WO 02/ 02329 PCT/ AU00/ 00750 -1 INK JET FAULT TOLERANCE USI NG OVERSI ZE DROPS
Field of the Invention This invention relates to digital printing and nore
parti cul avdy2/0129rinting 5 using devices which eject ink paravbhi@7sr i nt ed
substrate. However, the inventionis not limted to ink ejection devices
and is also applicable to laser, |ight ﬁm'tti ng diode printers and to

di gital photocopi ers. Background of the“l'nvention 10 In ink ejection

devi ces a pri NfNRAJHRFAUIA TFOLERANCE USINGUOVIRSIZE TTROBS
selectively ejected onto the substrate as the substrate noves 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 al onHidldeofithednhvemtion he page. A bl ocked nozzle will result in multiple
hori zontal blank lines, in_the 15 case of a scanning type _printhead, or a
bl ank verti cal Thisiavertigmeelatgs to digitpl prgtingjend moysmart¢idady tSpERBE ank
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Fbmever,mﬁﬁﬁteggaﬁ@y@ i@ phStodBpietcabl e to other forns of printing where a
devi ce, et her passi Ve OP active, is repeatedly used to produce dots of

ink or the like on a substrate. The invention has potential application to
| aser and LED type printers and photocopiers where a fault in the inmaging

drum or | Bakkgeound ef thenlnwendion i n repeated faults in the inmage produced.
As used above and .t hroughqut. the description and cl] aing the term.25. inmage
is to Be undergiH%‘_cﬁF%tl% eVIEchHt B%ﬁ}?ég aﬁéné‘ﬁ@yiorfjé}(‘éa t&%ﬁi%cgﬂmt ed,
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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

15 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

20 invention is applicable to other forms of printing where a device, whether passive or
active, is repeatédly used to produce dots of ink or the like on a substrate. The
mvention 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

25 1image is to be understood to have a broad meaning and includes anything printed,

such as text and line drawings.



Di scl osure of the Invention In one broad formthe invention provides a
met hod of modifying an image to be digitally printed by a printing device
to conpene@vzof3er failure to correctly print dots 5 of iPkT/AUIG@mes)fic

| ocations, the method including the steps of: a) identifying said specific
| ocation or |ocations, and b) adjusti ng_é_he dot size of at |east one a dot
at a |location adjacent or near to the respective specific |ocation from
that required by the image data. In another broad formthe invention
provides a printer having a row of to activatable devices which, when

act i vat ed Diselosure of ghedmventiont o be deposited onto a substrate and neans
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be printed by activation of a incorrectly operating device and for

adj usti ng thesi zédeftifybigt sad epetifie 1dvatiOArabcYM, fid t he devices on either
side of the failed device. 20 The incorrectly operating device will result
in a defect Ibne adjustingshée dot $iee offagleastporierd dott atlsloahtion hdjacéntarmeactd y
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a) means to determine if one or more of said devices is not operating

correctly; and

15 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
activation of a incorrectly operating device and for adjusting the size of
dot produced by one or both of the devices on either side of the failed
device.

20 The incorrectly operating device will result in a defect line or lines in the image
printed. Usually the incorrectly operating device will produce no ink or not enough
ink and so a blank or faint line will be produced. To compensate adjacent ink dots
will be caused to be larger than required by the raw image data. Conversely if the
incorrectly operating device is producing oversized ink dots, the dot size of adjacent

25 dots will be reduced.

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

30 columns may or may not be adjusted in size.



30 colums may or may not be adjusted in size. WO 02/02329 PCT/ AUO0O/ 00750
-3 Dots in nore than the two adj acent colums nay be adjusted in size. Dots
i n adj aceavzeskums maybe adjusted in size only if they BEEAWG/ONTH
predeterm ned vertical or horizontal distances or both of one or nore
specific location. For exanple only dot,s in the colums either side of the
failed colum maybe adjusted in 5 size but dots in those colums two or
three rows apDwteimidr®thanethewvohdjdeapesiunte mhpbahdjustatiy diee. Whtsisi ed in
size. Brief Description of the Drawi ngs The invention shall be better
under st ooddjacenhcohenhs iayhenadjnstad lin mzeiomdy ifitheylescwithin predeferminder r ed
enbodi nents and the _drawings, in which Figure 1 shows _a_schematic
i | | ust r at vewiical ophadzonial distanpress o5bolhof eie pemore ppeeifin doaasgs. Fes gure 2
shows a sche ic.illustration of an art [ otss formed by.the..
o1 nt headestmpleg ety e solan st of e Bifed S Pwuina be At
shows SGi F{o PN r atyl t r | | 0.: Figure
2 1 or mid Bt OhL 05 in e FRpeiRs Bvo o TreBEbvit Ve Anpiol befthl BuciBshebeive
oper at i onlcatioff i Be 4djabfRWSnaiRecond schematic illustration of an array of
I nk dots fornmed Dy the printhead of Figure 1 without fault correction
operational. Figure 5 shows a schematic illustration of the sane array of
ink dots as in 20 Figure 4 forned by the printhead of Figure 1 but with
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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.
15 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

20 Figure 4 formed by the printhead of Figure 1 but with fault correction operational.

Description of Preferred and Other Embodiments

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
25 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.

30 This array is a series of columns and rows, the spacing of which is dependent on the



a novabl e 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 pl acedwvon2/033e9 paper. 30 This array is a series of col urarAEp@oa78NS, t he
spaci ng of which is dependent on the WO 02/02329 PCT/ AUO0/ 00750 -4 spacing
of the inkjet nozzles and the m ni num pgper feed step respectively. Wil st

it is preferred that the horizontal and vertical spacing of the dots is

the sane, spdvisg of theoinkjdiewesiesahd Yhaaihievahpapetfeet atépr@sgédtivelye Whi st ces
of the spacing. The printhead may be a page width printhead or a snaller
pri nt headisyrietdrresttinas thechaszontdlendapetical spaging ofdhmdatsse thesanad, thisdsaoer se
bands of printing. For the purposes of explanatign it js assuned that
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lo correc n nost cases, ing device will be partially or
totally bl ockegor ﬂ@s@@b@& dfextpliibitionGt B ss@med hatilkjel 419 AAAASidchgkivn the
paper. Referring to Figure 2, which schematically shows a portion of
printing apesperatimg conretthebpt; fort WwhatdvéiOreasdd)dnkjet hud hotcaparating oorredthesre i s
a blank colum, |abelled "h" corresponding to inkjet h, whilst colums a-g
and i -n hatalldéemlss asnmest thay theediagnostisl sysiemsmfatie priniter, bdchs wilb beveelbr
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accor di ngh?égl ango{an%o?ffhnég%r%t Jgﬁ‘oﬁﬁ‘g I n eﬁ?ﬁ%ﬁﬁggg}m&%?g %lI'J. Referring to
Figure 3 the i Reféeli@pSoiFigeRl2Irtsich salikaticll ﬁl@%@pdlﬁoﬁ%ﬂp@ﬁﬂﬂ;‘g_ t han
normal, as will be explained below This reduces the anount of Ite space
bet ween t perfdoned hpdhdptintdead tl Bewtbdutrfaslt gomedtion, thére ishftdank celunmgt t he

un-printed ) g . .
labelled “h” corresponding to inkjet h, whilst columns a-g and i-n have been

15 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 image printed by the printhead 10 but with fault correction

20 according to an embodiment of the invention operational.

Referring to Figure 3 the ink drops in columns g and i are caused to be larger
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

25 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 1 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

30 columns either side of the failed column in locations when the image data does not



colum h is not apparent to the eye of the user. Wen printing on A4 or
|l etter size 25 paper for reading at nornmal distances, such as at 20 to
30cm thevebt/exsey occurs at about 1600dpi and upwards. | nPCHAUB/gUSsE 3
print, only dots intended to be printed anyway in colums g and i have
been increased in size but it is mﬁthinsghe scope of the invention that
extra dots of ink, whether of normal sSi"ze or of adjusted size, nay be

printed i fequie ot Aswren iRifighes 3 thete agd dbien find lresbecat! anly abdutl 30%8t0foNns
when the inmage data does not WD 02/02329 PCT/ AUO0/ 00750 -5 require a dot.

As seen i possillerlecatidnsemd sa; evetowsthi averdize domgtheat isatillsighdicant6Uitof
possi bl e | ocations and so, even with oversize dots, there is still
si gni f i cafpacghilhis white spaceTnpy bameduced byquinting deis ie yaeay apgasjeireduasy dot s

in vacant areas to reduce nd/ or pr.eak t he yvi sual effect of the
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M IEENRR AT SOER SN RE N L FLAC TN R
L, O SOt g P LAMIR B o 161 D0\ RS s Sy o
R A T g
only increase adjacent or near to areas where drops should occur in column h. These
oversize drops may extend into rows where no ink is intended in column h. Where
15  ink i1s not intended in column h for large distances, preferably no oversize drops will
be created in columns g and i.

Referring to figures 4 and 5 there are shown a second set of schematic prints
without and with fault correction respectively. 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

20 circles 30, 32, 34, 36 and 38. In figure 5 dots in columns g and I 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 extent. Again, if desired,
normal or oversize dots may be printed in vacant locations, such as column g, rows 1

25 and 5 and column I rows 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

30 current to cause greater distortion or by increasing the pulse duration. Similarly with



20 circles 30, 32, 34, 36 and 38. In figure 5 dots in colums g and | are
increased in size in rows above and bel ow un-printed dots 30, 32, 34, 36
and 38. Beoauexs2i here are nore dots in these colums tharRCTAwpEIEsh t 0 t he
figure 2 and 3 prints, the oversize dots overlap nore and reduce the white
space to a greater extent. Again, if desired, normal or oversize dots may
be printed in vacant |ocations, such as*“colum g, rows 1 25 and 5 and
colum | fReBadicalBypBdnkd ejebiloh evieas theulbdryi@themid/Sdriving violtapé 6f S,

i ncreased dot size 1s achieved by increasing the anobunt of ink ejected. In
t he case ofrrehiemapbeiimdreajedct i on devices this nmay be achi eved by
increasing the duration of the heating current pulse. In the case of piezo
el ectric ink elbetnymtipaisalse applicablgtpsitbgtionscwhers individealdlevideagre/ol t age

or 30 curreni to cause greater .di.stortjon._or b)é!i ncreasi pul se
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and phot ocopi ers and other types of digital printers where the placenent of
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For exanpl e, ﬁn LED in a LED printer may fail or there may be a defect in
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portion otofmpBneitot oel ectric inmaging drum
In the case of a laser or light emitting device type printer dot size may be
modified by modulating the intensity and or total amount of the light falling on the

15 corresponding portion of the photoelectric imaging drum.



WO 02/ 02329 PCT/ AUO0O/ 00750 -7- 1 Cdaim 1. A nethod of nodifying an imge
to be digitally printed by a printing device to conpensate for failure to
correct| yw@nrex32gots of ink at specific |ocations, the ne€Chadosensbudi ng
the steps of 5 a) identifying said specific location or |ocations, and b)
adjusting the dot size of at |east one dot at a |l ocation adjacent or near
to the respective specific location fromthat required by the i mge data.
2. The nmeflkimt claim 1l wherein the dot size of said adjusted dot or dots
is increased 1T no dot or an undersize dot is printed at the respective
speci fic 110 | dcateilood oBmodifyingpeamonagy tochadigithllwpeimtedby heritingslexéceof
said adjusted dots is decreased if an oversize drop is printed at the
respective spet® FPEPFBYHE femfailyre tpeormetlyquringidogs ef mkiatwpeeificdoesians) ocat ed

both transversely and .l ongj.tudi nal | paced fromthe respective | ocation
are adjusted i ﬁ’%@ﬂ?"dﬁ‘c%‘%g‘%%ﬁ%‘agof claim1 wherein selected oversize
adj ust dots nt ag . QVEer | aC dots. .6. The. nmethod of claiml
vvhJer ei ﬁsdsel ect %8 ad}f(lﬁjesqgiéf&m% Sgdé& %ﬁc@ﬁ%&cﬁ@%m&gh?%a&gn& andov_erl ap adj acent
dots. 7. A primgper Qﬁjﬂsﬁﬁg?h% avt Qbe 8%%! lﬁ%tacmeed Hﬁydt%%g%%@?m%rn ar

activated, cause 20 rows ots to eposited onto ate and neans

to nove the substratethe ®spédtit@ specifitdlotaiorfrogiethae esquiredebydlibe a8 Aata.
generally perpendicular to the row of dots, said printer including: neans

t o det erm2ne i Theneetbodmficéaios 1 sdiedeiddhe dessizes ofisaidaukust¢d dot @adotesst | y; and
control neans for analysing i mges or inage data and for identifying a
specific 25 | oMAIFaS %n%%&pr ahyndprsize dptappristed; atithe resppetiveespseifia ed by
activation of i.ncorrectly operating device and for adjusting the size of
dot pr8duced b?o(?ﬂ n.

3. The method of claim 1 wherein the dot size of said adjusted dots is decreased
if an oversize drop is printed at the respective specific location.
4, The method of claim 1 wherein dots located both transversely and
longitudinally spaced from the respective location are adjusted in size.
15 5. The method of claim 1 wherein selected oversize adjusted dots contact or
overlap adjacent dots.
6. The method of claim 1 wherein selected adjusted size dots do not contact or
overlap adjacent dots.
7. A printer having a row of activatable devices which, when activated, cause
20 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:
means to determine if one or more of said devices is not operating correctly; and
control means for analysing images or image data and for identifying a specific
25 location or locations where a dot of ink should be printed by activation of a
incorrectly operating device and for adjusting the size of dot produced by one
or both of the devices on either side of the failed device.
8. The printer of claim 7 wherein the control means adjusts the size of dots
deposited in the same row as the respective specific location by one or both of

30 the devices on either side of the failed device.



or both of the devices on either side of the failed device. 8. The printer
of claim?7 wherein the control neans adjusts the size of dots deposited in
t he sane wow/exs24 he respective specific |location by one opChaubo/@f7so 30 the
devices on either side of the failed device. WO 02/02329 PCT/ AUO0O/ 00750 -8
9. The printer of claim7 wherein the cgntrol neans adjusts the size of
dots deposited by one or both of the devices on either side of the failed
devi ce at9. | eatThe prmterat daijnad eviierein the@aontrol tieens adyusts thdisize etdets | ve
specific location. 10. The printer of claim7 wherein if no dot or an

under si zed dot depospieddycet @ryboth cdthe dexicenon titherside ebthedailed depiseati ng
devi ce the si ZfﬁaOf dots pr,oduced by a&%vatigq@of one or baqth _of the

devi ces adj acelfiast onq FRW pARGERIRIISH EpRIeAOVHhT thedgsRastive sPerdtiedQeiions 1. The

Gevi cos anth salle oot dylet aRAE3EoB r of BhTROTRIARNAT: plBUBY 12 e
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devi ces and whetiRition SRR BUBTth OF the @biceadjheshtBY tiindotres gﬁéﬂaﬁh'gng
devices is adjusted. 13. The printer of claim7 wherein sai evices are

portions of a deacedomduedsede i magi ng drum and the dot size of said
adjusted dots is adjusted by varying the 15 anount of |ight the respective
devi ce i sléxpodbe pristeriof claime 7 pyhareiarthe devices grerthehme enechanicabind ejsefien

o inter of ¢l aPRiiscoRR S9A caaprebretTY cpusaahe etisibeues Faps ashvated K ¢ h
adj acept dots. a:fgnger period of time or supplies a larger driving signal, or both.
12.  The printer of claim 7 wherein said devices are light emitting devices and
wherein the amount of light emitted by said light emitting devices is adjusted.
13.  The printer of claim 7 wherein said devices are portions of a photoconductive
imaging drum and the dot size of said adjusted dots is adjusted by varying the
15 amount of light the respective device is exposed to.
14.  The printer of claim 7 wherein at least some oversize adjusted dots contact or
overlap with adjacent dots.
15.  The printer of claim 7 wherein adjusted size dots do not overlap contact with

adjacent dots.
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