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* “THE | NVENTI ON The present invention relates to an inage 5 formation
appatatus for formng an image by printing dots while feeding M'
mediumrelatively in the direction virtually perpendicular to mmmmmmm "MWW"
arrangenent direction of recording el enments of the recording | MAGE, e
FORMATI ON APPARATUS ‘head.. 10 As an exanpl § of_ the inmage formation
apparatus of this type, conventionally known is an ink-jet type line

prinﬁer: Supp an :nk-{et tyPe_Iine printer has a line recordingﬁMﬁﬁmem"mww
arvertyon (1ot 18 " |V o OV AL AR o S e
ok ] ot -out - port et R AY BB ORE. Y. arrange thom at the Samp
intervals (pitches). Fbmever,B%Ethgpﬁbp%Fifhéziﬁygﬁf t to 20 formall

the ink jet-out ports identica e ink’jet-out ports forned in a head

manuf act uri ng stepfﬁﬂéﬂggé%é“{ffﬁvéﬁt§ggeégggtggagg,a%hgm%ifference in

. e . .
si ze and shape has an effect on anmbunts an Irections o K jetting out

from t hesi nk | i gl 31 'shos g £ESULLAREnf TBAC OBy UBLE AR TN

- concentration an us dedraded in quality. shown, “for “exanple, “in FI G
?étl guz he caseqotsYwhide WL AdKa | Sed8L8BAGOREQE LAMLEDD LY VEEY! jhnkhe

direction virtually perpendicular to a linear arrange-
ment direction of reco:ding elements of the recording
head. .

10 As an example of the image formation apparatus of
fhis type, conventionally known is an ink-jet type line
printer. Such an ink-jet type line printer has a line
recdrding head consisting of a plurality of iﬁk
chambers arranged in a main scanning direcfion (i.e.,

15 . a line direction) and ink jet-out ports correspondihg
to the ink chambers. To improve image quality,-it.is
necessary to form the ink jet-out ports in the same
size and shape and arrange them at the same.iﬁtervals
(pitches). However, in practice, it is difficult to

20 form all the ink jet-out ports identical. If the ink
jet-out ports formed in a head manufacturing step
slightly differ in size and shape, the difference in
size and shape has an effect on amounts and directions
of ink jetting out from the ink jet-out ports.' The

25 resultant image is non-uniform iﬁ concentration and
thus degraded in quality.

As shown, for example, in FIG. 9, in the case



Jpotts 2 of the line recording head 1 in the sane anount and in the lgngn.zmz
+*direction, ink dots 3 jetted 1 8 JUL 2002 out fromthe ink jet-out ports 2

will!be identical. 5 Consequently, pixel dots 5 will be printed in

i dentical size and direction on a recordi ng paper (recording nedium 4. As

a whole, the formed image is uniformin concentration. In practice,

however, the ink jet-out ports 2 of 10 thesine recording head 1 are forned

irre?ularly in size and shape, as shown in FIG 10. The ink dots 6 jetted

out fromthe ink-jet ports 2 therefore differ in jet out anount and

direction. As @v}{eg%ug.trz&< &ié“’:letﬂkiéf guPr%]P%]ﬁdiRHiHﬂﬁuETC?EQi ggt%ﬂ%r. 4

differ in size and 1 Irection. If suc ots are overl apped excessively, a
bl ack stripe i r o PME] o a rynted enely |arger
intervals thanifﬁﬁﬁfﬁgéi a ﬁﬁ??%é%t%%%g‘?éﬁ?o?ﬁ%g.hT%g Fgéuﬁﬁgﬁt image is
non'Un'for”"ndﬁﬁﬁﬁﬂnéﬁﬁ'fﬂltﬁg)éEhéu@Pféééin?ggnﬁFHBEELQ”j@Q@éﬁn'for"1'”

concentration as much as possible, known is a control nethod shown in FIG

11. In this methad feesuWidddbajed-dhbepsLeSr dinwaihepd 1des@nsiagts of, for
exanpl e, eight ink-jet ports 12,  the line recording head 11 is 25

control l ed by meviseguddit lly N i:es0rdbig Headlllbénpannaeaangenganhtdicaact i on
of the ink jet-out ports 12 (recording el enents) mﬁile a recordi ng paper 14
is fed - 3 sliepeairRllldi tattich r&ct4 oheyb i UAag| paperpepdeoudangto 1 6 JUL
~~U2 the arrangenent direction of the ink jet-out ports 12, multiple tines.
In this case, sienden)nkt .dotxs 18 yiedled oweé foomednkmpge- ast updfogmlandi ffer
in jet-out anobunt 5 and direction, an inmage is formed on the recording
paper 14 (woundocarceuniceericirum t hree tinmes) by printing dots alternately up
and down in a staggering manner . while controlling novenment of the |ine
recordi ng head 11 atIreveractiumd. hd@evarot hbe wokdgetabua pomsts 2owfd of
the drum first to.fourth ink jet-out ports 125 to 12g fromthe right hand
si de of 1Phe |i #dea ddavadingg trebicng thead bLsaxe formed irregularly in

size and shape, as shown in FIG. 10. The ink dots 6
jetted out from the ink-jét ports 2 therefore differ in
jet out amount and direction. As a result, pixel dots
7 p;inted on the recording paper 4 differ in size and

15  direction. If such dots are overlapped excessively, a -
black stripe is formed, whereas if the dots.are printed
at extremely larger intervalé than required, a white |
stripe is formed. The resultant image is non;uniform
in concentration.

20 To suppress image formation non-uniform in
concentration as much as possible, known is a control
method shown in FIG. 11. In this method, assuming that
a line recording head 11 consists of, for example,
eight ink-jet ports 12, the line recording head 11 is

25 controlled by moving the line recording head 11 in
an arrangement direction of the ink jet-out ports 12

(recording elements) while a recording papef 14 is fed



Mote specifigally, the ink jet-out ports 125 and 127 are used to prﬁﬁiJHbtémz
of add lines, whereas the ink 15 jet-out ports 126 and 12g are used to
print dots of even lines. At a second round of the drum. the line
recording head 11 is slid rightward by four pitches of the ink jet-out
ports. At this tinme, all ink jet-out ports 121 to 12g of the line recording
head || are used. 20 More specifically, .dogs af odd lines are printed by
the ink jet-out ports 122, 124, 126, 12g, whereas dots of even lines are
printed by the ink jet-out ports 121, 123, 125, 127. At a final round
(third round), |4 ordi ey ' i o, f | by 25
four pitches o%bitﬁ’%l?tjee@?y:ﬁ? Sgrdstlg:. lnq%rﬁﬂxrsi%%%%j.ﬁ%rl%%B%%d¥%%?%ﬁ§k
jet-out ports 1%k k24 sfemddie disfddansh i dec s e Meeser TH3E bSyttheyi nk
jet-out ports 121 and 1 a ~u~ zoo2 - 4 123. are used for printing dots
of odd Iines, wiarepdel RemgdK | aln tly RUdS, 122 @0 di AR44G¢ & P?e?eEQeQr' nt
dots of even lines. 'In the recording nethod of this type,if the tnk 5
jet-out ports $at- ¥2emaniex @b Ipofy meg. qi fr &t 280 andke shapeamb g ef f ect
of the irregularity in size and shape on the image forned on the recording

paper 14sis . aeduadeeichibal,f anASradeesil oty bbRacknangeybidengt ri pes as
shown in FIG 10 are not visible clearly, so 10 that imge fornmation

non- unif or m i npepeeentdr gtvoamdc ardimd sUpRNes Setked Ut iMes O ¢, paDet DR
control nethod is known which is concerned with increasing a resolution..

I n the control dotshadtetrhatleiliye upe@ordliduwrheiad dlstsggdt thdg mddnéhe
arrangenent direction of the ink jet-out ports 12 by L/K (L is an
arrangenent inwbidel obntielilikg etovanxterpordf I |, 1ive | e=d¢dued fegohedadg
paper 14 is repeatedly fed in the direction virtually perpendicular to the
arrangenent di Réceitorvefyt reuingk jet-o-ut ports 12, 20 nultiple tines. In
the case where the recording paper 14 is wound around the drumtw ce, pixel
dots 1519i ndi cated By Wiheweddudses atedd i firgt rieundeedl thetdwouhigure) are
~printed on the _recording paper 14 at a first round of the drum as shown in
FIG 12. At thélgstsééoge.‘lrltéluﬁ@,k i 49ute RAEY di 4 treakl g 1f e sthel

right hand side of the line recording head 11 are used.
More épecifically, the ink jet-out ports 125 and 124
are used to print dots of odd lines, whereas the ink
15 jet-out ports 125 and 12g are used to priht dots of
even lines. At a second round of the drum,. the line
recording head 11l is slid rightward by four_pitcheé of
the ink jet-out ports. At this time, all ink- jet-out
ports 12; to 1l2g of the_line recording head 11 are used.
20 More specifically, dots of odd lines are printed by the-
ink jet-out ports 125, 124, 124, 12g, whereas dots of
even lines are printed by the ink jet-out ports 123,
123, 125, 127. At a final round (third round), the
line recording head 11 is slid further rightward by
25 four pitches of ink jet-out ports. 1In this case, first
to fourth ink jet-out ports 123-124 from the lefthand

side are used. That is, the ink jet-out ports 12; and



rightward by ,L/2 (L is an arrangenent interval of the ink jet.-out ports
12), and then, recording pixel dots , 16 JU. 2002 - 5 16 (indicated
by Hatched i nes declining leftward in the figure) are prlnted t
recording paper 14. In this manner, the resolution of the formed ﬂE@esz

i nproved, tw ce as high as that of the. line recording 5 head 11. As
described, in the inmage formation nethod fpr inproving the resolution of
the image. by. controlling . the novenent of the Iine recording head 11, if
the ink dots jetted out fromthe ink jet-out ports 12 of the 10 line
recordi ng head fe n t u nd .di ction, the bl ack

stri pe(whi ch |éé%o€%%d ?ae§égs ?5§F§H§VQFF§pSf §d<n%&%%ﬁnrwﬁﬁﬁﬁt%d) and
the white stripge( C rintiyng . dots at rval s ich are
excessively far r%ﬁ*eg ﬁe§8g§9 E Eé&uggédf en@ﬁ &(if Qﬁhﬁﬁ in FIG
13. As a resul&@tgh@fo@t@hnggnégage |s non uni formin concentration as a
whol e. To overcone this pro it is considered that the image is forned

by two control nethgdstha zecsea@haatn'eermda%ég@rl_v% @;ﬁ% dt%‘lc 721?125 a

control nethod in which the Iine récording hea L is an

arrangergent i njetveht ofothe Lpk-ieh- auk EQEE%ul%kl%”%dﬁM%dﬁ'K”siéea
control nethod in which dots are printed on the recordlng paper

alternately 25ang sigbépvehé ne ff6EaJeer kR HRRBeH1 akq the i egidic, at
a first round of the drum pixel dots 17 (indicated by allattrce pattern in

the figure) ENShapéméhJﬁheZth?eroEﬁeatéﬂ QﬂetE%cb%GBHQfEﬁgﬂﬁpehtmardAt a

second round of the drum the l'ine recording head 11 1s sl

L/2, and then,reduedd dpt shdBf (i nas cat edshythatebeslicne a(i'ﬁPleH‘iﬂlg
rrghtmard) are printed on the 5 recording paper 14. At a third round of ‘the

drum the |inesteipesiag dleadh 1ini BISLI dof urkhabtr vaktivakd ey, &9
then, pixel dots 19 (indicated by hatched. lines . declining |eftward) are

prlntedl0 At a ¥lag timagrintbohat hen dnonruhhéokimnénr ecordintg-dieacth Kan S

further slid 10 rightward by L/ 2 and then pixel dots 20 (indicated by
be suppressed. ' '

Furthermore, another control method is known which
is concerned with increasing a resolution. 1In tpe
~control method, the line recording head 11 is slid in

15 the arrangement direction of the ink jet—out ports 12
by L/K (L is an arrangement interval of the lnk Jet out
porte 12), while the recordlng paper 14 is repeatedly
fed in the direction virtually perpendicular to the
arrangement direction of the ink jet-out porﬁe 12,

20 multiple times. In the case where the recording paper
14 is wound around the drum twice, pixel dots 15
(indicdted by hatched lines declining rightward in the
figure) are printed on the recording paper 14 at a
first round of the drum, as shown in FIG. 12. At the

25 ,second,round; the line recording head 11 is slid
rightward by L/2 (L is an arrangement interval of the

ink jet-out ports 12), and then, recording pixel dots



a white cfrcLe in the figure) are. printed on the. recording paper 14. In
this manner, the resolution of the inmage is inproved twi ce as high as that
of the line recording head 11. At the same tine, the imge 15 forqﬁiu%E 2002
non-uni formin concentration due to irregular arrangenent of the &

jet-out ports can be success sively suppressed. However, the aforenentioned
controlling manner has a problemin that i4 takes tine to formthe inmage 20
since tine required for image formation i s doubled conpared to the control
met hod only for increasing the resolution. BRI EF SUVWARY OF THE | NVENTI ON
An object of t e Lavept | L5 to.pravide. 25 .an i e fornmation

appar at us capégfeagf }€%$%€iﬁg b%gﬁégaugﬁﬁFﬁ BﬁcéﬁﬁﬁPékégﬁg“ﬁ e ormati on
non- uni form i i dye. Lrreg ri in.si ze _and ape ~'s
uu~ z~oz O ?ﬁﬁgﬁgﬁﬁ%égisgpgngﬁéégg Iéﬁo#h?e&%%Pﬁélﬁﬁh@aﬁEﬁhﬁred for image
formati on Accopging sp sent .inventiaon, .there.is 5
provi ded a he?%oda?%%qg%gﬁa?fngﬁ%ng%ﬁ%ggtgégng ighga 8 F§Fb§mﬁ%ﬁ_ﬁﬁints on
a recordi ng .megim.hyg relatd vel Y, gy cordi nd. the recording
mediumin a di re%% on ‘per pend?cu?gg}{t gga@a%?eggi l&ﬁgoltﬁg\%r %c%%rodfidr%fdl%ead

| engt h, st herelhye£Usi Ng recordi ng el enents of said to recording head to
eject ink onto said recording nedium, wherein said inmage formation

apparat us rel ati vel ys n@¥esribedr egar @3@9 ihgad d%%&f%qogﬁ%r&i A um

repeatedly nmultiple times, said recording héad is noved a predeterm ned

movi ng amount inprdeL el reed i f8sefuthen 3% £reoidbRg Boadolenghh sqyery time

the recording head and the recording nmedi um are ndved; thereby printing

dots at a pitdhemdtamenthadf abhénl eh¥akebetwery hBadr 8qor digngHel gyENt s of
the recordi ng head, characterized in that, said recording head prints on
the recording deed uetited dutsfrd@ PRENENEC3BBLAOL PArEs’ @GOG RGhead is
noved a predeterm ned noving anount T x L/Kin the direction of the -
recor dilig head irengtdrduyd ivoy i IngadeansdiBfernext jpei-BuLsS eabRintd ar@nd t hen,

said recording head prints on the recording nmediumin the sane nmanner as-in
the first poi mtire2s ispannimg blackl stripey(whichgishéoteedr tyng head and.
t he 16 JUG 20DZ 7a recording nmediumin the direction perpendicular to the
- excessively overlapping dots than required) and the B}
white stripe (whichhis fofmed by printingldots ét
'interyals which are excessively far from each other
15-  than required) emerge, as shown in FIG. 13. As a
result, the obtained image is non-uniform in
concentration as a whole.
To overcome this problem, it is considered
that the image is formed by two control methods in
20 combination, as shown in FIG. 14. One is a.control
method in which the line recording head 11 is slid by
L/2 (L is an arrangement interval of the ink jet-out
ports 12) and the other is a control méthbd in which
dots are printed on the recording paper 14 aiternately
25 up and down in a staggering manner. To be more |

specific, at a first round of the drum, pixel dots 17

(indicated by a lattice pattern in the figﬁre) are



di'tection of ,a recording head | ength, wherein L is an interval between the
rec?rding elenments, Kis an integer equal to or greater than 2, T x L/Kis
a pi'tch smaller than 5 L, said predeterm ned noving anount. T is T, ? WK
when the dots are printed in L/K pitch, and T is set to a head nn% nbﬁsﬂgg
amount which corresponds to a mni num anount of an integration of products
obtained by nultiplying a spatial frequency characteristics of a forned
image and a |0 spatial frequency characteristics of visualization.
According to the aspect of the present invention, quality of the inmage can

Concontrat s on BESRFEASRKENo HRRLSAR A0 SR, S LAY S PR AT "

concentration due to the irregularity o

shape. Furtherg?rghetgggggggﬁgrgqngo&e%qggﬁjfﬁgg%%iqﬁ_%ﬁgsgfiéeduced. 20

Addi ti onal objects an agés of “the inv 2002 g _

will be set fo}ﬁgagwakgeb_ e‘i%i Ptahﬁnt‘f{‘éinlc,h fiqgego%tﬁﬁt;&g%:@é&g#é%w%élbybe

obvi ous fromt escriptton, “6r nmay be l'earne

i nvention. ThehQ@Eﬁ&&Sli‘ﬂg aggi‘@'ﬂﬁgﬁféﬁghtt%zjdnv%@ei Prnigrpgécgﬁ%rq S@%i zed and.

5 obtai ned by nmeans of the rnstrume ties and ¢o ficularly

poi nted ©ut hergipakitgE- EF1RESCRLPTI ON; SEVERAL, V1 EVE. OF, THE
DRAW NG . The acconpanéiﬁgﬁ%ramﬁngs, mhigwl§$%¥¥ﬁgbrporaté% I'n ahdthe

constitute a paiheOfetHed$A§CHERGANNONA s %hﬁ%§%u¥%ﬂé¥‘Eﬂg@ﬁ%%ﬁdefwﬁifrred

enbodi ments of the invention, and together w th the gene escri piioh

gi ven above angn@ihehégt apiedldesesi P QRnafi clate RS @&l %&é@”ts gi ven
bel ow, serve to exptain the principles of the invention. 15 FI 1 shows a

mei n portion ofleabirbhir eStwHeHyr aref paipricat.er raCGOrfH s H or@herbpdi nent
of the present invention; '
the drum, the line recording head 11 is further slid
- 10 rightward by L/2 and then pixel dots 20 (indicated by
a white circle in the figure) are.printed on the.
recording paper 14. In this manner, the resolution
of the image is improved twice as high as that of the
line recording head 11. At the same time, the image
15 formation noh-uhiform in_concéntration due to idirregular
arrangement of the ink jet-out ports can be succes—
sively suppressed. |
However, the aforementioned controlliné manner
has a problem in that it takes time to form the image
20 since time required fof imagé forﬁation.is doﬁbled
compared to the control method only for increasing the
resolution,
BRIEF SUMMARY OF THE INVENTION
An object of the present invention is to provide
25 an image formation apparatus capable of improving'image
quality by suppressing image formation non-uniform in

concentration due to irregularity in size and shape



FIG 2.is a view showi ng arrangenent of the ink jet-out ports of thésiﬂw"m2
* jet recording head according 20 the enbodinent; FIG 3 is a view show ng
the tel ationship between a noving step amount of the ink-jet recording head

and pi xel

25 FIG 4 is a one-di nensi onal

dots printed on the recording paper according to the enbodi nent;
concentrat’/ion distribution curve showing a

Gaussi an distribution function curve and a basic concentration function

curve c '

Of fnk 9éttherisk ped paipatdr, ofl Gedudiha@ mphrshoniag £be

head novi ng step anmpbunt versus the objective eval uation when the resol ution

is 300 dpi imagberephadipgnt; S FIG 6 is a graph showi ng the. head noving

step anount versus the subjective evaluation when the resolution is 300 dp
in the enbodinment; FIG 7 is a graph showi ng the head novi ng step anount

and the objective evaluation in the cases 10 where the resolutions are 300
dpi and 600 I _Lh the enbodi nent; FI is_a view,showi ng a gi, st portion
of 1 6 JUL %%g%r%h“%n?ﬂ NS AR e %E Bgﬁrpﬁfe(??n c &V&%gl%trb %rfb?% LS

enbodi ment of the present inpvention; 15 FIG, 9 of a view showi ng an i deal

i mage for neRTBYLIERE i Ak- P8EDRAI nfer: PRE&ratdng &£1vi dWadfow ngt @Fma Frhge
formed by the ink jet printer when the fornmed image is non-uniformin
concent r at i @PParaResFrGatipysntas vhawaf oreeoapd i mgdhow ty comtabpivaly
conventional ink-jet printer in order to suppress an inage formation
non-uni f or méniggneente¢adrotng Fh@adl? asda thewréobraxpbaimddigirhow itrd a

control a conventi onal

an i mge; FifredBibf Petb@WdiQh 1940l Nd NGi PEEPL SAB ok ot he LS ek €24
conventional ink jet printer is controlled

10

15

20

25

length, thereby causing recording elements of said
recording head to eject ink onto said recording medium ,
wherein said image formation apparatus relatively moves the
recording head and the recording medium repeatedly
multiple times, said recordiﬁg head is moved ' a
predetermined moving amount in the direction of the
recording head length every time the recording head and

the recording medium are moved, thereby printing dots at a

pitch smaller than an interval between the recording

elementé of the recording head, characterized in that, said
recording head prints on the recording medium in a first
point scanning, said recording head is moved a
predetermined moving amount T x L/K in the direction of the
recording head length by moving meané in a next point
scanning, and then, said recording head prints on the
recording medium in the same manner as in the first point’

scanning by relatively moving the recording head and the

ink jet printer in order to enhance 25 resol ution of



r '~ g ~uL 2Q02 1V - 10 for inproving a resolution of an inage; ﬁﬁd(Flgm
14 is a view for explaining problens in the case where a conventi af G 2
jet printer is controlled for suppressing i mage formati on non-uniformin 5
concentration and for inproving a resolution. DETAILED DESCRI PTI ON OF THE
| NVENTI ON Now, an enbodi nent of the present invention will be expl ai ned
wth reference to FIGS. 1 to 7. In this enbodi nent, the present invention
is applied {00 i Bajiehn tYRG |48 BiiidRehonFl SerdehdiBuyhew &hiowhag a
main portion of an entire structure of a printer. The printer has a nain

case 21 housing.a drum22, Thecgrymis falatednatnd constanh spead igythe

direction in by an arrow i gur A recordi ng paper

di ng nedi fed .through feed rall 23, 24 i d
S ound t h T Db Robiper e baseBery s ey edt: 6% i hoLEbdeL

portion of the main case 21. Recordi ng paper sheets 20 25 nmounted on the
nmounti ng pleEERD7ERIOE HerpapeF oy %asﬁe%t%/§61?sat@kEﬁhoﬁPaéﬁ@rb§h8ﬁe and
sent to the paper feed rollers 23, 24: On the other hand, the recording
paper sHeetls, 28atdnpibedsarualingd apwimowrgtoentrahuab feedilngK t vagn2ghghi ch
is fitted to an openable 25 side portion of the main case 21. The manual |y
fed recordidgtpapere speehted dinsolgEntpittett,heapdpél feedsatol ter 2 2Bea2d by
a paper feed roller 30. Note that 16 JUG ~pp~ - 11 a paper-feed

swi t chi ng Meansn@lst&pr &6PEASI Bhechoto sk spbhay tbeaprpaimbredmbautesfto be
controlled by the paper feed roller 28 and by the paper feed roller 30. A
charging roljler;32.gsa8L6AN06E SProgutesl aseraihbg dpym A2itThe cmgr ged
roller 32 is responsSible for adsorbing the recordi ng paper shee? 25 fed

t hrough t he f l.er - 1 u I i h re, a
printing né?ﬁgﬁ?%%1gggﬁéggfgazgéﬁﬁgﬁigggﬁgiggc%ftﬁg%gfﬁ%?gffﬁ#ﬁ% g&?ﬁﬁing
mechani sm 34 has io an ink-'ethreco din% head ?3 havigﬁ atglurality of
recordi Wy eFRmehtS LFFanGRaYi APAFABSSITRELHPi REi KYSHBCHARISRI34 i s novabl e
in a recording el enent arrangenent direction (i.e., along a rotation shaft
of the drum 22). Therefore, the recording paper 25 is fed

According to the aspect of the present invention, quality
of the image can be improved by successively suppressing
15 image formation non-uniform in concentration due to the
irregularity of 1ink Jjet-out ports in size and shape.
Furthermore, time required for image formation can be

reduced.

20 Additional objects and advantages of the invention



15'in a diregtion, perpendicular to the recording el ement arrangenment§ JUL 2002
direction of the ink-jet recording head 33 by rotation of the drum 22. The
ink-]et recording head 33 has a plurality of ink jet ports 33a (serving as
recordi ng el enents) 20 arranged at intervals (pitches) L. Ink chanbers are
formed corresponding to ink jet-out ports 13a. The printing mechani sm 34
consi sts of a reciprocal noving mechani sm @5 having the ink jet recording
head 33 nmounted thereon, a notor unit 36 having a reciprocal 25 noving rod
and a linear notor, and a back-and-forth nmoving neans 37. The ink jet

di head [ d . t he. K -1 h
means 0 12v3) R Re R POl s bEs BT RREE K8 RS,
means . | | 227 AUt R SdAmeSC T, AE
b the drum 2.0 say U1 2008 FRE AL B PR SRR B 8RB e °
di head ' t 1138, Leh th '
i procal movE Ry SAR) O 3 T 1§t ST oneRar 8  eaPFoRar i e dr um

22. . The drumagd Ry o tdREY & NG ARSIy &et ASANRAY PEaPsaNaY¥ERTadd
detachnment nail 38, which s capable of being 10 Tnserted between the drum

surface and thebteGed My RaRals dreetheSindteureteshientsnahl 38nberaLes
the recordi ng paper sheet 25 and discharges it into a recordi ng paper sheet

di scharge neangid%s PRE-tRGALHING et edi SEha &L PRAPEL3D consists of a
belt 15 conveyer 40 which is in contact with a non-recording surface of the

recordi ng paper RRIBNMESEREBBION OEaNHE4$EVERADI ¥ITWSO GrherHEE QX NEs paper
sheet 25 against the belt conveyer 40. The recordi ng paper sheet 25 is
cconveyed by the The accompanying drawings, which are incorporated

in and constitute a part of the séecification, illust-

10 rate presently preferred embodiments of the invention,
and together with the general description given above
and the detailed description of the preferred embodi-
ments'given below, serve to explain the princiéles of
the invention.

15 FIG. 1 shows a main portion of an entire structure
of a printer according to an embodiment of the present
invention;

FIG. 2 is a #iew showing arrangement of the ink
jet-out ports of the ink jet recording head according

20 the embodiment;

FIG. 3 is a view showing the relationship between
a moving step amount of the ink-jet recording head and
pixel dots printed on the recording paper according to
the embodiment;

25 _ FIG. 4 is a one-dimensional concentration
distribution curve showing a Gaussian distribution

function curve and a basic concentration function curve



20* belt conveyer 40 to a ternminal end of the belt conveyer 40 and tHe® JuL 2002
di scharged outward through a side face of the main case 21. The resol ution

of the image formed by the apparatus is set at K-fold (Kis an integer of 2
or 25 nore) of the resolution of the interval (pitch) L of ink jet-out

ports 33a of the ink jet recording head 33. The ink jet recordi ng head 33
noves by T X L/K (T is 1 6 Jug 200 - 13 ja positive integer representing

a head noving step anount) in the rotation’shaft direction of the drum 22
when the drum 22 rotates once. The head noving step anount T is detern ned
in consideration of a specific 5 feature of human visualization. To be nore
specific, a huffn e i Ief RAhtS%et by a band pass filter which passes

only light having fr encies within a certain pband zqne. Since the eye

acts as the band fi Iftag#‘ % Jn%nefi%%&l ?ﬁ%w?ﬂﬁgﬁg‘éagﬁﬁaea‘ownﬁhétﬁ‘ﬁ’rran eye

slightly 10 differs . fromthe .image detected by .retina apd transmtted to
Soral ey VAT 'tr%laeggbelfﬁcﬁ%)dv? neﬁ‘g&’aél'ﬂﬁsw ePeég

the brain. For “exanpl e,”the i Fution twice

as high as that qf i_nt.er v (nitc f ink jet-out ports 33a of
the ink 15 jet&F%€3%§$ﬁ€ ﬁ%&fﬂﬂ&&ﬁﬁl{%néh%a%%gg?h%gP%k j et recording head
33 novesgby 3 X L/ 2 dypt rotation=s s Ldir i f r 2 when
the drum 22 rotatesFgﬁ%eEﬁfﬁ95?ﬁggﬂa5r%§§&%ﬁg ﬁg%dﬂgggiﬁébgpgpggﬁéunt Tis

set at 3. 20 |Brblint GRISuALHNG K el 1A ALy @NuRE i LRCALYMERS, Pixel dots

51 (indicated by an open circle) are printed by jetting out In rom i nk

jet-out ports 33ao1ek e iishks deetagLCiok iy BRedBRenft a second rotation
of . the drum 22, pixel dots 52 (indicated by hatched [ines 25 dectining

leftward) are printeddy 7 atd iD004kn | Mok IR LRK héaaOHBv'E?H_gtété?a of the
ihk jet recording head 33. If the image formation is fornmed by printing

pixel 16 J bmbua®0andl4hedtss iantdeNpeaeboNeini théScpgssi ble to form
an inmage inproved in resolution and in quality which is rated as the nost

sui tabl g0as vi ewedefl L@ eswl @yieths Mr¥e SPECapi Cahd Ve 00 hgpdr um 2Rei S
required to rotate 5 only for inproving the resolution but not for suppress
ing the bl ack amthodhieatstripes. It is therefore possible to enhance the
resolution and to suppress the image formati on non-uniformin concentration
due to FIG. 8 is a view showing a gist portion of
an entife structure of a printer according to another
embodiment of the present invention;
15 FIG. 9 of a view showing an ideal image formed by
the ink-jet printer;
FIG. 10 is a view showing an image formed by the
ink jet printer when the formed image is non-uniform in
concentration; -
20 FIG. 11 is a view for explaining how to control
a conventional ink-jet printer in order to subpress
én image formation non-uniform in concentration;
FIG. 12 is a view for explaining how to control
a_conventional ink jet printer in order to enhance
25 resolution of an image;

FIG. 13 is a view for explaining problems in the

case where a conventional ink jét printer is controlled



irtegularity of the ink jet-out ports 33a in size and 10 shape by r#adlhgel02
the drum few nunber of times, with the result that the inmage quality is
inproved and the time required for inmage formati on can be reduced. Now, we
wi |l describe howto determ ne the head noving step anount T. 15 In

general, a figure show ng concentration distribution of pixel dots printed
by the ink-jet printer can be approxi mated, py neans of "Gauss :
distribution”, which is often used in aﬁal} i sTof natural phenonena. In the
case 'where the coordinate in 20 the arrangenent direction of ink jet-out
ports 33a of the ink jet recording head 33 is represented by x, and the
coordinatei|1t¢§ff W t3 PP LeheoRreebr ANngMBgREr 28Reet 25 i s
represented by v, trﬁhéonc§ntration di stribution function of inmage data can
be given by the 25 iot¥owthgt 2qRal 8% ?9;: Sypxakning proplems inagdie expP -2
Cx x0 ~.. Y-YO_,_ . . [ %#la.~ ~~b ., 1 f J UL 200Z, - 15, Wiere Dmax is

the maxi mum coféei IS Th & AU eRbLanaly bk, debf PriBtepodst consror ke di xel
dot; a,.b are @%gis&u 1/%g.of a giotfin the X directL%n and the y
direction, respectivelRES A% H"eEee CTFaRIOZn3C)-UPEL8 By dfent within the
range of cone pi { concen tration distribution function represented by
t he aforgnentigﬁy %ﬂnnﬁﬁ%ﬂ?(%ﬁéisP?eﬁ%?ﬁ%ﬂlgg 3 ﬁ?ﬁ?ﬁﬂﬁfﬁﬁrt for forning

Concentr at i on di st 1 buti DAc? 1HERr PERE TP A Oin ™ TRETEOY b i i mum

concentration distributions

unit may be regardedids, PasifodlaAALDHEI Rl UDSLLRD AL fmage fgnmation.

For exanple; in the case ere an areanodi rication ink-jet printer

enpl oyed as | hod Rhghelinky RItH Serdfienbasi6 poagenirabi on functiqa
epends on Dmax, a_ and ~ (_a and b_ are vari abl e dependi ng upon réspective
tones). HowevelembddigRrid)e tHd YUK MBavention is applied to an
10 ink-jet type line printer.
FIG. 1 is a view showing a main portioﬁ of an
entire structure of a printer. The printer has a main
case 21 housing a drum 22. The drum is rotated at a
constant speed in the direction indicated by an arrow
15 in the figure. A recording paper 25 (recording medium)
to be fed through paper feed rollers 23, 24 is wound
around the.drum 22, |
A paper feed cassette 26 is fitted to ‘the bottom
portion of the main case 21. Recording paper sheets
20 25 mounted on the mounting plate 27 of the paper feed
cassette 26 is taken out one by one and seﬁt to the
paper feed rollers 23, 24. On the other hand, the
recording paper sheets 25 can be manually fed through
a manual feeding tray 29 which is fitted to an openable
25 side portion of the main case 21. The manually fed

recording paper sheet is also sent to the paper feed

rollers 23, 24 by a paper feed roller 30. Note that
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tion figure actually formed by the ink jet printer sllghtly differs from

« that of the Gauss distribution 20 nentioned above, the Equation (2)

nodi fi ed fromthe Equation (1) nay be used. FIG 4 shows a-curve gl

i ndi cating the Gauss distribution function in conparison with a curve g2
i ndi cating the basic concentration distribution function for use in 25
simulation in practice. The curve indicateg,a one-dimensional function in
the x direction. . ~ 6 ~u~ 201 - 16 2 21:5d (x-x0-~Y-YO) =
Dmax ' exP - x x0 ~ Y YO 00.9a 0.9b ~c ,.. (2) The concentration

is d db th
distripution ofa g SYndes in%féaﬁﬁu'@%w%ﬁ e E o gt
S Lo" L) s M e Mper “gged, FoflibX] tPhEeaFf:S‘r’ﬁé’rJrelrﬁd(f@’ thef d
e fee
direction of t&ga pdiK- &l ploéife:‘?’?’?%eaﬂd'zéyt lﬂﬁg %@5 %eerc)i' ZLe;r?i%q]

direction of 't recordl ng paper are i ng

nunbers (CorreSpond'ﬁgcﬁé)r&ﬂé;df&ﬂl@k'”@@ris r‘?:%%g;e%.' %8 Jad d N %
direction and y direction, reSpectively the printing positions

of the pbkxel daime Q:fﬁlﬁmzft“v‘drﬁé O@M}:@QH 99%1&!:095 WR g%%%ieby the

irregularity of the ink-jet ports 33a”in size and s ape are formed by

causes in the head JeyuihaG rw@ ;_Sé@&rdIherBﬁéE shBe€ORS ‘%%hatt'h%u%fh error
equations 20 g(xj) and h(yj) of the pixel "dot recording portion in tthe x

direction and ¥HH reGidOEedeshertiével ¥3,t he, pbﬁelthéohrhﬁc%@f%&eoos' tion
is represented by the foll ow ng equatlon ( ). Yy ~~~~
dl (x- (xi +g(xi) Farthéxdmire( 4 )pnint X7 Me@hhn@sm @4 is éﬁkanged so as
to face the drum 22. The printing mechanism 34 has
10 an ink-jet recording head 33 having a plurality-of
| recording elements arranged in lines. The pr;nting
mechanism 34 iS-hovable in a recording element
arrangement direction-(i.e., along a rofation shaft of
the drum 22). Therefore, the recording paper 25 is fed
15 in a direction perpendicular to the recording element
arrangement direction of the ink~jet recording head 33
by rotation of the drum 22. .
The ink-jet recording head 33 has a plur#lity of
ink jet porﬁs 33a (serving as recordiné eléments)
20 arranged at intervals (pitches) L. 1Ink chambers aré
formed corresponding to ink jet-out ports 13a.
The printing mechanism 34 consists of a reciprocal
moving mechanism 35 having the ink jet recofding head
33 mounted thereon, a motor unit 36 having a reciprocal
25 moving rod and a linear motor, and a back-and-forth
moving means 3?. The ink jet recording head 33 is

moved back and forth by the back-and-forth moving means
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space, a two-dinensional frequency analysis is generally enployed. If the
imge signal is treated as a one-di nensi onal signal for brevity sake, the
basic 5 concentration distribution function of an inmage is represented by

the follow ng equation (5): 1.5 x-xp d2 (x-x0 ) = Orax exp - CO0 . 9a

( 5) Furthernore, taking an error of the pjxel dot 10 recording position
into consideration, the concentration distribution of the synthesized i mage

is represented by the followi ng equation (6): , Mme2 fix) ' ~ ~ d2 ~X-~xi
+g(xi ) ) ) . 1 | h V1S S m can be
regarded as a PFIV&FQ §§§PQth%g géﬁtggg”ﬁﬁ %ﬂ?qggétggﬁeb%§%520ne

| uti f I e and of
the human v Zuaﬁ%é&b#?mg% b%‘ﬂ‘éi&%.h%@.ba%ﬁﬁ %2*‘%%%%% %Pﬁrbﬁ?%fy. " the
f 20 o) S own in the
Fol o ny equatiog"ery Deapibh Srlmtefnle gl dhNld ME 280 ).
spatial ‘frequeppy ¢BRERCHELHSkCornt P HSUAMLZAL Hocordifig Ihkadlthl -
18 E(u): spatial %req ency characteristics of i% Four er ?rans or m of

e2(x~)).5A fingh evaluaki-8n 130w dhe AbddH qg{laélm vx@}hy&&n&ffegemel nan
effective frequency region as given by Eval uation anount = ] & ~)

reciprocal moving mechanism 35 in the rotation- shaft
direction of the drum 22.
The drum 22 has a recording paper detachment means
having a detachment nail 38, which is capable of being
10 - inserted between the drum surface and the recérding
paper sheet 25. The detachment nail 38 removes the
recording paper sheet 25 and discharges it into a
recording paper sheet discharge means 39. The
recording paper discharge means 39 consists of a belt
15 conveyer 40 which is in contact with a non-recording
surface of the recording paper 25 and a pressing means
. 41 for pressing the recording paper sheet 25 against
the belt conveyer 40.
The recording paper sheet 25 is conveyed by the
20 k belt conveyer 40 to a terminal end of the belt conveyer
40 and then discharged outward through a side face of
the main case 21. |
The resolution of the image formed by the _
apparatus is set at K-fold (K is an integer of 2 or
25 more) of the resolution of the interval (pitch) L of
ink jét-out ports 33a of the ink jet recording head 33.

The ink jet recording head 33 moves by T X L/K (T is
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. (8) The larger the evaluation anmount represented by the equation (8), ‘

the nore sensitive a hunan eye to the 10 white and bl ack stripes ,fornmed by
the irregularity of ink jet-out port 33a in size and shape. In ot her wor ds,
if the head novenent step anount T indicating a | ow evaluation anount, is
sel ected, the nost preferable. inmage as viewed from human eyes can be
printed. . 15 Now, we will explain the evakgation when an image is actually
formed with a resolution of 300.dpi. FIG is a graph plotting eval uation
amount by simulation at each of head noving step amounts T =1, 3, 5, and 7
when the i mage oy | e an.of 2 d usi.ng a
recordi ng head %Z\p/‘?sgg@f‘ﬂe V‘iﬁ@ e%t%%%yg P§l§§agagggﬁgg‘8"§¥‘q Mtéval s of

150 dpi . Cur ves, 3 n19ft 5t19<£ f@\?ﬁgigﬂhshnghaf&ég‘ﬂSnr SEPRG \éﬁja%q[ fyz")ent

eval uati on anounts |n e cases ree I'nk | et out hea

s ze and. Shapepfeteh wrfétzéegrsngaed FRenexal iy gt s

the I owest at the head noving step anount 3 1n any hea

5. 16 JUL 20Q%:int A% s |de@d hRindQr ¢S, cbﬁggeeeaglgﬁ glt ai dﬁ ithe nost

satisfactory quality at the head noving step anount T=3 when the inmage is

formed wisth a resohitd of Hfuddd ¢piuaTozREQ¥R. 1 t ToanaURbee! kR valaty on
is further 5 nade. As the subjective eval uation, one-to-one conpari son

(alternative evalnsat idfe ofs Y@sa i 8Pl 268 PRdg B¥na physalrily of aRel S
with respect to a pair of objects. CGenerally, all conbinations: :

nC2:n(n-1)/2, graLheaked, lefh@m%@Qnéhﬁr@@d@ﬁcQésinthhﬁ“% ckdtER&
results are shown in the grap f FIG 6. The graphs g6, g7, g8

respectively shamd heoreval mineonsthbeayshaeest ypeshef bhnk ffellteut akeads
havi ng di fferent sizes and shapes of the jet-out ports. Evaluation is nmade
in such a scor imegninetried), ttted ingeocapsuneé Pivehelhuinant bge magehailgeri or
in quality and a zero point is given to the image inferior in quality.
Accordi A§ly, t i fifeare feommithe aimighedeteotednkrnsehigh Bndquality. Since
t he hi ghest evaluation score is given at the head noving step amobunt T=3 in
t he subj ecti ve tEpdIsHttitad ©m thee biayhest i nage quality is obtained at T=3.
As described above, the subjective evaluation results nade by peopl es agree
with the objective &N (RTINS estn® siBageufareddbynsFaGl-abi das It is
therefore successively proved that the head noving step 25 anmount T in
accordance wit Fﬁ?Q%&ﬁﬁqﬂ(§W%ﬁﬁtﬂ%eQﬁg%u%%nt@@EUQflﬁgﬁléﬁtééﬁaﬂe

effectively detennl d FIG. 7 sh(%c t he head nDV|n9 step anount T versus
(pitc L of the ink jet-out ports 33a of the ink

15 jet recording head 33. 1In this case, the ink jet
recording head 33 moves by 3 X L/2 in the rotation-
shaft direction of the drum 22 when the drum 22 rotates
once. In other words, the head moving step_aﬁount-T is
set at 3.

20 In this case, at the first rotation of the drum 22,
pixel dots 51 (indicated by an open circle) are printed
by jetting out ink from ink jet-out ports 33a of the
ink jet recording head 33. At a second rotation of’
the drum 22, pixel dots 52 (indicated by hatched lines

25 declining leftward) are printed by jetting out ink from
ink jet-out ports 33a of the ink jet recording head 33.

If the image formation is formed by printing pixel
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t =20 1 6 JUL 2002 the evaluation amount for two types of imges wth

resol utions of 300 dpi and 600 dpi, respectively. Mire specifically, a
graph g9 shows an inmage with a resol ution of 300 dpi. A graph gl0 shows an
image with 5 a resolution of 600 dpi. The | owest evaluation is given at the
head noving step ampunt T of 3 in the case of 300 dpi resolution, and at

t he head noving step amount T of 5 in the se_of 600 dpi. As descrlbed it
is found that the nost suitable 10 head novi ng “step anount T varies
dependi ng upon the resolutlon of the forned i mage. Therefore, if the head
noving step anmyint IS coniro accprdance mn t he resol ution of the

printer to be usoer]:c? §hé"§ one% d%%v?()r d*PnPPRE*MoSt tﬁ’r &PEMEA™ quality

forego g, an SR dtnl Mg PR Tefo LRI 8k, THeRRATN Y WE B the
h k d h

D ural £y of ?e'ycorads Eggseg‘#“enen AR i e Tl S R

the rovation shable ealin ofy | endr 4ing2saHoueyeh, the Bk dsturinter

is not limted 't ent I nventi on can urther applied to an

ink jet eolor i n 1 ui f.Qur
i nk ] et ?ecordﬁﬁg%ﬁa’ﬁ%&fﬁﬁaﬁ B TR ETRAPRS 5 59%6.‘% Ptl*é

recording el engmis ayd mmlahdlm&@ds@ﬂggsmv@el Ysi @hEQ%f%%at' on shaft
direction of the drum 22, as shown in 16 JUL 2002 - 21 1In this

case, the ink jRIsdi®A@ dNGNeat-S3dhd Sregblationehhawto gu% prefs o &he
recordlng head 332 is set at "Cyan", the ink jet recording head 333 is set

at "magenta”, amchdedratRin eSO ehNgohradn384ntensehtabnd dileadle, and
t hen, these recording heads nay be driven on the basis of the head noving

step anount T Whirelyulardeherdd nek | inlEofeespabdpoeest @3hhenspacief iagidf eat ure
of a human visual system in the sane way as in the case of the ink-jet
recordi h§ headsdBpel byt hictadaisey tilie tdreud Oféwunumhkrj ef témesdi md theads
331-334 are .nounted on the reciprocal noving nechani sm 35, they can be
control | ed si mihtawesudity that the image quality is improved and the

time required for image formation can be réduced. |

Now, we will describe how to determine the head

moving step amount T.

15 In general, a figure showing concentration
distribution of pixel dots printed by the ink-jet
printer can be approximated by means of "Gauss
distribution", which is often used in analysis of
natural phenomena. In the case where the coordinate in

20 the arrangement direction of ink jet-out ports 33a of
the ink jet recording head 33 is represented by x, and
the coordinate in the feed direction of the récording
paper sheet 25 is represented by y, the concentration

distribution function of image data can be given by the

25 following eguation (1):

. : _ 2 _ 2
d(x-x0, Y-¥0) = Dpax exp{—Z{i(x axoj +(Y—JQ-J }} e (1)




I n" the af orenentioned enbodi nents, we expl ai ned the case where the ihﬁgﬁﬂigmz
forngd Wi th resolutions of 15 300 dpi or 600 dpi by using the recording

head 'having the ink jet out ports arranged at intervals of 150 dpi. The

sanme expl anati on .can be adopted to the cases where the inmage is forned with

a resolution of 2A dpi or 4A dpi by the use of the recordi ng head having

ink jet 20 out ports 33a arranged at intervals of A dpi. Furthernore, an

i mge having a resolution of 400 dpi can be fornmed by using a recording

head having a plurality of recording elenents arranged at intervals of 200

dpi if the i di nghead i d hy the 25 pred ' mber _of, head
Tovi ng_ st eps. wHPCH o) BHBY e By TEREHER ST GUEGH B Fif (o RG pRESBAE

i nvention. 1=~ i .- 22 _.Simlarly, an, i havi ng, a_resol uti on of
800 dpi can beYPo%#éd%%g"3§Fn€Q§%i%gﬂ%ﬁ%% %e%ﬁﬁ%ggﬁﬁb’aaplﬂrgf?ty of
recording ele .arr.a t. i_nt | s 0] i_if.the_rec ing head
is nmoved by tﬂggéiﬁrgée?ggéi%gdahf cé?:H}q%g%dgﬁggF?%F§§%p%n§h?é% ¥s
defined by the ccording.t.Q t pr . i ny ion i m.arl an

i mge havi ng adgg%g?gtoﬁdngggp%%&lgrﬁl@g'an @g%lrérre%‘?%%/’ uéfng glnlflg%orxaleng

head having a g:gegleﬂg?nuéttﬁi%f £h@C U b@éﬁ&g@;@%{gp‘g@ ghntofervas of

180 dpi 1 f the recor ead is nov ned nunber of heat

moving steps whi-ghsbh dideilinad i iRm0 aocadinga g, tigepresent
invention. 15 Still simlarly, an 1nmage having a resolutioh o
aforementioned equation (1) is regarded as a minimum
unit for forming an imége. Hence, the entire image is
formed by synthesizing the concentration d;stributions
10 of the minimum unit. That is, the minimum unit may be
regarded as a basic distribution function fbr.image
formation. | |
For example, in the case where an area- :
modification ink-jet printer is employed as the ink-jet
15 printer, the basic concentration function depends on
Dmax, a and b (a and b are variable depending upon
respective tones). However, since.the dot concentra-
tion figure actually formed by the ink jet printer
" slightly differs from that of the Gauss distribution
200 - mentioned abéve, the Equation (2) modified-froﬁ the
Equation (1) may be used. FIG. 4 shows a éurve gl
indicating the Gauss distribution function in
comparison with a curve g2 indicating the basic
concentration distribution function for use in
25 simulation in practice. The curve indicateé é

one-dimensional function in the x direction.
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720 dpi can he fornmed by using a recording head having a plurality (}6 ’
recordi ng el enents arranged at intervals of 180 dpi if the recordi ng head
is noved by the predeterm ned number of heat moving steps which is 20
defined by the nethod according to the_pregent invention. In the
af orenenti oned enbodi mrents, we described the case in which the recording
paper is fed in the direction virtually perpendicular to the arrangenent 25
direction of the ink jet-out ports-of fth Lgk j\et recordpmig.- head while the
recordi ng pap i 10 aung th ur weovier,| ¥ present invention is
v - 23 ~ 8 Jﬁaédxs_t%&d%@{ Iirbjrﬁ@’é%)%%er (g., 95()? ()@mﬁg? t he[recordi ng
paper may be fed by bei ng nounted on belt conveyer etc./Alternatively,
the recording head nay be fed relative to the ink jet recording head by
noving the ink jet 5 recording head with respect to a record?ﬁg paper
i mmobilized. In th i i an 0 descri bed.,. the case in
whi ch the present ﬁﬁ%gﬁgﬂgﬁgﬁééﬁggﬁbeglggrﬁgﬁéﬁpﬁﬁ%?eg%ﬁrF%ﬂaheﬁ%ﬁﬁeer,
the present i j j iy, t 3 The_p ent invention nmay
be applied toqéﬁg% %%eﬁef\%ﬁngﬁ%% &Dggg{éggé?%ghﬁeggehé\%?ﬁﬁ a plurality of
LED recaqrdi ng 4l : i i i [ i.n t her mal
recordigg hea .Sﬁ%@%&}%?ﬁjﬁﬁﬁgﬁ%€n%fQﬁﬁe?ﬁ%% ?é@gFg?ﬁéegI§Xéﬁ$§ 15
arranged in |imng, jinter hayipg an edge-emtter recordi ng head
havi ng a pIuré?ﬁ%ﬁ%%iqééqgégﬁélngygfenents arranged in line. Additiona
advant ages and nodifications will readily occur to those skilled in the
art. Therefore, 20 theéﬁnv tigg igiits broader aspects is not limted to
the specific ddFa¥)sa r esent &t ide(xemzodiment s shown and .dedd¥)i bed
herei n. Accordingly, waﬁbq?soqubﬁﬁgations may be nmade without departing
fromthe spirit or scope of the general inventive concept as 25 defined by
the appended ehairesmand tdhel medseyabenpsxels ~tnbtHblarw@nédmehai s 1. A
nmet hod for operating an image formation apparatus that prints on a
recordlfg nedidime¢25pnbyfr ellad imetyjapvpogre Begprdi ng Bradn(@Bkrand s the
recording nmedium (25) in a direction perpendicular to a direction of a

pixels in the feed direction of the recording paper

sheet 25, and M and N are the sampling'numbers
(corresponding to dividing numbers of each pi#el) in
the x direction and y direction, respectively.

15 However, the printing positions of the pixel dots
are shifted from right positions in most cases by the
irregularity of the ink-jet ports 33a in size and shape
which are formed by causes in the head manufacturing
step. Therefore, in consideration of error eqﬁations

20 - g(x5) and h(yj) of the pixel dot recording portion in
the x direction and Y direction, respectively, the
pixel dot recording position is represented by the

following equation (4):

M N m n :
25 e1lx, ¥) = 3 3 > Dl di(x=(xy+g(xi)), y—(yj+hiyy)))
x=0y=01=03=0

(4)
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recordi ng head | ength, thereby causing recording elenents of said recording

head to eject ink onto said recording nmedium (25), wherein said inmage
formdti on apparatus relatively noves the recording head (33) and the

recordi ng nmedium (25) repeatedly nmultipile tines, said recording io head
(33) is noved a predeterm ned noving anount in the direction of the-
recording head I ength every tine the rqporf}ng_head (33) and the recording
medi um (25) are noved, thereby printing dots at a pitch snmaller than an

i nterval between the recording el enents of the recordi ng head,

characterized in that, .said recordin ead (33 rints on the is recording
nmedi um (25) in a firgst éhﬁrﬁaﬁﬁxﬂﬁhqékfgﬁ}ﬂéré%%gﬁiﬁ@gﬁééﬁ ¢33 is noved a -
pr edet er m ned @E%iﬂ% agount T x LQK in, the direc%iﬁn of the recgrdLng head
length by novi hg SRERSY(SHRSS & ndqPoieRs sedahi hEeI4RR Y naR2 1y sig

recordi ng head, (33 rints.on _the recordj medj um (25) in,the sane nner

as in the firs%gpoiﬁgegg&ﬁ% e RS 1af#€g$§enﬂg?% ?%8“%6 Facgfﬁﬁﬁﬁ head
(33) and the regording nedi . int di rection. perpepdicular.to.the

di rection of ag%egoro |n§%g\éaa§11%§%]t hé}%*aglr e##lr %?%Vé iﬁ?g?\’/a%kﬁep\ﬁééﬁ t he
recording ele .S [ f : .greater_than 2,.T x L/Kis
a pitch gna||2§8?§§R%E?%§gﬁddg%§'ef%ﬁ%#ﬂgdbﬁ%€§ﬂgﬁaﬁ%u% ?ﬁgg%Tl§ L/ K when
the dots are pgi i / i , . [ S a head noving step
amount whi ch C(%F?)gggghggldt gygt%%ﬂif%%%ﬁln%%ﬁ%%%é Eg)érmunt of an
integration of products obtained by nultiplying a spatial frequency
characteristics of a fornmed i nage d a sgg ia$) frequency characteristics

of ~visualizatiogn., s_2. A pethod acq@rding claim1, characterized in that
the spati al frgi(?dﬁﬁ&‘@)cﬁ mex TR} T dggao}t i nefl by Fourier-transfledning a
conposite function or a concentratilon distrilbut|on function of a forned one
dot and a function of each dot shifted froma regular formng position. 10

3. A method accor di pgrithedhina, 2, t0iHACIé 26k i HftPRE phRetORBENtrati on
distribution function is given by: ~1.5dl ~x --x0 ~Y - Yo ~ = Dmax exP -
0.9a0 +1@. 960 =ecwohdiagDpaxitdoa mmtiondurconberdt dn pntval ue, x is an
arranged direction of recording elenents, y is a feed direction of the
recordi ng nmedi aancerbrandopodase rabugdtompasi titmnssywithies sz¢d beager ired, a
and b are constants representi ng expansion of distribution in x and y
directions. 20represented by the following equation (6): . ' :
.AU. AL. A AS. A. Afy. A9. Ae. A A A AU A[. AM Al . A . A. A& AD. Ae. A AU. A5. A r. A@QAFY .
#; <X w~-QFj _

"(\| wmhc”Y] ca] ca] ca] cghcafta] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] cRg é{@a]:caﬁa] %&%ﬁéd’éaTE}i‘ﬂ Xy p e (5% '
x=01=0
15 Since the human visual system can be regarded as é

filter passing frequencies within a certain band zone,
convolution of the spatial ffequency characteristics of
the image and of the human visual system must be
carried out. The convolution made in the frequency
20 space results in a product of two functions as shown in
the following equation (7):
G(u) = E(u)H(n) (7)
1 : frequency
H(pr): spatial frequency characteristics of

25 visualization
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25 are used.

The evaluation amount is the lowest at the head

moving step amount T = 3 in any head of g3, g%i, and g5.
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10 _ The results are shown in the graph of FIG. 6.
The graphs g6, g7, g8 respectively show the evaluations
when three types of ink jet-out heads having different
sizes and shapes of the jet-out ports. Evaluation is
made in such a scoring method that two points are given

15 to the image superior in quality and a zero point is
given to the image inferior in quality. chordingly,
the image earning a higher score means high in quality.
Since the highest evaluation score is given at the head
moving step amount T=3 in the subjective evaluation,

20 the highest image quality is obtained at T=3.

As described above, the subjective evaluation
results made by peoples agree with the objective
evaluation results calculated by simulation. It is
therefore successively proved that the head moving step

25 amount T in accordance with the specific feature of
human visualization can be effectively determined.

FIG. 7 shows the head moving step amount T versus
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the evaluation amount for two types of images with
resolutions of 300 dpi and 600 dpi, respectively.

More specifically, a graph g9 shows an image with a
resolution of 300 dpi. A graph gl0 shows an image with
a resolution of 600 dpi. The lowest evaluation is
given at the head moving step amount T of 3 in the case
of 300 dpi resolution, and at the.head moving step
amount T of 5 in the case of 600 dpi.

‘As described, it is found that ﬁhe most éuitable
head moving step amount T varies depending.upon the
resolution of the formed image. Therefore, if the head
moving Step amount T is controlled in accordance with
the reéolution of the printer to be used, théiimage can
be formed in the most preferable quality in.cbnsidera-
tion of the specific feature of human visualization.

In the foregoing, an example of the ink jet
printer was described which has the printing mechanism
34 equipéed with an ink jet recording head'33 having
a plurality of recording elements arranged in line and
being movable in the rotation shaft direction of the
drum 22. However, the ink jet printer is not limited
theretdé. The present invention cén be further applied
to an ink jet color printer having a printing.mechénism
341 equipped with four ink jet recording heads 331, 332,
333, 334 having a plurality of recording elements
arranged in line and being movably in the rotation

shaft direction of the drum 22, as shown in FIG. 8.
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, YMLOH & () - 1:914( éf‘n.rn(a)ge': is 1@0%4 )WJIJEI']’Q a resolution of 2A dpl or

4A dpi by the use of the recording head having ink jet
20 out ports 33a arranged at intervals of A dpi.
Furthermore, an image having a resolution of
400 dpi can be formed by using a recording head having
a plurality of recording elements arranéed at'intervals
of 200 dpi if the recording head is moved by the
25 predetermined number of head moving steps whiéh is
defined by the method according to the present

invention,
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[10% & () - | $#4@¥éed) P¥ the method according to the present

invention.
Similarly, an image having a resolution of 360 dpi
can be formed by using a recording head having a
10 plurality of recording elements arranged at intervals
of 180 dpi if the recording head is moved By the
predetermined number of heat moving steps which is
defined by the methoa according to the present
invention. |
15 Still similarly, an image having a reselution of
720 dpi can be formed by using a recording head having
a plurality of recording elements arranged at intervals
of 180 dpi if the recording head is moved by the
predetermined number of heat moving steps which is
20 defined by the method according to the present
" invention. |
In the aforementioned embodimerits, we.described
the case in which the recording papef is fed in the'
direction virtually perpendicular to the a:rangemeﬁt
25 direction of the ink jet-out ports of the ink: jet
recording head while the recording paper is‘weund

around the drum. However, the present invention is
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may be fed by being mounted on a belt conveyer etc.
Alternatively, the recording head may be fed.relative
to the ink jet recording head by moving theliﬁk jet

5 recording head with respect to a recording paper
immobilized.

In the embodiments mentioned above, we described
the case in which the present invention is applied to
tﬁe ink jet printer. However, the present inventiqn

10 is not limited thereto. The present invention-may be
applied to a printer having an LED recordiﬁg head
having a plurality of LED recording elements arranged
in line, a printer havihg a thermal recording head.
having a plurality of thermal recording elements

15 arranged in line, and a printer having an edgé—emittef
recording head having a plurality of EL recording
elements arranged in line.

Additional advantages and modifications will
readily occur to those skilled in the art. Therefore,

20 the invention in its broader aspects is not limited to
the specific details and representative embodiments
shown and described herein. Accordingly, various
modifications may be made without departing from the
spirit or scope of the general inventive concépt as

25 defined by the appended claims and their equivalents.
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1. A method for operating an image formation apparatus that prints on a
recording medium (25) by relatively moving a recording head (33) and
5 the recording medium (25) in a direction perpendicular to a direction of a
recording head length, thereby causing recording elements of said
recording head to eject ink onto said recording medium (25), wherein
said image formation apparatus relatively moves the recordlng head (33)
and the recordlng medium (25) repeatedly multipile times, said recording
10 head (33) is moved a predetermined moving amount in the direction of
the recording head length every time the recording head (33) and the
recording medium (25) are moved, thereby printing_ dots at a pitch
smaller than an interval between the recording elements of the recording
head, characterized in that, said recording head (33) prints on the
15 recording medium (25) in a first point scanning, said recording head (33)
is moved a predetermined moving amount T x L/K in the direction of the
recording head length by moving means (34) in a next point scanning,
and then, said recording head (33) prints on the recording medium (25)
in the same manner as in the first point scanning by relatively moving the
20 recording head (33) and the recording medium (25) in the direction
perpendicular to the direction of a recording head length, wherein L is an
interval between the recording elements, K is an integer equal to or
greaterthan 2, Tx L/K is a pitch smaller than L, said predetermined

moving amount T is T x L/K when the dots are printed in L/K pitch, and T .

25 is set to a head moving step amount which corresponds to a minimum
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10 3. A method according to claim 2, characterized in that the concentration

distribution function is given by:

2 21.5

X=X, Y=

d\(x = %,y = ¥,) = Dy €Xp§ — s+ 0
l(x X0s Y yO) max XP{ |:( 09aj (Ong:I }

15 - where Dmay is @ maximum concentration value, x is an arranged direction
of recording elements, y is a feed direction of the recording medium , x,
and y, are offset positions of dots to be formed, a and b are constants

representing expansion of distribution in x and y directions.

20



