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 nmay print by

scanni ng across the SUNK IET FAUPT TOLERARCE METRO®HS or, if it is a
full page wdth printhead, it may pass along the length of the page. A

bl ocked nozzle will result in nultiple horizontal blank Iines, in the case
of a scan {'e gant head, or a blank vertical line in the case of a
page w dt h bl ank | ines are undesirable since they detract

fromthe printRisiefstibn rdhes RS 8RRl prisit@tinkd Qo Akt 82 1yao PrinfiAg uéﬁlg

nodi fying the printing of an image ‘so as to reduce or effectlve y
el i ni nat edeviges Whiclatjedfitleentodhe prned substrate. Hawhvds) the kmantioriszioe imdtpdar ent

to the eye .of an_.obser.ver wev t he. i ny lon is

appl i cablté’ ?%ebe[cﬁgp ?Y}F?fsangflsﬁ spﬁpphﬁa%&%gﬂgse& E@;I (’?Btm%f}é?‘p?& %‘§§‘P@e or
active, T%lggpgﬁg@g& plerdgsed to produce dots of ink or the I|ke on a
substrate e invention has potential application to |aser and LED type
printers and photocopiers where a fault in the imaging drumor Iight
source cap result repeated faults in the i nage produced. As used above
and t hr oUgHe& gobtnednvention, 5 clains the termimage is to be
under st ood to IB%Eej%cﬁér?éé’w&%%ﬁl&h@d&cha's'&ﬁ'a&'ﬁ?%f%ﬂ%ﬂ@ thebuh i@k gych as

text and lin
selectlvely 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 resuit.

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 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. MJI132-SG 2 Disclosure of the Invention According to one aspect
of the invention, there is provided a nethod of nodifying an 1inmage 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 conmponent to print ink correctly at one or
nore specific locations, the nethod including the steps of: a) identifying
the or at |east sonme of the at |east ope faulty conmponent to determne the
specific location or locations; shifting the intended printing position
from t he Discisulecsfthe InvVEtidh t he specific |ocations to shifted printing

| ocati ons alllgnea in the rows, but not being part of the printing dot
matri x of Aegpsdiggite |0ﬁg|aqu¢ﬁg§the| an@t@écﬁﬁtﬁ Brosexddedr methad ofmedifying apr ovi des

: d
Chat usestioed & b M8 vy Hapid rtfoBlaRIcs ;R ity s bplygpg Be0°"' o

conpensat @tﬁv@trabreaaohgbﬁem td ﬂﬁﬂﬂ e'foﬁtooz[ utfackHs coMY éx%‘éiej for patilu&rkefa@r mor e
specific |ocations, the method including the steps o] dentifying said

speci fi c leass@asifaniyororpanant torpsintink earrectly at ene or moee smetﬁcflpgaﬁoms,dheon
I nt ended first one of the plurality of conponents,
shifting ‘ﬁ’g%‘gg%'?";\‘f‘ﬁ §]§§¥CPF8FI of the dot intended for the specific

| ocation in thy |m9§ﬁé1tifgm§ tﬁ@bffaﬂéaﬁt%ﬁid SNthB G I@Eﬁ&ﬁdﬁugf%gm?%néﬁ% her

dot of the inage, wher a second one of the plurality onents
prints at | east sdiﬁéem!ﬁnetﬂleslpmqltop@tmléwmn*w shifted position. In

anot her broad f 0 rrpgt nltgn\éeecqt | Onga lpcs>solt18n %w d&e or al 'itlaars]tt seorrnehcgi tlhg%pem{igw of

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 neans to analyse inmages to be printed and to

I dentify when a dot of ink should be printed by activation of the failed
device and to shift the MJ132-SG 3 pgsition of the dot in the printed

i mge such that the dot is printed by activation of one of the devices on
ei ther side of the pexitiGtlofithé & in The piinted dlage @ﬁd}gmaﬁ{hbyddtraéP

printed by the defective device may be shifted transversely ongltudlnally
or both transversel WtWﬁﬂom efenaafdherdevises opreethermcﬂmyfthcfmeledldkvme shifted to

a location i ely, adj ac nt 1%(¢) t he defective
Gevico wi 1 1ot i o WaRahl eloRac P BY bl i e BekBee diend B

pr ef er abl yhiftbé uiaﬁi‘vet@lﬁ mn%it@dinﬁlgl bt Go&ntrﬁisb%&§tﬁdslbﬁgﬁld%{al&h PreférdBly0

| ines. Preferabl is only shifted side-ways relative to t%’e l'i ne,

but if nothedalais %rﬁngo a\lmalﬁabmemedlatdi}eadjsmtqtbwongiml ondtiomay be shifted
bot h Iongitudi ransv.ers |naI al ong. t he Li ne.
The ink may be %wé’evg@ Wé’h%/‘f’ ecé?lflg “Iﬁ%’é“ EQ dr ow
| ocat i on. @fdrsmy Ia@eSﬁku@smed@ct it B8 aﬁeﬁmenﬁ&esmﬁthé m{@ais hﬁék PFEfJ:rjabI eth etter
understoodfromt e following non-limting description of prefefr

enbodi menink iawalyt shifielt sidevgys rélatiwhicctheRingubet if roHovation is amaiteblé in the
I Tustrat I afit Orfowa ﬁa n%éc rrr]l%% “be Ssh?ftteda q)oltﬁ] klojngltucﬁnalpy '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 schematidg illustration of the sane array of
ink dots as in Figure 4 formed by the printhead of Figure 1 but with fault
correction operational. MI132-SG 4 Description of Preferred and O her
Embodi ments Referring to Figure 1, a printhead 10 has an array of ink jet
nozzl es 1Besgrinfioneof Prefersed:amd OthemBmbpdiments purpose of expl anation only

14 nozzles are W . jn practice ‘ ere will be f.romtens,to thqusands
of nozzles arr%%ﬁeg‘a“%%ﬁg?@nle?%%@ilé &%%ﬁayaﬁ%ﬁﬁﬁfﬂﬁ E%aﬁ?l? head in
a directi e gageha. Fr fRUEFIEE 68 bRlarsbioh baly 14v0z0fes bishbih bubRZFhéRe as

indicated by arrow 14. The printhead may be a stationary or a novabl e
pri nt headthems wilh bepliprarteps §o dwusandsroft izzles iamahgesdin AdinenRapestis masseles A to

the paper Mdeedlt i OBSRACin. £ aRuTs, SRl RersthaihlindS B iRe BT Rk gtor "
whi ch i s gepaRdedtindisuéd By 2Rdei 14 Dhe phﬁt_heémhia?tbéw??akieﬁm?&q 4 BRovablei mum

paper feed step respectively. Wiilst 1t is preferred that” the horizontal
and ver t i paitthegsia Antheopapeh pastes smider theeprinthead thkiiskijst noazlesesetosNr atey

achi evabl e,due to the different sour.ces.of, the _spacing. The printhead may
be a pagelSHIIEl psraN i 86?3“5&@6?“??%9[&%&8‘?‘ ‘%R%ﬁ‘ge%\%ﬂﬂﬁp@%?& IHPFBSS the
page to | AYerflaWF cBhdiisi #9 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 assuned 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 blocked resulting in insufficient or no ink being
deposited on the paper. Referring to Figure 2, which schematically shows a
portion ofmade prntditby e E)Hamal 10%ut Wih Badltddpraton ccobdifi@iél anf @nbddiment
correction, there is a blank colum, [|abelled "h" corresponding to inkjet
h, whil st otideimvestion gpegaldorial.n have been correctly selectively printed.

This leads to qne or. nmo bl ank. i nes earing .int rintin ependi n
on whet her thegﬁﬁwgﬁ%%ﬁ)ﬁp?g%@PF@%‘%’WA’%@W@??%&%%OEPH slcafﬁni ng )
~type priHahgRell id pentdd FAARErow 1 CdohsmA NG 16EhSBId bkSrintéll. Siite 2dzFI6Ar esent

drops of ink -which should have been printed in colum h but were not.
Fi gure 3 sshehduncHeniognthe civittd zygansietarmings ihedisncatingngles igang i ingedhamik10 but

operat 1 ondpt: SEE Rol R 5 WLt ot OB D soRrapt SR o

di rect i onc@hmaly M i1d phee a UbAh thOWsPedtive Rolufiingtstbdd Sftin cOfuniry 1, col um h,
dot 16 should be pri nFed I

. Since nozzle h is not functioning, the control
syst em det er mi Negmalty thdjcanterltsystomzltematps dheiside nbthe defectimknozids on Bhithe bot h

donot negeh 80 &k oknd I SO ol SRt S At yeckecle ope o
Q'n \';'hoir gﬁ' Lidle IREPGRABL. Ovissd) BIMAWIERE84s8S whBR thérdSs R ptRford ABBC kichesnozzl 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
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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 thé 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 r efilacé dot 22 icedludn i hHawevergthisisblebdynscedcdiBél the systend pleces thdderause
the last extra dot printed (at row 1) was printed in colum t he extra
dot is pilepleanig, exe thepsh thiressulis i Wscessiye £xtradotsgnicaluapy ptthisl um h
but in thj - equ] . | re no
oxt ra ot ¢ TSR 3 SpBEfal s hilor@hiCRld, 68 WlRota B Sede ERELE T
columm h amﬂq?nhm colums g and i are free. Because the |last extra dot was
printed in colum i, colum_ g, row 5 is selected to print the dot
originally inFiguemsdsfasd ¢shawmtwe selsvplsprimowherealonavgmseamese dpis prequi r ed

at colum_h i n-.hot h,cal and i Le ready used he. need
for an exfeﬂgggfgj%haﬁgginc%al .%%e%g w:ém $%§?,h%o n exl? lﬁ' B%aﬁlpgta?%"g R%T%fil?' Aiggllnneeded
at row 7, rgs@l ihrikte® Firsdin€ @ldetB0 & refiiteddin @OfuriBh. A1y eludin £RIGHNdG | t
will be recalled that dot 20 was placed in colum g and so the first

pr ef er encd0 woplaged én columpg.3Rows 26andy adse reguire Aofsninceslumm b but-ensenser, thi s
is al ready ,needed. so th ste aces t.he in _colum even though
this res u%’{qlgmflngsﬁcg%asv %?/bgg’@i??&a%hoq%gs i3? 8’6‘?8%12156 p%‘ff“?s'{l ?"ﬂ}l@n L noq °

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 !l 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 347are placed in colum i, not

wi t hstandi ng any "heed" to alternate sides. No dot is required in row 4 or
6 but dotmkalbeis dgendentiomindividwl activation of Adavide or chagpdnentORbyexanple,aw bei ng
avail abl e, _dots 36a and 38 are placed in raows i respectively. Al so,

d
wi thi n t heEBdBad Fd? printer may &il potheregmanbe bﬂ?fﬁ?ﬁglﬁgﬁ]%vﬂ%‘?@ﬂéﬂ‘fé@ed@@@ngn
unshi 1t g 8F b GAR: BRter B Bl AALAC S Gr HORICR'1ESL bORALLORARIAT L ne

e S be | ext to

printing O xtra d ween the’rows acent or n e unprinted
| ocat i on. effiit bbthe dbfect Mahndeiesordeagondd only consider rows printed after
the original rowin determ ning where to place 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 fewrows, 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 nmay 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 placenent of an MJ132-SG 7 ink dot is dependent on individual
activation of a device or conponent. Forgexanple, 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

vi sual efi(lais:of the defect in the device or conponent. MI132-SG g o
Clainms: 1. A method of nodifying an image to be printed by a djgital
printing devi cé methed of mipdifyinganimage o1 b printed by,a digatal Rrinting|devisetBenent s t o
print the 4 1% . r . | l.east one
faulty coﬁﬁgggﬁ?8?%8%??§?°?%§R@8%BE%§ﬁ§E§@§g%é“%ﬁﬁﬁﬁgie%@gﬁg%Fﬁ%Qﬁgcations,
t he met hodompedsdtdi fogfailae: ¢ftae fastaine faglty cheiponbimti to @rinhidk @brrédtly 4 aaé otk Of
the at | east one faulty conponent to deternine the specific |ocation or

| ocat i ons spesificleratiansfthe methadineludiag e stensf: positi on fromthe or at | east
some of the specifi .Qcat t ' ri Ll I t] i.gned in
the rous. but Aot  ErSTRIEOEs Sag bt SRaRah ekl BTG ot g e

i mage. 2. The net hodetefmiat didBpécifibécation bRciidndi i Ng position is shifted
transversely. 3. The nmethod of claim1 wherein the printing position is
shifted | ongit bYi nashiflingghe niendeg prisdngpositicn om thiherrasilepst semapfithe i ng

position is shift eds;?e%} C IE)cr:a%%%\s/ & ss}ﬁ’\ﬁgd gr?rﬂingl 18939%0}18 a I1g1n1aeh |i1¥ the rows, but not
being part of a 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.

7. The method of claim 1 wherein, when the image includes a multiple number of
specific locations arranged in a line the ink is shifted relative to the line:
a) transversely only, or

b) transversely and longitudinally.
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5. The method of claim1l wherein, when the printing position may be shifted
to two or nore possible |locations, the shifted |ocation chosen is

i nfluenced by the position of any nearby shifted ink or nost recently
printed shifted ink, or both. 6. The netsho@ of claim 1l wherein, when the

i mge includes a nmultiple nunber of specific |ocations arranged in a line,
said shifted | ocations are | ocated approximately 50%to one side of the

i ne and 80% t Thé¢ hethodof clagh dewkdrein hiee sth'lﬁed lodatiohhie immicliatélyddjadeat, m 1
wherein, when the inmage includes_a nultiple nunber of specific |ocations
arranged in a Fﬂfiﬁé(eftsﬁ]éfqmpgil@d@ﬁlilx?lé@th»épéhq‘?}bg‘?‘ﬁ legHoni ne: a) transversely
only, or b) transversely and longitudinally. M132-SG 9 0 8. The nethod of
claiml1 wherein the shifted location is imredi ately adjacent, transversely
or | ongitgdi nafthynethod@fblaithd wikeiaradgitioadl ihioBxairinded adjaceilithe rpéuwiveof cl ai m
1 wherein additi onal ink is printed adjacent the respective specific

| ocations in tspecifisrlacasionginhs form efr ayjsesizsrdrppof ity The nethod of claim 1
wherein additional ink is printed adjacent the respective specific

| ocation in the formof extra drops of ink. MI132-SG

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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