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PRI NTI NG PROCESS TECHNICAL FI ELD The present invention relates to liquid

i nk- Jét prlht- ers and "mor e partlcularly, t 0 a TpiaSheetrHas B nce for
dep03| A di-um-so-as to i nprove \Wﬂ! ﬁn e of printed
| mages ) Dot matrix pr general term
for thid d?"écnﬂi{ﬁ‘ét |P@&e‘50f -atppigad edl.. jage ugon a pr medi um accom pl i shed

by neapd @tim{fie dempesst - E.ntp piged.., I..u ality of small individual spots or

"dot s"|MDrawlg(sporpagde. Bedi prredhlich] when vi ewed together, cl oselRATENT
appr oxjiffskistratie deagedec?i. mamedThJ s general nmethod is commonl yppssxsb256 t he
productpATE abF RiveErpgty. of. printed fmages and illustra- tions, It is

ef f ect rve because the primnted—dots an be nade to be closer to or further
away from each other to produNTEREA {BINGr RROCESSded areas as

desireds Further, the phenonena'of human perceptlon tend to cause viewers

to perceive the overaII I mge that is intended, in spite of mnor
irregularities. Wthin the limts inposed by the relative size of the
shal | est portions of the image to hecHdAR edHride "detail”) to the size

of the dots used, such irregularities are perceived only as a reduction of
the quality of the | mge presented. The inpact dot matrix printer, wherein
i mages are pr oduceThe sprasent Vipsrrit on ﬁ%ﬂ]aﬁté&lﬁbdlﬁ.i;hl‘hdmﬁndjetmﬁw&-#ty

f w "h "
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devel opnent hgsaPLRBet HE bggnt && Pﬁégﬁ Ink-jet printers utilize the sane
dot matrix concept as do T npact dot tr|x printers. However, instead of

depositing ink upon
GRO OF THE INVENTTO

15
Dot matrix'printing is the general term for the pro-
duction of a printed image upon a print medium accomplished
by means of the depositing of a plurality of small individ-
ual spots or "dots" of ink upon the medium which, when
20 viewed together, closely approximate the desired image.
This general method is commonly used in the production of
a variety of printed images and illustrations. It is ef-
fective because the printed dots can be made to be closer
to or further away from each other to produce more or less
25 darkly shaded areas as desired. Further, the phenomena of
human perception tend to cause viewers to perceive the
overall image that is intended, in spite of minor irregu-
larities. Within the limits imposed by the relative size
of the smallest portions of the image to be imprinted (the
30 "detail") to the size of the dots used, such irregularities
are perceived only as a reduction of the quality of the im-
age presented. |
The impact dot matrix printer, wherein images are pro-
duced using a typewriter style inked ribbon and a plurality
35 of wire "hammers" which impact the ribbon, thus causing the
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t he nmedi um by neans of a hammer inpacti.ng an ink inpregnat gmﬁg ,
“ink-jet printers eject droplets of ink froma pri mki print :
medi um: Each dropl et, upon striking the medium for ﬁm\ \. I nk-j et
printers have several -advantages over inpact printe y can be
made to operate nore quietly, faster, and nore reliably (since there are
far fewer noving parts). Also, ink-jet pridters are nore readily adaptable
to applications requiring nukti-colored print inages, since they can easily
be desi gned t &LbREa -t skaRas o Alesupen skkg B?thEzI@@bPéieﬁDtéetﬁéﬁs§
Si ng: e color Qﬁr@&lé_dﬁl{é\(‘dppligciwﬁot hrbe@pnensgninaﬂnégpyél ihZEhéOEileliat s£of 4
nozzles in such applications, for colors, o an,” magenta, yellow an
bl ack. Cyan.  RTEMEET DT EYo RiEPE G of B | RHET S SRRy i1z PRES. EPPar y
col ors. Addit iokaljetopaminterhi nAhkejetcanihteps oduikizd\tina same dott ha-
printer cto de [ |l e do | Ef t ed i LNt
| ocat i or?s, th%;ﬁ'g f%}é{‘%ér%% aa'%elr‘l-8 g?an \g‘g gogt:qn% 0 ﬁ% hgr%lg#%r.és' t oﬂﬁgra%g\%i‘lat
aife known as das&eas yofotlepesiphnge ink juparhethet medinyp pysdigans tof a
produce a mul Hammlasd |t Nt |5 é@ygggaa C LS oRY Lay-
ing three or E%he drgﬁagﬁ?%gkﬁﬁﬁﬂhgﬁ?ég@% individgg%b%%fegkgaﬁegoPQFggation
("pi xel "), pr&&Si &gy drorieks aficknksE¥PR apPFinfheed; ARt GeERENPrANT
readi |y absor heldien.i qUESch NBr6pleter upbhe sttidialy ecils Yhedi b rer8ehydean
success .Sive de It of droplets, and the fact that the sem - opaque
charact&r of 5?%33 Fﬁ&gdroplets results in a dimn- ishing effect for each
successi vel y appl i Ghkeiesd grimhers dsane eseveral padvantagesi ovent impact a
maxi mum of t ' ' | gat i h usi,s e
above descri &ﬁ?&%ﬁ%nﬁ%&a}% )r\(r;uﬂr%?o%ag}l) gal%o elo?:% ?%%§g\t/"§i ﬁ%gleeaggrgt%p%el :
t hese being: *Rster.nendnrogepseliiably 931nce-there are far fewer moving

parts). Also, ink-jet printers are more readily adaptable

15 to applications requiring multi-colored print images, since
they can easily be designed to incorporate nozzles or sets
of nozzles for more than a single color of ink. 1In fact,
it has become common to utilize four sets of nozzles in
such applications, for the colors of cyan, magenta, yellow,

20 and black. Cyan, magenta, and yellow are referred to as
the subtractive primary colors. Additional color combina-
tions can be produced by causing the printer to deposit
multiple dots of different colored inks in the same loca-
tions, thus effecting a perceived mixing of the colors to

25 form what are known as secondary colors.

While it is theoretically possible to produce a multi-
tude of different colors and shades of colors by overiaying
three or more droplets of ink on each individual potential
dot location ("pixel'"), practical limitations such as the

30 ability of the medium to readily absorb the liquid ink car-
rier, the available drying time between successive deposit-
ing of droplets, and the fact that the semi-opagque charac-
ter of dried ink droplets results in a diminishing effect
for each successively applied droplét have resulted in a

35 pradtical limitation of a maximum of two droplets per pixel
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bl ack, "'yell ow, cyan, magenta, red (magenta and yelt+ow)—¢green—{yellow and
cyan),- and blue (cyan and magenta). Cbviously, a schene for producing a

mu/titude of different colors and shades (lighter S EW%W@TMM tions

of "colors), without violating the practical limtati iiflfum of two
droplets of ink per pixel, is desira- ble. However, oing this
t hat have been devel oped have proven to be less than totally satisfac- tory
since they have either_nat. included prqQvision for dryi i nterval,..bet ween
appl i cati ons “OF Fﬂﬁ’qt oa%%()%’t?@% S bi xet 1 deatSeRe gﬁ’hﬁr 8§§¥eof&rﬁ%be&

| ocati ons, orscheme ha enanctmun dyfssiaght heo o | are afvaiol ayleh el ixel,
Further, priqpndd é?g gds have not provided a rational pattern for laying
down t he various 1 nks erein optimal image quality may be obtained. A
nunber of means for caldrieetRo|imkt@erepitedomthe printhead in ink-jet
printems have been trieghackW th varying degrees of success. These include
el ectro- static neans (ngieln the ink is either repelled or accel- erated
by means of el ectrostatYe +®pul sion or attraction), and thermal means
(wherein an individual eyaw) et of ink is rapidly heated and vaporized and
is effectively boiled qu égtg.nozzle). Since the present invention
pertains to the al | ocat'°on and’ sequence of application of inks to pixel

| ocations of a print netgdin{magentacepdl ¥y§1lbpy)icable to any of these

varioyg net hods for phMifééﬁ'?Yé&i&ﬁiéﬁdiéﬁaﬁﬂk WhQi n the pixels. An
ink-jet printer nust also incl'ude a mechanism for -positioning an ink-jet
nozzle in a proper |ocR}%m R¥an and magenta). .

Obviously, a scheme for producing a multitude of dif-~
ferent colors and shades (lighter and darker variations of
colors), without violating the practical limitation of a

15  maximum of two droplets of ink per pixel, is desirable.
However, methods for doing this that have been developed
have proven to be less than totally satisfactory since they
have either not included provision for a drying interval
between applications of ink to contiguous pixel locations

20 or groups of pixel locations, or they have not addressed
the problem of color banding. Further, prior art methods
have not provided a rational pattern for laying down the
various inks wherein optimal image gquality may be obtained.

A number of means for causing the ink to expel from

25 the printhead in ink-jet printers have been tried with
varying degrees of success. These include electrostatic
means (wherein the ink is either repelled or accelerated by
means of electrostatic repulsion or attraction), and ther-
mal means (wherein an individual droplet of ink is rapidly

30 heated and wvaporized and is effectively boiled out of a
nozzle). Since the present invention pertains to the al-
location and sequence of application of inks to pixel loca-
tions of a print medium,-it is equally applicable to any of
these various methods for physically depositing ink within

35 the pixels..
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the print nmediumand for then causing the nozzle trﬁ@i?%m |nk upon the
i

medi um at that location. This is generally acconpl ut er
control., by providing a neans for noving the nediu ncrenments,
past a printhead |ocation. After each such increne nt of the
medi um a printhead. containing one or nor e I nk nozzles is ane across the
mediumin a direction perpendicular to thé direction of the advancement of

e e o e LR T el il AR Ancled el

per pendi cul ar pringt- es containe ereinis
caused by th@%ﬁ@ngcﬁ%lkfﬁ‘hl%ﬁ? aQZZke iifk 2dPEPPEE LPcablerieweh $hom

dohng SO. B% ﬁzeﬂ@@dd tﬂélﬂld&ﬁ'aijucpgﬂ&e%er?}[&@élﬂ@t enkl ﬁbz@léetof é?@kﬁ{kt he
medi um may be_ addresse e to xtr sizes 0 ein

nozzl es utiliZRP %‘eplm.ﬁdél‘?r'f Phoft S’Q}:ﬁ'%@%}l%ﬁ ngglﬁelﬁo%?%‘?ﬂ% HrgFon=
print hgﬁad I Fupliatied si un@ett conpdeerr abntriod ,r dyupravidingrizemendns for

per pendi cul ar r e i a

desirable to nllén‘;fﬂ‘%eégés%gélﬁg lﬁ% P%tg&fgr f’%eé%?%ﬁf%gg% as 5;5 prrg% el%%l

It is also dégigatidne, Aﬂterdeacho sc@numqmqﬂraad'@ﬁmm tdfe theeli um
to have over | api g, CQvﬁfﬁﬂﬁhQBd' E‘:Evn@%.%lnﬁs RRPIRL Gfbrid) ﬁb@n@zzl—@?rg ore,

it is not practical ave nozzl.es contained within a,single colum.
This does notBYFL AArESHER afditBhdier diracEiPRcPABRONALCHAFT o the

Zt aggereed aﬁ @il%&f‘tic?\h R tHe H‘ﬁganbbﬁgﬁtl ifh e mdli@mghmﬁ/@éﬁm dfhea

i rection sho i he r.,ow, a desired pri.nt pattern such as t own in
FI G g mmy bE DALY ShaRdrshsiiAT FRsteddus AbREPorTES Retain the
timng of therintherd opathzzleashaof h‘lalye paszzmesr cbhealmédumhe"ﬂmm area of

the medi um “‘H&&é@ﬁ*%ﬂ%&ﬂ&%ﬁ“é&‘ A tHd10'e§eB58n Ot nk NGr 51 0L NGRS

referred to as
refrain from doing so. By repeating this process, every

15 potential pixel location on the medium may be addressead.
Due to the extremely small sizes of the ink nozzles
utilized, a plurality of such nozzles may be contained on
a printhead. Further, since it is desirable to reduce the
number of perpendicular traversals of the printhead across
20 the medium, it is desirable to include as many nozzles in
the printhead as is practical. It is also desirable, in
order to obtain complete coverage of the medium, to have
overlapping coverage of ink dots, as depicted in FIG. 6.
Therefore, it 1is not practical to have all nozzles con-
25 tained within a single column. This does not present a
problem, however, since the nozzles may be staggered as
shown in FIG. 7. When the printhead is being moved in the
direction shown by the arrow, a desired print pattern such
as that shown in FIG. 8 may be created under computer/pro-
30 cessor control by'staggering the timing of the firing of
nozzles as they pass over the medium. That area of the
medium which may be imprinted with a single pass of the
printhead is referred to as a swath.
The above described arrangement of nozzles is applic-
35 able for each of the several colors of ink which may be
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The above descri bed arrangenent of nozzles is applicable for each of the

several colors of ink which may be enployed in a ’ﬂ'ﬁlehéetﬂislB%ErﬂI lafedl utms  of
nozzl es for each color may be arranged in any of sr GEI ent
IV

manners including parallel to each other on-a com parall e
to each other on individual printheads, o§ consecu a common
or indi- vidual printheads. Wile any of These physi cal arrangenents of

- noz- zles is MkAlfL 1185 aé@léfa ff?ﬁ@&f po&SﬂE{nﬁE BEr ?xBQ‘%leEE%

al so each pr es nt potentlal creating qua
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Lo oon | og perzstial el O8ch: Brha o TR P AR LRk Stats o PR e FoRan be
produce&d. sBaut iivee fyaron eastndrara ol alyt eiddividpsl tprintifeads ors and
shadi ngs.  Furt he yinableatp cgss0eLat eyt L ol bitfend 6o M) ST 0yl 25

"bl eedi ng" of ink from on plxe I nt are’co en mirtiple
col ors or sh&¢rkaiRje arasdaser sanyecthar werenbial i nxrasgameutsbl &bey i ng

and other m gnald QP! f@edﬁ"'@o%@%ﬂl‘&rle éh'éf@ﬂlst QoOQ:‘Hér go%'id JZeERe3e -

| nadvert ent |ntern1X|ng of _col ors _or may produce particularly
obj ect i onabl é86 oRdgh. Terbbey nd‘“l(ﬁl'iqﬂ@qrr%’m 8he Mkt~ #hﬂ‘?—‘bnéﬂ?@ﬁsl-s

- nost hiokel y mmuras/\kﬁsé&@sewkprevb@wm; xsameuitspmul bamersou&byt\aet
The surface gensaons
on

of, t {]
conbi ned ten %ﬁb‘éﬁ‘aasf\ﬁ-p"i‘fgo%b‘?ﬂ %:‘Jl&l%‘fogorst 2 aﬁ’}]%vxﬁlﬁggt Hérﬁc&k‘dl%‘gf | ow
bet ween t he plagks mhmxemntheeiemdtaphenstha&Iaxmaxnmum@mfouwoscbémzs have

Egﬁtnl ;L'C)L'Szeqxaﬁgo BEOHA 24" ¥ePI didIR PELNBEN ARl CaL18PS ind15di%g

black and white) can be produced. This is far less than a

15 desirable full spectrum of colors and shadings. Further,

problems associated with all ink-jet printers, such as

"bleeding” of ink from one pixel into another, are com-

pounded when multiple colors or shadings are desired be-~

cause when more ink is used, bleeding and other migrations

20 of wet ink are more likely to occur, and because inadver-

tent intermixing of colors or shadings may produce a parti-
cularly objectionable product.

"Bleeding” of ink from one pixel into another is most

likely to occur when the ink in both pixels is simultane-

25 ously wet. The surface tensions of two contigquous droplets

of ink may yield to a combined tension encompassing both

droplets, thus allowing the ink to flow between the pixels

whereon these droplets are located. Various schemes have

been utilized to provide a drying time between applications

30 of ink to contiguous pixel locations. U.S. Patent No.

4,748,453 issued to Lin et al. teaches an example of one of

these application methods. The Lin patent describes a

method wherein only half of the pixels in a swath are

printed at one pass of a printhead. The printhead is then

35 moved over the same area again, with the other half of the
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pi xel locations. U S. Patent No. 4,748,453 i ssueflisishectliias Bedn Reblacel eaches an
exanpl-e of one of these application nethods. The cribes a
nmet hod .wherein only half of the pixels in a swat hmﬂ one pass
of a printhead. The printhead is then noved over area again, wth
the other half of the pixels in the swath being printed on that second
pass. This nethod reduces the nunber of S|5rrultaneously wet conti guous

i xel h I

VAl | abler anretiods (£RE5 e, BHERSCaFARSRE S oBhat, ciocst rge - o°
Bandi ng i s a Beis esmetthobdt |mess bethss @mibmrdsc*ﬁcrsssulhenpouaﬂ.yrre‘detm
These are Comﬁﬁii%ﬁéﬁée§ﬁ§%l@“§3ﬁgéﬁﬂtV“E@E'QEQPBEgOEdEWiﬁég_5§Et€h%UCh

as step error ume vari at | ons. irectio Ity t ep

error is the fb%‘?%%oef- SO fitfer SRoshaci ngfe 3wk iakke | ands ixddarsdnotor
exagl %ftlf aad):?]i-éléﬁthé Q&éhﬁtﬂéga‘lgp?égiaﬁeoffhﬁlpaﬁﬁhﬁ@"} 24 mm (0t 167d/
inch) after each s is printe ut _because_of varia n_par or
assenbly tol erance%va’i1 1ng 7 1§ aT9RheEs 4 3§°W?Bgi?0%%€"rﬁ °E'he1|’%n‘35ul d
be a 76.2 [erad¢rd¢ds Ofthei rp:h:)nstmpdmumr Theswm tomohbygr causdd] beg a

76.2 [err] ( d L. b en t h.
Drop vol une \%%%I on%i maqlp"L %qgée)%@b %?g%gg 5‘2?%% %Ell\s@‘l n nonT'él\'sval

si zes or ot hefT¥o¥ egdFapi tWQabme\loYQreauﬁ-@BStl omalnaaeef@direcbional ityons
in thegreci sg: 9é€§oft1¥\htﬁé &PKr&hoBL eSS @ﬁ@ef%ﬁ&é@dofr%tﬂgdi’@tﬁ'é’é's

nozzles. Any of these irreqularities can cause a bandin roblem The
conbi ned net hbl +% 2A¥2BFES entfmﬁﬁ@%%ed&@s %FW’% olsav%?ﬂl‘i"h?@ to

probl em | nk- aﬁame ntmegmuamﬂwLmsveiﬁcﬂ)‘aﬁtai:uw&nnsmem D prkn€e@ps to
control the of the | mRae, art.icul arand%roé{seéngfyp{O ector film

i s described ‘%S in part S P
’ lt actually advances {0.170 inch) there would be a 0. 003
15 inch)step error. This means that there would be a1(0 Q03

inch)unprinted band across the paper between each swath.
Drop volume variations may be caused by tolerance varia-
tions in nozzle sizes or other irregularities. Nozzle
directionality refers to variations in the precise angles
20 at which ink droplets are ejected from the various nozzles.
Any of these irregularities can cause a banding problen.
The combined method of the present invention teaches a way
to avoid this problen.
Therefore, while methods have been developed to reduce
25 unwanted migration of inks between contiguous pixel loca-
tions, to the inventors’ knowledge, no prior art method has
provided a way to reduce migration while alsc eliminating
the "banding" problem. Furthermore, nc prior art method
for producing multi-colored or multi-shaded images has
30 provided a way to prevent banding while reducing unwanted
ink migration.

35
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Therefore, while methods have been devel oped to reducE’UﬁVHnted~ﬁ+g%a£Lon
of inks between contiguous pixel locations, to the i nvm\{iﬁ{i" know edge, no

prior art method has provided a way to reduce mgration & Replaced
elimnating the "bandi ng" problem Furthernore, no pri od Hf"f)r
producing multi-colored or multi- shaded jnmages has pro

prevent bandi ng whil e reduci ng unwanted ink m gration. DI SCLOSURE OF

| NVENTI ON The present ihvenfiﬁiﬁtﬂpﬁhﬁﬁﬁbi4%$2¥ﬁfﬁQﬁ ng of imges upon a
print. mediumusing an ink-jet printer. - A nethod rnctuding a pattern and a
sequence for deposit- ing droplets of ink upon the nmediumis disclosed
whi ch provides a mpanpricderd Gvant A GFdh tiyard eghd! ppiinting ef gakors

bet ween contiquous pi xel | ocations or groups of pixel |locations _and,al so
provi des a mBHRS REPRGRCRFLTE BERLPRGISHIG 21 Wil Sy Brdhi®rms . ATRE iven-
ti ve n8t hod bdr iheluding depaztpzht and andegagneecEovhdeposiigyediropunber

¢ ek : vl ) TV
rinted | mgas TPty WL S e BV taPEORUERS LRLEN bhobRdsTs
col ored (nond@eRnsnEprr gugeslihireducdng nnwgntied ddesdiageofotolodscbeon of

unvant ed i nk ¢fre@naldcit iRAfbusS PiGld 10N Sardil Nor gx—g@{a&a&fogiszl&%} h%c_%ﬁ] hod

of the present invention involves the formation o super pixe , W
each such suféPnSi BR RASPUBFRYLESHLAMSARS JoF wFaRdYareduedng, PEARER t h

t heseisuper pixbPhadhagngroblensd iThéridvdretiws aktidd eurthed pirokiidesd
over | appi ng swat

_ gg of aarinthead. Baieflg, theag{esentl_ refaer.rgca:iv8
embodi ment oft PRE-BFEsBAY PRYBRLFDIETFI2A B8 |Hﬂ}ﬁﬁﬁ el 2hAPGREPE,
wher ei n 28 nofzlosslcarimgrand debading peiynthde picdducedcinomufldair-codlomed nks
;2339 col or s p4 G el i Mgesy, 23230 TR LA GRS B¥PLHARLNYS Rl TBEY pEaLors) .
. duced in single colored {(monochrcme) images while retaining
15 the advantages of reduction of unwanted ink migration and
reduction of banding. A variafion of the method of the
present invention involves the formation of "super pixels",
with each such super pixel including a quantity of individ-
ual pixels, and with these super pixels being printed in an
20 interlaced pattern and utilizing overlapping swaths of a
printhead. .

Briefly, the presently preferred embodiment of the
present invention utilizes existing printer hardware,
wherein 28 nozzles are provided on a printhead for each of

25 four color inks. These colors are yellcw, cyan and magenta
(the subtractive primary colorS), and black. By printing
a pixel location with either a primary color or with a com-
bination of two of the primary colors (a "secondary" col-
or), that pixel location may be caused to be one of six
30 individual colors. Therefore, the total number of varia-
tions for each pixel location on a medium is eight, includ-~
ing black and white, with white being the result of leaving
the pixel location unprinted. However, in accordance with
the present invention, a group of pixel locations may be
35 caused to include a variety of combinations of primary col-
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bl ack. By printing a pixel location with either éhﬁ?Tﬁﬁ?STTﬁﬂTW‘TW‘TM th a
conbi nation of two of the primary colors (a " SEeCONHAS Sheet é&ﬂ 6% plxel
uﬂﬁi' fo

| ocation may be caused to be one of six individu

the total nunmber of variations for each pixel |ocati

ei ght, including black and white, with white belng eaV|ng
the pixel |ocation unprinted However , insaccordance mnth the present

i nventi on, ou i xel cation nmay be caused to .incl.ude r|- ety
of conbi nat | SRS NS¢ PRaFECaBRsTY SHIPBE" s BtomtaTy SARRIBL IS, dHF L

conbi nat i ons ¥ncludking rmitldemg)kn'dzlhemr Whaictke Or Bdodwse Bamairsq:dmaptmn
perception t g

i nto what |s§%%?é%ﬁvg é%%héégéF:égy reéﬁ; Igyéﬁgncéﬁﬂﬁﬂgﬂéﬁﬁgié
horogeneous ce1k @a%ﬁédlmqmeét t@nbea(gte@rdmilétlg,eaﬁlr€%I®st@ncﬁﬂadl ng
variatipns may bfneied%%geﬁlabasalearotry &0 bﬁs&ﬂngobai-&aessardlanqutéa& he

present invention i's best achieved when the npunper pixels in each

these groups ‘fﬁr’pﬁgéélgf|%°Jgﬁ’éa?’ér5lﬁl%ﬁ’%n‘éa’éhﬂt+‘é%§ Il‘%nb?\oﬁ’r'?ld‘ﬂ‘é%%ft | n an
obvi ous | oss of remisltamwyttte Mérﬁﬂ&ﬁbld@@%cddrmfﬂﬁm Wridsdrte

tl - th t I
Pl one ar e br G Heh T80 ReFel adhaavis PLERS " srlel EBIH of, $ire1 8",
i nventi ve netérch wf |thedss mups tof plikeils nat greatent ebian ndnenianditliess and
to requee th%ﬂ?&%ﬁ@l@éﬁ‘@é&%"‘@ﬁ”aﬁ' éBlzlbgga&bQBSo%r ro%tt%n d.own

i ndi vidual l'y, and t scribed pattern and sequence super
pi xel s" is afarinked olnage vi dlrmaqm@iamzﬁ:anth dire R&T%%é’nﬁfeﬁﬁ'@%uper

pixels is prléﬁmameﬁtleolsamet Eﬁk@%@{@felmwﬁ& gma@ abuatth%é xd S |
1 el i m nat eTrHATh ot nES, Wber BUtelR L e WD BHTE SARH- pietRE s
per cei ved as #ie2 nthwéntive method will also serve to ellmlnatn unwantsd
15 ink migration and to reduce the banding problem when pixel
| locations are treated individually, and the described pat-
tern and sequence for laying down "super pixels" is applied
to individual pixel locations.

Since none of the super pixels is printed in the same

20 transverse movement of the printhead as is any contiguous
super pixel,'problems of color bleeding between super pix-
els is eliminated. Further, since it is intended that each
'super pixel be perceived as being of a single homogeneous
color, color bleeding within a super pixel is considered to

25 be harmless.

The banding problem is eliminated by staggering print-<
head movements across the medium such that a first print-
head movement across a swath prints all even numbered super
pixel locations as required in a swath, the medium is then

30 advanced by one~half swath distance, and the printhead then
prints all odd numbered super pixel locations as required
in the bottom half of a previous swath and in the top half
of a next swath.

By this method, the resultant image is of a much high-

35 er quality than has been produced using prior art methods.
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a single honogeneous col or, coI or bleeding wt mhusaeesuﬂgeeﬂepﬁéedl S

considered to be harm ess. The bandi ng probl emi staggering
print head novenents across the medi um such t hat E'!m“ ME ead novenent
across a swath prints all even nunbered super pi as required
in a swath, the nediumis then advanced by one-half swath dis- tance, and
the printhead then prints all odd numbere® super pi xel locations as
required in the botto hal f_"of a preV| S. g.and .in the to% hal f _of

next swat h. ?h*r%"%% h¥a, meHRee 515%59 RS JEPZONEERT |bﬂel?r’cﬂf%| ity
t han has beenmpabdtyedluhpng pmdmﬂyambmp&ﬂmat;ndﬂthernasklwﬁ pedwidiing

l'ish |
the task of  probpubdR’ BEOGERs' BB dioviiid ke Mhifihbudlie Yoo foe ol ! N
colors, as on%@C%.%y%!%##mcﬁOIrﬂﬂniﬁﬂﬁﬂﬁkyqlﬂ?eﬂﬂﬁﬁ@@dtﬁégﬁhtl$5|¥Eﬁlnﬁﬂ

either sn progda@itdll ¥RrBro§raf Eb'fr&b%&é"dfm@ﬁe pranReRd PR Lal 4 up
a designated col or conbinatiton™for a _su I xel nunber VVthout ‘benef it

of the inventPVRITRRLIFY @bﬂ&gaceﬁﬁggnf‘ e@a&’ﬁlpﬁdl‘:\ﬂ%aﬁ%l 0 s to .
efflegt bt he vasupes gdlkel mm?exzns syahba’al be@&fgtr eful thef indent ivgé hod
wou e exce cate n_a e. .1 ese pyention is
that visi bl o TaEATaY FETEshIRb]doraRa 08 AT R hRuRE BEN PYCHR '€
advant age of eﬁéeptemetvammlcnims QMIHMEQVIaliéadﬁllegabeamm xel
locatiggs is ?f}e@ﬁﬂ! REEHE8dwoyEh B?O %ﬁaﬁ!xgﬂgaagmghaaeear esent

i nvention is reat variety variations, npy be
produced in a pr|n%édaﬁﬁﬂ§§aﬁﬁtﬁSthPoB¥ﬁ§eBﬁeanentl°n is that visible

banding is greatly reduced in a printed image.

Another advantage of the present invention is that un-
wanted bleeding between pixel locations is greatly reduced.
15 Yet another advantage of the present invention is that
a great variety of color and shading variations may be pro-
duced in a printed image without losing the advantages of
reduced color bléeding and reduced banding.
A further advantage of the present invention is that
20 relatively simple programming may be used to implement the
inventive method. _ _
These and other advantages of the present invention
will become clear to those skilled in the art in view of
the description of the best presently known mode of carry-
25 ing out the invention and the industrial applicability of
the preferred embodiment as described herein and as illus-
trated in the several figures of the drawing.

o ON O W
30
FIG. 1 is a diagrammatic representation of a printer
suitable for use in performance of the inventive method:;
FIG. 2 is a representation of the face of the print-
head as used in the best known embodiment of the invention,
3z showing the arrangement of ink nozzles thereon;

Case 189255



advant ages of reduced ¢ol or bIeedlng and .reduced bandrnQ‘“?TTTﬁTﬁﬂﬂ——
advantage of the present invention is that rel atrve,L,yShgét | See RLOIT nm ng
may be used to i npl e- nent ‘the inventive method. Th ant ages
of the present inven- tion will becone clear tot ho ’%ﬂj he art in
view of the description of the best presgpfly knOmn ng out
the invention and the industrial applicability of the preferred enbodi nent

as descri bed hereln@ncb mpﬂdﬂsstargm b éhﬁ‘e&ﬁk&@rﬁoﬁlrﬁi”ﬁ%lglérfﬁn-
drawi ng. BRI EF DESCRI PTI ON OF THE

Fl G, is a.diagr
represent ati o &¥eHANRAS. &he :B:Haé"qi'{ﬁn &f iink, drepledsc %’Feﬂ‘r’e and
i nventive nettdhd;sifddsantd |p1aacémtesuﬁérlaa&imm‘ps hehdweet of the print- head

arrangenent of i nET0oa SSHRES. 8- BarR ok of AT Fl s S We s 57
showi n@ di vi fomr ipitxe s xsitartauper piyska'thent of ink droplets ther- eon,

and the size and I%lquserr@(ta)r elsa(tg)onsg}rdo g8y %‘?{ow 014:1‘3)?10'0@ S ?"é%@rl% of a
nedlunrshomnngéiﬁ; - Ings of four pixels into gﬁpgp|x (

5(b), and 5(&% MP%iEk%?l%na%¢ ink; dgts E%BFRdOF eRs iandhr
pl aced theremsswéwrpaes@g:%sa ﬂmc&veﬁr r&n@téiwéhover the swath
FIG 6 shows the appi re of adjacent ink. dot ne
FIG 7 shows the SiifesoabRuEan ofowrzf?zalpée% BPSin REaALIARETE GPkg
shows 18n examodts @n a pediamy of ink dots that might be produced by the
nozzle of FIG 7 FIG. 7 shows the staggered nature of nozzles on a
printhead; and

FIG. 8 shows an example of a pattern of ink dots that
might be produced by the nozzle of FIG. 7 under computer

15 control.
@] NG _O N

The best presently known mecde for carrying out the in-

20 vention employs a conventional color ink-jet printer used
in a manner so as to implement the inventive method. Re-
ferring to FIG. 1, the printer 10, shown here in a diagram-

matic form, uses conventional means (not shown) for advanc-
ing a print medium 12 in a medium advance direction 14. A
25 printhead 16 is affixed to a printhead sliding mechanism 18
~ for allowing the printhead to traverse across the medium 12
in a printhead traversing plane 20. The printhead 16 is
caused to move upon the printhead sliding mechanism 18 by
a printhead drive mechanism (not shown).

30 Referring now to FIG. 2, there is shown a diagram of
a printhead face 20 whereon are vertically arranged a group
of nozzles for yellow ink 22, a group of nozzles for cyan
ink 24, a group of nozzles for magenta ink 26, and a group
of nozzles for black ink 28. Each of the nozzle groups 22,

35 24, 26, and 28 include twenty eight individual nozzles N1
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under computer control . BEST MODES FOR CARRYI NG_OUT THE NF TICN The
best presently known node for carrying out the T nvention gnp

conventd onal color ink-jet printer used in a manmgsske Ienent t he
i nventive nmethod. Referring to FIG 1, the printer \ eina
di agrammatic form uses conventional neang, (not sh cing a
print medium 12 in a nmedi um advance di rectton 14. printhead 16 is affixed

P meree nor b o dtC e Bt ehda figl e Vel L 1T, L1 RS 0EGfd Gver
printhead 16 $ke chediumt 32nsuchupbatt hieppnirttheed|fagen@heshAacingly by a
print- head dcsg,gf@saacmrﬁrféﬂ %Wgé +BebeEel-Rgake |cajf éheztéa%{e i's

shown a di agr am of ri nthea face 20 whereon are_ve

arr ange
group of nozzles f%‘Pm %?F%v?‘?%@ Ared CAVRERIS %fﬂeeye%mciamw a
group o8 nozzdiwsained Bgeiusink edeh a%dtaedvevRiehlN9zatesndad rwmlés nk

i vidual . ndblr SRRRSR FHERGRE eae e The Horle 1wt 24y 14 Ilitdnea
oxer tg?umaglmﬂd a@it&drdpfle’qof@éf{hkadth&necaﬁsmgf‘abe rgi‘:;ntmga}sabto
Cover age or 70 2 it WA ALIVITATE TR scrofd B il | s

ausi ng each
vertically ar3@hRdCABsings elasht o ukefre strmce&érsr @rrﬁngeﬁonglg%am 22,

24, 26 @nd 2&&&@?@6&2@ SH Rl oFf th'ékan%'leC%!%hEQ tbeeaegsépwmpi% o

advance hor! 200 LY i Masek b GBS o TR B DR dat o

the nozzle P(xwps;otm ehjpeind répeatinglthik, prgeesscaososy the medidmead to

advance hor Ontayégferrlng now to FIG. 3, the nozzles N1 through N28
(FIG. 2) are of a size such that an ink dot 30 ejected

15 therefrom will be of an approximate diameter 32 of 2 x
(1/180) inch after impact with the medium 12. Since the
center to center distance of the dots 34, according to the
presently prefezbﬁ%_dmembodiment of the invention as de-
scribed above is)(1/180 inch), this results in a coverage

20 wherein dots 30 that are horizontally and vertically ad-
jacent overlap, and dots that are diagonally adjacent just
touch. Each location on the medium 12 where an ink dot 30
might be made is referred to as a pixel 36, whether or not
an ink dot is actually deposited thereon.

25 Referring again to FIG. 1, after the printhead 16 has
completely traversed t%? H:glum 12, the medium could then
be caused to advance bydga/lso inch)in the medium advance
dl:ectlon 14, the printhead 16 could then be returned to
its initial position, and again the printhead could be

30 caused to traverse the medium. The entire area of the me-
dium 12 which might be inked in a single pass of the print-
head 16 is referred to as a swath 38. By repeating these
steps, every pixel 36 on the medium 12 could have deposited
thereon four ink dots 30 (one each of yellow, cyan, magenta

35 and black). Of course, in a practical application, only
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0.14 nm (1/ 180 i nch), ,and' repeating this process across the nmedi um

Referring nowto FIG 3, the nozzles N1 through RBgS Besn Replasedof g si ze
such that an ink dot 30 ejected therefromw | be te
dianeter 32 of 2 x (1/180) inch after inpact with ' Since the

center to center distance of the dots 34, according to the presently ,
preferred enbodi nrent of the invention as Yescri bed above is 0.14 nm (1/180

i'nch), thi d e, i;n_d h hor i | ] d
vert) cal Iy adiitahoiffh o SRRt Rt Sololtar oSy Fois ke "
touch. Each IwsHid daom inie dats A0 ECtwrlky deposited Qeemdgin e fvatte is
oLer1e0 L0 Snge Rl s b oaengh shelk ety e tdapes (o

t hereon. Referring agal e pri as conpletely

traversed thd&WRdiitindets (3 PRRiRkrebuPE iheRepiraifed to advance by 3.95
nm (28/8180 inch) ixet&erimgli newadvanae di4 pcatebrddngt ke Rhentdieabntfcoul d
then be returned.to its Im‘#rﬁ?l'ﬁ‘gos ti.on,, and a)g‘?ln tte ri.nt head coul.d be
caused to tr AR SARAUIS LT the LIYeRELTe (R hﬁéﬁﬂ RRILNE R ght
be i nked in aarsiegteepasappért leffr ipiedadid bon sthef medédmt 223s the exswat h

38. By repeatyd t | | 2 C Ol e
deposited t heérxtra%?]éf efnf; ot@%(ﬁ%%%%%égﬁ% ?ﬁa#@%@%{% and
bl ack). O cagircent thepekn ane dgsilgratiec@ndodefinpdsas fraing 3d'su-

di rectigd UndeeXQIDLAESF £ONt T oh Eﬁebéah@k%n%il,dé&@@éd&éi@i%é%ﬁw:'|y

deposited thereon. A further practi- cal |limtation_is,that,, norng
maxi mum of t\Rf iR RIXLF 7 op; ¥be sptiregmediyp 26 I@rgTigptRhvaA FI G
4, accordi ng defirnel MeIeing PrRipyr opiesbosz NEBacH (9 thw @ilkeles By hod,

begin- ning gf; @l o4 " §lBetPREkel i R b CcQlsbqCeiPEe Tht%0r eight
colors (including white) by either not printing ink therson

15 (white), or by printing thereon, under computer control,
either black ink, yellow ink, cyan ink, or magenta ink, or

both yellow ink and cyan ink (green), both cyan ink and

magenta ink (blue), or both yellow ink and magenta ink

{red). Therefore, a total of 40%6 permutationé of color

20 arrangements within a super pixel 42 is mathematically
possible. However, according to the presently preferred

embodiment of the present invention, many of these poten-

tial permutations are considered to be unnecessarily dupli-
cative. Therefore, according to the mnethod of the pre-

25 ferred embodiment of the present invention, all color com-
binations (three yellow and one black, for example) are

. always arranged in the same relative order, thus resulting

in 330 variations of color and shading. Since human per-
ception will, at normal reading distance, cause super pix-

30 els 42 of the size describe herein which are created ac-
cording to the inventive method to appear to be of a single
homogeneous-coidr, 330 variations of coloring and shading

is provided for each super pixel. This limitation of 330
variations of colors according to the presently preferred

35 embodiment of the present invention is by no means a lim-
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the extreme upper |eft pixel and the t hree pixel cent
thereto are designated and defined as being a sup§§ |er" 42 In t he sane

man- ner, each succeedi ng group of four pixels 38 &?un126
i s designated and defined as being a super pixel , i xel s 36
within a super pixel 42 nay be caused to ke one of ncl udi ng
white) by either not printing ink thereon (white), or by prlntlng t her eon,

under conput erj €diiddlor ehleh@hvidh&sbni nlas YRE| DMtré R vE IRdE RO . i Plegiidaent a
i nk, or both wlowmktﬁ‘gdaﬁ%anlnk r{n% 0 anlnk ndrraent%Omk
(bl ey, or both¥ VERIEA o, T Sk A SHRE AR G

4096 pernuteuiannbxﬁatxbns off calgersgnandwahiri nuabenpef pnxnﬂsznhlper su-

mat hemat i cal | %bélﬁ;ﬂpr esen%_‘o er?cﬁﬂédhﬂgbégeb?e EE:S&E”EIOV E&Eefs%rpfe‘id

enbodi nment . i nventi on nti a
tationsSare cdrsieler4?d maybbeumedusssartia yordmplan@tt e. inven&iyee method

according to i, nSéhEE-a&ftlbﬁa ALl REF &80 eABSEIBRE On t:'?@la?ﬁf&?nﬁo the

i nvention, all calor nblna- tions (three _yell ow and _ one bl ack, for
exanpl e) are Pesf \ﬁ5@§%ﬂ 1l gsReY R PﬁEh§3n§°FeP£?F@é°6PHthetﬁﬂ¥%ﬂ§%ﬂqf
ing in 330 vampyatapplyitlg atlesetfieritdeitribed) CRrB iR e prdpitiog \$u- |

“at normal reading. distance,.cause, su s_42 of, t descr.i
herei n whi ch éFEgéPgﬁ?eg &@E&F@Fn§° gﬁ?hgr ééﬂ?l 4%%&#%%; tito be
of a silfgl e h@ndgsnﬂnus color, 330 variations of coloring and shadlng S
provi ded for each t 0] dﬁE} -
colors according to e ﬁe cee-r%}: §pbh.g}ng i‘ﬁk ﬁ%eé g&éﬂ%gtﬁﬂﬁltﬁe pre%é'ﬁct

i nvention is tﬁl%dmr&ummtpaf- gnPEesent invention, R Ienevadse®ror ve

met hod is equahdésﬂpﬂi&ﬂ-cﬁ’%epf&@m V@f' 81]( QEqQQEédbh.ﬁﬁt aa&g ¢b &el @es and
combi nati ons of cal ors

ForChort 1 One Samihed fuifhtn chiy"gIveh, Surty Bakel HuapEtrayB. bess’ of

15 the printhead 16. However, all ink dots 30 contalned in
super pixels 42 that are either horizontally or vertically
adjacent to a concurrently printed super pixel will be
printed on an alternate pass of the printhead 16, either
immediately preceding or immediately following. Further,

20 in order to minimize banding effect, the printing of swaths

38 is accomplished by a sequence comprising a first trans-

verse. movement of the printhead 16 across the swath wherein
nozzles N15 through N28 are used to print one quarter of

the pixels 36 of ﬁhe swath, a second transverse movement of

25 the printhead across the swath wherein all nozzles N1
through N28 are used to print one half of the pixels in the

swath, and a third transverse movement of printhead across

the swath wherein nozzles N1 through N14 are used to print

one quarter of the pixels in the swath. During the third

30 transverse movement of the printhead 16, nozzles N15
through N28 are used to concurrently print one quarter of

the pixels 36 in the next succeeding swath 38, .thus be-
ginning this series again as to the next succeeding swath.
Referring now to FIG. 5, which depicts the segquence

35 for printing ink dots 30 according to the presently pre-
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to one, and the i nventive nethod may be practlced~ae\here|n described in

rel ati-on to the best presently known nethod for pract|C|ng Rvention,

by. applylng t he sequence described herein for pr| @@J i xel Ioca-

tions to the printing of individual pixel Iocatlo

applying ink dots 30 to the super pixels, 42 accor sent

I nvention, in general, provides for the b?lntlng of -a a I nk dots

Lo be deposibed-uil BhBodMieitVER EHBSErBLARL Lfyantl sl eap%sézfs 19 3,00

printhead 16 cont ai ned I n super

are either hoingbatavaybopsydst sbawny adilfoerf(a)o deRisHaurthamtink Hots ed
su![c)ﬁr pi xel dm|t£1|15€ QbhmEeQeOBr&ﬁtéldé%h?%t Ef:ﬁ%%sf & pdsd *EfFlﬂiné‘t Héad q
ei ther imme e recedin I medj at g pllo ur- i n order
Co i ze. Handi 1 CRFEct LORRE, P S an o LEERA B Eotah A (B by o
sequerge conpumisening éyssémt fanstke SErrangereht ob £ t kel |mdnaetarbri26 mross
t.he swath Lh.n I 5 rou 2 u t

t he pixelsmg§{g¢ﬂ?hgﬁéw§$ﬁﬁgl Q g“t%%ns@%%%eagg§ ch% e pr|n head
across the steakedhsvath 3B, rthgzllek Motish2dugthaws aﬁrepmsabd dmprFI%. one
hal f of the | 8p 1 ﬁﬁkb § a VESEM o Oy

print head acﬂgg J??]efbs‘%/%ﬁlf ere (ri%? %hé;;ﬁ ll\jltle Pﬁ?gﬁé& %4 are eués)e to

print one qu%??%?gﬁfngﬁe(ﬁlﬁelg)rnr?ﬁﬁe§ﬁbYﬂ1YEUrTﬁ3 W?Q#*%l*% 15 dFRsRr se
nmove-igrent oédvbmc@ﬂl I&heealcé:ﬂcﬁun Nezzheas ;méﬁéﬂr oLgm A8 8incR) ys aghd Othe

Conour ent | VeRihfhootey SUatlel ol e el e NctlesEKL puseeedne
Ref erri ng nomntthEI@rdﬁenﬂmyﬂpxkﬁnxredtembeéqmenteofothpmpnesqptr&nﬂots
20, accor 8 "oudel U8 LS oEM gl I £IIESITES 10k SBEaPiEE St
i nk dots 30 t‘-helﬂ %‘t—ﬁn mcl'pmam%d and gachy pesgawBepein printing occurs

15 is, therefore, in the same directicn as all other printing
passes. However, this is desirable because of the specific
arrangement of nozzles in this preferred embodiment, and
because of other limitations of the printer 10 used to im-
plement thé inventive method. This is not a limitation of

20 the inventive method, and printing in both directions of
travel of the printhead 16 is entirely within the scope of
this invention. On the second pass of the printhead 16
across the swath 38, alternate super pixels 42 are printed
as shown in FIG. S(b), wherein pixels that have been print-

25 .ed in the previous pass are designated by "x". On this
second pass, pixels in rows Rl through R28 are printed by
nozzles N1 through N28 (FIG. 2), respeetively. EgeLmﬁgéum
12 is then again advanced the length of 14 pixel@t(l4/180
inch), and the printhead 16 would make a third pass across

30 the medium. On the third pass of the printhead 16 across
the swath 38, the remainder of the super pixels 42 are
printed as shown in FIG. 5(c), wherein pixels that have
been printed on the previous two passes are designated by
*x". On this third pass, pixels in rows R15 through R28

35 are printed by nozzles Nl through N14 (FIG. 2), respec-—
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. the printhead 16. In-this figure, row designations Ri, thro'ugh'R28iare a
nunbering system for the arrange- nent of pixel | ggahi-oNs B3 Repladsdn t he
swath 38. On a first pass across the illustrated |nk dots 30
shown as printed in FIG 5(a) in rows Rl through RB“ |nted by
nozzles N15 through N28 (FIG 2), respectigely. I's then
advanced the length of 14 pixels (14/180 |nch) and the pr| nt head 16 woul d

make a second¢ggelvacr I e I r
enbodi_ment of the B’? es%rglltssal mmélnn%&%rd pl??%% eggﬁélgg% sﬁ}gt E{I‘eﬁgg&ﬁonlzta S

ori gi nal posi BF8nYELLe£o% HEF1T & Nexly CORSeSHELY aF¥astn (BothShowRg ~occur s
is, therefore, in Ake canmbdiumidrHods ﬁi'damotherabéVétdégcﬁﬁpﬁQEn Hagever,

h d h f f hi
forle?elfedeZLr{)ggkgéﬁtg R BT e e sk e e I
used t oSi npl efdmstt pessneéntheepnintibead Thé sadroswithe mediitat 1anwbereha
| nventive met HB%J.%EdNP;’tH&bEQh' ?ﬁ?%@e%é@%é o dlla 'f 348 BRskBe the

prlnthead 16 1's entire e scope of 1's Tnventi o econd
pass of the ppmnﬁélsedleca@rsgs§heh@e@mrwlmem tNaZEkes éi}ﬁeﬁhﬁp%@hsl‘% are

printed as shawe hBchEed5(b¢n amr&&ﬁbﬂglpﬁs%é R theveriaeRepdl mkedam the
previ - ous pas% e desi nate Eg I s second ass p| xels in rows
Rl through R28 a? pPPAE 85b§1 ’Z‘PB‘ghl\Hz? kﬁ’fﬁud’r?qéz)@aﬁg to create
respecldvel y. aTdesiediuprifited ibege ageder ambmpired tcbm'lreagt hAoéoi:éJ.ng*el S,
I.e. 1.98 mm {14/ 180 ) e, pr WO
across the ne & ]ﬁ OL'P%Q Fﬁagg %as%goéﬁﬁéc&rn%ﬂ?fe%d%g%écPgsg} ag%at h
38, the renmi ﬁgepfothshprsapbeagu k€| s sequiargst |Hﬂre@m5@/mhb-nhm$ t5(c),
wher ei n pi xel g tfi%lr{@é@ SRer r'ﬁ@ﬂn\?”}.ihe RLEY iRl éd@n?ﬁ&é&f ﬁRg

! g rou § are

desi gnat ed by On this thlrd pass, pixelSin rows RL5
printed by noi?P@sa the top and one at the bottom).

15 Various modifications to the inventive method may be
made without altering its value or scope. For instance,
any number of nozzles might be employed. Another obvious
modification would be to employ the inventive method in
monochrome (black and white) applications wherein only

20 various shadings, rather than variations of both shading
and color, could be derived. Further, the individual pix-
els and ink dots of the inventive method could be of any
size commensurate with the goal of having them perceived as
a unit by the human eye. Further, the method could be

25 adapted to use with types of printers other than ink-jet
printers. Another conceivable variation of the inventive
method would be to reduce the number of pixel locations per
super pixel to one, thereby retaining the advantages of
reduced color bleeding and reduced banding, such as for

30 applications wherein mnultiple colors or shades are not
desired. _

All of the above are only some examples of available
embodiments of the present invention. Those skilled in the
art will readily observe that numerous other modifications

35 and alterations may'be made without departing from the
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- N1 through N14 (FIG 2), respectively. Also on thTiﬁsShlaatHebP;;szs Replag zzles N15
through N28 are used to begin a next consecutive s As can
be understood fromthe above description, accordin ce j ust
describéd, there will be a first pass of the prlnthea across t he nmedi um
12 wherein nozzles NL t hrough N14 are not used, -and a Iast pass of the

print head across the nedlun1mhere|n nozzl & N15 through N28 are not used.

On al |l - ot her pass rint d 16, all, of the nozzle hrough N28
are used, as ﬁ@é‘&f dtms&ﬂp %3& & davisnticad |ﬁ§§8ré iyco E’%
control. Accoddsmgbsnna1rsdabttanﬁenﬂe&uasnunm&tnﬁggemditm&ahpphnuwd
passes of ad 1 S | er, _swat c t

_printed on théﬁ%e 1?% Qol Snsét%\{‘)é%gl%‘ga sp\é%‘séebsi%one naél {;ﬁe gggﬁgr?d
one at the boSFQMP Oﬁmﬁhﬁn;nﬂﬁnﬁhQnﬂn ons to the inventive nethod nmay be
nmade W ghout altering its value or scope. For instance, any number of
nozzl es mght be enployed. Another obvious nodification would be to enploy
the inventive met hod i n nonochrdRAiNsdaicOaiaaidiheliianpl i cati ons wherein
only various shadings, rather than variations of both shading and col or,
could be derived. Eurther, the u el s .and ipnk dats .of t en-
tive nethod could B¥ SP%W ?P?sréﬁﬂﬁg gﬁ?’gt ?\Aatt??‘f%éi]e&&ﬁlp}fl%\? §hﬁhem
percei ved as anmemtﬂnetﬁnthodanaayamd@stiswproﬁeceéthhdcmnﬂsidé Fezyt ed

Lo useiyith tyAen Qfupfi &) eLenOLNSE LRAL AR P Se RORNCECNK

ceivable varia ) nventive met hod woul 0 reduce the nu
pi xel |ocati obdegding pad pandingopsablenfier iz dighigvgelity ioage &8s of

reduced col or gal eedigyl sl é£0ACeHeR8NFaRIetpUSE eamBQﬁaemahgcaﬁsl edlors
wherein multiple c Iors or shades are not_desired. Al of the %Pove are

only soneexanﬁP@Es d&a&q -3- 11t the type of application for whi the 1in-
ventive method is best suited, the problems of color bleed-

15 ing and banding are most harmful. Therefore, since both of
these problems are effectively cured by the inventive meth-
od, the images produced by this method are of the highest
quality practically attainable for this sort of printed
image. As will be understood by those familiar with this

20 field, bleeding between super pixels (or between individual
pixels in applications wherein super pixels are not used)
is essentially eliminated by the method described herein.
Further, bleeding between pixels within a super pixel will
not be at all harmful to image quality. In fact, some of

25 this sort of bleeding might even help to blend the colors
within the super pixel and would thus even add to image
quality. The banding problem, while not eliminated, is
very well masked by the overlapping nature of printhead
passes.

30 Also important is the ease of producing multl-colored
or multi-shaded images according to the present inventive
method. Once a set of instructions for producing images
according to the inventive method is introduced into either
computer software or printer firmware, a programmer wishing

35 to use the inventive method for producing an image from a
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bl e enbodi ments of the present invention. Those skilled.in the art..will
readi |y observe that. nunerous other nod- ifications and alterations may be
made wi.t hout depart- ing fromthe scope of the clains. Accordingly, the
above disclosure is not intended as limting. | NDUSTRI AL APPLI CABI LI TY As
can be understood fromthe above descriptjon of the inventive nethod, an
image is produced which is of very hi quality since it is relatively

free of unvaghaolak dlednig AR AEAIaRLOBk o0Re T JAD i3l Chd 0

can be. conpr a grea ions o rs and
shadi ngs. In ahaeﬁquam%mnmavuﬂa@e R [SUper |mv@it| v @ iehongd the best

suited, the BirRkmdiSE uftred O %@wafagéoggaﬂmﬂ DSy féﬂ‘wa

Therefore, singce both of. these, probl ens_ar ect |v cured

i nventive metid@rS REXeIadE B cEenis W%l%r%ﬂﬂ‘boc%ﬂ%l’cﬁa’i% h| ghest

qugl ity p{j agti cal Inbz?tﬁmésa aﬁaegf:nﬁrt bfeasaﬁst, ot B &E-:%dclt@&gtha:ﬁs tiig | Ibe
under st oo e fa t i s Je ee et wee i xel s
(or between ?(ﬁ’&q\h Fud™ r%) lfg‘is\% lﬁfsl%% %‘l é‘rveﬂ not
used) is essdmt ibaitthy salgrrmflcameoﬁ.mwam rextch dobrotp dastiedy Her eiuratli@rnt her,

bl eed- ing between pixels within a super pixel will not be at all harnfu
to image quality. In fact, s | eeding m ght even help

to blend the colors within the i xel and woul d thus even add to inmage
quality. The bandi ng probl em \Rmﬁ m lagelt ed, is very well masked by
t

t he overl apping nature of prin SO inportant is the ease of
producing nulti- colored or s according to the present

i nventive method. Once a set of instructions for producing i mages accordi ng
to the inventive nethod is introduced into either conputer software or
printer firmvare, a programmer w shing to use the inventive
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net had for -produciig an i mage froma programcan easily "call up" any of
the avail abl ﬁligﬁg&ha@}gﬂ}i&ﬁg@dng vari ations avail.abl e per super pixel.

Wt hout the i : od, the t rogramm ng such a variety of
col ors pixel 3muﬁuuuwmm greatly conpli cat ed. or these and ot her
reasons, it i t he uti.Ii”m m ' applicability of
the invention will be both significant m H Hm”” g lasting in

dur ation. Clains 1. A nethod of placifng®ink drops 0) onto a surface of
a prifsAMMSum (12), which sur?Se is defined as a matrix of pixels (40)

t hat e arfanged, hori zontally and vertjical Ly to define.

hor i zopt al 14 Tacthad, af plafig it drogs on a SurfaCe'of priof mediis pigels that ang,grranged

di agonal | y- adjacent, groups of pixels (42), using an ink jet printing
appar afthorizapiah gows @nd tviertical icelumns andeftnephorinontally adincente rsetiqallyadjasentdr ops
onto the print nmedium which nethod conprises: (1) during a first scan of

t he prandt diagohallyi adjadent gixel proupss usingl an Shk ge printieg apparhtus tewvingoh maki-
drops into contact with a series of first and sec- ond pixel groups

r especidzyR! Ysca®ifd prindhdadr foroGepdsiting Mk ArBps!lonl tHeuphiat Médiddk- We ometdad
each pi xel group having a nunber of “contiguous pix- els equal to the nunber

of dr [ f2: - ter, with the first and second pixel groups being in
e P

a first spectively, of said pixel group rows and in a first

T SR L i S A AR B oSS

horizonjtalle/ and vertically . . . _
with a first pixel group comprising a plural number of contiguous pixels equal to the number

of drops in the cluster so that each of the drops entirely covers a corresponding one of the
pixels of the pixel group in a manner such that the ink drops overlap each other upon
contacting the first pixel group and do not cover portions of horizontally and vertically
adjacent pixel groups. |

2. The method according to claim 1 including the step of simultaneously directing a
series of first and second sets of clusters such that said clusters are located diagonally
adjacent to one another during a single scan of said medium. |

3; The method accofding to claim 2 including the step of directing said first and second
set of clusters to be in tangential contact with one another.

4. ' The method accordiﬁg to claims 1, 2 or 3 including the further step of simultaneously
directing, during a second scan of the printhead, clusters of overlapping ink drops to
substantially cover pixel grbups that were not substantially covered during the first scan of the
printhead.

5. The method according to claim 1, 2 or 3 including the step of directing subsequent
‘clusters comprising at least two ink drops into contact with pixel groups that are horizontally

and vertically adjacent to the first and second pixel clusters during a single scan of said media.



adj acent pixel groups; and (2) duri econd scan of the printhead,
repe&ting (1) to dire urther clusters of nk-dmth t he

pi xel groups that were mm‘\ cover ed- dggd t-he first scan of
the printhead; each dr Oﬁﬂl\mm‘“‘w il entirely CsSﬂ&tﬁ enReplaced
correspondi ng one of th 'xels of the pixel groupH directed
and in a man- ner such that adjacent ink drops over in the
hori zontal and vertical directions in each pixel group. 2. A nethod
according to claim1 which conpriges, during said first scan of the
printhead, directing said series of first and second clusters of ink drops
i nto cdnt ackheymethodacgoring tosclgim 5 whereim thes elustar compeises gweyupeerlappingdnk s aj d
series of first pixel groups are |ocated diagonally adjacent said series of
secondrppsckdving oerers that afe verticalty aligneddi ng to cl aim 2 which conpri ses
directing said series of first and second clusters of ink drops into

contact, W tThes fiethodeddcOidif tJ thafih ﬁ%e&ﬁ?ﬂ@cﬂh&?koﬁbﬁs&&uﬁpdé}ﬁb{)ﬁ%i igki nk
drops of said series of first pixel groups are in diagonal tangenti al

cont ac g@%i&é"&.ﬁ%gﬂ‘é‘@Mrﬁ?ﬁgﬁ%‘f‘ﬁn@iﬁa‘?@%@-es of second pixel groups. 4. A

met ho 0 any o -3 in which each of the clusters of

[k drePs CAIPIeiSy s 2ralilto 12RE 2% £3, R Plndef Be HIPALIE s Biited

| so that the ink drops of the first cluster overlap within a first pixel group and wherein the
second cluster is directed so that ink drops of the second ¢luster overlap within the second
pixel group.
9. | The method according to claim 2, 3, or 4 wherein the first and second clusters each
comprise four ink drops that are directed to overlap within the respective first and sécoqd '
pixel groups and said first and second pixel groﬁps each comprise four contiguous pixels.
10. - The method according to claim 9 wherein the drops of each cluster comprises four ink
drops that are directed to overlap about perpendicular central axes of the pixel group that is
substantially covered by the cluster such that all pixels in the group are still Substaﬁﬁally

covered by ink.
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