFIE MbES! o8k SEdBdT ithe
the front-end portion in the array direction upon a
treppitionnl iRt i6nst Retvranl WA dlsshereemprekeamt e
direction for
rear-end portion of the head unit and the discharge nozzles of
the front—end portion of the head unit is in accordance with
the impact sequence cof the ink drops of another cclor.
For this reason, by covering the whole recording
medium and maintaining. the impact sequence of the ink without

being reversed, the ink jet printing device of the present

invention can prevent the occurrence of coclor inconsistency on

the recording medium and attain high-quality printing.

Moreover, the above-mentioned ink jet printing

device of the invention may be provided so that the control

unit is configured to determine as being the invalid nozzles

at least one of the discharge nozzles located in thé rear—end

portion in the array direction upon a final movement of the

head unit in the main scanning direction for printing in the
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printing in the non-printed region. 5 By this
conposition, it is possible that the inpact sequence
of the ink drops at the transitional |ocations

bet ween t he di scharge nozzles of the rear-end portion
of the head unit and the discharge nozzles of the
front-end portion of the head unit is in accordance

‘same tpririe rignpagios eguimoe off Ilet Héschkrgk opszadfes located

anot her col or. Moreover, the above-nentioned ink jet
in Prhetimght-@ev perdioh hieh itneririr-ay Ghyebei@f aipded Forst
that, when the nunber k of repetitions of the

moVONETEN s oot ReafeaRldi Ng cHEdium Bxahhend rHl%re\(:acllo'Fy or
In the sub- scannlng direction is 15 increased,

control. unit n determ ne as belng the
pr+%% WQdLnozz génagr eaéi%%ﬁg'6¥ the di scharge nozzles
| ocated in the front-end, portion in the

di rect i orPXupdt Se 5ERPBFL Iy §'0@°§ﬁébﬁ%agx%ﬁnﬁhe impact
except for a final novenent, in the main scanning

sedperet i dh tffm ipki ArPRY aR0he HHRESAGAOPRAT nteehHewison.

By this conmposition, it is possible that the inpact

besegerende: afisdhergakndenpss aif tihe treamsetdopattion of the

| ocations between the discharge nozzles of the

heb@alin BNhPIHOAi8Ehbhge Meadidinids and Ehenth&thargaion
nozzl es of the front-end portion 25 of the head unit

of'%EéS?QQEQI GNGe tQc&?fﬁéﬁgguwlﬁ%e%%%nEﬁpgét ééquéﬂB% of

ops O anot er co Mor eover
aboyv ntio E rlntlng devi ce of the
tth%@Etge ﬁ@oﬁ 6vi @8d°%0 that, when the
Moreover; the above-mentioned ink jet printing

device cf the invention may be provided so that, when the

‘number k of repetitions of the movement of the recording

medium by the interval H/k in the sub-scanning direction is
increased, the control unit is configured to determine as
being the invalid nozzles at least one of the discharge

nozzles located in the front-end portion in the array

direction upon each of movements of the head unit, except for

a final movément, in the main scanning direction for printing
in the non-printed region.

By this compositioﬁ, it is possikle that the impact
sequénce of the ink drops at the transitional locations
between the discharge nozzles of the rear-end porfion of the
head unit and the.discharge nozzles of the front-end portion

of the head unit is in acéordahce with the impaét'sequence-of
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nunber of the overl appi ng di scharge nozzles is
i ncreased, the 5 control unit is configured to
i ncrease the nunber of the invalid nozzles. By this
conposition, even when the nunber of the overl apping
di scharge nozzles is increaged, it is possible that
the i npact sequence of the ink drops at the

the ramsidriagralbfl@nbbloat i anisombet ween t he di schar ge
nozzles of the rear-end portion of the head unit and
the di scha@eveezztrs &boddrenerfionkdendk ppet i® rafinighe
head unit is in accordance with the inpact sequence

dePfcd Ner ithfe dnQRS:QEn aRYY NG (HAHedVBEEONSE, JHS the

above-nenti oned objects of the 15 present invention
re_achieve n_i .farmng tus . j [
i A ek e R sORREEE It ety e
rinting, device conprising:. a head ugit in which
CORFERI Y- I6f CPé‘ébggF Head¥1aFtn§8i 8 ?@é’%d’g’ﬂ es
whi ch di scharge ink drops of different colors
invesp@cteaAlgs-are arranged in a 20 nmain scanni ng
direction, and the discharge nozzles of each of the
- recordi ngBhedds apepasibhged atereqian itheenwabsr iof eghe
sub- scanning direction which is perpendicular to the
ovgﬁﬂ_ﬁpﬁﬁﬁﬂ M iGthatigeefbl O¢s & deatteaistdNDVE NOs Yddsible
noving the head unit in the main scanning direction

£n8kOPge & REA AL id u%ﬁgéogfoéhélfﬁ%ﬂafgp@gagstﬂgdé si*ional

recor di ng- medi um novi ng unit noving the recording -12-

OF Bi g~ e UM oV ng. unlt Tovi ng -
1ofial 8T g gt Re-MBREP T 2 1ee HoRS LFFL- 001 ng

unit, and-the recording-nmedi um moving unit, wherein

' POrheéCRoft rigke Jisad ugit and the discharge nozzles of the

front-end portiocn of the head unit is in accordance with the
impact sequence of the ink drops of another color.
Moreover, the above-mentioned cbijects of the

present invention are achieved by an image forming apparatus

in which an ink jet printing device is provided, the ink jet

printing device comprising: a head unit in which a plurality

- of recording heads having discharge nozzles which discharge

ink drops of different colors respectively are arranged in a

main scanning direction, and the discharge nozzles of each of

“the recording heads are arranged at egual intervals in a sub-
-scanning direction which is perpendicular to the main scanning

‘direction; a head-unit meving unit moving the head unit in the

main scanning direction along a printing region cf a recording

medium; a recording-medium moving unit moving the recording
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configured to carry out printing procedures including
steps of 5 noving the recording nediumto the printing
region to perform the discharging of the ink drops,
and noving the recording nediumin the sub-scanning
direction by an interval represented by the formula
H k where His an array interval of the discharge
meﬂbamlxﬁ;uhe tslib-subrstamni e ddiicect rod andoktisl 10vidn
i nt eger above one, to performthe dischargi ng of the

cohfKo1 BIr@PSHeO haaRotn Pt | Ntiesl Heewi-@miedubvaheninito, tH#el the
array interval H of the discharge nozzles, and

reEQP&iﬁ?”ﬁgbﬂﬂﬁ.&SQ§ﬁ§ &Hft FWHéEél%QtRE088§H£@§ Unfd nes
according to an ink dot enS|ty, and thereafter nove
t r.din e sub- scanni_n t
cobp ST e aad. RHIt PP e P RO HG RS s of
printed reglon fO||0MAng the printin ion and the
moﬁ?»?ﬁt’?% TPV BEANE %rfflger SEdpot ReShtLo Perform
non-printed region, mhereln the control unit is
theodt & gluregiirend othaheainkadrend et Mogangf thferecording
di scharge nozzles in an array direction after 20
meft it ingtled dure sprinnt hggdi egeoivand anf ioheread
portion of the discharge nozzles in the array

refircechion bhefiole ferhint kng/Rfwhdhe makr- phi Atedyr egidival of
overl ap each other with respect to the sub-scanning

th%ké?%%ﬁgg?eQQﬂmh%¥@thtHQZ§ §sé£@¥ﬁ%ﬁdﬁ9kct§bﬁcgﬁﬂ99Jﬁ

ops are determned from a g arbitrary 25

ones of the overl appin dlschar e nozzles.includjing .
ary RELPRGH AAF Bins B8 EPOROLH e e HaSpBE ¢ Fon 17
the array direction of _the discharge nozzles. By the
drgley ECc B npoRTRY ‘gt &6k ﬁ?ﬁéopnﬁﬁle%}%ﬁ o the array interval

H of the discharge nozzles, and configured to repeat the
printing procedures k times according to an ink dot density,
and thereafter move the recording medium in the sub-scanning
direction so that the head unit i1s leocated to a next non-
printed region folloWing the printing region and the printing

procedures are performed for the next nen-printed region,

-wherein the contrcl unit is configured sc that a rear-end

portion cf the discharge nozzles in an array direction after

: prinﬁing of the printing region and a front-end portion of the

discharge'nozzles.in the array direction before printing of
the non-printed region overlap each other with respect to the
sub-scanning direction, and invalid noézles tﬁat do not
discharge the ink drops are determined ffom among arbitrary

ones'of'the overlapping discharge nozzles including the front-
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apparatus of the present invention, by covering the
whol e 5 recording nmedi um and mai ntai ni ng the inpact
sequence of the ink w thout being reversed, and the

. image form ng apparatus of the present invention can
prevent the occurrence of color inconsistency on the
recordi ng nediumand attain high-quality printing. 10

endAgeattdongahd the prasend poredbhoin tie isrmpossiibketidtn of

provide an ink jet printing device and inmage form ng
th@RRARLYseWbem &an prevent the occurrence of col or
i nconsi stency on the recording nedium and attain

hi gh- qualgt L ntaipi pgot hesd .
Ceduence 01 TRe TRk W R 18 8 ng F eV Led R Phe

case of riBting Q%Pthe h%%h respl ution . higher Ep n
FPRATE s S Ut P EnP HRE S mi M He Cr dPHg T BT HY arftayo-e
interval of the discharge nozzles., BRI EF DESCRI PTI ON

| TeQyTOig PRAWINGENS (M RE A IRIng AhgeiwPRct i SRARANGR OF The

ink jet printing device in the first preferred
inlerbidgticnenibedhgt heversw@ntarsh thel Gnagei soxmiver speetriatas of
view of the head unit in the first preferred

thenbheiamntinv2ht Fb& cén isrevditoekedbaguamnie tde color
control systemof -14- the ink jet printing device in

ind e fdtetic PLal 8hEefe EFRIHRRIGI vl ShdatSafn THQWChARL ity
for explaining the printing nethod of the ink et
prEg{{g&pg device in the first preferred enbodi nent.

According to the present invention, it is possible
to provide an ink jet printing device and image forming
apparatus which can prevent the occurrence of colcr
inconsistency on the recording medium, and attain high-gquality
printing by maintaining the impact sequence of the ink without
being reversed, in the case cof printing by the high resolution
higher than the resolution determined according to the array

interval of the discharge noczzles.

BRIEF DESCRIPTION OF THE DRAWINGS

.FIG. 1l is a perspebtive view of the ink jet .
printing'device in the first preferred embodiméﬁt of the
invention.

FIG. 2 is a perspective view of the head unit in
the first preferred embodiment.

FIG. 3 is a block diagram of the control sysiem of
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5 FIG 5A and FIG 5B are diagrans for explaining the
printing procedure of the first preferred enbodi nent
and the state of change of the recordi ng sheet when
the ink reaches the target in the printing procedure.
FIG 6 is a diagramfor explaining the invalid 10
nozzles in the first preferred enbodinent. FIG 7A and
ther | i@k 7R tareiditagyadsvios lexphai dimgtt heefeénwed iahbodiment.
nozzles in the first preferred enbodi nent when
printing FG.adotibes fesothdrtoforFk&pi8inhsng thaghamting
for explaining the invalid 15 nozzles of the ink jet
meﬂmd]tdmg;h@eme 35 ﬁﬁﬁﬁﬁggo%vﬁ%%f ehr efe £Mbodigmnte 064
the i nventi on. IG. 9A and FIG 9B are diagrans for

#ﬁgﬂy ng the invalid nozzles in the second
pre erred enbodlnent when printing at another

resol uti FI G i's di agr.am for explainjng the
i nval i d zI &s 257 % ﬂ% ?ﬁ 'gffta{“ﬁgﬁagv‘? Frpinge the
third preferred enbodi nent of the invention. FIG 11A

PT el Y @roreguire Ofi Big® aher TloPredsirardi Aghodeenthvagld ghe

nozzles inthe third preferred enbodi nrent when 25

stpte mi nhatgeandt hbe resotdiricorsheet5whBhGihd2inis meaches

di agram showi ng the conposition of a conventiona
thbeggrdut tin Ahe pi3Atang ftdaedidB . are di agrams for

expl aining the way of printing when the head unit is

scanned oMy, i ikh8 diagram for explaining the invalid
nozzles in the first preferred embodiment.

FIG. 7A and FIG. 7B are diagrams for explaining the
invalid nozzles in the first preferred embodiment when
printing at another resclution.

FIG. 8 is a diagram for explaining the invalid
nozzles cf the ink jet printing device in the second preferred
embodiment of the invention.

FIG. 9A and FIG. 9B are diagrams for explaining the
.invalid nozzles in the second preferred embodiment when
printing1ét ancther resolution: |

FIG. 10 is a diagram for explaining the invalid
nozzles of the ink jef printing device in the third preferred
embodiment of the invention.

FiG. 11A and FIG. 11B are diagrams for explaining

the invalid nozzles in the third preferred embodiment when

'printing at another resolution.
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5 forward main scanning direction, and the printing

state of the recordi ng sheet when the head unit is

scanned only in the forward main scanning direction.

FIG 14A and FIG 14B are diagrans for explaining the

way of printing when the hepglunit is scanned in the

10 forward and backward mai n scanni ng directions

al t er nat ¢, aAdisthedjgran mipostiagetbe téreposidocdi mf a

sheet when the head unit is scanned in the forward
comnshthiaglenwandamainiscanning directions alternately.

FIG 15A and FIG 15B are diagrans for explaining 15

the state@f RBANLLAY-HY, ST LiRd i BgrhRadrdRIdy ¥ ining
half the pitch of the discharge nozzles, and the

<h@rd 109 LR AT DS (LGl 1g,3Neet MRS, 18 Y MY the

wWa .
eached. 'S a di agram for explaining t

scanni ng procedure of the head unit and the recaqrding
£ORYRER TWeh SRERID8 BHTFRTIGM SNFelPEr REP R T HA G the
the head unit by half the pitch of the discharge
repoygins siEet wiea bhed Rag UPE dSe sgpaprangnfprin the
explaining the printing state of the recordi ng sheet
fowhend st it isngnhleg deaectuidi. by half the pitch of the
di scharge nozzles, and the 25 reversing of the inpact

sequence ©fg.t haa akdi pithel o8 idtd RY agllmsr g Okl Dfning
the recordi ng sheet. BEST MODE FOR CARRYI NG QUT THE

rintio i e s qi t
bR ARG LR OB e ke 18 XEBofla LD cne

fo%gggéegg gé%ﬁdg%d main scanning directions alternately, and

the printing state of the recording sheet when the head unit
is scanned in the forward and backward main scanning
directions alternately.

FIG. 15A and FIG. 15B are diagrams for explaining
the state of printing by shifting the head unit by half the
pitch of the discharge nozzles, and the printing state of the
recording sheet where the ink reached.

'fIG. 16 is_a diagram for explaining the scanning
procedure of the head_unit and the recording sheet when the

printing is performed by shifting the head unit by half the

'pitch of the discharge nozzles.

FIG. 17A and FIG. 17B are diagrams for explaining

the printing state of the recording sheet when shifting the

heéd_unit'by half the pitch of the discharge nczzles, and the

reversing of the impact sequence of the ink in the priﬁting
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acconpanyi ng drawi ngs. Referring to FIG 1 through
FIG 7B, the ink jet printing device in the first.
preferred enbodi nent of the invention will be
explained. 10 FIG 1 and FIG 2 show the conposition

~of the ink jet printing deygce in the first preferred
enbodi nrent of the invention. The ink jet printing

region & dfl thfe EeGording shpratvi ded in an i mage form ng
apparatus, such as a copier, a printer, a facsimle,

~a multi-function peripheral, etc. Since 15 the image
form ng apparatus is well known in the art, the

BES A 79 SNl aWRg ThitCo 6LMRAS | NEkTabt he | mage for i ng
_ . in FIG 1, the ink
jet printjng device 11 ., rises t.he head, unit 12,
The head ntt-T2or el ufbbl (ReY 36 AL0FRI Peythr proterred
recordi ng heads 13B, 13C, 13M and 13Y whi ch have the
emgPdERgtye o2 e dNYSATWRR CAL i SETETG§EBNECT HKE dr ops of
the black (B), the cyan (C), the nmagenta (M, and the
acgemnpany {ng drawdsgéct i vel y, and are arranged in the
mai n scanning direction X of the recordi ng sheet
(recor di ngefediiung tB. FAS. shoviréugt2 TR G7R2, thdleink jet
di scharge nozzles 13a of each of the recording -17-

prigadsy 18871 d3Gn 13M randt 1gYe B & AT leangadmaht eslathe
intervals in the sub-scanning direction Y which is

; L ant | Refpendigul ar to the main scanning
lnﬁ%?é%?ﬁd%§§#%¥%e§§§que%§é of the discharge nozzles 13a
My be 5 BLEanged £ARY bNen Sy PeSe NRLihERCLE O 1

jet printing device in the first preferred embodiment of the

~invention. The ink jet printing device 11 of FIG. 1 is

provided in an image forming apparatus, such as a copier, a
printer, a facsimile, a multi-function peripheral, etc. Since
the image forming apparatus is well known in the art, the

drawings showing the composition of the image forming

zpparatus will be omitted.

As shown in FIG. 1, the ink jet printing device 11
comprisés the head unit 12. The head unit 12 includes the
plurality of recording heads 13B, 13C, 13M, and 13Y which have

the discharge nozzles 13a which discharge the ink drops of the

~ black (B), the cyan (C), the mageﬁta (M), and the yellow. (Y),

respectively, and are arranged in the main scanning direction
X of the recording sheet (recording medium) P. As shown in

FI1IG. 2, the discharge nozzles‘13é of each of the recording
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it may be arranged along the slanted direction to the
sub- scanning direction.Y. The head unit 12 is
provided with an energy generating unit for carrying
out the discharging of the ink, 10 and the energy
generating unit may be forpgd_of any of the
pi ezoel ectric actuator, such as the piezoelectric
hegdyi 38, t3€, AEf nahd at3Uatmyr autrehpzdngt tégughdseervals
change of the liquid by the liquid filmboiling using
int fige haad-Ja@@t hgChl Ye€OIENS Wb chelieneabstasticii 1as t he
exotherm c resistor, the shape-nenory 15 all oy
peACLAM QN M it 2hadnb e smiali Rhageephapgeydue to
tenperature change, the electrostatic actuator
utilizingrtehee %Eeggro§t téc {&ﬁg%f etg, ot a
present erpooﬁ Fent, the head " UmT 2 T2"ré p? St dad OF
the piezoelectric actuator (or, the, piezoelectric .
ara@w%%)alﬁ@dtgg PHE- &R giP é#i‘é%ez?tt'rlﬁg Uni t R0 e -
head unit 12 is incorporated in the ink jet printin
itdesy des X rameedorePnNdt Hee hpkantas dirgcisopake i tde gwo-
the carriage 14, and this carriage 14 is noved in the
scaahing starwitigndiyrecti on al ong the shaft 15 by the
nmovi-ng nmechani sm 25 21. The noving nechanism 21 is

equi pped d hdalde urBtor2 {Heprdfiddeduehi 8A &8aFgy et C.
Therefore, the head unit 12 is noved in the main

geﬁ%@&@%@@ dﬂf‘cﬁ%&%a?&h{?ﬁe&?ﬁ rﬂr?eg%i]s%haéggn Rf | ink,

out t scharging o _ k”to the recording sheet
e ERATET B T FRG B0 EA BT b Hsod RERE BonSET(Lk &he

the head-unit noving unit in the ) ]
piezoelectric actuator, such as the piezoelectric device, the
thermal actuator utiiizing the phase change of the liquid by
the liguid film boiling using the heat-electricity conversion
elemenfs, such as the exothermic resistor, the shape-memory
alloy actuator utilizing.the metal phase change due %o
temperatﬁre change, the electrostatic actuator utilizing the

electrostatic force, etc. 1In the present embodiment, the head

unit 12 is provided with the piezoelectric actuator (or the

pilezoelectric device) used as the energy generating unit, and

the head unit 12 is incorporated in the ink jet printing
device 12.

Moreover, the head unit_lz is éarried on the
carriage 14, and this carriage 14 is moved in the main
scanning direction along the shaft 15 by the moving mechanism

21. The moving mechanism 21 is eguipped with the motor, the'
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claims. Moreover, the recording sheet P is conveyed in
the sub-scanning direction Y by the conveyance
mechani sm 16, and this conveyance nechani sm 16
constitutes the recordi ng-nmedium 10 noving unit in
the' clainms. The conveyance; gechani sm 16 conprises the
nmotor 17, the gear 18 provided on the output axis of
reddwt imot geat?/, eand tHexdmreyanbe hedd erniz0 12 iwhimoked in
the driving force of the notor 17 is transmtted
thd M=0wgRcbRaingeairdS wigagedns thribeggens, Hha Harries
Moreover, the ink jet printing device 11 is

outﬁoaﬂdg %ils%ﬂah?élﬁg eo£0R1d alier 22nuhich, ogf (gk%etth@. In

uni t e novi ng nechanlsn121 an

nveyance nechani s 6 _as,.shown.
I 1B D37 Eonet 1L (HE REShR ore TR @qhm the
clains. The controller 22 conprlses the 20 CPU
PTR&tht FHPOFFBEBE sFATS tHiYYe Ufe PRANM ER AN JWRY it dudt in the
- menory), the ROM (read only nmenory), etc. In the ink
Cl@xmsprlntlng devi ce l1llof the present enbodi nent, the
CPU of the controller 22 performs the driving control
of the cdareagerldthadrédrerdiconweypance iechamnsmdlGn the
and perforns the control of the 25 discharging of the

subcHnitRe dieadtUpht Y 1, ithed RO%lEﬁ@e%écfharllgan e and

printing programstored in the Mor eover, assumi ng

th_{é‘aé ]?gfctefﬁleghgﬁlgl‘grfg cdr{ktteift\’; bl Ofet gﬁ'ﬁcﬁ e—Er&%l%wn

noz scanni ng I rection
o he. ontr ler_ 22 in i&) ) eS¢ ntn5 enb !
n ‘6%?%%35 tlﬁle Fi {?Fﬁ@m%ont 3 c?f“ tHE SSr‘P?‘g%ae“M“ arfd
comprises the motor 17, the gear 18 provided on the output
axis of the motor 17, and the conveyance rcller 20 to which
the driving force of the motor 17 is transmitted through the
gear 19 engaged with the gear 18.

Moreover, the ink jet printing device 11 is
controlled by the controller 22 which controls the head unit
12, the moving mechanism 21 and the conveyance mechanism 16 as
shown in FIG. 3, and this controller 22 constitutes the
Control unit in the cliaims. The controller 22 comprises the

CPU (central processing unit), the RAM (random access memory),

the ROM'(read only memory), etc. In the ink jet printihg

device 11 of the'present embodiment, the CPU of the controller
22 performs the driving control of the carriage 14 and the
conveyance mechanism 16 and perficorms the control of the

discharging of the ink of the head unit 12 in accordance with.
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t he conveyance nmechani sm 16 and the ink discharge
.control of the head unit 12, so that the ink jet
printing device 11 carries out printing at a high
resol ution higher than the resolution deternined
according to the pitch H of{4he 10 di scharge nozzles
13a. Specifically, the controller 22 in the present
thenboditieyt pregrenf sguret itro ther RPMout printing
procedures including steps of noving the recording
sheet P trickeerpr hBbimiond agi=on the petthr tidearray
di schargi ng of the ink drops, 15 and noving the
inf&S 0 N theeli Bchirdde,sube-scanai ig gh egl Obanhiby
an interval represented by the fornula Hk where His
. . ar ray. | ryal ,,of e. di.scharge-pgozzl [
A RS C T ot G v 2 T dr e
one, to perform the discharging of the jnk drops tq a
el T el b S0 B Y A 00 Phethbr Gyt T udi 27d
H of the discharge nozzles 13a, and configured to
the epEre e FiesNRAYSHr be et ddek inkned scheEde didig-ad of
the ink dot density, and thereafter nove the
the elcoxdliwngltsHest sBP that hiehes ubnks Garinipmgntineg cdewoicey Islo
that the head unit 12 is |ocated to a next

© cabpleProutt gskirRdingn at oh | OGN Grad 1t opr hifheg f1egh athe

and the printing procedures are perforned -20- for the

reB8XLt oD@ Y8 6EGELOra MY 6QY &he T cROPIELI LG 22
I's configured to carry out printing so that a

direﬁr-enqrl éﬂfé§3q30f the di scharge nozzles 13a in an
ar %ﬁg%ireéiion aft er printing of the 5 printing

region and a front-end portion of the discharge
g Specifically, tge controller 22 in thegpresent

embodiment is configured to carry out printing procedures
including steps of moving the recording sheet P to the
printing region to perform the discharging of the ink drops,

and moving the recording sheet P in the sub-scanning direction

Y by an interval represented'by the formula H/k where H is the
' array interval of the discharge nozzles 13a in the sub-
zscanning.diréction and k is an integer above one, to perform
the discharging of the ink dréps to a non-printed region

- equivalent to the array interval H of the discharge nozzles

13a, and configured to repeat the-printing procedures k times
éccording to the ink dot density, and thereafter move the
recording sheet P in the sub-scanning direction Y so that the

head unit 12 is located-to 2 next non-printed region following

the printing regicn and the printing procedures are performed
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nozzles 13a in the array direction before printing of
the non- printed region overlap each other with
respect to the sub- scanning direction Y, and the
invalid nozzles that do not discharge the ink drops
are determned fromanong agpitrary 10 ones of the
over | appi ng di scharge nozzles 13a including the

fof rom rexd pontpohnted tdwiamear-end portion in the
array direction of the discharge nozzles 13a. In
addi t i on Mdreosheyl dhbectoiad Idra2 B thafifieseriio carry
enbodi nent, the array direction of the discharge 15

ouP Q3 asinlpacotngach alathad eeprdoRdckeads @fsdhs-Jaead

unit 12 7is parallel to the sub-scanning direction Y

no%?l%%EM%ig%hEheﬁria%??ggﬁ%ggxgﬁﬁ%?%eﬁgﬁﬁffﬁ _&pr}kgn

arge no array direction
| s, ] ocated on the side of the bottomof _the, recording:
PriTERES BRtoFBl FrErHRCLIl SehFR o4 FRE T AL
and the front-end portion of the discharge nozzles 13a
nogalehel 3eadmayhgi rEERY o ToClistaledoss PRENEIME OF thge non-
top of the recording sheet P conveyed in the
priwbed cagyliarg odieréepi eacly. otext widhdesepepti om whd [supe
given of the printing procedures performed by the ink

schehifg i dittengidaviveceand tihe 2briries ewtzeabothaeio WMdth
reference to FIG 4, FIG 5A FIG 5B -21- and FIG 6.

diEeﬁa£§@ ke of deeggeaksr@@c&fmi%%c Bl QRond e id& rary
exanples of FIG 5A, FIG 5B and FIG 6, 1t Ts

onBPRESEH, L bR, LUECNSRA, WL AR SoTeEd b
frimqlé—grﬁ.g pgon?gio%y%%dct ergg —eenrgc? pl\gr?:fion in the array
direction of the discharge nozzles 13a.

In addition, it should be noted that, in the
present embodiment, the array difection of the discharge
nozzles 13a of each cf the recording.heads of the head unit 12
is parallel to the sub-scanning directicn Y as shown in FIG. 1
and FiG. 2, the rear-end portion of thé discharge nozzles 13a
in the érray direction is located on the side of the bottom of
the recording sheet P conveyed in the sub-scanning direction Y,
and the front-end portion of the discharge nozzles 13a in the
array direction is located on the side of the top of the
recording sheet P_donveyed in the sﬁb—scanning direction Y.

Next, a description will be given of the printing

procedures performed by the ink Jjet printing device Qf'the

' present embodiment with reference to FIG. 4, FIG. 5A, FIG. 5B
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only the two colors is carried out in association wth

the recording heads 13C and 13M Mbreover, it is

supposed that the printing is perfornmed by the ink

jet printing device of the present 10 enbodi nent at

the high resolution which Lsjtwice as large as the

resol ution determ ned according to the pitch H of the
andi 8dhar@ge nozzles 13a, and in this case, k is set to 2

which is the base of the formula Hk representing the

i'nterval Ko thkeheazRet 6h)comrshidigched@ddusttipgRidrs, in the

nmoved in the sub-scanning 15 direction Y only twce

exbRP14 D16 58AR; PNt FAG. roYi Ok fIRON 65t Akt hggs@gpagga that,
printing procedures in the flowchart of FIG 4, the

wh%ﬁ' Pktié g%aq?&ﬁlﬁmht tﬂ 54{%56 19 ¢ %og'g.ll}ll 88 %J.J_Lé%tlon

exanpl e, pr|n i ng cond |t| S s
such that the tln erfarned a 20 hi
E@%ﬁiﬁ%}?%ﬂ@h oL PG D0 BB b TEE HAS i o
determ ned according to the pltch H of the dlschar%
onppzERestwa Bplogghdeqaentisd e Humsepcéptine WhvalGhe

nozzl es and the anount of novenent of the recording

reshe@in® herdhd 3ubn@518¥anni ng direction Y are

conmputed (step S2). After this, the -22- scanning data

for actuahdyedprdmt iikRgienstpgosefatdinghshpeti nPingr s
created (step S3). Subsequently, the head unit 12 is

pe@xfﬂeaw hﬁqé@n@c J2¢apRi Ag: Ak resHien X and f)P@sent

|scharg|ng of the“ink is carried 5 out to perform
emijoglﬁen & gtheorhltg ©RE Ee'éfcl}lrl]% hic rrp%%&[:'e'Xs large as
the resolution determined according to the pitch H of the
discharge nozzles 13a, and in this case, k is set to 2 which
is the base of the formula H/k representing the interval (or
the pitch), and the head unit 12 is moved in the sub-scanning
direction Y only twice for the same printing region.

Upon starting of the printing procedures in the

flowchart of FIG. 4, the printing data and the printing

condition are set up (step S1). For example, the printing

cendition is set up such thet the printing is performéd at the
high resolution which is twice as large as the resolution

determined according to the pitch H of the discharge nozzles

13a.

Subsequently, the number of the invalid nozzles and

- the amount of movement of the recording sheet P in the sub-

- scanning direction Y are computed (step S2).: After this, the
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stores the acquired scan data in the RAMis perforned
(step $S4). Subsequently, it is determ ned whether the
printing for all the printing regions of the
recordi ng sheet P is 10 conplete, or the tenporary
storing of all the scan datayin the RAMis conplete
(step S5). If the result of the determ nation at step
sc8migy aldtia et wefudhbn phietpmiontinngher oeedttiesy abeet P
finished. If the result of the determ nation at step
arSScisatdtbg@teye st hen the control is returned to the
step S2 so that 15 the steps S2-S5 are repeatedly
performedsAdeserhpli ofle Wddq Reigl Men; of mbhey ag] l’téHe main

prlntlng operations accordlng to the flowhart of

serpitid Mgk BRI A2 dinapings™, Rge i Rhpetries

scanni n e head unit 12 in th na n scann

of th
o FRRTDIPTR 6 PROILLAGE (74 (i g TPEGPOANGT - febitborarily

recording sheet Pis performed in the 1st tine, so

stphas e dgaidedpscan dyan O dihe RHY peeBerBoxmRd (step

recordi ng sheet P. After this, the recording sheet P
S4)s noved in the sub-scanning direction_Y by the 25
interval H 2 by the conveyance nechani sm 16, and the

mai n - 23-sigsatiang 191 theifeaskdmiinel? whathBe #Bé printing
scanning direction X to the same printing region of

h e r t
foL T H af o R befibls OFTUR Motk rfﬁ?%a o e

compﬂegélné?%ﬂ&?%é%%ogggﬁeggogyhg o éyi % scan data in the

RAM is complete (step S5). If the result of the determinétion-

~at step S5 is affirmative, then the printing procedures are

finished. If the result of the determination at step S5 is
negative, then the contrcl is returned to the step 52 so that
the steps S2-55 are repeatediy performed.

A description will be given of the actual printing

operations according to the flowchart of FIG. 4 with reference

" to FIG. 5A, FIG. 5B and FIG. 6.

In the_example of FIG. 5A and FIG. 5B, the main
scanning of the head unit 12 in the main scanning direction X

to the same printing region of the recoxding sheet P is

'performed in the 1st time, sc¢ that the ink drops Of cyan C are

printed to the recording sheet P. After this, the recording

sheet P is moved in the Sub-sCanning'direction Y by the

interval H/2 by the coﬁveyance mechanism 16, and the main
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Subsequently, the recording sheet P is conveyed in
~ the sub-scanning direction Y by the conveyance
mechani sm 16, so that the head unit 12 is located to
-a next non-printed region of the recording sheet P.

10 The main scanning of theyhiead unit 12 in the main
scanning direction X to the non-printed region of the
scametigraliotg thhebea® uiperd dinmedei paihesGuhingmeligecthan X

the ink drops of cyan C are printed to the
to e et edineghgnredidrerof tthies retbedi g aslthatg psHeet P
is nmoved in the sub-scanning 15 direction Y by the
pelfigfamli tHiZe SHESeauentdy tHilhe AR DnRCAUP NG OhlReta M
head unit 12 to the non-printed region of the

arg 'e'&ﬂt%hetgé oniug;?fﬁ{{éae%gﬁﬂ% ia@t\%@&ﬁ f%%}ar{ iod“t“éﬁxg%yan

e ink drops magenta-M are pri
. non-printed regi on between cyan C and cyan C. 20 The
“above procedures are repeated for all over the
recording sheet P. As shown in FIG 5A when ‘
perforni%ﬁﬂﬁﬁ§W8P€1ﬁaihhe§@5ﬁm4ﬁ§gaﬁhéﬁttﬁel?ﬁﬂxﬁﬁﬁﬁd 1n
scanning is conpleted, the position of the rear-end
thpostbh-orcaymitnige ddirschaem el fnz Alhes cbBaegsdnod tdmwhanism 16,
recording head 13C in the array direction for the 1st
so-24at NEHd IeeaNDhAg andid Meogasid itenaohekhendt-antirard
portion of the discharge nozzles 13a of the recording

rebfead JB8GHN rté&%raﬁ_h?YShéié{ ection for the 3rd main
Scanni ng overlap with each other wth respect to the

sub- SCanNing (i IeCtbaNing MPTGRY Head IR0 PR5 ! A MY rain
scanning difection X to the non-printed region of the
recording sheet P is performed in the 3rd time so that the ink
drops of cyan C are printed to the non-printed region. _After
this, the recording sheet P is moved in the sub-scanning
direction Y by the interval H/2.

Subséquently, fhe main scanning of the head unit 12
to the non—printed region of the recording sheet ¥ is carried
out in the 4th time, so that the ink drops of magenta M are

printed to the non-printed region between cyén C and cyan C.

The above procedures are repeated for all over the recording

-sheet P.

As shown in FIG. 5A, when performing the 3rd main
scanning after the 2nd main scanning is completed, the

position of the rear-end porticn of the discharge nozzles 13a

. of the recdrding head 13C in the array direction for the lst.
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therpesitdiae el 6hef searn RaLt ioRanrfhi

" the position of the rear-end portion of the discharge
nozzles 13a of the recording head 13C in the array
direction for the 2nd main scanning and the position
of the front-end portion of the discharge nozzles 13a
of t’he recording head 13C isythe 10 array direction
for the 4th main scanning overlap with each other

maim tdranes pgc endothd epsiid-iseandi nhedirect temd patrttileinsof the
time, the controller 22 determnes, as being the

disdhedded neezzbesidhi eh il nelcodtisabangedt e ik theharray
di scharge nozzle 13a (the filled-in portion) at the

di FEM T RN FO tREr 8H8MPfn INR@8eEr 8918886 A3Mddh bher
array direction for the 2nd main scanning, the

o) SRIERG Qor (1B 3 THATYE0r G R AR 15C In the

array diéfction for. the 3(? mai n $ ann%gg, and the.

di schar g&"WEPTFE 18557 thfg- F99 €G- FApOF £ B aica e na-

rear-end 20 portion of the recording head 13Min the

g@,e assdeie ngzzles

FIG 6. Nanely, the invalid nozzles determ ned by the

13z onf ridid erec@2dangt hesd t13fe iar ¢hicherdagcharget inor Aoe the
13a of the array direction rear-end portion for the

2ndlimadn RighrSegnahagtRS e icdi drs ogerher fegntreddcsdien of
printing region, and the -25- discharge nozzle 13a of

thd Ng; S B o6t bQN1 84 0t g ROLERR hoka tTe: i $he
mal n scanning which i1s perfornmed in tﬁe non- printed

ar} 891 Ofvedhese LvalLd, nosgles are selegted, Lromamng,
tHe over appi ng di'scharge nozzles 13d |ncFu&?ng e

ot p s RS et koS A gl -4 AT dLr gL on

At this time, the ccntroller 22 determiﬁes, as
being the invalid nozzles which do not discharge the ink, the
discharge nozzle 13a {(the filled-in portion) at the rear—-end
portion of the recording head 13M in the array direcfion for
the 2nd main scanning, the dischargé nozzle 13a (the filled-in
portion) at the frdnt—end portion of the recoﬁdihg head 13C in
the array direction feor the 3rd main scanning, and the

discharge nozzle 13a {the filled-in portion) at the rear-end

‘porticn of the recording head 13M in the array direction for

" 4th main scanning, as shown in FIG. 6.

Namely, the invalid nozzles determined by the
controller 22 at this time are the discharge nozzle 13a of the
array direction rear-end portion for the final main scanning

which is performed in the same printing region, and the
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array direction rear-end portion. Consequently, the

i nk drops can reach the target |ocations on the
recordi ng sheet P in order of cyan C and nmgenta Min
the state where nmagenta M overlaps on cyan C. 10 Thus,
it is possible for the presggt enbodi nent to prevent
the occurrence of col or inconsistency on the

discoorall mpzeReel 3R ehdthataxiay Wighcglahi fyopriand myraton

the high resolution without reversing the inpact

- foseuentieraf rbhe soknnHid whiklshiewpetrfiornadein rehwhincin -

two di scharge 15 nozzles at the rear-end portion of

priheedi ﬁ&%@ﬁge MR2EkEesndB8i d ibANesakkaysdi é@edd Gt dmong
two di scharge nozzles at the front- end portion of the

oo SEAEE 8 NP T ShnL B0 oL D iy s ChT kLot W Sharce
R0 TIDLN T S5l on 2L 0l e 85 BeL g LA, one

three discharge nozzles at the rear-end portion of
2XERE 5 Ge T66FZFBEY BBEC19™ the array direction and
t hree di scharge nozzles at the front-end portion of
t he di schargeavertilys tBa imk tdeors cay rdeackcth®rarget
whi ch overlap with each other with respect to the 25
lossbisgani nthadirkeetrdong siiestlet emrioredrastbeyang ¢ had
invalid -26- nozzles. In the cases of FIG 7A and FIG
madBnthne invald dtaRezihese i fdined R¥-iBgsContERld &,
2 are the two or three discharge nozzles 13a (the
LI ed-j L QNs t e - [ O
Thiik ?‘gu % ;ﬁogéaédxb%%M)fP% Fﬁg %fggéni?%%b%dﬁﬁéh#o?o PrdNit the

reto rray direction
occurrence of color inconsistency on the recording sheet P and
attain high~-quality printing at the high resclution without
reversing the impact seguence of the ink.
FIG. 7A shows the case in which two discharge

nozzles at the rear-end portion of the discharge nozzles 13a

in the array direction and two discharge nozzles at the front-

- end portion of the discharge nozzles 13a in the array

'direction, which overlap with each other with respect to the

sub-scanning direction, are determined as being the invalid
nozzlés{ FIG. 7B shows the case in which three discharge
nozzles at the rear-end portion of the discharge nozzies 13a
in the array direction.and three discharge nozzles ét'the
front-end portion of the discharge nozzlés 13a in the array -

direction, which overlap with each other with respect to the

.sub-scanning direction, are determined as being the invalid
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the 2nd main scanning, the two or three discharge
nozzles 13a (the filled-in portions) at the front-end
portion of the recording head 13C in the array
direction for the 3rd main scanning, and the two or
~three discharge nozzles 13, £the 10 filled-in
portions) at the rear-end portion of the recording

nodwlas:.13M in the array direction for the 4th main

scanning. Nanely, when the nunber of the overl apping
di schar gannenzl essés énwEAsad, abbdertent 1B) e 2AviaSid
provided to increase the nunber of the invalid

nofP7Zd eRtdehehabNEd. tHe AfiGoiiRrt B8 PIESEM two or three
- enbodi nent, the ink drops can reach the target

.lacatio h e I L.n. r C C
i A O LOPT RO e Mt e ot pasEhPa iy e R Cend
"on, cyan. C. Thus, it is possible f the present .,
POERTHiGHe e JECRFAVRAITHE otk 4Pr EREET BT Bt goction for
i nconsi stency on the recording 20 sheet P and attain
thej g Gt SFEpRilRgr nghattthehityepedbfohaeie iQa7des 132
reversing the inpact sequence of the ink. Next, FIG
(tBe A edArapdrElGnsYBarehaifbgnarenfioporekp avhitig
the invalid nozzles of the ink jet printing device in

retbed 20¢ HY=Rf ancednethodirent Dfrddieochnyent t1eh. 3ddhendimk
jet 25 printing device of the present enbodinent is

'scﬁgﬁ{ﬁﬁfgﬁkg%%é Ruwtldz EE@@et%?%dﬂé?@érEégkyééc§3§fﬁﬁﬁ§

printi’ng performed by the ink jet "printing device and

the,positians of the _invalid nozzles. determ ned by ..
sitheel it Jut il PhohEV Pt aff Er%R e thor oy Takaing
preferred enbodi nent. The, conposition of the ink jet 5
hegeli ke nif ddif C&rEY BETEREIOR {thenibai Rahe Feanniing.
essentially
Namely, when the number of the overlapping

discharge nozzles is increased, the controller 22 is provided

to increase the number of the invalid nozzles determined.
Also, in the present embodiment, the ink drops can

reach the target locations on the recording sheet P in order

of cyan C and magenta M in the state where magenta M overlaps

on cyan C. Thus, it is possible for the present embodiment to-

- prevent the occurrence cof color inconsistency on the recording

sheet P and attain highuquality printing at the high
resolution without reversing the impact séquence of the ink.

Next, FIG. 8, FIG. 9A and FIG. 9B are diagrams for

_explainiﬁg the invalid nozzles of the ink jet printing device

in the 2nd preferred embodiment of the invention. The ink jet

printing’deﬁice of the present embodiment is characterized in
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the sane as that of the first preferred enbodi nent,

and a description thereof will be omtted. Simlar to

the first preferred enbodinent, it is supposed that,

in the present enbodi nent, when the head unit 10 12

is noved in the main scannifig_direction X, the

di scharging of the ink drops of cyan C and nagenta M
that gt yaitdhe rewolutdborsf | the grriingd nguper Romssddiattiben ink

with the recording heads 13C and 13M for the sake of
jetofvatt iens eleaficdeandi pité afosiMIreRVer, the isvalisd nozzles

supposed that the printing is 15 perfornmed by the ink
deltnptddtdngrdevihges0f therdnRsenrt i cenfodispnt -Gt e

hi gh resol'ution which is 3 tinmes as large as the

- ] 1 (oo ' : [ of
1 LB AL e O bRt B RE L O

whj ch is the_has t he forml K representing the
pri NG A 30 heChr (CHI> S Ere GG b, foad a1y

nmoved in the sub-scanning direction Y only 3 tines
theopamp s di@ tpoitnthegf # B opreliarnene cakagpnenbf Fnda

8, the main scanning of the head unit 12 in the nain
descanmpiimn dilreecifomiXltoetdreiszare printing region of

the recording sheet Pis perforned in the 25 | st tine,

so that tdenilk doopseofi eyarnpke e ehbedihentNeit is

-28- recording sheet P. After this, the recording

su?E@géd FeiSe Mvedhel BriBen s URaSCaRRiRg %E{%C%hé’ﬂhé(ac?gmit
he hea

e interval H3, and the main scanning of the

unit_12 to.t sane_printing region. of ,the recordin
120 Reerofed S o Pet Prebh R i T i Rk e idibina

- ink drops_of nmagenta Mare printed to the non-printed
rnfl()'drops oL cyan C andemagenta M of only tﬁg two

colors is carried out in association with the recording heads

- 13C and 13M, for the sake of convenience of description.

Moreover, it is also supposed that the printing is
performed by the ink jet printing device of the present

embodiment at the high resclution which is 3 times as large as

" - the resclution determined according to the pitch H of the

20

25

f discharge-nozzles 13a, ‘and in this case, k is set to 3 which

is the base of the formﬁla H/k representing.the interval (or
the pitgh), and the head unit_lZ is moﬁed in the.sub—scanning
directionrY only 3 times for the same printing region.

In the exemple cof FIG. 8, the main scanning of the
head unit 12 in the main scanning directiocn X to the same
printing region Qf the recording sheet P is performed in the

1st time, so that the ink drops of cyan C are priﬁted to the
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‘regi on between cyan C and cyan C. After this, the
recordi ng sheet Pis noved in the sub-scanning
direction Y by the interval H 3, and the main
scanning of the head unit 12 to the sane printing
region of 10 the recording sheet Pis perforned in the
3rd time, so that the ink drops of cyan C are printed
redordilhg BaBepr P nt ddftreagitn s, beheeeacosdiont ahdean® is moved
magenta M Subsequently, the recording sheet Pis
in GORYeY8dskAnnt g SUhsaGaMNiyNgydirecihOdrdaIbHANE and the
conveyance nmechani sm 16, 15 so that the head unit 12
madrp §c%gﬁtiﬁgsh9 @h%%ﬁc{]%i rpt ed {ggi Qé}n@ipfil?lecing ]g:egion

recordi ng eet ter this, the nain scanni ng o

the head unit 1 I n.the main_scanning direction X to
of e AenapA REedRT el b o PR RETERCOP NG SRedr T ] g0 that
performed in _the 4th time, so that 20 the ink drops of
theplgentOgromeare BrEFRER ¥ G dn@rieEsFdFAgtRean s inAefer
this, the recording sheet P is noved in the sub-
regcanmeigeginr egehod ahdycidre G.nterval H 3, and the main
scanning of the head unit 12 in the nmain scanning
~directiomfXert @htibe tiof-p¥dorcEchgr epeen dfis heoved in the
recording sheet Pis 25 perforned in the 5th tinme, so

subPdtaddid BK AEePenof KyamL iafkervéd-ups| ded dre When

non-pri nted regi on betveen nagenta M and nagenta M

scaSHbf&g“oef“Ft'h%’ 3%28 {;S&?rﬁ NG S%x%e%aﬁei r@{ﬁggifb%%%h of
sub-stannihg direction by the interva , amnd the
thggwlél%qf%fgicr%ng A itg% ;ergre dount 12, hnsthe Main ot
the ink drops of cyan C are printed to the non-printed region
between magenta M and magenta M.

Subsequently, the recording sheet P is conveyed in
the sub-scanning direction Y by the conveyance mechanism 16,
so that the head unit 12 is located to a next non-printed
region of the recording sheet P.

After.this, the main scanning of the head unit 12

in the main scanning direction X to the non-printed region of

~ the recording sheet P is performed in the 4th time, so that

the ink drops of magenta M are printed to the recording sheet

D, After this, the recording sheet P is moved in the sub-

scanning direction Y by the interval H/3, and the main

scanning of the head unit 12 in the main scanning directicon X
to the non-printed region of the recérding sheet P is

performed in the 5th time, so that the ink drops of cyan C are
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to the non-printed region of the recording sheet P is

performed in the 6th tinme, so that the ink drops of

magenta M are printed to the non-printed region

bet ween cyan C and cyan C. The above procedures are

repeated for all over the lfyrecording sheet P. As

shown in FIG 8, when performng the 4th main
pricERhitag takt eontbei Stad Mgl csichatwagn i sagoms et edd t he

position of the rear-end portion of the discharge
mad¥?2Zd @6 13a of the recording head 13C in the array

direction for the 1st 15 nmamin scanning and the

position t- ' 0 i :

ozl co THEROERE P oo i g o R T & e arragr in he

direction for the 4th main scanning.o | a i,th each
Sl (% FAFBERERE T oY HE'S Ul SRR ot Ssb i T A

Mor eover, when perforniqg the 5th nmain scanning, 2Q
SCAMRLDSIY i HPSEhENt bl it (hr TPOR BFAThEId Satstden X

nozzles 13a of the recording head 13Min the array
toditheatdrompfiotetheeg2on ofithe careirdgnandhedie Hdsi ti on

of the front-end portion of the discharge nozzles 13a
peofoihed riecamd mghheade 136 ithatheheadnayddbpecii amdeoita M

the 5th main scanning overlap with each 25 other wth
arbeSPetted & d R eSUBnSERAMRNENY wHJiRE! beRw¥en-8Pan C and cyan

Mor eover, when performng the 6th main scanning, the

POSL L i t r -e p. ' fz .t h [ r
C- hoshp o SRR REE R B e eeact f SREFER,

direction for the 3rd main scanning and the position
TeGPTERRY f$47R™ énd portion of 5 the di scharge nozzl es

13a of the recording head 13Min the , ,
As shown in FIG. B, when performing the 4th main

scanning after the 3rd main scanning is completed, the
position of the rear-end portion of the discharge nczzles 13a
of the recording head 13C in the array direction for the 1lst

main scanning and the position of the front-end portion of the

-discharge nozzles 13a of the recording head 13M in the array

direction for the 4th main scanning overlap with each other

with respect to the sub~scanning direction Y.

Moreover, when performing the 5th main scanning,
the position of tﬁe rear—-end portion of the discharge nozzles
13a of the recording head 13M in the array direction for the |
2nd main scanning and the position of the front-end portion of
the discha;gé nozzles 13z of the recording head_13C.in the

array direction for the 5th main scanning overlap with each

other with respect to the sub-scanning direction Y.




10

15

20

25

array direction for the 6th main scanning overlap wth
each other with respect to the sub-scanning direction
Y. At this tine, the controller 22 determ nes, as
being the invalid nozzles, the discharge nozzle 13a
(the 10 filled-in portion)_at_the array direction
rear-end portion of the recording head 13C for the
3rd nmai nMecapneng, whére paiohenge thezgtle mMB8m (ddamning,
filled-in portion) at the array direction front-end

| thPabddian @f ckhehkecos didigl hread iE3MoFothé hei sdiadrginBzzles

scanni ng, the discharge nozzle 13a (the filled-in 15

130054 119D & _otrtlgﬂgrlgé‘é(d di 3ecl] @Rl LOPLy A RU PR the
the recording ad 13C for the 5th nmain scanning, and

he . di schar.ge nozzle 13a . t.he fil -Ln portij t.
3o edt SR B BU R ORT dar s Srid Tpart FOH bOTRe b aRg OF
head 13M for the 6th main _scanning. 20 In this,
thepghihandfe 'RGRHEE k3dfOF Pt IH5-ORE1BE bRd Il emedte
of the recording sheet P increases when the recording
arsheediredigigmed thet bigh Subirs caminagIdPrettaprivigp eiseh
interval H 3. Nanely, the resolution of the printing
otper fuaiiteddypeachetoi ke | @ibprdamtnimg déveceiad Y he
‘present enbodinent is increased 25 three tinmes. The

inval id nozzlgs deker mRededitddiadrmbe?) gbteddines, as
printing device of t he present enbodi ment when the

| bef £50LIL 1 2 1lsh EpoLeaseC ANT PG didTeS. AbE.1ber di Sah oe

aat the array direction front-end portion
1P ha e ch o7 oUhd i Phe" RETh SCRHIRY SoaFr BRL A Gon of
the recoraliy Head 158 £82' A Pt Sk s hy  he |
discharge nozzle 13a (the fiiled-in portion) at the array
direction front-end portion of the recording head 13M for the
4th main scanning, the discharge nozzle 13a (the filled-in
portion) at the array direction front-end portion of the
recording head 13C for the 5th main scanning, and the
discharge nozzle 13a_(the filled—in.portion) at the array
difection_rear—end portion of the recording head.13M for_the

6th main scanning.

In this manner, the number k of repetitions of the

‘movement of the recording sheet P increases when the recording

sheet P is moved in the sub-scanning direction by the interval
H/3. Namely, the resolution of the printing performed by the

ink jet printing'dévice of ‘the present embodiment is increased

three times. .The invalid nozzles determined by the ink jet
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mai n scanni ng. -These invalid nozzles are selected from
anong the overl appi ng di scharge nozzles 13a i ncl udi ng
t he discharge nozzles 13a of the array direction
front-end portion and the array direction rear-end
portion. 10 Consequently, tHe ink drops can reach the
target |ocations on the recording sheet P in order of
priyamdC davd cemagetha pMegerthensdti menh evzemagent@sMlution
“overlaps on cyan C. Thus, it is possible for the
is PIeSesLBocteBeRinéd Preven! dikeha®geufic£aces af3aCa@lothe
i nconsi stency on the recording sheet P and 15 attain

ar?é% haualditon RY-LRELAGS dlodieigh tﬁ@se{ré‘fié);w%briﬂ§ r&ﬁ‘é‘i:harge

“reversing the Inpact sequence of the ink. eover,
Fl shows the case.in ich t e LS .
rof57 R e TPESF LRt g8 b o EnEe ) cErar e
'nozzles 13a in_the array directi.on and three dischar
dipgsH1es 20t PRePRont J)-/Iiﬁz‘ﬁed:[ F&ACn L erh eE%PF s%u%é‘%i
nozzles 13a in the array direction, which overlap
maiit fcaatindt h&heget hnvekpddioazdest REesapleekemifgpm among
direction Y, are determ ned as being the invalid

thaozzéekapHHnGg dBchhoys thdrez lcas €l Jan inkilolifig vehe discharge
di scharge nozzles at the rear-end portion of the

nodi $65a1 ge AS UMz akesyldarddr tdie fAichayedbr 86+t 0dh & the
five discharge nozzles -32- at the front-end portion

ar%%ygﬁfré@ _&g%rnggalﬁég%ﬁgan the array direction,

overl'ap wth eac with respect to the

vl | d noPeE okl 4F ) S, ReRe T azns he H g
lo%étgggsFgéatﬁgirecording sheet P in order of cyan C and
magenta M in the state where magenta M overlaps on cyan C.
Thus, it is possible for the present embodiment to prevent the
occurrence of color inconsistency on the rebording sheet P and
attain high-quality printing at the high resolution without
reversing the impact sequence of the ink.

Moréover, FIG. %A shows the case in which three
discharge nozzles at the rear-end portion of the dischérge
hozzles 13a in the array direction and three discharge nozzies
at the front-end portion of the discharge nozzles 13a in the
array direction, which oﬁerlap_ﬁith each other with respect to
the sub-scanning direction Y, are determined as being the

invalid nozzles. FIG. 5B shows the case in which five

discharge nozzles at the rear-end portion of the discharge

‘nozzles 13a in the array'direction and five discharge nozzles
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the invalid nozzles determned by the controller 22
are the one or two discharge nozzles 13a (the
filled-in portions) at the array direction read-end
portion of the recording head 13M for the 2nd main
scanning, the three or fives4lischarge nozzles 10 13a
(the filled-in portions) at the array direction

at rgsr -fenctt-podt pont bén tdfe dhecaridchgrbeagodBIE@ S d3at he the

3rd main scanning, the three or five discharge

arfO7 dieect3an(t Beifh | bod-liap waeht £ABE) ofthed B BT M¥pect to
ditection front-end portion of the recording head 13M

: e r
th%%s%%%% gglhEgg?ngél a tr&ﬂ’e aHéI Id%g/-glrﬁirﬁ%(?t?%n%%ngt tth he
._array direction front-end portion of the recording
lnﬂ%%ﬁyf§ﬁz%§F'the 5th main scanning, the one or two
di scharge nozzles_l13a (the filled-in_portions)_at the
array di reSGiSAcReAY - e 1t tG3eRSo Pt FE@-r%(ﬁr}ﬂ fgG- B/
head 13C for the 5th main scanning, and the 20 three
theridvald dincekdegedaberiiased 3y (hise chhtredlen Ppbrateoirhe
at the array direction rear-end portion of the
oné esoriicngliketdridMhot ored NBHt (thrmifilieanim nertions) at
Consequently, the ink drops can reach the target
thé Oéih_afézgnﬁr@ﬁttiﬁﬁ LESQLEh NP Seeln B Aner defodiky a2 13M
and magenta Min the state where nagenta M
fo?vfﬁé %&u%yé%aﬁhiﬁé?'tﬂ!“Ehr%§ &r5f99§5a9ééh£ e M zles
présent ‘enbodi ment to”prevent the occurrence of” col or
i nconsi stency .on_the.recordi sheet P.and _attain
L3R] GGt S P REFRGCRT) the g HeYoP af FORLGR it ond
reversing the inmpact sequence of the ink. 5 Next, FIG
porpiamar | ide chQngaga@@%@m;3Q”for the 3rd main scanning,

the three or five discharge nozzles 13a (the filled-in

‘portions) at the array direction front-end portion cf the

‘recording head 13M for the 4th main scanning, the two or three

discharge nozzles.léa (the filled-in portions) at the array
direction front—end.portién of the recording head 13C for the
5th main scanning, the cne or two discharge nozzles 13a (the
filiedFin portions) at the array direction rear—end portion of
the recording head 13C for the 5th main séanning, and the.
three or five discharge nozzles 13a (the filled-in portion) at

the array direction rear-end pbrtion of the recording head 13M

-for the eth main scanning.

Consequently, the ink drops can reach the target
locations on the recording sheet P in order of cyan C and

magenta M in the state where magenta M overlaps on cyan C.
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explaining the invalid nozzles of the ink jet printing
device in the third preferred enbodi nent of the
invention. The ink jet printing device of the present
enbodi nent is characterized in that the high

resolution of the printing. erforned by the 10 ink jet
printing device and the positions of the invalid

Thu¥ZZltes sdgbesMbnedidy dHie grizkehet epboaimdigt deyip@vent the
differ from the first preferred enbodi nent. The

oc QMRS 158N 0f o FNen b s 1 J1&InRF 'oﬁt LRE HEVh£8i ikl s@reetth@ and

present enbodi nent 1s essentially the sane as that of

the fi.r rred. enbodl n i Rt
at %\Mqﬁa_et gy OFF)[‘F%I% o9 & the h%%h Egscglrggto%’ vﬁtth%ﬂt
preferred enbodi nent, it is posed that, in the
reHrETEt TifboBPRERL sewer%f ﬁi’&dlﬂ ft 12 is noved in

the main scanning direction X, the discharging of the

i nk dr opdlestt, cyan- Ciﬁn@nﬁdﬁehtélMaeﬁ Bakgréme fob 20

colors is carried out in association with the
expEEOiitingHreddsal 18Granl d8ME fthwe tihé jakepointing device

conveni ence of description. Moreover, it is also

inStippoged-d hale rehechr &b dndri: R froenedvbytidie. | ntd ahk
printing device of the present enbodlnent at the hlgh

. £2

SR AR LSRR, O Ui
34 _ nd _in

o e LR R B0, A R 7

representing the interval %%r the pitch), and the
inkea®lt UPF 1P SleTdEEIAPR Hhe RAb-SCRMPAGEPEI Rt 6h ¥

only 4 tinmes for the sane printing region. 5 In the
noexaapl éetofrrfin@d by, thhelinhi jels qanimtiggofievhee differ from

the first preferred embodiment. The composition of the ink
jet printing device 11 of the present embodiment is
essentially the same as that of the first preferred embodiment,
and a description thereof will be ocmitted.

Similar to the first preferred embodiment, it is
supposed that, in the present embodiment, when the head unit

12 is moved in the main scanning direction X, the discharging

- of the ink drops of cyan C and magenta M of only the two .

colors is carried out in asscciation with the recording heads

_13C and 13M, for the sake of convenience of description.

Moreover, it is also supposed that the printing is

performed by the ink jet printing device of the present

- embodiment at the high resolution which is 4 times as large as

the resolution determined accordihg to the pitch H of the
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head unit 12 in the main scanning direction X to the
sane printing region of the recording sheet Pis
performed in the 1st tinme, so that the ink drops of
cyan C are printed to the recording sheet P. After
this, the recordi ng sheet s nmoved 10 in the
sub-scanning direction Y byséﬁe interval H4, and the

dlégﬂd}g%P%%ﬁbmgsoi3éh@ﬂﬂf@ﬁl%ﬁh% E3st0 khes s ¥ ianthAgh
region of the recordlng sheet P is perfornmed in the

1s de tﬂ (ri%%t o%otkgakorrﬁyfa 'I-W(jc q:reg%ésgﬁ %eeﬁtl@ 1'\At%rr% éor

Inted to the non- prlnte glon en” cyan

t hi di heet, P
SRS, < BB RN GV or v B S TG VA R ins

and the main scannlng of the head unit 12 to the sane

' _dmpercﬂmqrhgf 08diYoA BiMme$ WOy ddsy ¢efl§ BREBEIRY | BeHe&™ -or ned

inthe 3rd tinme, so that the ink drops of cyan C are
printed tin tthe aaamptenQQdPMbgﬂdh 2pebmaheepCcamyerd @iMthe
and magenta M After this, the recording sheet Pis
heﬁf@vﬁdlﬂ N4 e sub- seannicghrdidectiireatYohyxt be thatsameal
and the main scanning of the head unit 12 to the

r§ @rﬁégldﬂgo@thQnrQéof&Ehgfﬁﬂ@é@ BYi8hget & in the
or me the 4th tine, so that the 1nk drops of

t M t 2 t
LSRR R P TR A0 S B B TR e
r di h t P d th b- .
regPrRLEy 3%1@?@%3’ A EB VR S e e deaer B oS hogh Wi moved

~the head unit 12 is located to a next non-printed
inr gy oplof sadneinac 8igrAiemeetbp tis Antervehi B/41 mnd the
mai n scanni ng of the head unit 12

main scanning of the head unit 12 to the same printing region
of the recording sheet P is performed in the 2nd time, so that
the ink drops of magenta M are printed to the non-printed
region between cyan C and cyan C.

After this, the recording sheet P is moved in the

sub~scanning direction Y by the interval H/4, and the main

scanning of the head unit 12 to the same printing region of

the'recording sheet P is performed in the 3rd time, so that

the ink drops of cyan C are printed to the non-printed region

between magenta M and magenta M. After this, the recording

' sheet P is moved .in the sub-scanning direction Y by the

interval H/4, and the main scanning of the head unit 12 to the
same printing region of the recording sheet P ig performed in

the 4th time, so that the ink drops of magenta M are printed

T to the non-printed region between cyan C and cyan C.
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in the main scanning direction X to the non-printed
region of the recording sheet Pis perfornmed in the
5th time, so that the ink drops of cyan C are printed
to the recording sheet P. After this, the recording
sheet P is noved in the sub-scanning 10 direction Y by
the interval and the ™8T scanning of the head

H 4,
unit 12 i |, scapi Gt et | 3 ;
printed F@%%%ﬁugﬁiﬁ%b recor F%gagﬁeggg%%ﬂiqﬁi?%gﬁﬁggd ln
inthe 6th ti

) , SO. th the_ ink drops of magent.
the, R B o0 FFE O pPInEBd FRGT reet e Sty ah ¢o"
and cyan C. 15 Subsequent|y, the recording sheet, Pis
so nigaid tihe tised vobt stan n@cditeectPof Nepy HE REErFal
H 4, and the main scanning of the head unit 12 in the
redqrbom Tt ahe mgedirdeeg i ®rest ®.o t he non-printed regi on
of the recording sheet Pis performed in the 7th
tine, soptalr thesi nkhdrmpis ofcasydngCodr eh@Ohgad nireidt 12
to the non-printed regi on between nmagenta M and

in?ﬁﬂ%ﬁ%ﬂﬂ“s&%ﬁﬁbg?5i§ecﬁﬂﬁ1ﬁ@QQTQh%9n§ﬁe§£iﬁté§:ﬂQMQ% of

sub-scanning direction Y by the interval H 4,

and t he.mai n. scanni d [ 2 t

e TR RS Tof S8 PRe  PaESt g MBneth iy o AR
perfornmed in the 8th tinme, so that -36- _the ink dro

£hB LRRGOFRRS R apr FrbEl BGLTIRE qon B8 AEERroP ey TeE P
between cyan C and cyan C. The above procedures are i

Aftepebbisl, fiore alacosdénat peegleddridi MyvsHedp Phe ARURTRSHILNY

~in FIG 10, when performng the 5th main 5 scanning
diaktetothe Wy ltirmiintecanhi AYLi sawbrileetredn shanning of the

head unit 12 in the main scanning direction X to the non-
printed region of the recording sheet P is performed in the
6th time, so that the ink drops of magenta M are printed to
the non-printed region between cyan C and cyan C.

Subsequently, the recording sheet P is moved in the
sub-scanning direction Y by the interval H/4, and the main
scanning of the head unit 12 -in the main scanning direction X
to the non-printed region of the recording sheet P is
performed in the 7th time, so that the. ink drops of cyan C are
printed to the non-printed region between magenta M and
ﬁagenta M.

'After this, the recording sheet P is moved in the
sub-scanning direction Y by the'interval H/4, and the main

scanning of the head unit 12 to the same printing region of

_the recording'sheet P is performed in the 8th time, so that
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position of the rear-end portion of the discharge
nozzles 13a of the recording head 13C in the array
direction for the 1st main scanning and the position
of the front-end portion of the discharge nozzles 13a
of the recording head 13C in the array 10 direction
for the 5th main scanning'ﬁ%@?lap W th each ot her

th%ﬂ#&k'ﬁ%%%%o ftﬁaé e§%@%ﬁ§9%§ﬁ%ﬁegiEgcﬁﬁé”haﬁngrintﬁﬁe

reover, en performng t th main scanni

ositiqgn of the rear-end portiop,of fhe discharge
e, e ePg, SN AT L ORI g hAB8 TIMNT PLiee gy 27
direction for the 15 2nd nmain scanni ng_and the
repriad diprof LLhEVEF oRte eiftF Yo %o RP6EL Fhe di scharge
nozzl es 13a of the recording head 13Min the array
di rect i orhsf @howheist FlGmi ¥ soden pgrovening wWia Hténapin
other with respect to the sub-scanning direction Y.
scMof Bay efft ahehepetfomad mgs ddrenizigh isacomstated g he 20
the position of the rear-end portion of the discharge

pogf‘@f&?,sof 13a obatheng €Y JreateldCsbRatfe idA¥s 13a
direction for the 3rd main scanning and the position

ofg{:ht h@eégfﬁkgeﬁgaggggbogﬁheg di sGharge,pozzl eéfl%t

a
T he Fecor 13C 1 e -array glrectlon

the 7th main [ I i.th 25 . other, wit
el EA TSP ng el ap WA £ach 22,00Er M U e

_Moreover, when performng the 8th main scanning, the
dipebrrgermerziate 13eapfehlac perdqsh et DERE dPScharge array

nozzles 13a of the recording head 13Min the array
didiecettn ofof drhe ¢h dehnnatansoanmiveylapdwibe eash tdtdrer
~of the front-end portion of 5 the discharge nozzles
witBar@bpébe t@aiedisng-hean 1M dirddigon Y.

Moreover, when performing the 6th main scanning,
the position of the rear-end pertion of the discharge nozzles
13a of the recording head 13M in the array direction for the
2nd main scanning and the position of the front-end portion of
the discharge nozzles 13a of the recording head 13M in the
array direction for the 6th main scanning overlap with each
other with respect to the sub-scanning direction Y.

Mofeover, when performing the 7th main scanning,
the position of the rear-end portion of the discharge nozzles
13a of the recording head 13C in the array'direction for the
3rd main scanning and the position of the front-end portion of
the discharge nozzles 13a. of the recording head 13C in the

array direction for the 7th main scanning overlap with each

other with respect to the sub—scanning direction Y.
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array direction for the 8th main scanning overlap wth
each other with respect to the sub-scanning direction
Y. At this tine, the controller 22 determ nes, as
being the invalid nozzles, the discharge nozzle 13a
(the 10 filled-in portion) at the array direction
~rear-end portion of the r@%%?ding head 13M for the

Ath main,scannLng. fhe pdifchangeAezgle vddh ddidning,

filled-in portioh) at the array” direction front-end
ortion of the recording, head.13C for, the. 5t '

enE iR PhoCOF SERE G haRara Dhag (PHe 1119 G dEn gz 1es

portion) at the array direction front-end portion of
13atef thec graPAgIRgaCABM FHrint FES6ERT AN %l%%fﬁrﬂ%&ort hae

di scharge nozzle 13a (the filled-in portion) at the
dtlarmain diceectingnandir ot -rorl fgent cdnthe fhentwiwt gioggion of

head 13C for the 7th main scanning, and the discharge
th@odzd&nhahde ichelbs! L8d-dh tior tieanyrd20gabeadhel 34 riay the

direction rear-end portion of the recording head 13M
arng% dheBLhmaR $6aNgENGna i ddaing iRBNAEEr1 ey tHTReIh

f repetitions of the novenent of the recording
heet. P incr e 3 Xol . et R-is noved

Otﬁ‘ﬁr t‘ﬁ]etréulbt?s?%%%n?ﬁg@g?rééc igon gqu‘tgﬂgllf:%tg gr%)/%l 25 H 4.

Nanely, the resolution_of the printi erfornmed by

the - 36- Aniiist ent P RV e G che JpreeBhps: 25

enbodi ment is increased four times. The invalid
beppgzitee Hetalif BedzBbest hehe Mkl §Ergsr PREFRE 4831 Hd f

the present enbodi nent when the resolution is .
fiilnedeasepofoiom)t iateshar erthe disetdoge rrezzeed Agaigyn of

the 5 array direction front-end portion of the ‘
theveelapping hsthaM€or the 4th main scanning, the

discharge nozzle 13a (the filled-in portion) at the array
direction front-end portion of the recording head 13C for the
5th main scanning, the discharge nozzle 13a (the filled-in

portion) at the array direction front-end portion of the

recording head 13M for the 6th main scanning, the discharge

nozzle 13a (the filled-in portion) at the array directiocn

front-end portion of the recording head 13C for the 7th main

scanning, and the discharge nozzle 13a (the filled-in portion)

at the array direction rear-end portien of the recording head
13M for the 8th main scanning.

In this manner, the number k of repetitions cf the
movement of the recording_shéet P increases when the recording
sﬁeet P is mcved in the sub-scanning.directiqn by the interval

H/4. Namely, the resolution cof the printing pefformed_by the
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nozzl es 13a when repeatedly noved in the main scanning
direction X for the non-printed region except for the
final - main scanning. These invalid nozzles are

sel ected fromanong the overl appi ng di scharge nozzl es
13a i ncludi ng the discharge %O nozzl es 13a of the
array direction front-end p% tion and the array

1n@'{é¥nﬁf¥ﬁt d@@gcéng'ﬂﬂé g%ﬁ%ﬁgugﬂﬁealméﬂﬁf1§ﬂincreased

rops can reach the target Iocatlons on the recording
et Pin_gorder o V. [ e
fo%efrjé“ei?ageg?l over argékzgﬁ%gﬁgtg%ﬂggég% {hé Q%](Stj%tt
possi bl e for the resent enmbodi ment % rev nt th
prUECIT €ide St OBoFBF FHEUHY SPEREY TSR L HES ddtt dirgLution
sheet P and attain high allty printing at the high
isrbzoterdesh fRvrhsdmes rewerfgﬁhgh{%wﬁﬁaeeng%@ew@e adf the
the ink. Mreover, FIG 11A shows the case in which
artayrdi 20ctdicsc favge-aod zpest fain tdfe theapventlapoitg aisgharge
the di scharge nozzles 13a in the array direction and

nok 9Uss di SChalge repzztesly atoddi iff @hle- @A6N POEAhOhPf
the di scharge nozzles 13a in the array direction,

dﬂ@@%@o@\s@récﬁp of Boft gbﬂ%&?r M kesBge! £ ehd€Es nat
scanni ng |rect|o Y, are determ ned as belng t he
invalid no . G; 1%%; omseﬁgﬁsg L @hxg

Hﬁ%@v%ﬁan%&Pgdl EFgé“E% 27 €% Thé redr- en% por%

of the discharge nozzles 13a in the array directjon
thgnaveelapPths rAgz2Pesl e%tl%%emf:ﬁ&ﬁtl%gn h%éﬁﬁ%rge

of the discharge nozzles 13a in the array direction,
nowkileh bY¥er¢dpiw trreactiseneiomi fnentespecPorblion tard ‘the

sub-scanning direction Y, are determ ned as being the
array direction rear—end portion.

r]among

Consequently, the ink drops can reach the target
locations on the recording sheet P in order of cyan C and
magenta M in the state where magenta M overlaps cn cyan C.
Thus, it is possible for the present embodiment to prevent the

occurrence of color inconsistency on the recording sheet P and

attain high-quality printing at the high resolution without

reversing the impact sequence of the ink.

Moreover, ¥IG. 11A shows the case in which four
discharge nozzles at the rear-end portion of the discharge
nozzles 13a in the array direction and four dischazge.nozzles
et_the.front—end portion of the discharge nozzles 13a.in the
array direction, which overlap wifh each other with respect to
the sub—sganning'direction Y, afe determined as being the

invalid nozzles. TFIG. 11B shows the case in which seven
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i nvalid nozzles. Specifically, in the cases of FIG
11A and FIG 11B, the invalid nozzles determ ned by
the controller 22 are the one or two discharge
nozzles 13a (the filled-in portions) at 10 the array
direction read-end portion ?% the recording head 13M
for the 2nd mai n scanni ng, e two or four discharge

a1 1A RS nok3aebt Be fid [ edid Rpobbirens) 8t e BIIR¥rge

direction rear-end portion of the recording head 1 C

ol 2 B PR e T e gt
o R SR T 0o e UL

di scharge nozzles 13a (the filled-in portions) at th
arggy i rfiqteeni onhiFnevenkporiitofagh PheSF é@e@fduwpect to
head 13C for the 5th main scanning, the three or five
theli swhergemozz Hese@idBal ( tehee fdelteatinadpas thons) the
the array direction front-end portion of the
int£Tod Hawplkead 13M for the 6th main scanning, the one
or two discharge nozzles 13a (the filled-in portions)

at the agray dide¢li onnr eak - AgePOSE i B Of ftiheind ri1G. 11B,
recordi ng head 13Mfor the 6th main scanning, the two

thgrlﬁ$g & dl%gqargge%grﬁf %%% % H% Bii%?dbérhre the
portlons T array rec i on - 40- T
portion of t he record| he e.7th maj
onBoihrin iy CAHOAHG BPEFORT L cihyd Thosarés AT at
filled-in portions) at the array direction rear-end

thport¥ay dfraddorn sesrdend Ired IBC dhet Recordinmiipad 13M
scanning, and the four or 5 seven di scharge nozzl es

- foi3ah¢ t hed fndirecdannpoyt i Omg tato tdre four discharge nozzles

13a (the filled-in portions) at the array direction rear-end
portion of the recording head 13C for the 3rd main scanning,
the four or seven discharge nozzles 13a (the filled-in
pertions) at the array direction rear-end portion of the
recording head 13M for the 4th main scanning, the four or
seven discharge nozzles 13a (the filled-in portions) at the
array direction front-end portion of the reccrding head 13C
for the 5th main scanning, the three cor five discharge nozzles
13a (fhe filled-in perticns) at the array diréction front-end
portion of the recording head 13M for.the 6th main séanning,
the oﬁe'or two discharge nozzles 13a (the filled-in portions)

at the array direction rear—end'portion of the recording head

'13M for the 6th main scanning, the two or three discharge

nozzles 13a (the filled-in portions) at the array direction
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array direction rear-end portion of the recording head
13Mfor the 8th main scanning. Consequently, the ink
drops can reach the target |ocations on the recording
sheet P in order of cyan C and 10 nmagenta Min the
state where magenta M overlaps on cyan C. Thus, it is
possi bl e for the present enbodi ment to prevent the
Fr&ecie poet@bncot ofhé Noansidihentyadnldbef e ddreditp main
sheet P and attain high-quality printing at the high
scérﬁﬁcﬂcﬂt iR WMAbhQut Fol e eIimG deh@okApast 1 sequerceiafled-in
. the i'nk. 15 As described in the foregoi ng, according
to the ink._.je i ntJ ey nd..| '
e L
sequence of i.nk i.s i.ntai,ned _wthout_bei
re et b et (G Eabet Br My 57 PHES N g Te four ox
resol uti on which is higher than the resolutijon
seyen et¥iag geo ngeedrdi hip t -hahd idrlesy ipnPervpnlofat: &
di scharge nozzles, and it is possible to prevent the
arpae udienoe «f reeroendipeonisirstahdheorerhedirg digbichg 3M for
sheet P, and attain high- quality printing at the high

thEeseh Uhd 0D Waheut.reversing the inpact sequence of

the ink. The image form ng apparatus in 25 which the

ink jet printdngrdeyi cenafjhhegRinsent, +BUBAL QD ¢Srget
-41- pr O\F}F Jggdéd]asnt h\g'pri ntilng devpiesze V\,herr ein the heagde

unit is nmoved _in nain i n i recti tipl e
lof:iajﬁ%gn? or ttre;hee & éarcr:é)trggfl? n?rll%%gﬁ&ﬂ;%ri%ﬁ Eagggo?gaa% a\{l\llr&% h
the array interval of the discha&ge nozzles is useﬁyl
nAGBPTE o B S ACREEr SNSFS BRI M GRFFLAPF AR TE -
peripheral s, etc.
Thus, it is possible for the present embodiment to prevent the

occurrence of color inconsistency on the recording sheet P and
attain high—qﬁality printing at the high rescluticn without
reversing the impact sequence of the ink.

As described in the foregoing, according to the ink
jet printing device and image forming apparatus of the present
invention, the impact éequence of the ink is maintaiﬁed

without being reversed.in the case of printing by the high

_ resolution which is higher than the resolution determined

according to the array interval of the discharge nozzles, and
it is poésible to prevent the occurrence of color
incensistency on the recording sheet P, and attain high-

quality printing at the high resclution without reversing the

impact sequence of the ink. The image forming apparatus in

which the ink jet printing device of the present inventibn is




io0

15

20

25

The present invention is not limted to the above-
descri bed enbodi nents and variati ons and nodifications
may be made wi thout departing fromthe scope of the
invention. 10 15 20 25 -42- CLAIMS 1. An ink jet
printing device conprising_ga-head unit in which a
plurality of recording heads 5 having discharge

| provozddad s awiheh pdil st hag géevrde ditepsiof thdi id¢ad eamitcdlsomved

respectively are arranged in a main scanning
indtlieahdion,scama ihbeddreehasgennazzlles toheaghr afhd heme
recording heads are arranged at equal intervals in a

pr4Pi S aYiRG 9 BEELF@ M1 Sth%e"aB§99' e dr 40 éﬁ‘eche
mai n scanning 10 direction; a head-unit  noving un

s Byl oge e Jlead unilbm (5, JpLn, Caggaﬁgﬁgyeftésol@me,

ig or di ng- medi um Vlﬂg unlt noving the recording 15
MU E T HAR G It Fh&eLdBREEANRi ng-Ti rection; and a contro

unit controlling the head unit, the head- unit novi ng
unit, andﬂter]@rie@@@#:dnﬁ@ewrmmwtndlmﬁt@d tohdreiapove-

the control unit.is configured to carry out printing
depcpth@dﬂ&ﬂbddﬁﬂendsngnétfmmiaﬁiqnnnamg tnbdif cot tharg may be

made without departing from the scope of the invention.

S S P
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.a
difkergrt FHiGrecF PERCAFH T AT iPhga

20 mediumto the printing region to performthe
di scharging of the ink drops, and noving the
recording mediumin the sub- scanning direction by an
interval represented by the formula HKk where His an
array interval of the dischgrge nozzles in the
sub-scanning direction and k is an i nteger above one,
to 25 performthe di schargigiof the ink drops to a
non-printed -43- region equivalent to the array
interval H of the discharge nozzles, and configured
to repeat the printing procedures k tines according
~to an ink deh dgrsiéy,paindithedeatiter comyedhey:
recording mediumin the sub-scanning direction so that

the 5 head junjst whse | pealiedd @ 2108X8 1 PONsPI it B ing heads

region followng the printing'region and the printing

rocedures are perforned .foy. the next_ pon-printed
e R A A R Il R ST R
rear-end portion of the discharge nozzles in an ,
PeEnER (7 ifftihgeanning
region and a front- end portion of the discharge
dinegies iand fbeafliaghafgedizad esbeforachrontlim wicornang
non-printed region overlap each other wth respect to
hebdle stdh-msoamgedgati e@edl admteand lisnval bdsulnezzdresi ighat
do not discharge the ink drops are determ ned 15 from
di PERPDoRH ALY pReScRd: dllR O kARPIAYN dsSehai e
nozzles including the front-end portion and the
. -end portion in the array direction of the
dl%%é% %?be nozzles. 2. The ink jet printing device

according_to claim1 20 wherein the control_unit,.is
cont i gur &l HEFATEREFnTRETAE Berngioving ohe fead it Sn the

main scanning directicn along a printing region of a recording
medium;

a reccrding-medium moving unit moving the recording
medium in the sub-scanning direction; and

a control unit contreolling the head unit, the head-
unit moving unit, and the recording—medium moving unit,

‘wherein the control unit is configured to carry out
printing procedures including steps of moving the recording

medium to the printing region to perform the discharging of

“the ink drops, and moving the recording medium in the sub-

scénning direction by an interval represented by the formula
H/k where H is an array interval of the discharge nozzles in
the sub-scanning direction and k is an integer above one, to

perform the discharging of the ink drops to a non-printed
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~the invalid nozzles at | east one of the discharge

nozzles l|ocated in the rear-end portion in the array
direction upon a final novenent of the head unit it
the main scanning direction for printing in the sane
printing region and one of-4ke 25 di scharge nozzles
| ocated in_the front-end portion inthe ----- EEE T

region SPFRIGRFeEPi b oA itesvakolerEnthe idisrbagegd
unit in the nmain scanning direction for printing in

noghee oy icenddanegi ore Erehie thek prént prng myowpdieeiscé
according to claim2 5 wherein, when the nunber k of

timepetdddmiisigotot Ar mk edrentdeofsitiyhean&colcharr tadinde the
by the interval Hk in the sub-scanning direction is

retGEI AP ebdithe 1 600hE ObuHH darinS neOBfi i-BHE €80 19 that the
determ ne as being the invalid nozzles at | east one of

ortioninthe 1 recti

_he%@eunidd %@a&gtegz% es A%?@t&%—%%ikggdf £8€%6rg:;%llowing

array upon ea

novenment s of the head .unit,. .except for a fina
ORI RRB HRR TG G PECEFOR ST G hRSHECREeS
in the non-printed region. 4. The ink jet printing
foRevie %t AOH RGBSR BEFAA, 15 wherein, when the
‘nunber of the overl appi ng di scharge nozzles is
i ncr easeddhetgdnc sher obnndl Ursitcdisf icgnfeduted i sterdete a
the nunber of the invalid nozzles. 5. An inage
reforendipafiianabistha ahécinmye intkzjles 120aPrdrkdyng
device is provided, the ink jet printing device
a1 688PIdiSid¥terapheadi HRi dr i tho;GhtanB! Wegd bt Yardf a front-
recordi ng heads

end portion of the discharge nozzles in the array direction
before printing of the non-printed region overlap each other
with respect to the sub-scanning direction, and invalid

nozzles that do not discharge the ink drops are determined

from among arbitrary ones of the cverlapping discharge nozzles

including the front-end portion and the rear-end portion in

the array direction of the discharge nozzles.

2. The ink jet printing device according to claim 1
wherein the control unit is configured to determine as being
the invalid nozzles at least one of the dischargé nozzles

located in the rear-end portion in the array direction upon a

final movement of the head unit ‘ih the main scanning directicn

for printing'in the same printing region and one of the

discharge nozzles located in the front-end portion in the
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havi ng di scharge nozzl es which di scharge ink drops of
different colors respectively are arranged in a main
scanning 25 direction, and the discharge nozzl es of
each of the recording -45- heads are arranged at equa
intervals in a sub-scanni ng44direction which is
perpendicular to the main scanning direction;, a

AL RRR PR AR (RGP u R ELRDY iy SR thedd thRi beadh wNg im the
mai n scanning direction along a printing region of a

- MayRCBFANMY agfioa Fesopdiinginediunthevien pminted region.

nmovi ng the recording nediumin the sub-scanning
direction; and a control unit controlling the head

unit, the head- 10 unit noving unit, and the

recor di ngs Nedicdl MniYERgp it £ 5 ng WREF QN aLRErGORE 1) claim 2
unit is configured to carry out printing procedures

erbBBL T S o B0 0 M SR RO AR

orm i Schar gi ng
dr ops nd_novj.n he_recordin Lumin the sub 15,
eng e RS or Sy FRA I bRyt PR e bs Bt oy ing
formula HK where His an array interval of the
digpsehaR gbs ngracésern thﬁecg%%r%%mtngsma@éwwcbrw k
IS an integer above one, to performthe discharging
depermbee i ak lirigygs the anvehigrionzds eégileaseqouiy aberthe
to the array interval H of the discharge 20 nozzl es,

diaoHacoafiguled tlocaepaainttiee piidiit-RGJIPPOEEIHS €5n kihe
times according to an ink dot density, and thereafter

arfBYeqi Rect I8¢ A8 PRAL MG Ned 18 S W $68NALAY unit,
direction so that the

except for a final movement, in the main scanning directien

for printing in the non-printed region.

4. The ink jet printing device according to claim 1
wherein, when the number of the overlapping discharge nozzles
is increased, the control unit is configured to increase the

number of the invalid_nozzles.

5. An image forming apparatus in which an ink jet

printing device is provided, the ink jet printing device

comprising:
a head unit in which a plurality of tecording heads

having discharge nozzles which discharge ink drops of

different colors respectively are arranged in & main scanning

direction, and the discharge nozzles of each of the récording
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head unit is located to a next non-printed region
followng the printing region and the printing
procedures are performed 25 for the next non-printed
region, -46- wherein the control unit is configured so
that a rear-end portion of-the di scharge nozzles in an
array direction after printing_of the printing region

headldl &S PHHENo8Ad2poPERdh BItalve 1§ d8har §ePTRFEAESd n
the array direction 5 before printing of the

dipeetr Medhr égi parpeediciplaadie dhikeraini stemmispect to
t he sub-scanning direction, and invalid nozzles that

digleciiodndi scharge the ink drops are determned from
anong arbitrary ones of the overl appi ng di scharge

nozzl es drHédadhﬁQttHgviﬁ@nhnﬁﬂ%m@th'Qﬂeaﬂgaérﬁhxt in the
rear-end portion in 10 the array direction of the

-magﬁsé:@ﬁ{rgﬁlgn%éjegﬁlonlgl&gg azﬁarlntlng region of a recording

medium;

a recording—medium moving unit mpving the recocording
medium in the sub-scanning direction; and

a control'unit.controlling the head unit, the head-
unit moving unit, and the recording-medium moving unit,

wherein the control unit is configured to carry out

printing procedures including steps of moving the recording

medium to the printing region to perform the discharging of

the ink drops, and moving the recording medium in the sub-
scanning direction by an interval represented by the formula
H/k where H is an array interval of the discharge nozzles in
the sub-scanning direction and k is an integer above one, to
?erform,the disbharging of the ink drops to a non-printed
region equivalent to the array interval H of the discharge

nozzles, and configured to repeat the printing procedures k

times acceording to an ink dot density, and thereafter move the

recording medium in the sub-scanning directicn so that the
head unit is located to a next non-printed region following

the printing region and the printing procedures.a:e performed.

“for the next non-printed region, -
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_46_

wherein the control unit is configured so that a
rear—-end portion of the discharge nozzles in an array
direction after printing of the printing region and a front-
end portion of the discharge nozzles in the array direction
before printing of the non—printed region overlap each other
with respect to the sub-scanning direction, aﬁd invalid

nozzles that do not discharge the ink drops are determined

from among arbitrary ones of the overlapping discharge nozzles

including the front-end portion and the rear-end portion in

the array direction of the discharge nozzles.




