;e3e<j V62T pc _ , _ TITLE OF THE INVENTION 1 8 JUL 2002 | MAGE FCRNBIMQNZWZ

. APPARATUS " 166166* BACKGROUND OF THE | NVENTI ON The present invention @é
relates to an inage 5 formation apparatus for formng an i mage by printing
dots while feeding a recording nediumrelatively in the direction virtually
per pendi c Minear arrangenment direction of recording el ements of

t he recor%“\@@“\“ﬂwm\\“\mg As an exanple of the image formation apparatus of

this type, ventionally known is an ink-jét type line printer. Such an
ink-jet type i printer has a |ine recording head consisting of a

plurality of ink chanbers arranged in a main scanning directi i a
line direction) and ink jet-out PEITIE COF rESPOIMVENTIANt he i nmm\nmmwmmmho
inmprove image quality, it is necessary to formthe ink jet-outports In the
sane size and SHEMFEGRAIRDRMATZIQe APBARATUS he sanme intervals (pitch&&y®
However, in practice, it is difficult to 20 formall the ink jet-out ports
identical. If the ink jet-out PACKSROUNDeOFi MHE RYHENFAONf act uri ng step
slightly differ in size and shape, the difference in size and shape has an
effect on anobunts andlhi recesems bivémki¢etréhgtesttéram ihagenk | et - out
ports. The 25 resultant inmage is non-uniformin concentration and thus
degraded in qualfiaspathon mRpArFEEs dempferning AIG iMage NPy Hergaseng ' ' 18
JUL 2002 - 2 where ink is jetted out fromindividual ink jet-out ports 2
of the line recsiishg'Mel feehinhed ERROFHIMMAHET N ¢t 5¥AkY di  eBR® on,
ink dots 3 jetted out fromthe ink jet-out ports 2 will_be identical. 5
Consequent |y, pikdedah 57 ifityally RETRIRATTH #ent? cil L S1SRE 2REF #RFRTL i on
on a recordi ng paper (recording di u 4. As a whole, the forned, inmage is
uniformin concéﬁgpéf$%ﬁﬁcq%PQN t??ﬁégqmﬁﬁéV%¥?m?Wﬁ§i$% FRe - TREOLHHEE 2 of
10 the line reccollrdgfﬂg head 1 are fornmed irregularly in size and shape, as
shown in FIG 10" %te ink dots 6 jetted out fromthe ink-jet ports 2

therefore differ in jet out amount and direction. As_a.result L xel dots 7
printed af the recor dihg baBEITEL i 71 ¥ 1T L7 98 SRETA6! A r RDFERCCT 1S uch

dots are overl agﬁfz}[ds m’siﬁvoq{‘yen&&{ﬁll& ggrgvggtjhg grprmgﬂé%\@e{a}gﬁ%i itJ:'ané he

dots are printe mely larger interv an requir

stripe is for ”E(iari%ﬂ.e_SlﬁJ@H‘taﬂ @Q@jét Wbémiif{?é f‘%:}ih%cﬁé‘é rat] pe 20
To suppress imge formati on non-uniformin concentration as nuch as

possi bl e, known yietcrd3eiy Hladreidis hawn dn L1Fuddiidy dhi spwet hod,
assum ng that a line recording head 11 consists of, for exanple, eight
ink-jet ports 1Zhdmeedd nerdaeding heedidlsdénning direction (i.e.,
15 a line direction) and ink jet-out ports corresponding
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 intervals
(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 in concentration and

thus degraded in quality.

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



25 controll'ed by nmoving the line recording head 11 in an arrangenenty8 JUL 2002
-direction of the ink jet-out ports 12 (recording elenents) while a
recordi ng paper 14 is fed "' ~1 6 JUL 1002 - 3 repeatedly in a
direction virtually perpendicular to the arrangenent direction of the ink
jet-out ports 12, nultiple tines. In this case, since ink dots 13 jetted
out fromink jet-out ports 12 differ in jet-out amount 5 and direction, an
image is forned on the recording paper 14 (Wounmd around a drumthree tines)
by printing dots alternately up and down in a staggering manner while
controlling novenent of the line recording head 11 at every round. 10 In

ot her words, at whéresinkoismd]jettedeodt ufivomi isdivodaalr ihki f&tjeutout
ports 125 to 12g fromthe right hand side of the line recording head 11 are
used. More specipdoxts |3, of hehe nkipetrecergongshead anénlipleagemased to
print dots of odd lines, whereas the ink 15 jet-out ports 126 and 12g are
used to print doamowit et innehke semg dbrepbiebundnbfdehe 4rdaftede |ine
recording head 11 is _slid rightward by four pitches_of the ink jet-out
ports. At this t9We, fEPM thi jok-5RE-QeEtRONDS 2ovWidh BE tHeNFiw@lrecording
head 11 are used. 20 More specifically, dots of odd Iines are printed b

I . s y
the ink jét-out GRR$IUSBLLIYpaL1dSE dABy Skt bake dBY§nEpdevBnifPRELCAt e
printed by the ink jet-out, ports 121, 123, 12&, 127 At a final .round (third
round), the |ine®t%® d?%?nélﬁ%%ﬂlﬁﬁ P] Q| FECPEFtRGr PRPGRt WAFTICRFBE f our

pitches of ink jet-put ports, In this case irst to fourth ink_jet-out
or o 121 124 1 EAEHE) PEr ¢ i steler ot e cboFArg: Sradet 18 HAKEPER. Bil
ports 121 and 16 Jq% 2002 - 4 123 are used for printing dots of odd

lines, whereas tHhe 7Tk f%?l%ﬁt-ports 122 and 124 are used to print dots of

even lines. In the reggrﬁ}gggg?ghog89évggistﬂgpgnknggbguknggiFgeg-8$tthe

ports 121-12g are irregufar ofmed rnsfze and s the ect o

rregulanigy in sigerad s0abea oy Aead RS L OLSEALQN EBEgh e0LYT 09 paper

14 is reduced in ha a resul | ac te stripes as shown in

FIG 10 are not yjsdblgacdRapdy. as0sHOANEE FE@IC1HOr MBkLOMLROJoHAI Ormin
concentration can be suppressed. Furthernore, another control nethod is

known whi ch is cpacesdeshid £Foh NEh€ashRgjdt M eSLLEL 2 OPhet8fbHE OREES! in
met hod, the line recording head 11 is slid in 15 the arrangenent direction

of the ink jet-ojdt pout Sarlduly dAK dlréstaonarrangeneatul B epyvakl ofiotge ink
jet-out ports 12), while the recording paper 14 is repeatedly fed in the

di rection virtual lyrietednoh ctharrécotdengrpapgenendififeecinosisé &hé ink
jet-out ports 12,

15 direction. If such dots are overlapped excessively, a
black stripe is formed, whereas if the dots are printed
at extremely larger intervals 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 paper 14 is fed



20 mul tiple tinmes. In the case where the recording paper 14 is wound1 8" S92
. the drumtw ce, pixel dots 15 (indicated by hatched |Iines 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 |ine
recording head 11 is slid rightward by L/2 (L is an arrangenent interval of
the ink jet-out ports 12), and then, recording pixel dots '~ 6 JUL 2002
- 5 16 (indicated by hatched lines decl+niBg teftward in the figure) are
printed on the recording paper 14. In this manner, the resolution of the
formed image is inproved twice as high as that of the line recording 5 head
11. As descri bedepaatteilyi nage fdirmeadt iom neitroch ¥lor peqpend igp ltde to
resolution of the image by controlling the novement of the lIine recording
head 11, if the tihek adotasigestardd ddutedtriom tdfe tihek jrék -jmit-qouor teoxts of2 4 he 10
line recording head 11 differ in jet-out anpbunt and direction, the black
stripe (which i sWflgripd® Byimesces sirvdihisovv@deapd ingaldink tdetis rlequieted and
the white stripe (which is formed by printing dots at intervals which are
excessivel y far Ftorfr@at Hndt Hat-P3t T b did i eyl e ta P WhaRPyH: FI G
13. As a result, the obtained image is non-uniformin concentration as a
whol e. To2over c {Hize st e@D (1M3%e dohiraret Ihdthe e’ s f or med
by two control methods in 20 conbi natjon, as shown in FIG 14. Cine is a

control nethod BERG it teunhe& & e ddZee i N8 l BY RYANT s an
arrangenent inte valagl&the iegfjet-o%f9 orts, 12 qc??crjthe. other is a
control method 99 %hiaF IR e Wt idte VM 1k & St Tt Ph SeteF
alternately 25 up .and do in.a_staggerin r. ;1o be nore specifig¢, at
a first round o g drcﬁ\r,\ﬂﬂrﬁ%éngd e go‘caﬁ('ncncjleedhﬁﬁ/e ge?caq]ic}lcr{e)g %ﬁcgrn in

the figure) are e S 2002 - 6 printed on the recordi ng paper
14. At a second 1r101?r;cd eaffertlyhg“ojl?{ll?m the line recording head 11 is slid

rightwardoby L/ 2, andfhen e P qdlot ]% ﬁrielz%ér ﬁ&% Rye é:f‘@f{ll“ ne

declining rightward) ‘are printed on the g paper 14. At a third

round of the druymrdied iR el NRdRAR Thits Sl'j%d dariNere Fdnghinpar d by
L/ 2, and then, pixel dots 19 (indicdted by hatched |71 nes declining

leftward) are prdifredhaNd & ifuidh greund i Ade @iy Hy liinedeeaddti ng
head 11 is further slid 10 rightward by L/2 and then pixel dots 20

(i ndicated by aMdiid epididiedlny,heHd gule)jer-ouy ipdesd aned hd ecoy di ng
paper 14. In this manner, the resolution of the inage is inproved tw ce as
hi gh as that of atdee dsiede toe pariditnglasad £1 bddAtl itrfes s arhedawe thehea rikmge
15 jet-out ports 124 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 time, all ink jet-out
ports 127 to 12g of the line recording head 11 are used.
20 More specifically, dots of odd lines are printed by the
ink jet-out ports 129, 124, 124, 12g, whereas dots of
even lines are printed by the ink jet-out ports 12,
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 127-124 from the lefthand

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



15 formati on non-uniformin concentration due to irregul ar arrangem!ﬁt J‘&‘r w2
-the ink jet-out ports can be succes sively suppressed. However, the

af orenenti oned controlling nmanner has a problemin that it takes tine to
formthe inmage 20 since tine required for inmage formation i s doubl ed
conpared to the control nethod only for increasing the resolution. BRI EF
SUWARY OF THE | NVENTI ON An object of the present invention is to provide
25 an image formation apparatus capable of Bnproving i mage quality by
suppressing i mage formati on non-uniformin concentration due to
irregularity in size and shape 1s ~u~ 2002 O ink jet ports, and
capabl e of reducidy aremmgeshuiardfiort inagtorofitodd JAwes di wigeveasne
aspect of the present invention, there is5provi deda nethod for operating an
i mage formati ondgpariatusidtatoytr-ipart onl 2p ravdr il npredised byo print

rel ativel ynovi ng arecordi ng head and the recording nediumin

adi r ect i onper perffiteulaf avwem Min’scti on of a recordi ng headl engt h, t her eby
causi ng recording el ements of saidlOrecordi nghead to eject ink onto said
recordi ng nedi um , whekei e F¥hRd e Haed onf apphs atvkRer el bt Fhel ynkoves

t her ecor di nghead, and the recordi n% medi um r epeat edl rru%i | etjmes, said
recordi ng *head iXeTed BRFtedeter M e A Tfovi Y ifPHHeE dt? e€1¥9n of

t hel5recordi nghead, | ength every tine the recordi ng head andthe. recording
medi um are movedid %tei#geccfot At V¥ thaitdn #terval

bet ween t he recor,di ngel enent sof the. recordi n%_i head, characteri zed](j‘ nist hat ,

sai drecordi ngheasc]”kﬂ !ﬁr% tlﬁ’baqeecfoor]a‘?% i1 }Eﬁnﬁ%coar Jrr?%t%%?n
scanni ng, said r&c&%hd;%er{g%?aglif.s rK)ved ],_aet)értl_h et e, %eﬂvam_mygt T x L/K

in the direction o ngheésdqeng 'y Toving fmeans i n a nhext

poi nt scanni ng, argdutirbeéb ﬁiﬁ%&ﬁc%ﬁi%’?ﬁ%nﬁ%rﬁ L dherecordip ; ?%%m in

ot
the sanme manner as 1'n the first poilnt by relatively novi

recordi ng ghead anghd hgage £ rdnldds AP A £ e;ig-glé%%mﬁ‘tf&? digection

per pendi cul ar to the direction of a recording engt wherein L is an

i nterval betweend %g}ﬁ@s@mg el ements, Kis an integer equal to or
greater than 2, T x L/Kis a pitch smaller than 5 L, said predeterm ned

nmoving armount T is T paddHemkre [ hinsitisr assnPré nteschdd LI K phdwh, wadeh T s
set to a head noving step anbunt which corresponds to a m ni nrum anount of
an integration dfs podwairedbtiaimdhdneaniig @ weargp lautsipat i al 14 riggeiency
characteristics of a forned i nage and a 10 spatial frequency

characteri sti cs cembricdualetdatd ,ortheAddoradirepdiol ire resspectl aofs tdikeigpriasent
invention, quality of the inage can be inproved by successively suppressing
15 i mage Y5or mat ithe morrangeienh idi newicaTt ref itdre duek tiet+mt rpegs akt2ty of
ink jet-out ports in size and shape. Furthernore, tine required for inmage
formati on can b®¥ ddicdd i amdFnnBENIY; ddteriidl ffv ditagask ofettaut

i nventi on. . ] .
ports 12), while the recording paper 14 is repeatedly

fed in the direction virtually perpendicular to the
arrangement direction of the ink jet-out ports 12,

20 multiple times. 1In the case where the recording paper
14 is wound around the drum twice, pixel dots 15
(indicated 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



16 JUL 2002 will be set forth in the description which follows, and 4@ JuL 2002
. part will be obvious fromthe description, or nay be | earned by practice of
the invention. The objects and advantages of the invention may be realized
and 5 obtained by means of the instrunentalities and conbi nations
particularly pointed out hereinafter. BRI EF DESCRI PTI ON OF THE SEVERAL

VI EWs OF THE DRAW NG The acconpanyi ng draw ngs, which are incorporated in
and constitute a part of the specificatioen, 5ill-ust 10 rate presently
preferred enbodi nents of the invention, and together with the general
description given above and the detail ed description of the preferred
enmbodi ment s gi vers bel rod.c Stesd eby chexphad nl 1 hes pdéatipleg déftherdnyantion.
15 FIG 1 shows a main portion of an entire structure of a printer
according to an Emdoffiguerd) cdré¢ her pmeséndni tenteoord Eh@. p@pes a4vi ew
showi ng arrangenent of the ink jet-out ports of the ink jet recording head
accordi ng 20 t helrentod meanner] Ghg resalwieonshbwihg foemed| anpgashsp
between a noving step anount of the ink-jet recording head and pi xel dots
printed on the ridtereNed pabee atdokdh ngst bhaheobnbbeli hbhe; resomlEngs is a
one-di nensi onal concentration distribution curve show ng a Gaussi an

di stributi®on fu@3®bnlkurve and a basic concentration function curve ~ 6
JUL 2002 g _ of the ink jet printer; FIG 5 is _a graph show ng the head
novi ng step amount ve@%u%eﬁ%%lB%?ec%Pth%véWﬁﬁ?iBﬂrmﬁEhOPh@eFnglGPFon is
300 dpi in the enbodinent; 5 FIG 6 is a graph show ng the head ving step
amount ver sus tr&?gﬁﬂﬁ¥ﬂﬁiRﬂ?eﬁ&ﬁ?&ﬁ?%ﬁpvﬁéng?ﬁelmﬁg%95¥i%ﬂnF§°§g8nﬂpi in
the enbodinent; FEIG 7 is graph showi ng_t he head noving. ste unt. and
the objective eVAlTATHHITH: (96 TiSeb A0 FHEPEITRE FeR0l tir ohb BP8 30b dpi

and 600 dpi int mbodi nent . FIG 8 1S a view show n gist_portion of
an entire structél]o‘ratego}e%gtegarai% %ré%%nt‘:o?]lc’i?nbn}f 03%\#1 ?lﬁ%rp%r %dli%e%f J(é)}%let he

present ijyenti %@H%@{%&d&&fh&d’iﬁi’v &PPf\é:F'gir"f‘“'éeE'—e&'lti yn%"éﬂ@d by the

ink-jet printer; S a view show ng an 1nmage forne he 1 nk jet

printer when the; {,Qrdiethd T8GR, 1151 00 $KU198 M s GONEENESARL ANy 20 FI G 11

is a view for explalning howto contr a cohventional 1nk-jet”printer in

order to SUPPressakd fRIG, fdlfé@ltéﬁ'i&frh&@é ORI | P GOPEERT T &hdOPRe FI G 12
is a view for explaining how to control a_conventional ink’ jet printer in

order to enhanceyrid astifid OfwiPfcanid Me@ened | By F8ihSing Vdews f 9F _
expl aining problens in the case where a conventional ink jet printer is
controlled ~ Snddr(¥? 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 method in which
dots are printed on the recording paper 14 alternately
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 figure) are



- to for inproving a resolution of an image; and FIG 14 is a view fo{g JuL 2002
S

. expl aining problens in the case where a conventional ink jet printer
controlled for suppressing imge formation non-uniformin 5 concentration
and for inproving a resolution. DETAI LED DESCRI PTI ON OF THE | NVENTI ON Now,
an enbodi rent of the present invention will be explained with reference to
FIGS. 1 to 7. In this enbodinent, the present invention is applied to an 10
ink-jet type line printer. FIG 1 is a viewbshowing a main portion of an
entire structure of a printer. The printer has a main case 21 housing a
drum 22. The drumis rotated at a constant speed in the direction indicated
by an arrow 15 ipriheedigurehe Arecendinggprpeper 125 (Atcardengndedoumyl to be
fed through paper feed rollers 23, 24 is wound around the drum 22. A paper
feed cassette 260fsthetdeani othdel boetoarpodingnheadt he #ai dlidse 21.
Recordi ng paper sheets 20 25 nmpunted on the nmounting plate 27 of the paper
feed cassette 26rightwdked kyitLohe apdowkerndrsspl dotshéBphpedi¢etedrby|ers
23, 24. On the other hand, the recordi ng paper sheets 25 can _be manual |y
fed through a_nehtBfhedeting dealindngnrtahteard] t2uetBrantedenabrbe2s side
portion of the main case 21. The manual ly fed recordi ng_paper sheet js also
sent to the papefCFREHRYIPRPLr 28Y - 2442 stRLE  TPRRY gglF ¢ dpUMNGERet hat

1 6 JUG 2002 - 11, - f i [ 31 j ible f

sui tchi ng the pabtPS FEEEP TR BSNERH bEL L{E%t?ﬁ?ﬁgiauﬁh%ﬁ?iﬁﬁ’é?ér%i*ayE%(?er

2S and b h f.eed | 0, ' 2.1

fo face b the Grilt 22 o mnaoLral gats off of - i Tat PashBnarbra=Fof “BBkor bi ng

the recording papsiy phest EocLeddfr oghuthiepaneral cedebolLEr sogda 2¢. on
ur pfrinti e

t he drum surface. ernore, a chanism 34 1s arranged so as to

face the drum th%%h@r {;E%%‘glf%&hf‘é‘ééﬁfrg%hﬁéaéolf‘”ié nfﬁi‘@ﬁ?feﬂ)f.&i

i ng
head 33 havi ng urali recording e nts arranged 1n I'irnes. The

printing jechani sigBd.dsq ;Qaa?}f éﬁkﬁ%}{i@ﬁ%f‘ié‘ﬂ &&@@E@§ pLAGDg E@a‘thhe

direction (i.e., along a ation s of " the drum 22 erefore,

recordi ng paper 25~ﬁ§téeéhﬁéﬁé”iﬁ-Qﬁé?ﬁi&@ﬁepeéPgngiﬁﬁiéﬂ &Q the recording
el enrent arrangenent direction of the ink=jet recording head 33 by rotation

of the drum 22. déeoiding E{Sadé@ﬁobﬂi ngrheagi S3madge A, PEhe atésdyletidbnk | et
ports 33a (serving as recording elenments) 20 arranged at intervals
(pitches) L. | nkothembelmags eid oimpcbeod respondasichighi ak fledt ot posts
13a. The printing nechani sm 34 consists of a reciprocal
line recording head 11. At the same time, the image
15 formation non-uniform in concentration due to irregular
arrangement of the ink jet-out ports can be succes-
sively suppressed.
However, the aforementioned controlling manner
has a problem in that it takes time to form the image
20 since time required for image formation is doubled
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



nmovwi ng mechiani sm 35 having the ink jet recording head 33 nounted theygaQuL 202
. motor unit 36 having a reciprocal 25 noving rod and a |linear notor, and a
back-and-forth noving nmeans 37. The ink jet recording head 33 is noved back
and forth by the back-and-forth novi ng neans 1 6 JUL 2002 - 12 37 with
respect to the drum 22; at the same tinme, sthe ink jet recording head 33 is
noved reciprocally in the rotation shaft direction of the drum 22. The

i I t f th k-j et di 33 tralle th
motor uni 1 3B WhtcH ShoPE (Ehe Te: CHEGBIC MoV P RO aCRah IR 3t e FOF

rotation-shaft direction of the drum 22. The drum 22 has a recordi ng paper
det achment mBASChAPILAGtd OBt achment nail 38, which is capable of being 10
i nserted between the drum surface and the recordi ng paper sheet 25. The
detachnment nail 38 renoves the recordi ng paper sheet 25 and discharges it
into a recordi ng paper sheet discharge neans 39. The recordi ng paper

di schar ge nearsoldicgngicstenefaspdet tofiStenpeyeendOinkeahibsa,i theort act
with a non-recording surface of the recording paper 25 and a pressing neans

41 for pressiprgviied eeor dichthopapeorsheglerd iagai kst tRedeel t cywRMEOHAO.
The recordi ng paper sheet 25 is conveyed by the 20 belt conveyer 40 to a

terninal end ?%agq%dyﬂghgpg%ﬁyﬁ%e48na@jﬂéE%kéﬁﬁﬁ”ﬁ%@fngH Orneéﬁ}%yﬁp

side face of mai n case resol ution of the I mage
cbparal s 1o pafhedl (LALLM SEL e 200 R AT Shetlpl e, o
{easreiogdhn lE%%%G%% §g¥%éﬂél ulalr%ﬁgrglngrggggo§3ogngeie%%rglégLGF (s
length, thereby causing recording elements of said
10 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 recording head is moved a
predetermined moving amount in the direction of the
15 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
elements of the recording head, characterized in that, said
recording head prints on the recording medium in a first
20 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 means in a next point
scanning, and then, said recording head prints on the

recording medium in the same manner as in the first point

25 scanning by relatively moving the recording head and the



a positive 'integer representing a head noving step anount) in the 1 6_JuL 2002

. rotation-shaft direction of the drum 22 when the drum 22 rotates once. The

head nmoving step anount T is determned in consideration of a specific 5
feature of human visualization. To be nore specific, a human eye is
characterized by a band pass filter which,passes only |ight having
frequencies within a certain band zone. Since the eye acts as the band
filter as nentioned, the imge captured by the human eye slightly 10

i ffers fronteRo Pihge RRADET cd By Foe: sl Ly hneRrebod co o b aihe For
exanple, the image formed in FIG 3 has a resolution tw ce as high as that
of the interdarecpieeh)of &f tREOrARNPetbord pPANEB3awbrreRd i hk 15 jadt
recording head 33. In this case, the ink jet recording head 33 noves by 3 X
L/2 in the ronéeirynlshaftwaln ethé oregrdiagdrelem@n henkKt hiss danmi22 egetrat es
once. In other words, the head noving step anount T is set at 3. 20 In this
case, at theehunrst toobat geratkrt haadr am 22x pi/xelisdat $i%th( isrdilQatred Hayn an
open circle) are printed by jetting out ink fromink jet-out ports 33a of
the ink jet pecandignghead Sdnifd ansecondahotiati eniaf 1t he dywmiBan Ripeel
dots 52 (indicated by hatched lines 25 declining leftward) are printed by
jetting out | fr i et—0 pert.s f ipk.j.et cqrdi ng

33. If the iﬁggg f%m??éh%%g 19%} rnj:?“élkb prllﬁ'ti tﬁgapifx]ellS S:‘Lé1§ ?fou€ ?%%gld
14 dots as nentioneg above, it %s Bossible to forman_ i,mage i rovgﬂé}
resol ution aRd'irR9qG&FP §TRHPER P CFaf8FTE§SPPRESMES! s TiPABIE FT AN

from human eyes. Mre specificall the drum 22 is required to rotate 5

Y, )
only for inpPBvi R§tEAELESHI uLToNPERAVRSE f SPLaRPFFes®Yi nGulhd PBIVAEY ard
white stripes. It is therefore possible to enhance the resolution and to
suppr ess t hespatige 1f dmetiancynorhamddor m i coneéner didmredubnage and a
irregularity of the ink jet-out ports 33a in size and 10 shape by rotating
t he drumié ewspunthel diretiusrey whhlkatherriesdikks bHatithelimageogual ity is
improved and the tinme 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 showi ng concentration distribution of pixel dots printed
by the ink-jet printer can be approxi mated by means of "Gauss
di stribution”, which is often used in analysis of natural phenonmena. In the
case where the coardinate in 20 the_arrangenent direction of ink jet-oqut
bor s 33a of ARELARES dt° ety APREChogd 9 S Terrbeenteanbyohs. i e
coordinate in the feed direction of the recording paper sheet 25 is
represented BY yhithel@dfgemdatPoniBPEPVEBUtIONSRERBEPHNCHY SR Sftid L an
be given by the 25 follow ng equation (1): 2 2 d(x-xp~ Y-YO = Dmax exP -2
Cx a QJ +LY bmege .formagion nom-MYifzQUP inilSonAarterdinnd i sluehet eraxtiheum
concentration value, x0 and

irregularity of ink Jjet-out ports 1in size and shape.

Furthermore, time required for image formation can be

reduced.

20 Additional objects and advantages of the invention.



y0 .are of f-set positions of a pixel dot; a, b are radii at 1/e2 of a‘@%L 2002

.in the x direction and the y direction, respectively. In this case, 'i
and y are 5 present within the range of one pixel, the concen tration
di stribution function represented by the aforenenti oned equation (1) is
regarded as a mninumunit for formng an inage. Hence, the entire image is
formed by synthesizing the concentration distributions 10 of the m ni num
unit. That is, the mnimumunit nmay be regaBded as a basic distribution
functi.on for inmage formation. For exanple, in the case where an
areanodi fication ink-jet printer is enployed as the ink-jet 15 printer, the
basi ¢ concent r atwionl fhencdetonf aketdents tne Diwscript bowd whicl Aoblldws arend
vari abl e dependi ng upon respective tones). However, since the dot concentra
tion figure act ual Ipaftorwield bBye tdievioks | Etomprim edes¢rghtigndi 6femsyfrom
that of the Gauss distribution 20 nentioned above, the Equation (2)
nmodi fi ed from t Hee Breatriash 4y )pragt bee usBdiherl Qivenshoms aTkerekigtts
indicating the Gauss distribution function in conparison with a curve g2
i ndi cating the td adoHtagentbrichy skpVoion Manchs oredbizedeadd 25
sinmulation in practice. The curve indicates a one-dinensional function in
the x direéction.cbtained hy memys OJIFhe ingtrumentyyl %19 and veymbippmy
exP - x x01 ~~Y YO O . 9a JJf O . : (2) The concentration
di stribution of ﬁ#@%)ﬂﬁ%%#%’??%&% e B S§hit hesi zi ng t he

o o0’ 5 W heRTed PRLRPRTB BTSRRI o4 B8 1 B

5 the i hic 2‘9%& Fs' “aeceé‘é‘rﬁ'é“aerﬁmn%u X%vfxas‘as o T RS TR et o
?Loﬁ?gsggﬁgrgbngﬂpép0{ she gp%Fylag%fpler3$Eleh {i@ fecFPgaéand y
dot s are hifte r?@fsg 15«"“5*-””{. ot i ent o .?ﬁ‘éé“fae?é?i' of
head Réntfécfﬁif%g@?%&%%% T o BT R P ea2e T Ens 20

g(xj) and h(yj) Hfq the mé&eallcgzi d@&%fb@&m%fl%l&éf@r&@&%&am and Y
direction, respectively, the pixel dot recording position is represented by
t he follomnng equaid Py il BAINW) Nserve to explain the principles 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 view 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



25 el (x~ Y)' _ ~ ~ =~ ~dl (x-(xi+g(xi) ) ~ Y-(Yj+h(y}) ) ) x=0 y=0 i=04jg=QuL 2002
. (4) 1 6 JUL 2002 - 17 In the case of analyzing inage signals in a
frequency space, a two-di nensional frequency analysis is generally
enployed. If the inmage signal is treated as a one-di nensional signal for
brevity sake, the basic 5 concentration distribution function of an inmage
is represented by the follow ng equation (5): 1.5 x-x0 d2 (x-x01 = Dmax exp
(p.92) . . . (5) Furthernore, takirg & error of the pixel dot 10
recording position into consideration, the concentration distribution of
t he synthesized image is represented by the follow ng equation (6): Mm
e2~x~ _ ~ ~ d2~Xef-xihg(dik)jot )printer{ 6 ) x=0 i=0 15 Since the hunan
vi sual system can be regarded as a filter passing frequencies within a
certain band zone, coni®! uiibs afgtaphsphovahgfthkgqubasyd mbaingt etepti cs of
the i mage and of the human visual system nust be carried out. The
convol uti on nmadeanguntherdrsrpietty Qo) epatee resalvation avipeodelee of two
functions as shown in the follow ng equation (7): ~( a) - E( a )H a ) (7)
u: frequency H(-gesabiien iﬁeHUbngyicﬁ%f%%%e@$§@¢%@e®¢i25 vi sual i zati on
1 6 JUL 2002 - 18 E(jéé spati al freq%ency characteristics of inmage
(Fourier tXansform off (x&)lﬁ\ﬁi?%ﬁp val et pent Beohped Bovhngnt e8P at i on

Bount =3 & 1) ot e e 8t S e o Ut St SRR EBF esent ed. by
e cquati on (9)ss BB LS AFAd 5h AR SYfpd Bybe, 10 i e and black
shape. 11 oLher Words, 4! 4 e Moo NSRS, Sy 8TRUDN Lok 0y SRR 2 | OV
huran eyes Canl%%éﬁ&é“éﬁh the objective evaluation in the cases
10 where the resolutions are 300 dpi and 600 dpi in the
embodiment;
FIG. 8 is a view showing a gist portion of
an entire 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 suppress
an 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 jet printer is controlled



15 .Now, we ‘wi Il explain the eval uati on when an imge is actually forggdUL 2002
. wWth aresolution of 300 dpi. FIG 5 is a graph plotting eval uati on anount
by sinulation at each of head noving step amounts T = 1, 3, 5, and 7 when
the image is formed with a resolution of 20 300 dpi by using a recording
head having the ink jetout ports 33a arranged at intervals of 150 dpi.
Curves g3, g4, g5 of the graph in the figure respectively show eval uati on
anounts in the cases three types of ink 4etldut -head different in size and
shape .of jet out ports 25 are used. The evaluation amobunt is the | owest at
t he head noving step anobunt T = 3 in any head of g3, g4, and g5. 16 JU
2002 - 19 In otfwr impmosyingregeresonl weiobtaf ned imagde amdt satisfactory
quality at the head noving step anmount T=3 when the image is formed with a
resol ution of 300 dpiFIGo bt ove atviewsiibf eexplairvayuptdbhems forther 5
made. As the subjective eval uation, one-to-one conparison (alternative
eval uati on of yesmassdvhere ias grdeenyiengl uirk i 1§t apr pabel sis cpntespbed to
a pair of objects. Generally, all conbinations: nC2:n(n-1)/2, are checked
by changi ng t he ¥dequRRTYRFSING okagel Of opyea b ke @n gkl EXHNLIRN t he graph
of FIG 6. The graphs g6, g7, g8 respectively show the eval uati ons when
three typés of iGRGEILARIEAN HERA nYRFIYEREM 5735 BHM shapes of the
jet-out ports. Evaluation_is nade in such a scaring nmethod that two points
are given 15 to the i magePEGPEFEBr PERCREEIIPY QﬁdTgEZéNXEHEiIW is given to
the image inferior i i e earnin i

lity. A dingly, th .a_h
score neans high in d%gﬁi%$yéﬂ?éﬁi%?éf%?gh%ﬁ?e%%%?%%?ibﬂvgggfgni%ggigen at
t he head i t t, T=3 .i t bj ti ti , 0 th
i ghost i mmge gt {PPTELRS ik s PSR R A B T FRet it
bj ecti | i on. | t de b | i t j ecti
subjective eva "E[an]isﬂog J[II(eeStu t}%&breesé'rppef’rpveeﬁtﬁa&:; gle? }’:ééép@& opi ggtive

eval uation resul alcul at e simulatron. of e successively

proved t t he haad. MoV t t T in accordance with the
specific Ebteat ur elh-ggd#t?rraﬂrﬁ\% :lulgfei %g]illarg)]gr)lé%hn be effectively determned. FIG
7 shows the head nmovipgs Step; anpupfe,f é’}%ﬂ'&g almgiﬁti%?gpggn'ogoant he

eval uation anount for tw types of 1nmages wth reso ons of 300 dpi and

600 dpi, respectdmelde MNFEERRCIdE CRlpYinted! aPd D SoNs: afads NBARa YRt H a
resolution of 300 dpi. A graph gl10 shows an inmage with 5 a resol ution of

600 dpi. The | ouesde e@alIn@idialy i GhweR Al tiee head My i ngtstep apoant T of
3 in the case of 300 dpi resolution, and at the head noving step anmount T
of 5 in the caseafstEHdir dpeedsirdagos idiatkct ton siridivukdddby tdve aosdw
suitable 10 head noving step anount T varies dependi ng upon the
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 sent 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



resol ution'of the forned i mage. Therefore, if the head noving steplﬁhﬂﬂﬂ‘mﬂ
. is controlled in accordance with the resolution of the printer to be used,
the image can be fornmed in the nost preferable quality in considera 15 tion
of the specific feature of human visualization. In the foregoing, an
exanple of the ink jet printer was described which has the printing
mechani sm 34 equi pped with an ink jet recording head 33 having a plurality
of recording elenents arranged in line and D being novable in the rotation
shaft .direction of the drum 22. However, the ink jet printer is not limted
thereto. The present invention can be further applied to an ink jet color
printer having e prdpdr-niperkchaint s By Inegns ppedisv tésponsibh& fer
recordi ng heads 331, 332, 25 333, 334 having a plurality of recording
el ements arrangevitchime el fapew fendbigutestbe beteenvrothadtbyli tketi on
of the drum 22, as shown in FIG 8. 1 6 JUL 2002 - 21 In this case, the
ink jet recordi mpRrRadessl ralket 2 ane|byvehe tpeprenkieed ¥elbeHdi 3§ head
332 is set at "Cyan", the ink jet recording head 333 is set at "nmgenta",
and the ink jet recor®ifhRprehad 3sallersd? 3% arppRgRd 8fdefnhef, feRBse
recordi ng heads may be driven gn the basis of_ the_head noving step amount T
which is deter nith& 950% % espoRISRAF 994 t Rl s9eci 4 i £5 FE23RP SblPl% hunan
visual system in the sane way as in the case of the ink-je recordinﬁ head
2%3&%3

33. In this casetoF faq43RFRING il i TREGEA P RIRF FigS Redtls Yh5Ped

Sl t aneousl y. HE BB oA i DR chbodr herts. AR GRPR af WEEFChe case
Leing the recor di T AR s g e 1 T Nt ort < 8 2 oraBod 2 ¥ va s
of 150 dpi. The éoaﬁaceépé}?é‘aé'm FAN bﬁqéggp%rﬁéﬂé’ d‘ﬁ?‘?ﬁﬁ{?ﬁ’g yhepgsthe

image is formed w a resolutronof ZA'd Use of the

recordi ng ghead wiir}g{lrfg%tej%(:&%% M%ﬁ%féﬁaﬁﬁggge%}o?{aipﬁgrg s of A

dpi . Furthernore, an | aving a reso can be forned by

using a recordi nghgad Ha\d Nthéhtd WAtdAdYe®f 1 h eCOREE N BhENBAL St Bhganged at
intervals of 200 dpi if The recording head is noved by the 25 predeterm ned

nunmber of head mRRdHMh SRR WE Glovsoxef imed bycdheingtdpenageording to the
present invention. 1~-- JUL 2002 - 22

arrangement direction (i.e., along a rotation 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 plurality of
ink jet ports 33a (serving as recording elements)
20 arranged at intervals (pitches) L. Ink chambers are
formed corresponding to ink jet-out ports 1l3a.
The printing mechanism 34 consists of a reciprocal
moving mechanism 35 having the ink jet recording 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 37. The ink jet recording head 33 is

moved back and forth by the back-and-forth moving means



Simlarly, 'an i nage having a resol ution of 800 dpi can be forned by us8 riyLa2002
. recording head having a plurality of recording el enents arranged at
intervals of 200 dpi if the recording head is noved by the 5 predeterm ned
nunber of head noving steps which is defined by the nmethod according to the
present invention. Simlarly, an imge having a resolution of 360 dpi can
be formed by using a recording head having a 10 plurality of recording

el enents arranged at intervals of 180 dpi i¥2the recording head is noved by
t he pr.edeterm ned nunber of heat noving steps which is defined by the

met hod according to the present invention. 15 Still simlarly, an inmage
havi ng a resol utiorwidfh Z2GdEit dan tie fdrumed by atsithe samezoridieyg head
having a plurality of recording elenents arranged at intervals of 180 dpi

if the recordi nghednk sjatwetdnditge heastiet®erid med etlintsst imfodrlaly novi ng
steps which is 20 defined by the nethod according to the present invention.
In the af orenentimode aaiediimntsdhaite daaat sy athetheagdrum 3whi ch t he
recording paper is fed in the direction virtually perpendicular to the
arrangenent 25 diheeasicdproicalhaquangnd: utthsorink-ofet meqanding headbr di ng
head whil e the recording paper is wound around the drum_ However, the

present iRventi ofd 1§ copFrpyleshdy. e mRfoY jYhited & hetbhd TR Xl e

e rocording paper, v e L DY UG SBTLEd, on 8 Dol conveyerete
ernatively,

recordi ng head b novi, ngi & ecording head with respect to a
recordi ng paper & tI émb di ments nenti oned above,

descri bed the case | resent_jinvention is ap to nk j et
printer. However, %3@&.%%0% DSt et fotbeh s o

pr esent inventr \;j{q,%(; %E %Iéh?n ntto %Iﬁr' Hl%“rl ng r#q%%é ECPI‘bcg head

havi ng a plurali ecor I'ng "el"énent’s arranged I a pr| er

having a, hernﬁ'nrsee 4 e R DA Uk Rl Al dd Yol ttrgfﬂf@éofc%ﬁj di ng

el ements 715 arrange I ne, printe avr ng an edge-emtter

recordi ng head gﬁe&g s%e@t“b%' ' U.’D}@ dele &Er%rrﬂ! riﬂalel SN MehdAngRd 1 n
line. Additional’ advantages and nodifications will readily occur to those
skilled in the adcorti®IEiARr sheet 25 and dlscharges 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 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 jet-out ports 33a of the ink jet recording head 33.

The ink jet recording head 33 moves by T X L/K (T is



20 .the invention in its broader aspects is not limted to the speci fi‘lcB JUL 2002

. details and representative enbodi nents shown and descri bed herein.

Accordi ngly, various nodifications my be made w t hout departing fromthe
spirit or scope of the general inventive concept as 25 defined by the
appended cl ai ns and their equival ents. ~~ 6 ~ur_ ~~12 24 Cainms 1. A

nmet hod for operating an imge fornmation apparatus that prints on a

recordi ng medi um (25) by relatively noving ¥ recording head (33) and s the
recording medium (25) in a direction perpendicular to a direction of a
recordi ng head | ength, thereby causing recording elements of said recording
head to ej ect i rk mogicisa dinreegedirepresinii (@5  hedrrrednwizai stepage
formation apparatus relatively noves the recording head (33) and the
recordi ng nedi urBl{RBIt ) efedihRl | 5o tAl kA pishatt kreaghion rek okl ndrem Héad
(33) is noved a predeterm ned noving anount in the direction of the
recordi ng head "Wt HFhs/ & 3% FHAGRTARihg HeRl 1933 el rheS ¥R or di ng
medi um (25) are noved, thereby printing dots at a pitch spaller thgn an
interval bet weerfRH Y &t oridRf ekREH sl‘bfcqqﬁlqee%?g?b‘?‘hgoﬁe%ds,l’e“ ic

modi m (25 1 FITS 50 MR L H T bor i i HEEF (RS T Roved o

medi um (2 in i n ) ctor ( d a

pr edet er mi ned ving amount T .x L/K in the direction of theg, ecordfiln head

Pength by movi ng tREhEYEA® | ShAF ARSAT DL NG, PR there” <5

rg(r:]gr di n)g; Eg\a/tljg(g‘%% sriog?? In tI}; reclplfzgi%ge n\;drilculrg?%j}ti nntglecg;trr;eirrlranner

?gsi)n tgetLi rst pp'ao % scfhlrj'nlcﬁrfggrb )}}%\f at9 v yq r%v! ng t'fie % recordrng Pﬁad
an ere I W C e

G bl léc}zrfcge‘ggﬂg e dilecld APy bead fiar 19

direction of a recor hea erein L 1s an interva ween t he
recordi ng el ements t K4 any tq‘gae‘{ %ﬁé & geatimdhan, & slidhd{K is
a pitch smaller t%anl}g.dé%'airkc]{%rle € eern‘i e%# rrp\clklg%g am)unr!t\ Ta%% TS xl%/ K\Ilf\,hen
the dots jgye pridi@dbid dddfhn RHEhmAd defscdsd 38 L& gndieagamovi ng step
anount which corresponds to a mninum 1 8 JUL 2002 25 anount of an
integration of ittt aidachdywraidi pl ying a spatial frequency

characteristics of a forned i mage and a spatial frequency characteristics
of visualization. For example, the image formed in FIG. 3 has
a resolution twice as high as that of the interval
(pitch) 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 amount 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



s 2. A method according to claim 1, characterized in that the spati aI16 JUL 2002
. frequency characteristic is obtained by Fourier-transformng a conposite
function or a concentration distribution function of a fornmed one dot and a
function of each dot shifted froma regular formng position. to 3. A

met hod according to claim2, characterized in that the concentration
distribution function is given by: 2 Z 1S =D ex & x~ +~y-y~ d, ~X- X0, y-yo~
"ax p - Q9a 0.9b i s where Dmax is a naxiktmvtoncentration value, x is an
arranged direction of recording elenents, y is a feed direction of the
recording nedium, xo and yo are offset positions of dots to be forned, a
and b are const ants raprresentdomed exlpens | oht ofsdpsssiblei ba farm and y
directions. 20 . AL .AL. A9Fy. AL. A9u

e. AQu3. A9. A" ALFlmaWylmPrWQﬂiALn- roAtutpow3and ALr, augl Aty which is

. AL+. A9L. ALr . AL{ F#, FC](va'a& 3f G
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Where Dmax is the maximum concentration value, x0 and
y0 are off-set positions of a pixel dot; a, b are
radii at 1/e2 of a spot in the x direction and the y
direction, respectively. In this case, if x and y are
5 present within the range of one pixel, the concen-
tration distribution function represented by the
aforementioned equation (1) is regarded as a minimum
unit for forming an image. Hence, the entire image is
formed by synthesizing the concentration distributions
10 of the minimum unit. That is, the minimum unit may be
regarded as a basic distribution function for 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
20 mentioned above, the Equation (2) modified from the
Equation (1) may be used. FIG. 4 shows a curve 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 indicates a

one-dimensional function in the x direction.
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(2)
The concentration distribution of the synthesized
image is determined by synthesizing the basic

5 distribution functions and thus represented by the

following equation (3):

M N m n
elx, y) = Y. Z Z Z di{x-xj, y-¥1) cee (3)
x=0y=01i=0 3=0

where m is the number of pixels in the arrangement

10 direction of the ink-jet ports 33a; n is the number of
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 pixel) 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 equations

20 g(xy) 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, D, D, D, dilx=(xi+g(xi)), y—(y3+h(y3)))
x=0y=0i=03j=0

(4)
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In the case of analyzing image signals in a
frequency space, a two-dimensional frequency analysis
is generally employed. If the image signal is treated
as a one-dimensional signal for brevity sake, the basic

5 concentration distribution function of an image is

represented by the following equation (5):

27L-5
_ X—XQ
do(x—Xp) = Dpax exp —{( ) } e.oo {5)

0.9%a

Furthermore, taking an error of the pixel dot
10 recording position into consideration, the
concentration distribution of the synthesized image is

represented by the following equation (6):

M m
ea(x) = Y, Y dolx—(xi+g(xi))) ... (6)
x=01i=0
15 Since the human visual system can be regarded as a

filter passing frequencies within a certain band zone,
convolution of the spatial frequency 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(K) (7)
©: frequency
H(p): spatial frequency characteristics of

25 visualization
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E(r): spatial frequency characteristics of

image
(Fourier transform of ej(x))

A final evaluation amount is an integration value

5 of G(u) in an effective frequency region as given by
Evaluation amount = IGﬂndu voe (8)
73

The larger the evaluation amount represented by
the equation (8), the more sensitive a human eye to the
10 white and black stripes formed by the irregularity of
ink jet-out port 33a in size and shape. In other words,
if the head movement step amount T indicating a low
evaluation amount, is selected, the most preferable
image as viewed from human eyes can be printed.
15 Now, we will explain the evaluation when an image
is actually formed with a resolution of 300 dpi.
FIG. 5 is a graph plotting evaluation amount by
simulation at each of head moving step amounts T = 1, 3,
5, and 7 when the image is formed with a resolution of
20 300 dpi by using a recording head having the ink jet-
out ports 33a arranged at intervals of 150 dpi. Curves
g3, g4, g5 of the graph in the figure respectively show
evaluation amounts in the cases three types of ink jet-
out head different in size and shape of jet out ports
25 are used.
The evaluation amount is the lowest at the head

moving step amount T = 3 in any head of g3, g4, and g5.
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made. As the subjective’ evaluation, Oone-to-one
comparison (alternative evaluation of yes and no) is
made by a plurality of panels with respect to a pair of
objects. Generally, all combinations: ,Cp:n(n-1)/2,
are checked by changing the order or positions.
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. Accordingly,
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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O resolution of 300 dpi. A graph gl0 shows an image with
5 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 the most suitable
10 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 resolution of the printer to be used, the image can
be formed in the most preferable quality in considera-
15 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 equipped with an ink jet recording head 33 having
a plurality of recording elements arranged in line and
20 being movable in the rotation shaft direction of the
drum 22. However, the ink jet printer is not limited
thereto. The present invention can be further applied
to an ink jet color printer having a printing mechanism
341 equipped with four ink jet recording heads 331, 332,
25 333, 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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"magenta", and the ink jet recording head 334 is set at
5 black, and then, these recording heads may be driven on
the basis of the head moving step amount T which is
determined in correspondence to the specific feature of
a human visual system, in the same way as in the case
of the ink-jet recording head 33. 1In this case, if the
10 four ink jet recording heads 331-334 are mounted on the
reciprocal moving mechanism 35, they can be controlled
simultaneously.
In the aforementioned embodiments, we explained
the case where the image is formed with 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 same explanation can be adopted to the cases where
the image is formed with a resolution of 2A dpi 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 arranged at intervals
of 200 dpi if the recording head is moved by the
25 predetermined number of head moving steps which is

defined by the method according to the present

invention.
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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 method according to the present
invention.

15 Still similarly, an image having a resolution 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 embodiments, we described
the case in which the recording paper is fed in the
direction virtually perpendicular to the arrangement

25 direction of the ink jet-out ports of the ink jet
recording head while the recording paper is wound

around the drum. However, the present invention is
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to the ink jet recording head by moving the ink 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
the ink jet printer. However, the present invention
10 is not limited thereto. The present invention may be
applied to a printer having an LED recording head
having a plurality of LED recording elements arranged
in line, a printer having a thermal recording head
having a plurality of thermal recording elements
15 arranged in line, and a printer having an edge-emitter
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 concept as

25 defined by the appended claims and their equivalents.
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YT10%&&' £) -9 9l  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 recording head (33)
and the recording 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
greater than 2, T x 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:

15 where Dpmax 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.
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