WO 02/ 02330 PCT/ AU00/ 00751 -1 INK JET FAULT TOLERANCE USI NG EXTRA | NK DOTS
Field of the Invention This invention relates to digital printing and nore
particul avdy2m3printing using 5 devices which eject ink paravbdi@7srinted
substrate. However, the invention is not limted to ink ejection devices
and is also applicable to laser, |ight dmtti ng diode printers and to
digital photocopiers. Background of the Invention 10 In ink ejection
devices a print heaNRamPRARITPY O ERRRUIPBSINGORITRAGR OIS S
selectively ejected onto the substrate as t substrate noves relative to
the printhead. The printhead may print by scanning across the substrate to

print hor (i> ial nds . or, if it is a full page width printhead, it may
pass al onM@-@-ﬁ%?—‘ Bthe page. A blocked nozzle will result in

mul tiple horizgqgia B KelhicD &S dicttd) JridE £ nt head,
or a blank 15 verst #WQ*( PI %ee?n tlﬁ{e é}gj@en%?ﬁan%gggarﬁeg% pri nt]ﬁgagﬁlgSuch
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The present i.nventjon provides a method nodi fyi ng the printi ngtof an

i mage so %GJ?%IOP@&M’GQSW%%S@@PP%P%F teﬂasreﬁ, higheerhifiang digdeprigemand tf one or
nore such es apparent to the eye of an observer in nornal
use. Fbme3§$99$ﬁgm¥ﬁ§%%tlon is applicable to 20 other fornms 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 potenti al
appl i cat i Backgroundof thehyeptiont ype printers and photocopiers where a fault
e imaging i |n t he
|nage producedhgfﬂgm%faﬁghdga&esas &ﬁﬁggﬁgﬁ%§$&§%ﬂ%ﬂ%gggﬁ?%gggﬁﬁgk cIa

the term sete@elysejéctedentu iatesubtienelad the Babstrate hoadelaRedionle pristhekl. Thel udes
anything printed, such as text and |ine draw ngs. Disclosure of the
| nvent i onpnﬁthéﬁbmay BHBL PorcAming apTAhe FERtpicdo PEBEhaIIZeRiehBands PL.ABHIT §/i ng an

e £, 80 ol S o RS PR P Fd© AORBRSAEA A

|th hod i nedsud gﬂngmnttme Boegmtdblank )links] em tHeforbaner §s@aﬂuﬁ@g@efphﬁtﬁe@@ @ a Oan@'
ocations, an
15 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

20 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

25 includes anything printed, such as text and line drawings.

Disclosure of the Invention

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

a) identifying said specific location or locations, and



WO 02/ 02330 PCT/ AUO0O/ 00751 -2 b) adding at |east one additional dot at at
| east one additional |ocation adjacent or near to the respective specific
| ocati onwonpex3’ad to that required by the i mage data. | nra@vavb&eo7br oad
formthe invention also provides a printer having a row of activatable 5
devi ces which, when activated, cause rows of dots to be deposited onto a
substrate and neans to nove the substrate relative to the row of devices
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operating correct hyar to slndredfectionspeoificriecation fcompared ity tiahgpquired by therimageage
data and for identifying a specific |ocation or |ocations where a dot of

i nk shoul d be prlﬁﬁ@d by activation of a incorrectly operating device and
one or both duce
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|l ocation if the adjacent |ocation is unused by the inage. One or nore
extra in kmfaltl%mrmvedée sbsiiats Telgtive tecthe roye ofdericasdy a diectinn gsiewlE respect i ve
specific respective specific
Igcation b%%g&hgﬂmgktﬁgﬁﬁng&%g g@&ggﬁggm%%ﬂggovided i n each quadrant
relative to the respgahd toaletppiidif 6né OCAbIcWT saidQeTites Btiot Spdritingi@irtectigy be
the sane size as those normally required by the image data or nay be

| arger or smalleradnk dots required by the i mmge data adjacent to where

ext{oa dots are pri n&%{;iol ?§ra§gygﬁg 17,%1%%% cﬁ?acﬁlﬁ@fﬂdtgﬁﬁ@re extra ink

dots. Dependi ng on norrra ing an and

size of extra dot gpevific 1oaﬁtyomdra6@ﬁoh@w§eré&db&ofﬁmrsﬁahla b@mteadjya&ﬁwludno t he
extra dots, the extra dots may overlap 25 with thenselves or "normal" dots
or both or may be ofpéndoreetlnereraipngrdesispiang cgoesbothef ﬁtﬁtdealcmgelamé side of

preferably printed on..both.tr v ) i | oca S,
Brief Descripti on%efﬂflﬁ(?dﬁl%%%%%&f R&S %gcgt ? 0%%51%?%8[ {?qél}reéhﬁg? %t ood
fromthe foll ow ngmaghddta.m ti ng description

15 Extra ink dots may be merely located to the side of the respective specific location if
the adjacent location is unused by the image. One or more extra ink dots may be placed to
the side and above or below the respective specific location or both above and below the
respective specific location. Two or more extra ink dots may be provided in each quadrant

- relative to the respective specific location.

20 The extra ink dots may be the same size as those normally required by the image
data or may be larger or smaller. Ink dots required by the image data adjacent to where extra
dots are printed may be reduced in size to accommodate the extra ink dots.

Depending on “normal’ ink dot size and spacing and the number and size of extra dots and
any change in size of “normal” dots adjacent to the extra dots, the extra dots may overlap

25 with themselves or “normal” dots or both or may be distinct non overlapping dots

The extra dots are preferably printed on both transverse sides of the specific locations.

Brief Description of the Drawings

The invention shall be better understood from the following non-limiting description
30 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.



30 of preferred enbodi nents and the drawi ngs, in which Figure 1 shows a
schematic illustration of a set of nozzles of an ink jet printing head. WO
02/ 02330 WRC2/#438@0/ 00751 -3 Figure 2 shows a schenatic il POBAUM/0GS of an
array of ink dots forned by the printhead of Figure 1 without fault
correction operational. Figure 3 shows -8 schematic illustration of the same
array of ink dots as in Figure 2 forned by the printhead of Figure 1, but
with fault cor mati c
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pri nt headfdrhed bRkhd @inthewzdfEsgute | Gullwith FadetRfkiiebyeraigant ed 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 mhlch I s dependent on the spacing of the
i nk#oet n062| es and tep respectively. Wailst it is
preferred - i 2 capen paci ng of the dots is the 20
sane, this is R@fenm@g:mgﬁﬂelwa@ﬁhﬂ@x&m ﬁaéﬂiﬁaﬂaﬁ driek jdt AdRIRND mag&ﬁﬁ aof
the spacing. The printhead be a page width printhead or a smalle
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assurred that the diagnostic systens of the printer, which w 11 be well

under st oodrby 1#hBsepeithbddenay be ¢ Mationary ohamevelde eontdad. Westthcnpmr padsed s not

Functioni ider e ;?r?r}tilé/dd d’lg irﬁa gtt 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
20 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
25 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
30 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



cases, a malfunctioning device will be partially or totally bl ocked
resulting in insufficient or no ink being deposited on the paper.

Ref erri ngvo 02/623¢ur e 2, which schematically shows a porti oRCDRUPI/OATST NQ
performed by 30 the printhead 10 without fault correction, there is a

bl ank colum, | abelled "h" correspondrﬁg to inkjet h, whilst colums a-g
and i-n have been correctly selectively printed. This |eads to one or nore

blank 1'in ' STl
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produced in the adjacent columm the controller may cause an extra dot to
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a column as well as additional dots between the “normal” rows. This can be seen at column g,

rows 1 and 3 of figure 3 where extra dots have been printed in the “normal” positions.
Figure 4 shows a print where dots 30, 32, 34, 36, 38 and 40 are required in column h, ie six

20 dots in eight rows. Figure 5 shows the result with fault cotrection operational. It can be
seen, in columns g and I that extra dots have been produced between every “normal” row
and that the extra dots have also been produced at “normal” locations. This creates a
continuous overlapping array of normal and extra dots in columns g and I and so
significantly reduces the white space caused by failure to print in column h.

25 Depending on the performance characteristics of the actuator the extra dots may be
the same size as the “normal” dots or may be larger or smaller, as desired or as necessary.
For example, a mechanical ink gjector may capable of being operated at 50 KHz, ie
expelling 50,000 drops of ink per second. The ejector may be used in a “domestic” type
printer where, due to paper feed speeds, for example, it is only necessary to be run at 25

30 KHz. Thus, individual ejectors may be run at 50 KHz to produce dots between rows without

decreasing the dot size.



continuous overlapping array of normal and extra dots in colums g and |
and so significantly reduces the white space caused by failure to print in
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the extra dots maybe the sane size as the "normal” dots or maybe |arger or
smal ler, as desired or as necessary. For exanpl e, a mechanical ink ejector
may capable of being operated at 50 KHz, ie expelling 50,000 drops of ink
per second. Th : -nd er.:wher e,
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However tt&d@tsflﬁ%btﬂ the Shérmal” foasianll Aed Stda-rowh. MbwévebeherTREERIsalled that this
technique is applicable to other digital printing techniques where the

| mage pro&ﬁ@fwgﬂxystenlnay be cycled faster than normal. For 15 instance a

| t d of t th
egi g ar am SH e Rel e hRIAR ERARERS wblf LR SRR AR "The
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device type printer may cycle the emtting devices at a higher than
norteal fr eytrancy laser potieranay have aslaghasqaaspﬂeld ofmmsermwuanrosﬁ@e swegag of t he

| nvention dll'u?‘n glP % tﬁgtllggsltﬂﬂl lofn t(\?v\cl)esrcestrllsza?e g (%uaﬁly useéI nlshe: unused scans may be used to

produce extra dots. Similarly a light emitting device type printer may cycle the light
emitting devices at a higher than normal frequency to achieve the same result.

Also, within the scope of the invention is the printing of oversize dots in unshifted

20 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

25 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

30 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 ink



20 | ocations next to or adjacent the unprinted |ocation and/or the printing
of extra dots between the rows adjacent or next to the unprinted |ocation.
VWhi | st t veO0BEd380 ques descri bed only consider rows print eBCEAUI/0UTHE
original rowin determning where to place dots, it will be appreciated
that a | ook ahead feature may al so be -Gt 1ised to pl ace dots in rows
printed before the original row For exanple, if using the |ook 25 behind
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| ooki ng ahead It 1s apparent that dots will be normally required in that
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normal |y gﬁﬁ uedcpost entBY Using a | ook ahead feature the dot nay be
printed in t e row 30 ore the normally desired position if a better
resslt will occur. It mnll al so be appreciated that this techni que nay be
used with laser and LED printers and photocopi ers and ot her types of
digital printers where the placenent of an ink WO 02/ 02330 PCT/ AU00/ 00751
-6 dot is dependent on individual activation of a device or conponent. For
exanple, an LEDin a LED printer may fail or there naybe a defect in the
phot oconductive imaging drumof a laser printer. In both cases, shifting
of dots can hide or reduce the visual effect of the defect in the device
or conponent. 5 WD 02/02330 PCT/ AU00/ 00751 -7- | Cdaim 1. A method of
nodi fying an image to be digitally printed by a printing device to
conpensate for failure to correctly print dots of ink at specific

| ocations, the method including the steps of 5 a) identifying said
specific location or |ocations, and b) adding at |east one additional dot
at at | east one additional |ocation adjacent or near to the respective
specific location conpared to that required by the inage data.



2. The nmethod of claim1l wherein the at | east one additional l|ocation is

| ocated 1o transversely of the specific location. 3. The nethod of claim1l
wher ei n W@ o0z023Beast one additional location is |ocated PoOngUbweEi7sml |y of
the specific location. 4. The nethod of claim 1l wherein said dots are
printed in rows and the at | east one addi tional location is |ocated
between said rows. 15 5. The nethod of claim1l wherein said dots are
printed i fcigys and at least two additional locations are |ocated between
adj acent Y‘Uwsli??)r each specific location. 6. The nethod of claim1 wherein
sai d dotslare Armhethedof modifying andimage todestigitally pathdttiyornaintingdatvices ar e

| ocat ed between adj ace ws to the same sid f each pecific |locatjon.
20 7. The. ot hERIMBATSE AP HAUisy i@ FereF b Rt doje 9%3@’[&?%%@%%@ methpd
colums and thg A4 as additional location is |located in one or both
col utms on eitﬁlgr g}éd@ o’%p > specific location and between said rows. 8.
The smet hod of &) ai midéntifyargedaid ﬂpleelfddcbcaﬂbﬂerhfcataolﬂpﬁncht an additional

| ocation is the sanme _as the size of a at_ a locati.gn reqwred by the
i age data. 25bb. Taddipgtierst epe eddam%aid%@é%ﬁeaﬁtpn%a%twlsﬁ weaten adigisnt at  an
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at a | ocation requiimeggeltal he i nmage data adj acent to an additional
|l ocation is less than that required by the inmage data. 30 11. A printer
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dots to be dep and neans to nove the substrate
relgl)ti ve to thgﬁ%%%%ﬁ%%%p%%ﬁ&%ﬁﬂmm -8 row of devices in a
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shoul d be printed by ac i'on" 0
additional location is located between said rows.

15 5. The method of claim 1 wherein said dots are printed in rows and at least two
additional locations are located between adjacent rows for each specific location.

6. The method of claim 1 wherein said dots are printed in rows and at least two
additional locations are located between adjacent rows to the same side of each
specific location.

20 7. The method of claim 1 wherein said dots are printed in rows and columns and the at
least one additional location is located in one or both columns on either side of the
specific location and between said rows.

8. The method of claim 1 wherein the dot size of a dot at an additional location is the
same as the size of a dot at a location required by the image data.

25 9. The method of claim 1 wherein the dot size of a dot at an additional location is less
than the size of a dot at a location required by the image data.

10.  The method of claim 1 wherein the dot size of a dot at a location required by the
image data adjacent to an additional location is less than that required by the image
data.

30 11. 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



incorrectly operating device and one or both of the devices on either side
of the failed device to produce extra dots of ink conpared to that

requi r ed v 0200330 nage data. 12. The printer of claim1ll nyEeA®dm0THE
control neans adjusts the size of dots deposited 10 in the sanme row as the
respective specific |ocation by one or -Both of the devices on either side
of the failed device. 13. The printer of claim 1l wherein the control neans
adj usts the si i ther
Site of the affd YR i ERRRMRbentp BepBa b toRhe PO AN, SHE RO, | O

t he respecti veirepeling:i c | ocation. 15 14. The printer of claim 11l wherein if
no dot or an undersized dot ,is produced by . activation of the |ncorrectly
oper ating devi B§ans{e dgteppingf @aﬁ%rrﬁ?rwéé@e ds‘ylca%lﬁmh?neawng&msﬁbf 8kd pot h’ of
t he devi ces adj sed. 15.
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devi ces are pogihons of a photoconductlve 25 imagi ng drum and t he dot size
of said adjusted dots is adjusted by varying the _anount of |ight the
respect i vé2devilbepiisteerfrisian]} wherp th‘rﬁ@ntmlumﬁaéﬁ a@ypsts fhei sigerof dafsaleppsitedt
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19. °The pri nt e THF SERG TN 2T DRASPETHY S8 F L O(faté?riey d% Verts
contact with Bﬁh&@id@%‘fﬂ{e ﬂﬂédidewce.

13.  The printer of claim 11 wherein the control means adjusts the size of dots deposited

by one or both of the devices on either side of the failed device at least one row
adjacent or near to the row of the respective specific location.

15 14, The printer of claim 11 wherein if no dot or an undersized dot is produced by
activation of the incorrectly operating device the size of dots produced by activation
of one or both of the devices adjacent to the incorrectly operating device is
increased.

15.  The printer of claim 11 wherein the devices are thermo mechanical ink ejection

20 devices and said control system causes the ejection devices to be activated for a
longer period of time or supplies a larger driving signal, or both.

16.  The printer of claim 11 wherein said devices are light emitting devices and wherein
the amount of light emitted by said light emitting devices is adjusted.
17.  The printer of claim 11 wherein said devices are portions of a photoconductive

25 imaging drum and the dot size of said adjusted dots is adjusted by varying the
amount of light the respective device is exposed to.

18.  The printer of claim 11 wherein at least some oversize adjusted dots contact or
overlap with adjacent dots.
19.  The printer of claim 11 wherein adjusted size dots do not overlap contact with

30 adjacent dots.



