1 INK JET FAULT TOLERANCE METHOD Field of the Invention This invention
relates to digital printing and nore particularly to printing using

devi ces 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 selectively ejected onto the substrate as the
substrate noves relative to the printhead. The printhead may print by

scanni ng across the su i i t sor, if it is a
full page wdth printh§§%§§¢?I%§98g§g§L§$%ﬂ€8Eﬂ@hpgﬂgﬂh of the page. A

bl ocked 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 a
page mﬁthEhaﬂﬁéﬁéﬂﬂﬁﬂsmbh blank lines are undesirable since they detract
fromthe print . : resent invention provi met hod of
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to the eye of an observer in normal use. However, the invention is

appl i cabi @ itk cischer dedesssndfis plsp mpplinpbleerleses lighy icmdtfingidatdegrinpas side or
active, | e |y used to produce dots of ink or the like on a-
substratéi(qéggﬁﬁégﬁﬁﬁ%ﬁ has potential application to |aser and LED type
printers and photocopiers where a fault in the imaging drumor |ight
source can result in repeated faults in the inmage produced. As used above
and t hr ouaekground-ofithednventiomn and clainms the termimage is to be
Lo Sroor 1O MAME oReBELAN IR BTk BRLHIF 3 AV ABuBh W R 30" 29
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
o 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 LED 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. MJ132-SG 2 Disclosure of the Invention According to one aspect of
the invention, there is provided a nethod of nodifying an imge to be
printed by a digital printing device, the device using a plurality of
activatabl e conponents to print the inmage onto a surface, to conpensate for
failure of at |east one faulty conponent to print ink correctly at one or
nore specific locations, the nethod including the steps of: a) identifying
the or at |least some of the at |east ogpe faulty conponent to deternine the
specific location or locations; shifting the intended printing position

fromthe e the specific |locations to shifted printing
| ocat i onsBE cftut el tR’fn , but not being part of the printing dot
mat ri x of Attwedogitgionalaspernge thel ilventidacmaet Bpeadddds Mt dMedityigg apr ovi des
a nmethod of nodifying an inmage to be printed by a digital printing device

that usesi™ags| {9 B iRriptest by #rdigital quinsigaedrvice; ghe gevige usg hrplyeslitso of

te., ' t Vi to,print ink correctl t,_on r nore
cpeetic. retvafabliiontboRet il oy W kfiaioRoP] ikt & SBPSRAG Y PRl o
speci fic lehaeakifailtyotorhsuhehi @NFiMRNEk t@tecll at 686 br ARG §REF 1bEationsahé ON,

intended to be printed by a first one of the plurality of conponents,
shi fti ng Wedopindedigs fstasef of the dot intended for the specific

dot of the i e, "wErUEyRRCeE E bR e il Yol mRpE o
prints at |east Sqﬁﬁmﬁﬁném@sﬁakﬁdmkﬁﬂﬂﬁﬂqé&ﬁmﬁﬁe shifted position. I n
anot her broad formthe invention also provides a printer having a row of
shifting the intended printing position from the or at least some of the specific
locations to shifted printing locations alligned in the rows, but not being part of the
printing dot matrix of the original image.
In a second broad form the invention provides a method of modifying an image
to be printed by a digital printing device that uses a plurality of similar components to
print the image to compensate for failure of the device to print ink correctly at one or
more specific locations, the method including the steps of identifying said specific
location or locations and for at least one specific location, intended to be printed by a
first one of the plurality of components, shifting the printed position of the dot intended
for the specific location in the image to a shifted location not already used by another
dot of the image, whereby a second one of the plurality of components prints at least
some of the ink intended for the shifted position.
In another broad form the invention also provides a printer having a row of
devices which cause rows of dots to be deposited onto a substrate and means to move
the substrate relative to said row of devices in a direction generally perpendicular to

said row of dots, said printer including:

a) means to determine if one or more of said devices is not operating
correctly;
b) control means to analyse images to be printed and to identify when a dot

of ink should be printed by activation of the failed device and to shift the
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devi ces which cause rows of dots to be deposited onto a substrate and neans
to nove the substrate relative to said row of devices in a direction
generally perpendicular to said row of dots, said printer including: a)
means to determne if one or nore of said devices is not operating
correctly; b) control nmeans to anal yse inmages to be printed and to identify
when a dot of ink should be printed by activation of the failed device and
to shift the MI132-S G 3 position of the dot in the printed i mage such that
the dot is printed by activation of one of the devices on either side of

the fail ed device. .1 N t Lainally.intend t.qQ, be printed t he
def ective device naé/rggﬁleon ééfhri%? tdz)(t:l%{ P%n%%?%g}l%el % 53%3?%??‘?&? I?ﬂn%fpog
transversely and | ongivitith fainke s tHY & REaBh Yithdr RRIeoThd filghadi&d to a

| ocation i medi ately adjacent to the original |ocation. The defective

devi ce will rebkg inki ¢ptg oramally interdeddp Yeiprisged hy theedéfpettys duvicatreay hand

preferably.. ink is,.shifted to |i alternate,sides,of.  t i or
lines. Pr %}1%%10:3 Frfls;ve]_fsﬁi llg)ln_ %‘ﬁ%alfén?ryg%tﬁﬁﬁn%ﬂ%ﬁ%@ V@?Qﬁ“&h’-%ﬂ#&{ﬁ%e li ne,
but if notheaslatsishiftctiSo aYatatiaP!Bmbdafcheadj fRAB TRNGridiRA 1b&KoARY be shifted
both longitudinally and transversely and longitudinally along the |ine.

The ink may belkhddfectiyetdgvige molhrésuttan @ defechlineey litfes én thehimagopiigfedand r ow
| ocation._ Brief scri.pti.gn, of:.t he aw n The invention shall be better
undor st ool ROk 4P PEBRNG RS ATkt a0 B Tohesr Rty g
enbodi mengnk iaRAN LA SWE-RATs rdRivoGhe e UHE 1% ns NOWRoR i$ SVEIABICI iR the
illustration of a set of nozzles of an ink jet printing
same row, the ink may be shifted both longitudinally and transversely and
longitudinally along the line. The ink may be shifted to a row before or a row after the

original row location.

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.

Figure 3 shows a schematic illustration of the same array of ink dots as in Figure
2 formed by the printhead of Figure 1, but with fault correction operational.

Figure 4 shows a second schematic illustration of an array of ink dots formed by
the printhead of Figure 1 without fault correction operational.

Figure 5 shows a schematic illustration of the same array of ink dots as in Figure

4 formed by the printhead of Figure 1 but with fault correction operational.
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head. Figure 2 shows a schematic illustration of an array of ink dots
formed by the printhead of Figure 1 without fault correction operational.
Figure 3 shows a schematic illustration of the same array of ink dots as in
Figure 2 fornmed by the printhead of Figure 1, but with fault correction
operational. Figure 4 shows a second schematic illustration of an array of

i nk dots forned by the printhead of Figure 1 without fault correction
operational. Figure 5 shows a schematig illustration of the same array of
ink dots as in Figure 4 formed by the printhead of Figure 1 but with fault
correction operational. M} 132-S G 4 Description of Preferred and O her
Enbodi nents Referring to Figure 1, a printhead 10 has an array of ink jet

nozzl es I1Pestkiptiofed PreRrfedsiiOthdrEnbsdimche pur pose of expl anation only
14 nozzles are shown but in practice there will be fromtens to thousands

of nozzl es arrBelgaing ta Figure dea pPaherd 1 §hseansathy afvdejon aeaztest Rearpanged head i n

a directi enet al erpendicular to the Li,ne qf ink jet, nozzles, as
i cat e oy MR Ed BERRRISE G Blar e O 14 Medbs SR S pu S bt o

pri nt headiheASwilNBe FRRAL IteROfS BB UHALE b tldez1B4 bﬂsﬂg?aqntmné. Nfapefls paged €s A to
N are selectively operated to cause an array of ink dots to be placed on

t he paperuﬂdﬁmegthaﬂlﬁap‘iniﬂgeadéngedﬂggiogfgmmaummndicum thehlénes phiiknigt of

whi ch is depgndent .on. t spaci f th i,nkj et nozzl.es and the ni mum
paper f ee%ozgﬁaé’pasr mdic {:etdih@'e oW '!ﬂ}e Wrﬁ*‘%adpl?@( E’F et HHaY of ﬂemﬂ'ﬁ’;g!l%ont al
and ver tigmlth&@acisnthe apkh asded Snd& thBHrinai®Bd thdisk & MREHECIS I hd ¥

achi evable due to the different sources of the spacing. The printhead may

be a pageselestiseli operiatediie aatisorn arrgyraf indrdopsr t ibepéeedd wh thetpapeaibisarrayss t he
page to | & Xende(s)vc\)ﬂfl clutnhs 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.

Referring to Figure 2, which schematically shows a portion of printing
performed by the printhead 10 without fault correction, there is a blank column,
labelled “h” corresponding to inkjet h, whilst columns a-g and i-n have been correctly
selectively printed. This leads to one or more blank lines appearing in the printing
depending on whether the printhead 10 is a full page width printhead or a scanning type
printhead. The unshaded circles numbered 16, 18, 20 and 22 represent drops of ink

which should have been printed in column h but were not. Figure 3 shows the same
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of transverse bands of printing. For the purposes of explanation it is
assuned 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
al so assunmed that the diagnostic systens of the printer, which will be well
understood by those skilled in the art, have detected that nozzle h is not
functioning correctly. In nost cases, a nalfunctioning device wll be
partially or totally bl ocked resultigg in insufficient or no ink being
deposited on the paper. Referring to Figure 2, which schematically shows a

portion o rinti rf. the printhead 10 w.thqut fault.

correcti oiﬁr,l&te :la]llrhgéa?osy tggg{lgt:i\lgggg%%‘y& ?agB@PFS IOWC%TSH%S;?BRH}%H@HF&H nkj et
h, whil Stof:tﬁbliﬁﬂaﬁtj@;q)@;ﬂd)nb}_n have been correctly selectively printed.
This |l eads to one or nore blank Iines appearing in the printing depending

on whet her t heApmaitipesd thegaper iy fed past fegeinlicdd in fheiditehiéerdofoarraaw $€ amni ng

type pripthead, .The unshaded ciycles n red, 1 18, . nd 22 resent
arops of Ao ORI Fod beaRiriiREAs Mo pemtnfSpSnce aeie:
Figure 3 shewanchenisgBe Mhtdbd dysterfPdotelIRGSifRKjdbRGoB e Pand! hédahaask 10 but
with fault correction according to an enbodi nent of the invention

oper at i onéet. Singe hethtdoowé deed dneinp alptthe epntrotisystest sanhierapdamiytseledisione bhe
direction(ﬁf arro .%4 59 é?at row 1 %s gﬁinted firﬁt. At roqw 1, colum h,
dot 16 shBuld & Hr i he a8 B dhetsSRsetve,c0 P@Hbsﬁeafit? & F‘H}lﬁnﬁ : the control
system det er mi N_@ﬁnélgr B eafRN syas 4lt6Pals atide SYRRE dRctiviknozdRlon wiiilige both
do not need an ink dot, the control system sem -randomy selects one of

col um g ferpfint exiga pikadrepsardoto tha sidegrefesphbet fivse instingaris thestppesitob ther col um
gh VN\EIr gﬁl sliXe fagte pr(i:rﬁen&.rcslt)lvi()s sﬁ} t%er:rr]eavlvitll renéaatsgsswﬁg"g tl?c!rg 1es r?olc prte\rfll?)usd Safltg,cs:[ulcl\ll aels nozzl e
immediately after the nozzle has been detected as being defective or where the printer
has been re-initialised. In such cases it is random whether the left or right column is
chosen is random.
Both columns g and i are “free” and so the system places a single dot at position
g, on the basis of the criteria explained above.
Row 2 does not have a dot at column h, so no extra dot is produced.
Row 3 has a dot 18 required at column h and again columns g and i are free.
Because the last extra dot printed (at row 1) was printed in column g, the extra dot is
printed in column i.
Row 4 also has a dot 20 intended for column h but in this case dots are required
at both columns g and i. Therefore no extra dot is printed in row 4. However, at row 5
no dot is required in column h and both columns g and i are free. Because the last extra
dot was printed in column i, column g, row 5 is selected to print the dot originally
intended for column h, row 4.
Row 6 also has a dot 22 required at column h but again both columns g and i are
already used so the need for an extra dot is carried over to the next row, row 7. No dot
is needed at row 7, column h or at column g, but a dot is required at column i. It will be

recalled that dot 20 was placed in column g and so the first preference would be to

M.J132-8G



to print extra ink drops and so the side preferred, at first instance, is
the opposite to the side last printed. Qoviously there will be cases where
there is no previous data, such as imediately after the nozzle has been
detected as being defective or where the printer has been re-initialised.
In such cases it is random whether the left or right colum is chosen is
random Both colums g and i are "free" and so the system places a single
dot at position g, on the basis of thg criteria explained above. Row 2
does not have a dot at columm h, so no extra dot is produced. Row 3 has a

dot 18 reguyj i C : j ' f ause

t he | ast @gﬁ g@[ otmpc(ra:lﬂﬁ%ga h?(g?g/reg\%vﬁif)qs \%g%ddg?‘ %ﬁ%élgsr&?t%é Egﬁ&egnnﬁiag,& tthﬁ;%% gxt ra
dot is pinicolen ighewnl thomgh thisRevald ialsaccebdse axttiodot2h Edlin@nge WHiRE ol um h
but in this case dots are required at both colums g and i. Therefore no
extra dot™Mp¥respitin sy ihalansg o, a msRRsapic sgale,ag Bactagropistscple thisdrnids éel i n
colum h ﬁ}%ga&l@%hp colums g and i are free. Because the |last extra dot was
printed in colum i, colum g, rowb5 is selected to print the dot

originally inFigaeed faad & ghsimwh, sdT@WfﬁJﬂnRM&e,%rﬁﬁvé}age, anéet detg #&quir ed
at colum h but again both colums g and i are already used so the need
for an exicfBirgbthandn Fagured ader A mezdelt isrmeh fongening agoreeldt. Again needed

at row 7, . I It ,a dqt i requi red at colu i. It
a1 o T 1801 MR s U Bl S, NS ShB) el 1
pref er encx woplatedoth tsludd d 32obd>2 Ganld] RERo dOGuiA2ddts i @bkFTh h butiPwgwes, this
is al ready needed so the system places the dot in colum g, even though

this resutd@npng ggcemasilapde, ehethaolidpts BA sl dAnarg. plewdd &t cohimen i, not

withstanding any “need” to alternate sides.

No dot is required in row 4 or 6 but dots are required at rows 5 and 7. Again,
due to only one row being available, dots 36a and 38 are placed in rows g and i
respectively.

Also, within the scope of the invention is the printing of oversize dots in
unshifted locations next to or adjacent the unprinted location and/or the printing of
extra dots between the rows adjacent or next to the unprinted location.

Whilst the techniques described only consider rows printed after the original
row in determining where to place dots, it will be appreciated that a look ahead feature
may also be utilised to place dots in rows printed before the original row. For example,
if using the look behind criteria a dot should be placed to the right of the failed nozzle,
but looking ahead it is apparent that dots will be normally required in that column for
the next few rows, then a better result may be to place the dot in the left hand column of
the original row. Similarly, the embodiments described may also translate the dot to the
next row printed after the normally desired position. By using a look ahead feature the
dot may be printed in the row before the normally desired position if a better result will
occur.

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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may result in an inbal ance on a mcroscopic scale, on a macroscopic scale
this tends to average out. Figures 5 and 6 show two sets of print where,
on average, nore dots are required than in Figures 2 and 3. Again, nozzle
h is not functioning correctly. Again row 1l is printed first and a dot 30
is required in colum h. As only colum g is free, dot 30 is placed in
colum g. Rows 2 and 3 also require dots in colum h but because colum g
is unavail able, both of dots 32 and 34yare placed in colum i, not
wi t hstandi ng any "need” to alternate sides. No dot is required in row 4 or
6 but dot; . r ' : I: Yoo row bei ng
availablé?kgéfg gék%ﬁﬁng%dégﬁﬁﬁggﬁg'Ogﬁf$@§g&anéﬁgﬁphaF§§%§%%ﬁggr . Al so,
Wi t hi n t heEBGRRE.BY piifter inay il draheresndytee Pddfedtiim the@hoR¢ehidiictite HBidng N
unshifted | ocations next to or adjacent the unprinted |ocation and/or the
pr i nt i ng érm eke deserpristepelnvivath cpses, %’é@g&tﬁ %ﬁ% fen b}dgr@xltedw @nel?xa};r i nt ed
ocati on. . Jes [ only consider rows printed after
t he origi%ﬁ%ﬁbf%ﬁﬁ?%d%§§@$%5%gﬁg §ﬁ§?@§§b pl ace dots, it will be
appreciated that a | ook ahead feature my also be utilised to place dots
inrows printed before the original row For exanple, if using the |ook
behind criteria a dot should be placed to the right of the failed nozzle,
but | ooking ahead it is apparent that dots will be normally required in
that colum for the next few rows, then a better result may be to pl ace
the dot in the left hand colum of the original row Simlarly, the
enbodi nents described may also translate the dot to the next row printed
after the normally desired position. By using a | ook ahead feature the dot
may be printed in the row before the normally desired position if a better
result will occur.
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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
the placenment of an MJ 132-S G 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, shifting of dots can hide or reduce the
visual effect of the defect in the deyice or conponent. 8 CLAIMS 1. A

met hod of nodifying an inage to be printed by a digital printing device,
the devi f&g a plurality of activatable conponents to print the inmge
onto a sué Aﬁﬁyyto conpensate for failure of at |east one faulty conponent
to print ink correctly at one or nore specific |locations, the nethod
including the steps of: b) identifying the or at |east sonme of the at |east
one faulty co rm L fie |ocati,on. or l.ocatipns; c)
shifting %l'he r]r%ﬁg% é%%gmoﬁﬁqﬁé@agg}a%?gongfﬁﬁfrlﬁeg ?fé/ % lglfjﬂl Hnélglgg dg‘gﬁ% Lﬁ‘? t he
speci fi c dotatishnsa Emraahy bt edivardbid ¢ogponesd it prist Mk limggneehth B sulfBcd, ayns, but
not being part of the printing dot matrix of the original inmage. 2. The

met hod of campansgte fomailaierptan écagh one fankly porspeneshta prinfhink cemectlyatovepsel v.

3. The ne . I erein;th rintin sition is shifted

| ongi tudilrrrllgﬁdsyg&ggh%g&#é o%gtl&?d e qdﬁ%%tﬂﬁﬁtgﬁse the printing position is
shifted both twansvigesihing tedr hoR@itt udicnet th at RastThe BN eEmPnat & M 1

wherein, when the printing position may be shifted to
determine the specific location or locations;

c) shifting the intended printing position from the or at least some of the
specific locations to shifted printing locations alligned in the rows, but

not being part of the printing dot matrix of the original image.

2. The method of claim 1 wherein the printing position is shifted transversely.

3. The method of claim 1 wherein the printing position is shifted longitudinally.

4, The method of claim 1 wherein the printing position is shifted both transversely
and longitudinally.

5. The method of claim 1 wherein, when the printing position may be shifted to

two or more possible locations, the shifted location chosen is influenced by the

position of any nearby shifted ink or most recently printed shifted ink, or both.
6. The method of claim 1 wherein, when the image includes a multiple number of

specific locations arranged in a line, said shifted locations are located

approximately 50% to one side of the line and 50% to the other side of the line.
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two or nore possible |ocations, the shifted |ocation chosen is influenced
by the position of any nearby shifted ink or nost recently printed shifted
i nk, or both. 6. The nmethod of claim 1l wherein, when the imge includes a
mul tiple nunmber of specific locations arranged in a line, said shifted

| ocations are |located approximately 50%to one side of the line and 50%to
the other side of the line. Ml 132-S G 9 7. The nethod of claim1 wherein,
when the image includes a nultiple nuq?er of specific |locations arranged
inaline the ink is shifted relative to the line: a) transversely only, or

b | | ongi { udinal L y. 8 et hod. of " ¢l aim 1 wherein th
hi 1 od 1 Beati B TEvREeltRd: Fhirkina g 1 Phan Sriice iy  UPDRNERECAl nal | y

or both, to thgeoificdbédaibnd REMEEDOM a he tho kB ERiadd dlateleabMdiiherein
additional ink is printed adjacent the respective specific locations in

the formof oversizd drdpssefsdn@lyi®@. The nethod of claim 1 wherein
additional ink is qglntﬁd gﬂ%ﬁﬁﬁgﬁifheh£ﬁéﬂ§9t've specific location in the

formof extra drops)of

8. The method of claim 1 wherein the shifted location is immediately adjacent,

transversely or longitudinally or both, to the original location.

9. The method of claim 1 wherein additional ink is printed adjacent the respective

specific locations in the form of oversize drops of ink.

10.  The method of claim 1 wherein additional ink is printed adjacent the respective

specific location in the form of extra drops of ink.
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