1 METHOD FOR | NK JET PRI NT | MAGE COVPENSATI ON Field of the Invention This
invention relates to digital printing and nore particularly to printing
using devices which eject ink onto the printed substrate. However, the
invention is not limted to ink ejection devices and is also applicable to
| aser, light emtting diode printers and to digital photocopiers.
Background of the Invention In ink ejection devices a printhead has an
array of nozzles through which ink is 1selectively ej ected onto the
substrate as the substrate noves relative to the printhead. The printhead

may print by sc C P bands or, if
S A ul pagtik OB ERR IR dEY PRER A CE COBERATIONG: n ot ¢ he
page. A bIocked nozzle will result in nultiple horizontal blank Iines, in
the case of a scanning type printhead, or a blank vertical line in the

case of glighlef thedoyentionnt head. Such bl ank |ines are undesirable since
they detract f onlthe rinted r esent |nve tion.provides a
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nozzl es apparent to the eye of an observer in normal use. However, the

i nvent i ortoiisk empipdn debtes and intle rpplombls toflaser,ilighi emittihe dwda pdeters:md whet her
passi ve orﬁgg:%li‘lv%ht is. repeatedly used to produce dots of ink or the like
on a subs?f PH%8°MF&nt i on has potential application to |aser and LED
type printers and photocopiers where a fault in the inmaging drumor [|ight
source can result in repeated faults in the image produced. As used above
and t hr ougadkgroutrbofithednvattiomn and clainms the termimage is to be

understood to ve r oad ., neani i ncl udes_a uch as
text and |ine 1}1]1 1nk eject? evices a pnrh eagcglas an array of nozﬁes thr%u E.l %mk 1ss

selectively ejected onto the substrate as the substrate moves relative to the printhead.

The printhead may print by scanning across the substrate to print horizontal bands or, if
it is a full page width printhead, it may pass along the length of the page. A blocked
nozzle will result in multiple horizontal blank lines, in the case of a scanning type
printhead, or a blank vertical line in the case of a page width printhead. Such blank
lines are undesirable since they detract from the printed result.

The present invention provides a method of modifying the printing of an image
so as to reduce or effectively eliminate the visual effect of one or more such blocked
nozzles apparent to the eye of an observer in normal use. However, the invention is
applicable to other forms of printing where a device, whether passive or active, is
repeatedly used to produce dots of ink or the like on a substrate. The invention has
potential application to laser and LLED type printers and photocopiers where a fault in
the imaging drum or light source can result in repeated faults in the image produced. As
used above and throughout the description and claims the term image is to be
understood to have a broad meaning and includes anything printed, such as text and line

drawings,
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drawi ngs. MJ130-SG 2 Disclosure of the Invention According to one aspect of
the invention, there is provided A nethod of nodifying an imge to be
digitally printed by a printing device, the printing device having at

| east a row of activatabl e devices which, when activated, cause rows of
dots to be deposited onto a substrate, the printing device also having
means to nove the substrate relative to the row of activatable devices in
a direction generally perpendicular t% the row of dots, the nethod being
used to conpensate for the failure of at |east one faulty activatable

devi ce tonac urat%l epo it ink dots at correct |ocation or |ocations,
the methotr € et ps of. identifying the or each of the at |east
one faulty devhe@rSiagas bk dgieel BF NBe tiMenti6R IREL id %F@QdéaﬂAtheltman ons,
and adjusting the dof size of at | east one dot in the vicinity of the or

each of tmedifying aniignge fie o digitally printed bpar piiatingy devieep ¢ins atietifg deite

failure. J|n.angther broad form.the i.nvent.ion provi.des,a nethod nodi fyi ng
an | nage VHTREAIREE £ PR s B B W R BB s 5RO B 1 or

fai | ure (@ WoaéReitdy oftbl DEudRhe, 1l pridithgdevRRAUd hivind GRUALRSmobOfdTet hod
including the steps of: a) identifying said specific Tocation or |ocations,
and b) adjubsiratetelative ta she rowvzef agfivatablt dedtesdne direditin genemally pemeadionladj acent

o e o 15 R R B B M S0 1
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the method including the steps of:
identifying the or each of the at least one faulty device so as to determine the

correct location or locations, and

adjusting the dot size of at least one dot in the vicinity of the or each of the
locations from to at least partially compensate for the failure.

In another broad form the invention provides a method of modifying an image to
be digitally printed by a printing device to compensate for failure to correctly print dots
of ink at specific locations, the method including the steps of:

a) identifying said specific location or locations, and

b) adjusting the dot size of at least one a dot at a location adjacent or near to

the respective specific location from that required by the image data.

In another broad form the invention provides a printer having a row of activatable
devices which, when activated, cause rows of dots to be deposited onto a substrate and
means to move the substrate relative to the row of devices in a direction generally
perpendicular to the row of dots, said printer including:

a) means to determine if one or more of said devices is not operating

correctly; and
b) control means for analysing images or image data and for identifying a

specific location or locations where a dot of ink should be printed by
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means to nove the substrate relative to the row of devices in a direction
generally perpendicular to the row of dots, said printer including: a)
nmeans to determne if one or nore of said devices is not operating
correctly; and b) control neans for anal ysing inages or inmage data and for
identifying a specific location or |ocations where a dot of ink should be
printed by MI130-SG 3 activation of a jncorrectly operating device and for
adjusting the size of dot produced byvone or both of the devices on either
side of the failed device. The incorrectly operating device will result in

_ device. The ty operating devi c
perating devi oo (RO B BEoREH hpeBiR R er gt orialies 5 ST ok or

faint line will bgrogt@dusase of BobATRRNGH@s 8AleARS R del dPth RIS Wivide, DE
caused to be larger than required by the raw i mage data. Conversely if the

i ncorrect|y Thpécatpely ersyating deyigerwilursiswly ire eledict Bue onkindoinsthe timegdot  si ze
of adj ace t 11, be reduced. .\Were a rt .of an. |imge requjres the
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adjusted in size. If there are a small mnority of |0cations in the colum

of the i¢idsad wchd largsp dhant iengjradely the i iotagel dataoConeysely & thakycodettly i n
adj acent col umims, may . or nay not be . adjysted in size ts in nore than the
fb ad; acRrtTBTRY i ipdlEhe H¥rpla Tk 43 othe' B it B a0Bigu B ibume. oy
be adj ustwduded. Si ze only if they are within predeterm ned vertical or

hori zontal di stances or both of one or nore specific location. For exanple
only dots Where a part of an image requires the incorrectly operating device to deposit a

continuous or substantially continuous column of dots, the dots in adjacent columns are
preferably all adjusted in size. If there are a small minority of locations in the column of
the incorrectly operating device which do not require ink, dots in adjacent columns may
or may not be adjusted in size.

Dots in more than the two adjacent columns may be adjusted in size. Dots in
adjacent columns may be adjusted in size only if they are within predetermined vertical
or horizontal distances or both of one or more specific location. For example only dots
in the columns either side of the failed column may be adjusted in size but dots in those
columns two or three rows above and/or below the respective location may be adjusted

in size.

Brief Description of the Drawings

The invention shall be better understood from the following non-limiting
description of preferred embodiments and the drawings, in which

Figure 1 shows a schematic illustration of a set of nozzles of an ink jet printing
head.

Figure 2 shows a schematic illustration of an array of ink dots formed by the

printhead of Figure 1 without fault correction operational.
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in the colums either side of the failed colum may be adjusted in size but
dots in those colums two or three rows above and/or bel ow the respective
| ocation nmay be adjusted in size. Brief Description of the Draw ngs The

i nvention shall be better understood fromthe follow ng non-limting
description of preferred embodinents and the draw ngs, in which Figure 1
shows a schematic illustration of a sq% of nozzles of an ink jet printing
head. Figure 2 shows a schematic illustration of an array of ink dots
formed by the printhead of Figure 1 without fault correction operational.

MI130- SG 4 Fi mti.c dllustration of .the sane array of ink
dots as in Fi gﬁ{ @&;@%@@@Qﬁ%@hgﬁuﬁb ﬁ’g Sg?leﬁfraﬂpglnfdogstﬁ“ i 18 aul t
correct i op fapedalyitenplinthédgd Fende $Usvith HelE oneectiohopahiiendl| | ustration of

an array of ink dots formed by the printhead of Figure 1 without fault
correction opefigirechgiowsm sgoensl shemaiesillustsaioandan ety ﬁﬁgﬂ;ﬁ@? floirmcﬁ by Tebs ame
array of } . in Fi e. 4 formed by the I nthead o I gure ut
vvithyf aulllth@?ggfr?ﬁg%% ?%1?11 oﬁelr‘gﬁ%’l%uﬁg?qlt @érsegﬁ?%%%%m&?f. Preferred and O her
Enbodi ment s ReFigtfel Nghot aFscBehficlillustrafioh BF fiRadmé ArBpsf MRt datd BYn Bigukdk | et
nozzles 12 arranged in a singe line. For the purpose of explanation only
14 nozzl ebfamed by dhenprinibead ef Figuee 1 but with &udt egiretidyeorferasiontlens t o t housands
of nozzles arranged in a |line. Paper is passed underneath the printhead in
a direction generally perpendicular to the line of ink jet nozzles, as

i ndi cat edDéyeriptiof\wr Peeferitd %d OiH@ Fmp@linmRAtA Stationary.or a novabl e

Referring to Figure 1, a printhead 10 has an array of ink jet nozzles 12 arranged

in a singe line. For the purpose of explanation only 14 nozzles are shown but in practice
there will be from tens to thousands of nozzles arranged in a line. Paper is passed
underneath the printhead in a direction generally perpendicular to the line of ink jet
nozzles, as indicated by arrow 14. The printhead may be a stationary or a movable
printhead. As the paper passes under the printhead the ink jet nozzles A to N are
selectively operated to cause an array of ink dots to be placed on the paper. This array is
a series of columns and rows, the spacing of which is dependent on the spacing of the
inkjet nozzles and the minimum paper feed step respectively. Whilst it is preferred that
the horizontal and vertical spacing of the dots is the same, this is not necessarily
achievable due to the different sources of the spacing. The printhead may be a page
width printhead or a smaller printhead which scans across the page to lay down a series
of transverse bands of printing.

For the purposes of explanation it is assumed that inkjets a-g and i-n inclusive
are operating correctly but, for whatever reason, inkjet h is not operating correctly or at
all. It is also assumed that the diagnostic systems of the printer, which will be well
understood by those skilled in the art, have detected that nozzle h is not functioning
correctly. In most cases, a malfunctioning device will be partially or totally blocked

resulting in insufficient or no ink being deposited on the paper. -
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printhead. As the paper passes under the printhead the ink jet nozzles Ato
N are selectively operated to cause an array of ink dots to be placed on
the paper. This array is a series of colums and rows, the spacing of

whi ch is dependent on the spacing of the inkjet nozzles and the m ni mum
paper feed step respectively. Wiilst it is preferred that the horizontal
and vertical spacing of the dots is the sane, this is not necessarily

achi evabl e due to the different sources of the spacing. The printhead may
be a page w dth printhead or a smaller printhead which scans across the

page to lay d a.ser| fatr verse hangds qf printing. For .the
pur poses of exp gﬁé 5‘13161% |szasvglﬁ(r§rhedscﬁ?{3? lciaﬂkj %{Oggaélgpfgﬁgﬂiquppﬂ Tsi ve
are oper apérfigmedriyeeid yrifthbad for withaitemal doeReQdh, thikl Bt a blak BOhm@per ati ng

correctly or at all. It is also assumed that the diagnostic systens of the
printer, \Wheliad W’ qormepopding to ipkiel s twiitst bolupme seg atd i davd beentiorgetly  have

detected . } ot . functi onin correctly. l.n no cases, a

mal f unct i %Eel%héagééllngee&vé‘qﬁ? Iﬂoﬁ(eis 6%r°tnfaqu go D AIIHFFS/ a%ﬁ’%{:‘ﬂ%dn%f’%gﬂfl??%g in

i nsuf fi ci @spendihg B8 wiRthebgieNginteRa 90t £4 faNpddlevinlRinthddl of 3QcarBin erring
to Figure 2, which schematically shows a portion of prlntln‘gD performed by
t he pri ntprateado T tunshaded sircies ommbseadi bn, 18 ROrandi 22 sepidsamtkdrops ek

| abel l ed "h", corr onding t.o i.nkjet h ilst colums g-¢g and i-n have
been cor rvé’c]tc?f%%lgﬁfe%’g? i%\‘?eer??n%tﬁiﬁ?éafum%}l%% S0 " grs(ﬂ%’? biEMk 1i nes
appear i nginiage pHiatedbyithé pEntheRPRBlitRETORUMIEEERTon aBErink B headbd@nient @ ful |
page wdth printhead or a scanning type printhead. Theé unshaded circles
nunber ed afBhe ngentiun epseptizpak epr esent drops of ink which shoul d have been

i i . ... Bigure 3 sh h [ inted b
Phe pri nt head SOCBtE WikiBEe e, e ol A of soBue i e GomndnoearRent

than normal, as will be explained below. This reduces the amount of white space

between the dots and between the columns g and i. The effect is that the un-printed
column h is not apparent to the eye of the user. When printing on A4 or letter size paper
for reading at normal distances, such as at 20 to 30cm, the effect occurs at about
1600dpi and upwards.

In the Figure 3 print, only dots intended to be printed anyway in columns g and i
have been increased in size but it is within the scope of the invention that extra dots of
ink, whether of normal size or of adjusted size, may be printed in the columns either
side of the failed column in locations when the image data does not require a dot. As
seen in figure 3 there are dots in the image at only about 50% of possible locations and
s0, even with oversize dots, there is still significant white space. This white space may
be reduced by printing dots in vacant areas to reduce and/or break up the visual effect of
the un-printed column

The area of each adjusted size dot is preferably increased by about 50% but this
may be more or less, as needed. The oversize dots in the two columns may just touch
dots in the same column. However, the size increase may be less, such that the dots in
each of the two columns of dots do not join, or may be greater, such that adjacent dots

overlap.
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of the invention operational. Referring to Figure 3 the ink drops in

colums g and i are caused to be larger than normal, as will be expl ai ned
bel ow. This reduces the anount of white space between the dots and between
the colums g and i. The effect is that the un-printed colum h is not

apparent to the eye of the user. Wien printing on A4 or letter size paper
for reading at normal distances, such as at 20 to 30cm the effect occurs
at about 1600dpi and upwards. In the Figure 3 print, only dots intended to
be printed anyway in colums g and i have been increased in size but it is

ithin th -fhe i nvent i t t . 1nk, whether of
\rl1mor mlaln Si gesg%gag}ﬁ(u(g%téeg% Si %g?éhn%rgagle&érlﬁ %E grgal?eﬁl?tnﬁ%ﬂv%}élOﬁlﬁfézeeciﬁfjﬁser si de
of the faiilbEbe depogined tontinao@ly bR hiltki, IMBRQEbE apRedNes tIOWHeRGM re a

dot. As seen in figure 3 there are dots in the inmage at only about 50% of
possi bl e ¢ &ts 6?1@5&%165%&6‘1@@}7&6{ i o iee Hif dek dwrcelumnges and s vgtljanly

0ssi bl _ s Gy s ey
" vacant teaac SRR R Bl AT Bl oo SRR (héaPbil® °°'°

un- pri nt edtopOhiapTexidng iafevef wiae moddk Us itéhdsll 28 cdRimd B. WhefemRk Yot

i ncreased, by about 50%but this may be nore or |ess, as needed. The

over si ze #Endeq in qahema idorcleragiganess, greferabbneceversizst drophwilhee eraated ol um.
However , é%ﬁg dpcrease may be |ess, such that the dots in each of the
two columms 0 %g?s'do not join, or may be greater, such that adjacent dots

overlap. M 130R&erthgibefigirés K ad@5Stharcears Qo QGebdhdo @k Widchenddic gra@ent
I nterval s oversize dro w || be deposited continuously by nozzles g and

i1t wi | Withat 96 r with 6{'51215 cemeglioptisppectikely. As seen in figure 4, dots of ink are
required, but not printed, in column h at rows 1, 2, 3, 5 and 7, as indicated by open
circles 30, 32, 34, 36 and 38. In figure 5 dots in columns g and 1 are increased in size in
rows above and below un-printed dots 30, 32, 34, 36 and 38. Because there are more
dots in these columns than compared to the figure 2 and 3 prints, the oversize dots
overlap more and reduce the white space to a greater exient. Again, if desired, normal
or oversize dots may be printed in vacant locations, such as column g, rows 1 and 5 and
column Irows 2, 3 and 7.

In the case of ink ejection type printers, increased dot size is achieved by
increasing the amount of ink ejected. In the case of thermal ink ejection devices this
may be achieved by increasing the duration of the heating current pulse. In the case of
piezo electric ink ejection devices this may be by increasing the driving voltage or
current to cause greater distortion or by increasing the pulse duration. Similarly with
mechanical type ink ejection devices the pulse width and/or driving voltage or current
may be increased.

The invention is also applicable to situations where individual devices are
producing too much ink, in which case the adjacent devices may be adjusted to reduce
the dot size of ink dots produced.

It will also be appreciated that this technique may be used with laser and LED

printers and photocopiers and other types of digital printers where the placement of an
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dots are deposited less frequently the drop size of ink in colums g and
wll only 1increase adjacent or near to areas where drops should occur in
colum h. These oversize drops nay extend into rows where no ink is
intended in colum h. Were ink is not intended in colum h for l|arge

di stances, preferably no oversize drops will be created in colums g and
i. Referring to figures 4 and 5 there are shown a second set of schematic
prints wthout and with fault correctlion respectively. As seen in figure
4, dots of ink are required, but not printed, in colum h at rows 1, 2, 3,
> and 7, dop gl cﬁ:ﬁ&ﬁ%n{)é{n AR Aduat bétﬁJagén 3Pa ddfee otbonpondl I 3 8xahBlef LPUre S
dots in colums g an are increased 1n size In rows above and bel ow

un- pri nt edEDdh a [HD) pSater By fbomthereIbay tecddifen i terhoticondutite irfdiss i n

t hese cohggﬁs h?n conpared to the figure 2 and 3 prints, the oversize dots
overl ap ntiE ghe 13sepnpater Ha kofh pasce puliisting the gre af adiaeset dats. candudanor i f
desired, i : - R .0, vacant | ocations, such
as coIunnﬁg?&a%aggkdgﬁﬁEéﬁﬁﬁ%&8%%fﬂﬁ% gFgﬁgagﬁggk%%d 7. In the case of ink
ej ection type Ju ihet@ss ofisntusaase tglioémBiize desicatfpeepatdedilot $ine negshag t he
amount of ink gjected. Ln the case of thernal ink(ﬁgection devices this

may be achPevisd tyympdiaians thegintenaity andor éetalormennt afdhe light Ellingear thaul se. 1 n
o . 5 Coaary OO i b bo :
thg g??ﬁiﬁ%ﬂﬁéﬁéﬁﬁﬁféﬁﬁﬁéﬂ@?gﬁbogggggbgégggggﬁgf di;fog?yoneoryb;ncrea5|ng

increasing the pulse duration. Simlarly with nechanical type ink ejection
devi ces the pulse wdth and/or driving voltage or current my be
i ncreased. The invention is also applicable to situations where individual

devices are producing too nuch ink, in which case the adjacent devices may
be adjusted to reduce the dot size of ink dots produced.
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It will also be appreciated that this technique may be used with | aser and
LED printers and photocopiers and other types of digital printers where

t he placenment of an MJ130-SG 7 ink dot is dependent on individual
activation of a device or conponent. For exanple, an LED in a LED printer
may fail or there may be a defect in the photoconductive imging drumof a
| aser printer. In both cases, adjusting the size of adjacent dots can hide
or reduce the visual effect of the defect in the device or conponent. In
the case of a laser or light emtting device type printer dot size nay be
nodi fi ed ulating the intensity and or total anount of the |ight
falling oﬁiéﬁgf correspondi ng portion of the photoelectric inmaging drum
MI130-SG 8 CLAIM 1. A nethod of nodifying an inage to be digitally printed
by a printing device, the printing device having at |east a row of

activatabl e deyic iche..when .activated,. cause rrows of .dots .to be
deposi t edl'ont o énegﬁ%%%rlg?cg,fyl?%%n BPE5HP ﬁaﬁl%@gy pamtg 8 5%1% dﬁ‘é“é‘?’l@et 0 nove
the substrate p@itibi 46vidd hbfifg M AWeRSt RGbivwat ablifutaile\deoRSs Whiéh, k&Lt T ON
general |y perpendicular to the row of dots, the nethod being used to

conpensat e f oractineted.afduge gows cdtddteds tbe odeposited| onto gr sibstaigbitle dentinge to
el udi ng” t ho G5B e n s e e e o Bt of Feevar iaiione
faulty device &Ri®RS ih @ @RlcEbNgBRerally BepOidifflr 1008RlbRMbOdotd, Asd i@ and

being used to compensate for the failure of at least one faulty activatable device

to accurately deposit ink dots at correct location or locations, the method

including the steps of:

a) identifying the or each of the at least one faulty device so as to determine

the correct location or locations, and
b) adjusting the dot size of at least one dot in the vicinity of the or each of

the locations from to at least partially compensate for the failure.
2. 'The method of claim 1 wherein the dot size of said adjusted dot or dots is
increased if no dot or an undersize dot is to be printed at the respective correct

location.

3. The method of claim 1 wherein the dot size of said adjusted dots is decreased if

an oversize drop is to be printed at the respective correct location.

4. The method of claim 1 wherein dots that are both transversely and

longitudinally spaced from the respective location are adjusted in size.

5. The method of claim 1 wherein selected oversize adjusted dots contact or

overlap adjacent dots.
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b) adjusting the dot size of at |least one dot in the vicinity of the or
each of the locations fromto at |east partially conpensate for the
failure. 2. The nmethod of claim 1l wherein the dot size of said adjusted dot
or dots is increased if no dot or an undersize dot is to be printed at the
respective correct l|ocation. 3. The nmethod of claim1l wherein the dot size
of said adjusted dots is decreased if _an oversize drop is to be printed at
the respective correct |ocation. 4. TH: method of claim 1 wherein dots that
are both transversely and longitudinally spaced fromthe respective

I [ ' i i . Th . |l.ai i I d
oversi s6 G uct ity TAPEET Werd el MiRlodift Tt bt o088 6" e

met hod of cl ai éReHaphgjaednd ds®l ect ed adj usted size dots do not contact or
overl ap adjacent dots. MI130-SG
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