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cadpdsdatai it the plggnment direativinsamd, arvldck @ack dndivatdt of ffne GPodition @Nthe coded data in the
aleAh R directidMVARY OF THE I NVENTION In a first broad form

the present invention provides a surface having
di sposed therein or thereon coded data, the coded data
Otheﬁ{xd#eﬁaéondaiﬂglfvéggnt streiiee elpdes' 3bletst B9 clols wvleiadiestiveof a position of the
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2l e [ hL. 0 . surface, .t . .
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diggetileast two registration positions, the registration
positions being at |least partially indicative of a
Optidhaly itheefo@Sintlhdes atQéast Jae dah bloQQ 8l doB Blotlain@udF bl Mhngement of marks
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one P on’t

Optionally each data block is at least one of: provided with its own pilot track; provided with its own

8

registration feature; provided with its own clocking feature; provided with two clocking features on opposite
sides of a data-encoding area; encoding a fragment of a bitstream; encoding a fragment of a bitstream in a

data-encoding area; and, formed from a rectangular data-encoding area.

Optionally data is encoded using parameter data, each data block encoding at least some of the parameter
data, and the parameter data being at least one of: indicative of a size of the encoded data; indicative of an
interleave factor; encoded fauli-tolerantly using at least one of: a checksum associated with parameters; a
CRC checksum associated with parameters; redundancy data associated with parameters; Reed-Solomon

redundancy data associated with parameters; and, replication of parameters and a checksum.
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| east partially decoded. Optionally the alignnent data
includes: a first registration structure indicative of

wea 2pisiwed1pty of reference points indicative of PAT/AU2005/000391

position of the coded data in the alignnment direction;

and, a second registration structure indicative of a
plurality of reference points #ndicative of a position
Opfionhllyghadatiéknctaltdusing maltiple ineedéavaivofesiople tocthuttudlenntly enchdealata.
alignment direction. Optionally the first registration

Oﬁﬁcfn'a'lﬁl thd Q1ghlﬁ&1lt H'g@ﬁclucﬁs Mf@? ﬁﬁtulgfth@ﬁfokﬁﬁtﬁre 'bgig% &qgakt\éﬁe &'f encoded fault-

gross position of the coded data in
PRI Dana gt EFEhine, KR SR i PRI 3 poode a binacy il
sqaOsibd; b Bilbt Skjudnbravhichd@dded atlastione dfHig 0B 109 HITRTTE and) 11601 DO0OTILIO10;
Optionally the second registration structure includes:

I@%‘I selc&ﬁ}trcgﬁ g&mcdle I%&er& i Esiion bx%héé %tslmxﬁﬁe ﬂ gésle& {h&&ﬁ Q)I thereon coded

e CO I rection perpen ICU r to
dafg. ithgsaded datelinplading: etﬂeastaﬁﬂdatam%wlawa@%m TeYPPGHESPOPiHPN Quipe i the surface,
edth @atk ptarﬁait&tenmh@ int dﬁthHIﬂe@ﬂﬁiEd’ﬂibn | aindh @Sigrid@htndytal aﬂdﬂg@cﬁbﬂ ¥€in the surface;

ngrem 1%{15183 glaén CVICG r}:&lrsgnssge I§)\I'/0%}(]ie %Cakseltlstr;ng r?&cin ea%enc?m&tm a scanline

t1ona
dir@a@t opgrates t@aqeeseﬁh@élknmemweta dreat IsashivoeRsitions; pugelit irgst paripf at least one of the
@Y ASIRA B RtioR ] de %ftheﬂit 136kt ﬁvoﬂleéidﬁﬁtlldntp}dsn%fns B@ﬁ%h:ﬁén@angle between

val ues: .. and, ata i.ndicati

OB Rt /5L O B et Bl Shion nd e
alipnmenn bngle rhe vélatieel pasitibiofi thesat twam o sewstd dataqoktion parowithchesgect to the sensing
réMoL r}m& tatsleagy\ﬁrtfaﬁﬁﬂe%&d% ehtsﬂng{ﬂe reﬁﬁ'tfel{{oﬁtlonpaﬁ@%é girggm(\!ﬂt Lllélel thSat least one data
own cl’ocking feature; provi de ocki ng
PerHopMtes on opposite sides of a dat a encodl ng area;
encodi ng a fragnment of a bitstream encoding a
If 4 tgdrerotd Bfm éhe Iprebept ineationl providediasyste e aki¢origs asdedidataprelided on or in a
erﬂgenﬁg {d%@ Egtcfamghﬁlggaﬁ %gét é‘p&n e&] On &A'if %e surfaceeand alignment data

t1ona IS enco e usi ng araneter at a
afdaquapama@c RO tashone) dogls indiiiretig v doolpdingrfeseispr Which senses data
pﬁﬁiﬁeﬂl, in élﬁladsdé‘legl@ﬁfha gaRdoe senditt & ldaipagofake alllgﬁfeht daaeand fat least part of the at
lea%rt] grlleccﬁ Ealﬁ)zllgl? Ofe éi%cog?rac i %Ee L gﬁ ggﬁeggt ege,nd ! 1? eenrt gelﬁé: ?thl ¢ clock indicator;
umisimgg usinte the glotk ipdieatanfa PEL; @h@@@%&n‘lﬁ%@e Pk eajremltehposmon between the

sdasth &Eafna the@t 16d3Cont RBGEH aﬂgi‘)c@tﬁﬁ %Ert; ahe st 10t tphr IR GBITBILE uSing the relative
data associ ate par anet er s;

r edundanc
ORI 18%/?{) ° SURFAIPRREY data associated with

par aneters and, repli cati on of paraneters and a
Ooﬁreellwsﬂenﬂe@tﬂ infha Hétgrmining thd aesition of ableasbete ahatkss tm detamuing @ grbss registration;

dété}inﬁlfﬂg, @éﬁ%dth@ %%V\Rélgﬁtlslp afc"l’déi( tdicQtof [naamélbédc @J&E Olq:@atﬁgt ®ing the clock
QOtlonaIIy the alignment data_includes a

indigatpry gotlisiopat B dtomreing e et tReat L ellp Rt of he coded daa i e
akpnmed ditecfi@ul tt ol erantly; fornmed froma set of parallel
lines; fornmed froma set of parallel |lines that encode

O@tlc;ﬁhlg/atﬁé/ ccm:cl &2 REHEN ge?rstra%orp étl'u%restﬁg %gﬁﬁ:a_%om&tﬁe including at least two

encodes at | east ogne 1100100
clpokragies ansieative o pposifion of the é?,dBMPt"'dP B8 diretiRapeipprdicppde b plignment direotion
ahdtwe Bligntibnt Riha3\forchach cocls tick atectwh aidntgnt tihs Peiserditdties € the position of the
re{g%ectsvg efogc%alg ?Qf% @tﬂ% ﬁle%?e? és:j;fg & gger?xﬁﬁn%fdes%% étye?ligtg&mt IfttL a position of the
akigmmpnt iliges fona é?spfrcwet Pask dragks é@f@’mmeacwwab%w@ﬂ Pbthe alignment lines, the

pE&¥Hof BitthdhTeshbébti A blodk @R ABA) bpddiip @G lali@hent@nd, al i gnnent
data arranged on or in the surface;

Optionally the decoder is for: for each clock track, determining, using a respective data clock PLL, a position
of a clock indicator on the clock track; determining, using the position of the clock indicator on each clock

track, an alignment angle; and, updating each data clock PLL.
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wherein, in use, a sensing device, which senses data

provided in a sensing region extending in a scanline
wdioBsobexn, operates to: sense: the alignnent #arAU2005/000391

at | east two positions; and, at |east part of at | east

one of the nunber of data portions; determ ne, using

the at least two registration @ositions, an alignnment

Carigpakty thedeasienis Edreleaamag}thb oeled] datactiyt demsmmmmd a s fofih if@ ANFBAAtline using the
a éningrﬁtdafanthe 31%5 b@lﬁ ﬂ&%blcltﬂg o‘ril Fdrﬁ@a%eg P rllaﬁ eEu%g gtlgc%ong Within the data
position an nrrent angle, the relativ
PB‘@S‘P%@@)H“@W%‘H@"‘QFSWS@&@P“@ﬁ%H%ensed data portion part

with respect to the sensing region; and, at |east
qq»aas:ﬁil;aihb Yecd@e Gifer: dHtSﬂnﬁkgngt doverdtnetksadfi supl oalics ifiom B dockdi@tes of the bit-

ohlgg ftg%ig%d ggi?{i)eg g ﬁdcgﬁ?gtvglggi?y %aat S%mpgervgg om two successive
S@yi‘}tleémfor decodi ng coded data provided on or in a

surface, the coded data including: at |east one data
qga&ntam;anb &Edd&ﬂgﬁﬂ as9igniff a terpokdRevakid bk aaﬁ&decamtreaﬁ lbit @RBERMs more than two

pOﬁsﬁ) kva reso Vm&? agl%lilﬁg lvAIXe { %e %%tb {he lues o?smtlrroo V\ﬁngC its in the data-

mlncudn V4"Senser
egeﬁse@ead@ﬂmpmm@d encweéb@ému bfyalpas gq agptprage eyicg érbitgiream order.
sensing: at l|least part of the alignnment data; and, at
dﬁﬁ&)‘éﬁy tﬁeﬂfe&od&fls foh Qetéﬂmé a%ﬁ"l&tfea@.ﬁ@ln @J’étaﬂgn&@ﬁt WheQ e pﬁotQ&ﬁl@Qﬁ{ng detected at

U SI n nsed nnmen
g R T L L .
apdrehi abignment dirgptiéH: bnd, ghaihigial mgn;trzngn mLpsiun@om brepeRli¢ular & the alignment direction;

d&@d‘aﬂé h‘i‘@gls@%htﬁl&l&r Q@E%@ﬁraﬁdﬁefe;?tﬁg% i eﬁ@&he‘ﬂ{] d&i] ddeteﬁﬁnmg, using the
| east . one sensed data_portion part; and, at | east

f?ggﬁtﬁoa FPferg EBHiTFRT 198 |“h6‘e plpgamens fisgciqpe deisiiey i, the s registration, a
raglstrdtiom slbckambicatha tnathaighhan d4qpa Hétermitiig | 16ig e tedidretiod eald @dicator, a fine
r rgrgtrigﬂ in tgeeagxgtn@n{uu@&log rh%teaﬁ Iursﬁlé) fe ﬁfle %mmlagcﬁls Eld 8 %ll%meré: angle and the

ermneaqros rels rat eterm
inifig] TegfSTRHRE, 3 eaY soealigimentiiae; umqtmgauseﬂlgdmat Ipagine detsted pligmgent line, the fine
rngis@zﬁlkn tdéﬁﬁﬂimngl,l et thé) Gpdakdd iRrebiftRticl, €6 lpodifiali cEENi/@ Hata aeck tracks in the

]?%nngnt g%a det CIL.'illl_ us(ljne tthee;pr%@dn%gfhe H ?f cgg%lt( %racﬁs al Itagc o mdlcator c{n each data clock

ne re I'S e code gniren
trafiky @t,etrm@ng u@gt qa@rdaﬂa clpck indicaton de updefed qilgnmmt @ele sndaan updated registration in

a ﬁ@&h@n ﬁ@&ﬂdﬁéﬁlmﬁé the! Qfgﬂlﬁﬁlt diteBons cﬁgétﬁé Et@éabt%ﬁh &:tﬁe%@feéég &he data portion; and,
S, | Ndl |ve

d?fB %, %r:;],c';gtgefa lthd da %Jg[)fge\gg ajéle ﬁ5< Hlte trﬁﬁegregftl:aggq rﬁhe updated reglstratlon at least
sqrerof i dlil@stloger deteged daw padibrgrartent  di rection and two
alignment lines for each clock track, the two

(?lldnglﬂnﬁg tdec]oli&] gs fd? el %te&l?’d&e@e@&ﬂgvtﬁe of le‘rlsh ©nd’ 9%&1@ rimeupdatmg the fine
he respective clock track, and wherein the decoder

rqEBratiol SPEFTAT Uige thagrc}%@d 5P TsPTgoReRt thppopdateq 8 CSLEE i posiion of the
dai clbdierackds; dyreapt dhth pleck ifididatog o ﬁslpw dlace tradkp@idating @i kipdated alignment

a%? oLl Eﬂe ngligtgd re%lgnla{l]cgl £n'8 ede%&ﬁlg gtj 186 Ige L ogtmeeat %%Jsk &E qﬁg gorﬂqn, to thereby allow

of each respective C
ﬂ’aﬂdeasﬁfp?j@faipﬁ@m‘%ﬁé’e dcpdsthrent PLL. Optionally the
decoder is for: for each clock track, determ ning,
Ogidnhly tie de@I@aChi: Yetectigl A tval 100aonPinlthe pﬂotﬂ’&&ird, h ﬂﬁbk@tfdwator synchronising a
reiszlffgtcl:vié Bilor% ?Itlg ﬁv&t% rac? Elogk dlca &)lgh re% %:}5 thgeetlcgcac nelép rﬁlumlsnlg,n 1%mg the pilot
Pwsaéh@ aliggmepi] anglaneds thaﬁgtiaé reglatrﬁﬁon Upjtkdising rsiomdle ivitial gegistration and the

al@énﬂ@ﬁf aIP vllel—tvmfaia Qfé&i Pitsi R %d&ﬁstrhtﬁm fnffieti8 GR0Hi Mnchi Mta; determining,

egre%l éﬁOglr%/a.élﬁhgﬁlgroge{?glésn d%éy{l%ﬂlg@%?ﬁ{)gg ?%ﬁsss?%%trgt{on a registration
PLlp ofiitl 3ltei registrafioncadwk didivatbe® the alignenedgodi terelyotcak ittersgistration feature;
dé%rﬁlﬂﬁn@, ﬁsnﬁ tﬂi‘:atteé}stration PLL, the fine registration; initialising, using the fine registration, two

alignment PLLs; synchronising the alignment PLLs with alignment markers to thereby track the data clock
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portions; and, detecting bit values using the

transform QOptionally the decoder is for: determning
woawrsthosmp es of sanpl e val ues fromthe coordi NnRCEAT2605/000391
" the bitencoding | ocation; and, determ ning a

bit-encodi ng val ue by interpol ating sanpl e val ues from

two successive scan lines. Optionally the decoder is

tfagks; deermingpgi wipg shetabgnpontdiLys, izl pegtidnef swodamatbekltracks in the alignment data;
d@t’e&tﬁ% rlﬁﬁ@ﬂ@ {)OSM Gihthg' §§ta 'EE&@&&E@Q &a@cl&?%ﬁdﬁc@op %@4&1‘ QRta clock track;

vin |nar%{rva ue for the bit based

AR RN AR I PN ot AL S —
ofithel datevini thé dlg:ct[cﬁ?p&ipuﬁdulaﬁc el @lilgnbiedit StirscdionNatii, tletélﬂlni.hg Susing the data clock
P@L§ thgagtg)ﬁe (qe&{é lﬁ)gtgécﬂi]l 24 mc:nL d;ug@ gﬁ(f l[j:lg S#SiﬁOl%&ICO(PCH 9 (?%11 tﬁe strface.

decoder 1s for ecting a pi

alignment data, the pilot feature being detected at at

Iy another frod forpcth Breserd invensippraides A gnethod fop gec'ech@ opdled data provided on or in a
sfiraad, the @odedl ﬂat:ainclgdmge fitleagtREY d@talpOIIOE ﬁfhn@d S6 adth kB Qurface; and, alignment data

a{jl%Js?p%It al%nma&qveacg atq%i:s gg'?&&( m%icerltg c:lt.he: <f c(iiddfn% nl{l %gecgéexa Isensing, using a

registrdation erpen
S%S?rg‘ﬁwb proSey ﬂ?t@@?v@?ﬁ in @F@%s@etretgwg aalep%gqnsctfrhatah@memm @nd, at least part of

tlief&t Rast &4 sk ﬁcﬂﬁdno&teﬁrﬁﬁﬁlgl I"uﬁng the Jeﬁ@d ﬁlghﬂé’iﬂ%ﬁg pafldtolock indicator; updatmg,
P AT e O —

amisthmg leadt enegim@sctdata@gm pagit andref legt paagllsdqc«ahngorsmg khe cdlative position, the at

1428 Ghella Qbrtibdpafthe @l i gnment data; determining, using
e registration clock i nd| cator, a fine regi stratl on

th

i e ali di rect| detectln using the fine
et 15 e SRR S BOST o8 SR PO dtermine 2 gros
reeBgition;rdateinting, atingl thagoss cgistraibi, greivelnindibdtarey a elpdtadaéle) gpdating, using the
cfdgld Mca‘f'op %n éﬁgmln%ﬁﬂL Qa&mﬂlﬁl‘g %ﬂlg ﬁile éﬂémggh@? ,a Iﬁhé(}g 15%905 of the coded data

fine registration; etermnlng using t

lnrtﬁegﬁlweﬁﬂuﬁﬁ“’nt he position of tw data cI ock tracks i n

the alignnment data; detecting, using the position of
Optimaltjathacadbddda inelalek s regatration sructueCllie fe@ﬂftaﬁéﬁ Qfuctd u&&ﬂﬂﬁg at least two
clgélé(]ﬁ 1&'&%&1& Peﬁ& dltl&leog 8k @gdgéi 5]«1961 1{1 ng Idfgﬁgtlo%i en 1a01t119r tg lh% ecl:lgnment direction

I cat or, gnnmen
apdeyp aigoment éws fo eeph&iorﬂemchébﬁ tpe plp%went dings éf:ms @dlmee of the position of the

reaﬂ»ebtgzﬁ BBEM tracit, ﬁﬁﬁifﬂeﬁﬁh theOR4iIRE tncN@sAlictdr@RAR], u@iﬁé in MBEnnteREPIAL a position of
the giflSt er%qus ort a regJ ectlve Olr)dk tra{:]kd dft%&%?n%ng%g élbe pgflgcgltq a&gﬂﬁnen’c lines, the
peshien enfpyd@tr@electi@gna@q; imdt upéerqmg tlw aligemet Pldonme of the at

| east one detected data portion part. Optionally the

Ogﬁiﬁﬂ@&be hlSth&Di’nclud'eQ eadagdbiyox tHel %@tteﬂnﬂﬁhgt tl@ngae{ rebR@RL dBNClock PLL, a

e fine registratio
L A e A T (A A ———
clp%@adpuaﬁhetdnen@gglstan@mrd@tmg egchdatpdek®PLbn of the data
clock tracks; detecting a data clock indicator on each

Of@hna1yGheQfdtholl Ert@ﬁh'es dé&@(ﬂﬁgt thd @ ddaGea U? qgtgrﬁﬁinu@ 'u%k‘?@%ﬂtforﬁ RGh Bne using the

and t dat e ration , detecting at |east
e B RO B0 ol B8 S i e
patidng\and, Hetectitg Hitoralgds usimethakeshsformor t i on t o be decoded.

Optionally the decoder is for: detecting, at two

Ol)tQ)‘ﬁﬁfy' tﬁénlﬁethda ihdiReP liété?ﬁnnfng @&d{'&u%tes 3t &aLnBl% l?/al eQ ﬁjhathé) fo’ordt(nates of the bit-
eqc%ddé:hr oni sing. a respective pil eac

o g Ry iragopiog el P45 SR values fom o succesive
saghpleding®i Nni Nng, using the pilot PLLs: the alignnent
angle; and, the initial registration; initialising,

oMﬁ)hﬁQ tﬁenﬁ‘etﬂo&] !in%fu@els aEs?g%ngta Ee%‘lpbrgt[} vgiggtotaqgcoded bitstream bit which has more than

two possible values; resolving a binary value for the bit based on the values of surrounding bits in the data-

encoding area; and, writing resolved encoded bitstream bit values to a storage device in bitstream order.
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alignment angle, two data clock PLLs; detecting the

regi stration marker in the alignnent data,;
woet@rmosnbng, using the registration marker, tReTAUQGG/000391

regi stration; synchronising, using the gross

registration, a registration PLL with the registration

clock indicator in the alignnent data to thereby track
Optiveallyeigingthodinblodes:idetadting epilotiedter mitivi afignmentsiataghd dilet feature being detected
at aﬁgas%s %tcéh%ﬁ]s Btdrmintd! eumfn% BEpR Bhidde! ﬁtah@lﬂment' aﬂ%oé 1 boBlderBd Rbhtine direction

usi ng fine registration, two alignment
ﬂ@fﬁélrﬁ"ﬁ?ﬂt dFstn HE- Srm G HERTpLES ife %?rﬂelg%%ﬁio the alignment dircction;
dewfidged Segls@atioh eiiadly il & acstrithe febatrealmthecanigmmtk&ta determining, using the

regf%a?%ﬁk@ %§s§| e:}gtr{jgg mathé gmﬁ 10 d1P E&o% de‘éfbtﬁlgp&ﬁfgttﬁeoggosp Ieglstratlon a

regligiragion ¢lovly indipgioniy %aélglmﬁ ‘iafaoilﬁteélf“n{ﬂhém’é}&fhﬁ reggstsatien clock indicator, a fine

re%i'étﬂﬁkrﬁm tleé aﬁéﬂnﬁn@iu@&%n |d6tédtlﬁQtu§iﬁg 1B& ﬁﬁé&€§isttdﬁﬁn&n@ he Glli@nment angle and the
t aclo

mglgfr?%dgﬁt O\Atﬁ% E:as? o Sggn%exgclﬁe u% al%smg e at l?aﬁ eoflee etecfted al%ﬁment line, the fine
regibteatwre geternyimaitei oyingohe uﬂﬁetedjémeareglwatl@eﬂmppm@rﬁwo data clock tracks in the

b gidcale, ﬁs@ngttﬁé%os?tjioh GFBRE Hick B4ckd, 9 Bata AR indicator on each data clock
et er m.ni ng, US|

n c

aﬁc Elmoru st Sk St B9e Hmion g Sy essadonn
a dieediial petadndicda td thealgumdnbdiectioh;nletactiog #tduast paroefthefatlpast dnk data portion; and,
de%gcﬁrgge[lgmgl tﬁbviglggtécpﬁgﬁﬁegy An%ﬁs&n@thgﬂeh&?sﬁfaggn gﬁ %qip@ﬂed(‘r%gtmn at least

vi d In _a surtace he coded data

Sq’?fﬁ@mﬁ‘l‘t#f@“ oggrdefegieddptagpronPatta portion arranged on or in

the surface; and, alignnent data at |east partially
opmﬂalryahd wmeth@f mahdeh, aghtedin eletedting khei an dk@asradne falignivk® Lt ypddling the fine
e 1s§at19nd Id%%’%ngx% u@in? %8 g;gjdg{ed i e étrg&m anP{nl g%cgte§ ?égﬁtgerthe%lasmon of the

enses rov sensi ng re?
dagngleck groks; Hlategting g dsre ﬁ?ekd%tcator ereach daf2 qlosk Feckiupdpting fheupgated alignment
arfale ah&@&ﬁpdaaﬁreg@taaonp@atde@amg sledag@ it 6YitieGt 10466608 ath ifdtion, to thereby allow
the cl ock indicator;

t,
ﬁtg?fft it Aa{aﬁgm%to? ?1‘?% adf%?[( i ndi cator, a PLL;

determ ning, using the PLL, a rel atlve p03|t| on
Obtesmgllyethe tohpthod cipadidesy de@@iinanatatwa logpgiongt in| g Pilotofsaturg.ep sdagk indicator;

syneréhish@ %g'ésﬁé@tn@ Mt ’PLE ﬁﬂh eadh clbRasificalBPth tHertby Wackl @6 Qﬂjdt Rgture; determining,

u%rt?e%gﬁt@g&? ?he a%&l\ée I L Otﬁ%mwgltr%sgatr%g]ﬁﬁ%}g]gg using t%e initial registration
aidlethe plignméenn gngld) ewq datd tlqurfldxfs, detectingath¢ regiveatiommader inghe alignment data;

déié?ﬁlﬁfn@ u@lﬁg ﬁe Qb@tﬁlﬁor{ rﬁaglké We%l&ﬁ@glshgﬁ;negymh%ﬁﬂg, ukiﬁ%(tﬂ‘ggrgs@ ?eglstratlon a

gr oss reglstratlon aCOCklnlcator in a cl
registEptipn PIl‘}pr% fhe, gegls‘{{?élf"h@}“ﬂ‘rﬁ’éh%‘i°b’€l{h‘i aigrpeat Qﬁta fo étﬁ reby track the registration
feaﬂutegdbféﬁﬂhmfhlkmg_ tetegistration P14, the Shamggittadona lmtgmm’%_nﬁsn@lﬂic fina registration,
81' arflem{xeggf’]it I $hdpPhis % tl%e?«lﬁ n%l%gtgq_&g itff aflggm'é Qn efsgcg] %Qﬁy track the data

I Ona ata
clpgkgrager detireiningt qsmlstcharabgmnpﬁ ELke g @9%1@&06?7%599@ aleﬂmraéks in the alignment

dhtd) @bietithg) gsu'ﬂé thé S fibn bme GakaQuldek t;ram; leSdata RILIC AbitAt@ oBfeach data clock track;
data in.th

3%@1?%1&3??3 g%c ldg? g?c&(i’?,g w1t161‘r1 corresrpé)rrlﬁm atra é:ié) %c%ici:ag?g (t]o t{l%)y track the registration
ofath¢ datenie tite direqties pdrrendiaudar bp thet dighmant éu:ektlont dnd, detgonining, using the data clock
PﬂisJ 08 Be ok 'tﬁé%ﬁdal%@ LR mb? ngﬁsaénh Mife &gltu;nh)@ cdA8Bdatalof Ehe Qfrface.
the respectlve clock track, and wherein the nethod
i nclu det er m ni.ng
I B PR o e pro T S B ETE gt e op fegage coded da,
wheraia ke colied éaxtanis ericodyd by s¢gmgnting the ggs intol agriprdity thl@ta portions each data portion
b&!l &Eﬂﬁﬁg %&ebcgﬁe%tl I’rgh? otﬂ&%hts #Mngfcaﬁﬁ%ﬁe L&» § %%e disposed on or in the

trac i gnment t| ona t he
syEenyeh P crddiae powerr exa’aéﬂqm @ gligemert girgetiony @rdsuph ﬁﬁtn% least one first data
pbiﬁdnﬂig d@)lafcaﬁﬁ@ﬁ: htilseer cfl@tedond |date orfinlin atleqsD&ie of: @R atifnn@nt direction; and, a

k t k cki .. i ni '
d{reﬁ, 8&5%e FPOI??I{ chgl% tg Pl QFFIL&AG & dﬁ Rcl)% %‘%Eﬁ% ’rall%.ﬁl%lg glg% Haflive Y80 Ig.lgangement of
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clock track, an alignment angle; and, updating each
data clock PLL. Optionally the nethod includes
woecaxhosgyot he coded data by: determ ning a trareTAU05/000391
for a scan line using the alignnent data, the
transform being indicative of coordinates of bit
encoding locations within the #glata portions; and,
adledse®tne Rfjthb ldta postions snd, squsige thi dighmenn ddtoio e digibédonat Inythe surface, such
tﬂah@fhéﬂetfleh&gfadepg LMQ@«% in Q%E&[ng‘r&dﬂ%f %cé@ﬂ'sﬁig Q@L@%sthg sen§1§é'gggn defining a

val ues from the coordjnates he bi t encodi ng
S‘faBItnﬁttP‘bﬁﬁ“mﬁﬂﬁ’wecﬁé‘is‘é“raHei‘ﬁtP?&°£thB Flt@@??é%ﬁ ARerRinps, psing e sensed alignment
dhtﬁl,taﬁraﬁgbd iRtvieBgthS safling andathdIgignihdnOdiret tivn; ShieCH SeAit \pert SEHEAt @oast one first
d%ta gx%on %dt atolpa%! e}la%[tlah)p geag%g Bxggg Elrc]%Lt%glE?n e 'th\%%% ff]:%st %wssensed first data
Pﬁﬁ@@mﬂﬁ ﬁwﬂMﬂ“ﬁﬁgﬁ?ﬁ%@déﬁiﬁﬁ@nmﬁ@§%uV|ng a binary

value for the bit based on the val ues of surroundi ng
Tibdnberibibadl Bbem tha bRreMGAEREY pﬁwﬁa a s@ifids hawing Hikgoged iRl of @ereon coded data,
?n%%ca rgﬁi %i)a?a S gec%lg ? 13% rs]e\a/nr%fn J %isnlggteaosen%?rsvt/hgp Ian g‘TS%st Igr%%ded In a sensing region
defemingcat seasljneaa fiist part Cffélmmieest iope dappepogtion;pndrrsecophpagt, of tiigent least one data

pBHkibD the gé”e@ld‘f)ﬁt@béﬁ%‘ dﬁgla&ﬁ tre%ltf@tg tlﬁtﬁrsaﬁartl B @8itectiodBrthogonal to the scanline; and,

| ocati ons; ter ilot feat
St Mgt G G et aah i o i SBAeFsetcrd isiie B indicative of the
s@bndgnriend, atiesseitiatindeceding, uséng aiprricésson hndrusigg g figst andecoml ipdicating data
ﬁ%%‘ﬁﬁ)}yod? 1eRELRR BELEH B ofeQath E&mﬁJ i gnment di rection;

detecting a registration marker in a registration

feaUﬂe in the alignnment data; teﬂnnln sing the
In zngtheribroad fogp ﬂ‘ﬁﬁﬁ“??étrm"e’émﬁ P{%‘gesraéﬂf haxing 8‘FP%F"H P?E‘ be nereon coded data,
v&aérblg thaeskd dhtaiegldag age of etiregitandignsedissingg niohditlgy iotegated circuit including: an

fihab 1L S Tl h ey (i GREOL adaNal G

elroFgg{eﬁ) gfﬁ'/%nggt Cret e r% ning. (& us{’;ﬁ‘%ﬁm gQ)e a? : 5?3?1} X eﬂ) gate image sensor
h%%@kleqsmalp Fosptobpixel gengqrs fir FEge W% sttt he alig n rre nt

direction; detecting, using the fine registration and
I ahhetha'|b'tdgmﬂiﬁﬁl the pia@htén-@mtidn ploeidésnisirfaad havigdiglosed the,or tibreon coded data,

wlhgrgig g1e %Q&% @Jég 9 Fkr{?a&toni %fl})ﬁhtecyﬁlg %«%%JAQLSm Us Jng}gh %te%;ateld &R %t including: a

one tec

poethead fir privige cefsy ﬁga Pha sw&d@atﬁ% afsgngiag ﬂ@’g’? S‘quaf?fl sorpingtepdsd data on the
sﬁ}ﬁ&l %&an Qf ust, W lﬂkagraedwuaﬁ&qs Broaded &djaoenttamenspdrt BHEWIB R allow the surface to

ect ng .t he _position o e ta cl.ock
of Pl e e T ndi3e ke A8 B S 3sne Spdr BB S
track; determ ning, using each data clock indicator,
Iraanoitl}mmaé&mathh psvridnvertion providesd serfecqipuing dishosed giersinron theregm coded data,
W‘h&elﬁ dich R tdtOB aRedaend |s§%¥éhlaﬁhlcﬁ1%ctuht% Atdr HIBBng the coded data a decoder

fca',a e%%%?qn 2 Boﬂgvsoe 1[tﬁtlrrrr1]a 8’& 8](3' ?e{igg Elad@ éi.n%ltﬁ : {E}g ﬁgrtf: é%l?lga the determmed format,
caied gfnzrm:ﬁ tcodadh gdteebeing deat! heasfto feintedegyvesthe acodedbinsieart g the redundancy data
Bﬁgdd%rdsateach %%oﬁoﬂauﬂg £ I%ﬁ sﬁ'ganl sﬁts L.ud correspondlng

one getecte data portion part. Optional t he

ridiRdpRR 642 ToBREa é‘E}P%/ﬂle bbtieer PHEoe e C%}feSEOé re@ﬁéancy G, s it
eftdodled BITEbhm; ahd) &/ ritinpattedotrevged ditetofttieR@rer €gi St rati on;

determ ning using the updated fine regi stration and

I& %hgtg%%gr%% %}En g gﬂeéﬁtr n?Jeﬁt%H gro I&% a@tg agig%cggpogeg ﬁlexgﬂto@therecﬁl coded data,

etectl I Ng ata C I'cator on
wierein thel coded dete aciored ip d‘eﬁfoif% Fhereie thlwﬂ‘&@ defa dcludnsmsrrncodprbibstream; and,
r@ﬁﬂaﬁcp Qathl pRletiaed with GheSHit s%ang Rhd dRkin Gt unglsafecoh@la@t determining a

cgf‘ fvord %{rﬁ%tl}g t tﬁef codecfl ga%a rea dna% @gn?‘ the O%t I Qs?ng e de 1én(1:116 gk}érmat coded data, the

one a porti
o@ot dusnbeinigyea e aste Upristirlpave fhe degded dvétsmmlan@the sedurdensy data into cach of a

nhi¥eRof O8USwdrl, LRE cBikBid @R Lvit RrahnQfal ahd dbfedioMing redundancy data;

%er? d
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synchroni sing a respective pilot PLL wth each cl ock
i ndicator to thereby track the pilot feature;
wdeb@rmsnp ng, using the pilot PLLs: the ali gnnmeoi/Au2005/000391
angle; and, the initial registration; initialising,
using the initial registration and the alignnent
angle, two data clock PLLs; dEtecting, the
coyr@g'q‘xg pyingtthedit sespmloart agdihe qqgesaqmidigg] FReyndangy flaga, errors in the encoded bit stream;
andl Q@A thd dorehied Uk RGhelsie:. r egi stration marker, the gross
registration' synchronising, usi ng the gross

In%rr gnesbroa%t L9 © CE)Fesen g}rc‘%{u;n dv?d aP Jﬁ%faca %vmgtdo c%s% elrsutl 5r%ere%E coded data,

I C a a ere
witsia thasgled st p bivstoem pigpdsd bﬁd«'et'oe?aﬁtndtl‘h@g st aps defgorton, the at least ne

da{a%gfn%ﬁ Enﬁ&du%r!t e lsequ&nb@mélhc_ﬁ@ th€B Sledn@toliSRed b'y@b&dsﬁﬂndlﬁg ﬂ%@lndancy data,
t he

i.ne r |str tiqn, two
L L M "
redvadak@rdgta bsociated with the tesrmetive bingreglapat. ¢l ock tracks
determ ning, using the alignnment PLLs, the position of

In b Rl B & folnpfﬁekprésErﬁ‘ %&ttbﬁ]pr&h&s @h&t&gﬂ&%tfoﬂﬁtf@ encodmg a bit stream on or in

det ecting, usi ositjon of t ata c
o ROk S0 e ARy P CHB QP OB Bt A 0% dgion encoding a d
sequeiie Kricludiyg) ta o Rirgnnllesad by datespondigckduRidncyatal tha data sequence forming
mtgrﬁe[a&eﬁ §<919@(9‘h&n &clg%hawo?ci éﬁgdﬁ 'g%éa‘;t%ﬂ bf tﬁ@bttt SGMX re‘dﬁtﬁ%y data associated
gi stration of 3% ta 1n the direction
ﬁ%?ﬁ@ﬁﬁﬁﬁﬂﬁé@wﬁémfhe allgnnent direction; and,
determ ning, using the data clock PLLs, at Ieast one
Ogibally the o adcwdes alignfove s areangd @h oin dt,e Sﬁrﬁl@&, pe slignimen dat being at least
paﬁxglgﬁxgdugi%e%f fb c;s{t)ign Mefdgtg ortnlng o ? br 0 ad f orm the
sent | nvention provi surface havi ng di sposed
thereln or thereon coded data wherein the coded data
Ontignally, & Flignatsy: dateapaindey st rrpistration stryofreoindicative phy plplitggof reference
poﬁﬁ&tnﬁhcﬁt% bf m&mﬁﬁﬁ the Qatbddapif thi @Hgnﬁié’ﬂt Bigecil@cadalsb@nd registration structure
o OFSPSOAIY 9L S TSRO L DA SHBL DAL U 0 it
Iwmhdkm@aeﬁﬁdS@amﬁéW$Wmn extends in an alignnment
direction, and such that at |east one first data

OfiSiall 89 ﬁ}ssregti;t&ﬁ&ad&e&turé mOEAcRta duBiB& tof fRerS aeleamlde 6l @oss position of the
cogﬁ%g‘}-itla 8 q{ﬁ qﬁllélgl%:ﬁlﬂ 5 a%g? ﬁg har ]fé’uli tratgk gice{uge cr}%qitne Plcl)’%lortl o% tﬁ)e doded data in the

alignnregiclireatipy. gener at i ng allgnnent dat a |nd|cat|ve of an
arrangenent ofat |east sone of the data portions; and,

Oﬁl@i’t&ﬁif B sdchi r@t%ﬁ%ﬂcm@ﬁ&dﬁﬁ ath@hsﬂbvﬁ B@@@f&cl@ﬂn&faﬁ&e%f b B&xtton of the

ace sur ce i S Qrovi
coli it s SO IR U P BN BB BBh et gy coeh ok
tracle thientwangligamet Biwh beveg, indidativesd tigipngticd @y ihe esspestbm slosk @dck in the alignment
dujeﬁi@ﬁt Opt?o';lglly%e f&rglgt tﬁdlﬂdm&t org %Lt@blo&et!h@ 52@3 BI6R mcf’d@th@ On arrangement of

sense nnment et ween t he
s TG P OPIoSTT GHHRE R SHEPBY 0 Seebis ShLe B profde marks
part of the at |east one first data portion; and, at
Ogtiedtly eqphrdath dlobly idadedese of Sirevifled fndth die toen mlﬂeﬂclamgivﬁgd with its own
re%ti{(}lrgtio%tfezﬁ gttovﬂé’&%nt‘ﬁ% §\$Igcl§jdkfngtfea%t oﬂt?erdt\xlnﬂ Ry dP A d;icm? ?etatglreg on opposite

one second ortfon is sense
sidgheft rdste- emoéaa 2Py epROdinga Bteseetrﬁf a{bisfiede ieai9ding & Fpgreest of a bitstream in 2
dafalehdodie Larbiadtid ol SRR S Rtatdier Riakn@ding ied eon coded dat a,

wher ei n the coded data is decoded by: sensing, using a

en ich s ' ' ' [

Optio g aﬁ n ata alS %nc%dEF 5’5%1% mqlﬂﬁ)g &Jr@gl\}rgcg%?e%o dsﬁjféﬁ%?fe{ggtgée?&gg 5elata.

data portlon and, a second part of the at |east one
Ongignally pe rfqrtnatnnclqdpﬁepasaeewtaﬁé fepst pastisly ingicatiye K€ aldeasieqng pargraeter used to
entdde thb Bt flednst part in a direction orthogonal to the

scanline; and, storing, in a nenory: first indicating

data indicative of the first part; second indicating

data indicative of the second part; and, at |east

partially decoding, using a processor and using the

first and second indicating data
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fromnmenory, at |east sone of the at |east one data
portion. In another broad formthe present invention
wonoesiideoa surface having di sposed therei n or PCRATRMF/000391
coded data, wherein the coded data is at |east one of
printed and sensed using a nonolithic integrated
circuit including: an elongatd printhead having at
Optiesdly atdeust prow thf bitrsoear ieencdded asgt fewst fnegateblogk, Bedaagdiosk encoding at least

so@lggaran?e @t@ﬁgggIQSt'sg%cﬁ%@r havi ng at | east one row
plxe sensors for sensing markings on a surface. In

anot her broad_formthe se |nvent| n _pr des
O e HARh RPN SiseH e dY B e BB SREE? ally of posvt
vailae Breli wheiei @t lestheflst it adast @lugin of tbadata anid ere ofed prengetiette perpeheter data.
sensed using a nonolithic integrated circuit
Oﬂét %Jlg%er}gramgtexp&altanig Qtel@gt (fn@ lof: Qﬁd'lcgttu}erbg a%&g 86hél a:tc&ie@ ﬁata't} 1nd1cat1ve of an
a sensing devi GE used OE %Fn5|§gt(€ glaﬁmmmm .
ke Do FSodd byl ates oot 8B & SPRET freatiie Wil
CEC lchddkstimi aSsofiited/ iwtlie garathjieas eﬂltmdancv rdata mmttedmm pagantetprs; Reed-Solomon
regllnlda%\c/;\}ll cu;a ss%éﬁtgd’j\?i% IPLerQ&s Q&Vl%ﬁlc%ﬁ tof ﬁapiﬁle&rs 'aﬁht ah:ﬁé}gsuﬁn d
printing or sensing coded data
respectlvely I n anot her broad forn1the @3 eg . ded faul
Optispabbrthecierptesdedesivaesa Rilp e Aipintle) TR Epsingd” eprbprgicf cncoded faule
toRFanily) &rReINE @04 &l offatals! lidiehomieth fivhe setad @atalliblirgs ihg encode a binary pilot
segfeg% aen;glloE)% uencez(?/ilaﬁ%na aé é%%aéaéh%%g‘f?oﬁ?n@m%bdg{i 2}1{“ ‘i’%olohogm 111010,
codeword format for the coded data; reading fromt q
Ins Bftie broa forry thehiseseRts tiiPR{oR SEPVIOET hEsiem B Bst e edt"Fﬂ@ the coded data
m@l@&jﬁgd afAt R sﬁgamr &ﬂﬁeé&iﬂdaa@ dad agd6vidtddineth ki &¥ erebiy@ind wherein the system
O%%%F&fgrﬁstogl%é g c(:]o ad’l % &Sa c?ecodgrdigr geg A gggﬁe & R)nga@ﬁ)b the coded data;

| nc udi ng
rel@dntg fdor Gharvopartingathal dqt@mm@%iqmaaucrq@d rdaieLihe) 8948‘55/‘1%]?“‘&’@ Tead 50 85 to de-

QL€ Gl eﬂg)decygﬂt Yebatk N84 Bel re®hda88MIRAMto @ABoft H@umber of codewords, each

correspond |n redund dat n the
P Eor PG © MR S TRt F P RBDE o oS BE Pt bi srcam part
axﬁitﬂﬁoenresj)dﬁdlagmmmeanc)bctataaﬁrofsmﬂm ¢nbslegbitatreqnt; andnweitipg ithg gorrected data to the
StQ]_reowdes a surface having disposed therein or thereon

coded data, wherein the coded data is stored in a

ore, wherein the coded $ a_ i ncludes: an .en odq% bi? 1o the

Os*fqn@lbmlre degoder isTarfisrodinm thy cofed dptadystermapne ¢ RnYfm P gach;sgan line using
anghihaﬁmhta afél vk ibsing heicaive ofl cbatiates of tie codduk lyyations within the data
po 1ctmg,rag& Ia tec rﬁ%f%gﬂ%\w&&t\i&q"\% f or t he COded dat a

store, using the determ ned format,
coded data the coded data being read so a the bi
Ogioopliyy by Fesade 5 b SEHBERECPOBTEAES Y ST Fipe %%m the coordinates of the bit-
chicBdtNBARGY afdpdeRrhifih®a Eib@boddl valudtiyriiepolafg eoglewalng $rom two successive
eafﬂ codeword including a bit stream part and
s g%pond|ng redundancy dat a; correcting, using the
bit stream part and the correspondi ng redundancy data
Optiqnaltyh decadprds fam eSigipR AJPRPOE, B AT aé‘ﬁ@ded\)a“f“te?lﬁb“ Y’IH%SI has thore than two

st@ﬁBl% Qf@lﬁ@dre%ﬂn@ 4 Qindriﬂ eah&t fof @e bik Basad6d the Fallids @8 surfoarding thit€ in the data-
sent | nven

ce. havi

e’l“ﬂ %z}rﬁl " ﬁl&% g% Ill\P é ena g E?ts? aam%\l/%lzghrles toas %/oHageg%egfa‘g %%gs?rgam order.

is a bit stream encoded by a format |nclud|n%
Opeiersily thrdscadettinfop deteriniging the pesitian of aglgast ons Farkerde tf-‘ﬁé’fli 3 gpps registration;
dfgcgfﬁalggﬂgp gsn% HateRss i%glb’(ﬁg&ne al dl’&ia lﬁ@gcﬁtgr tohe cloéit trfek;r @@iting, using the clock

0 y correspondin nda a
oo o SRR S BYRR £ PR TR p o me
abpaedidhgtial | east part of the bit strean1and

redundancy data associated with the respective bit
(ﬁ)‘l&:ﬁﬁﬁﬂh@ @fdkd data includes a registration structure, the registration structure including at least two

clock tracks indicative of a position of the coded data in the direction perpendicular to the alignment direction
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In a fourth broad formthe present invention provides
a data storage format for encoding a bit stream on or
wono@/mwexbace, the format including: at | east 80®/Al@LG/000391
portion, the at |east one data portion encoding a data
sequence including the bit streamfollowed by
correspondi ng redundancy datal!? the data sequence
anfl pyonalipgnentifney foeeppleclodkadewitie 6, aligeresnt ingeleamerietiatieed tha gosition of the
re@gcu{/e%rl’&fc trRRdhd Qflerénbﬁe Bclaesit foadBeaibing, QUM WIARG el @B, a position of the

assocjated with the res Ive bit stream part
aliggghepiolings 17 WS FATE RG] AT UgRRh POt e iggeye lines, the
positionaif edcirespadivs tiack;aod updatieg tizlalignmeeyPLLdat a bei ng at

| east partially indicative of the position of the data

Oﬂ?gﬁaﬁl& &Q ﬁecg&r Is h&: SULLAGSRK wiRldeRRBhihg ulille: r@épécﬁmﬂtclog@ﬁ a position

I ncl first I stration structure jindicative of
ofg C}ﬁ%’ln%ﬁ“i’)?n & clogk Eﬁ‘g’rﬁétﬁmﬁ‘aﬁ‘gm peing thepasitipy Rfghegylocy indicator on each clock
trapig) 81 dlip@tendnglead, aptieth cakdatdaia clocktP®. al i gnment di recti on;

and, a second registration structure indicative of a

In%é{ﬁeﬁlbllog&’%&g tl{%g)fre%gn? ﬂfe&t@pm&&es L NEaf Atk ¥&o ﬁ@odap&katgt&éa in a store,

e CO ta In rection perpenai cu
whereingbrrefied date insleqs . eneopiRdi b&ﬁ%ﬁamyanéﬁédumiap@t dajaggpdttedaifhdhy bit stream;
ans twhdt&h tlhé eleﬂh&clhmiﬁﬁ detamn]mg‘aebde@/f)rd ﬂ’(ﬁﬁxkﬁbﬁhd dodddaiataj reading firom the store,
USI&F %e glfg I 9 nco(a rt]eugth;e; (rc):cg e dgaa ge adthl as?o éegﬂtenrﬁeg\tze the encoded bit

rec at lve
strppos g |t1@ned@f1damela@ cme ehcki ot aanumhertOﬁ eodatvordsn pash podgyor eludipg a bit stream

pafePhil Q!S‘f?étsﬂ)o%idlﬁé1 %d&ﬁ%? QHath; E gioﬁ@cﬁ@gt |u§lﬁ‘g ﬁfe rBitC §tdbif phﬂﬂ Ghdide ?correspondmg
WO aCkKs | n S n o
S iR heck L aEke L Ao g et LR bt Wre

alignment direction; and, two al i gnmsnt l'ines for each _
Opticndly thernzethied intlhdes tiesoding thegmqérﬂﬂta by: determindrigradransiiin ¢ eaol ecan line using

théJIhgw&t BRS e 1R e tbRE iiRSRE et 0¥ RUnG PG drdflhg 1R atloREwithin the data
gnment direction, tionally the format includes at

P°Ft€%%'t‘“do‘1’?@°t@§f"é"%‘f°6‘t‘fﬁ‘g SfFaRSPETa” bl ock i ncl uding: an
arrangenent of marks defining a plurality of possible

Optishelle the ngethdd inglodegrdveminidatoardinagi efosainple vades tika trowpridinges of the bit-

enQJdm% Iﬂ)@atfgﬁ‘ K@'det%ﬂlﬂ%r&%ht eXcoﬁﬁé;ﬁlu‘QQ%r ﬁitemo G%(safnﬁ’le %lueg ﬁ@tﬁﬁrwo successive
one of: provided wth its ow pilot tra provid

saple fnept s own regi stration feature; provided with i ts
own clocking feature; provided with two cl ocki ng

Oftioslly the Snethoy D§IRRS atsizning o @sp@iry saldtad a dendd dityganalsie@hich has more than

tw? :Bgsggle que@' rgsrogzgxg %%Enagr valte Bl" {h§ tn'i G onecﬁlec&mep&' sﬁ’roundmg bits in the data-

tstréamin a data-encodi ng area; and,
enﬁfzslrnﬁferea, ﬁvd@m*l%flgrr@eltfeéﬁg@fie&rbﬁﬂra%nabléw&'sw A gtora$eéiaVl°e in bitstream order.
Optionally the data is encoded using multiple
optnﬁaaplt&amambdclﬁdﬁim rdd@rmiiing ehel| pbsiticnl T 1idabtyone nd@e todéi@mine a gross
regil ta{m%a? tarfin ..D Gisih@ ossl ng‘}Ju o @&&%ﬁﬁ%&%{ m‘lacioék Qéck'ugé‘a%g, using the

y i ndi ca east one paraneter
clesh indidesort @gllmntg’LLégmg, BYRE tlpe);lhggnepré’é@t a @pﬁﬁgxs@aftmg pfghe coded data
inRle bligtbRaraclicn. €encoded as at | east one data bl ock, the

dat a bl ock encodi ng at | east sone pararreter data and

O}%ﬁ%ﬁl g §e“é rTE e({]&a% md;guéles a.r?ﬁlstra otg Irs]txoug:r ela%\e geaitstfaattlon %uclfmre t?cludmg at least

twd efopin fraslys ladlfeﬁltlm @ﬂ 3 noyltle}f of ﬁhﬁs@d@l datavimy fhg éye(’ﬁafnn?mm@?ﬂ@r fp the alignment

dlé&tloll %St{cj/o ﬁlgﬁthgﬁﬁng@fc}gea@h dIRE track! Oché»'t% aﬁgnmtnﬁ @indd BdiRk i8didabve of the position
of eereslilagc%ve Elgckehgglg asd sv ere]_tfJ % g&x CF mclu«?es determining, using an alignment PLL, a
position of the alignment lines for a respective clock track; determining, using the position of the alignment

lines, the position of each respective track; and, updating the alignment PLL.
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Optionally the paraneter data is at | east one of:
i ndicative of a size of the encoded data; indicative
woho@mosnber | eave factor; encoded fault-tol er arCiraU2005/000391
using at | east one of: a checksum associated with
paraneters; a CRC checksum associ ated with paraneters;
redundancy data associ ated wi th paraneters;
OfReedly 8ol matipd incbdem darseyr dtwk trads ddaehining dising felyespective data clock PLL, a

po@xﬁ&ﬁ{fﬁ %ﬁ@lﬁzédu?ﬂ)g on t!h@m)dtkﬁr@él& &'fbn:@iﬁm@ Q§1ﬁgr?$ I%Et‘ﬁofd'f%e%lock indicator on each
checksum,  Opti onal e ata includes a
clogk Fraqk. an dlignipry anglq, gnd p‘fpfi?f’lng Faélé‘?aﬂrng’nlb%lﬁhg at | east one
of : encoded faulttolerantly; fornmed froma set of
Inpautiat bredd formniggreséndinmemtlon provivesa ce@tstooﬁe forapatior @bodinga & stream on orin a

suI' t h%l@ﬁlqg:eco@ed kath g Hco@édl b9I se riﬁé‘%{ﬁta ﬁlt(pal lﬁ}ghtyS@tqu@ B&ﬁons each data
vi% encodes at | east one : 10101 10001 1; and

poyt Oty todabie indspendprily fropy %hﬁwaarpa%tan% ?&P%’ﬁgt*?ﬁedaﬁrpe@eﬁtm be disposed on
orlifihe ik fa@ Budb i tatiedatazporips txadmif io in digonat digetbached sudathat,at least one first
da%a é)arti&? g %g l%g& @oxﬁ ﬂ%a&%ﬁ@gc%@ Hataepﬁ)ﬁgﬁ gldab@zst oré L %'Ih Igt’direction' and,

ata assocl ate ream a
a wetroempqnﬁleuley@,theﬁhanwem distion; gengrpige éhsneﬁnté% indiqgfive pan arrangement

ofGOERkoAabRhe dﬂta@@x@i&ﬁeafnd fo@sing dﬁhl@aﬂﬂ:ﬂﬁ Hdﬂzgto Be GiGPQAOA 6 in the surface, such

th%g‘{’]t\%rlg&? I%urliaaee ts é)r S odd g d génsnﬁ reglon %fn ag Seasa [gnae%?% éhsef:sgl(%l%a region defining a
scahdina tho esnsigg degiad sestsvs atsiea@tmmdeﬁ ﬂrvtaézqneet\ﬁleta,tdiqfemém wejegthdyepsed alignment

da%a;g LA @&Qeelhtﬂ% saﬁﬁﬁé%lg%)éh%ﬁk@ diréttiéh; RGN atqgastebaﬁ P16 bt least one first
(0] coaewor

S SR T R TR N
pddﬂ:hpgﬂtefwetbadtlesimeamxphiatapm@m sh@ed:or respondi ng
redundancy data, errors in the encoded bit stream

Inwher M’Eddtfé)rﬂlghetppé?en?ﬁ“/énﬁ&ltp%gfuﬁ@at cﬁtats@ragé-‘f@mﬁg 8f &coding a bit stream on or in a

t1onal %‘F decoder t he, coded dat a}l
3ee, Hesredy ﬁ?dﬁ@ daja 5, da“'ﬁ%"F‘bHﬁ fi“deee g-‘é KB R&PSIPE #HE W ]Ej° senses data
prbxhdbd &l d sgiiie ﬁa@oﬁi adfiaing b kv@nline:arfes partrof the htrlgstioncldaGabitivg anf, a second part
ofctge %tqéagtacgngsdat %Bxﬁ tﬁenscégoqh %Qn 'bQI‘PgIa&L et :}éiaﬁJé' tﬁ tﬂehﬁst%% a direction

por etectl ng S usl ng
orthpgpn toothericartipt: ieesh SPTing. lpﬁéneeewo%rermqmgﬁqgéﬁta indisttive pf thy firgt part; second
mﬁ@dﬁﬁgjdlaﬁaﬁcﬁ‘&u@fof ﬁl@@@btﬂ pela® St lﬁefstqm*ti%lﬁyaieé‘ddﬁg disiiglh PiBcedor and using the

ﬁrBt af\d sg&o&ug alﬁlgagxlng%t C ar%en‘%n at?eag Fon%e otf %e Q{' least oge cfe‘ ta portion.

er polra PUes” from
two successive sanple I|nes tlonaIIy the decoder i's
Infagyther brgasti foymi thpgpragent whiptietcargyidgsd date sorefonnstiotraepding a bit stream on orin a

&vaﬁe%ﬁ}h@cbdemmﬁ RncRAss: Bkt Bﬂéad&tatﬂbﬁmﬂ Qﬁﬁig@i & ¥ URS surface; and,
I eso

ng .a bin alue for the
RSN R T N TR TR B AP
deasiidd bywrsertsinpgrsing 8 ohrs@dvidhcetiediahi reided am mmg/azlgre gt fegst part of the
al &P&aﬁgﬁld da@ }éés?ﬁlrt' of P httléagtroﬁé‘ma%&qgn{ det%n@ nﬁinﬁ iﬁe thgd alignment data

ecoder det erm ni ng positio , east
paginte ﬁlaqlqe%qacatoe uaefvéae Hiipgetheclgnk 6@5“”?%@?%]&@21?%?1“& using the PLL, a relative
pc@ﬁbxﬁbemwaan g, sensiip m@ldhhﬁd (e S Eatt ©FH Shdedlato porticn Wkt add, at least partially
| cat k usi ng the cl ock
deco éng us ng[he repatlée ﬁ% B ind gt%%%f netﬂgtg?er{rlc?ﬁ%ﬁﬁt ng, Using the
aI i gnment PLL a f| ne regi stration of the coded data

Tnjappther eroad) Forgeenstcnt iy ten REPYidexqflafo SiomBs Hrehier enying » ik iggam on orina
subfAde] WERSN the lcBQd Shth alidludes: S JeAs€ briél @ta foktin laB@Hg&d 6rAbd @the surface; and,

ahsggnr:lé'l ?galflar a? lelaslg gelrtlija y m%ic%}ve loP a%?etast Br\llg%lock indicator; wherein the coded is decoded by a

system including;: a sensor which senses data provided in a sensing region, the sensor sensing: at least part of

the alignment data; and, at least part of the at least one data portion; a decoder for: determining, using the

sensed alignment data part, the clock indicator; updating, using the clock indicator, a PLL; determining, using
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clock tracks indicative of a position of the coded

data in the direction perpendicular to the alignnent
wdizosawéxmand two al i gnnent |ines for each cl oekTiAtaais000391

the two alignment |ines being indicative of the

posi tion of the respective clock track, and wherein

the decoder is for: determ ni #g, using an alignnent
theFHIIL, a gelaiosiobifi@rbenteet theseasiieggraimmnd f pelsasf e semsed data portion part; and, at
leagt %Qﬁrtde%g g lugﬁéﬂhé Irelaﬁ"\}@ rpos@ﬁﬁl Qhd e ﬁhs‘t‘&he dht§bd?@)ntpﬁ?

Sition of 't he al'ignment |ines, the position of each

respectlve t rack; and,

S 3K A UL 1S S AMERL Ll o orins
sughb, emsfeinitiGodetd ditniy depos@ispechiavserfdatin serfaocincliling; atdeast one data portion
angnétgé gt aqgkpé%tlveapog}t 1&;&1 ot ﬁ%&ﬁ}f&% A4, a‘hE& eﬁtI ffa lﬁn‘&fgﬁﬁg& or in the surface, the

position of the clock Indicator
aligiegtfets b@P&f’é least pasEally mé‘ﬁat‘é{? Pighisestito é"ﬁj’l“’é“m %Pﬁ’&"nstfb‘?fﬁ%‘?‘ﬁ@"n positions
beﬁ@ @hleﬂapaanau& @@katRk bf a tetigngiisiier ottho@deastamnendit ﬁor@d‘na&&ln’bspect to the
n 0 a dat a
ch?%e IbY %h°9”“‘§ of tg Z'St\/\,ttwl(['@dii&l 5 %g]toﬁ% bg g 3&% P %g%rg,%l noiudes: an
encoded bit streany and, redundancy data assocj ated
Inottior trppd fisnthegresapinyentardrayidey it SeTes ethBeetPediaegdi groam onor ina
sug'e%tz EFhBeR IR odtd QRS R\WRFHHledf dﬁroﬁﬁta stuice, il @uitnelacudliat &;least one data portion

o a0 PR R Bt SR, SRR LIRS A B e

andteahgmteer dagaarengeth en enmdhlfeﬂlrf@qet \@tereeam R erping device, which senses data

prgﬁdé&' qua;s%ﬂlg g B@-ex‘téﬂ&l BaA6hnRE dfecidiIRRfate®h: LRS! Qﬂﬂhgﬁnent data in at least
each codewor i nclu stre

e BB O G PRGSO AP 205 CBR DS (e igg e ot i
regitatidt gosisivasparr bligameht tange bowr@shoncnig disdion cath e dighment direction;
de%ﬁ&ﬁ)eé gst g&t %Q@on@ Q&ggﬁfg pésl:tloﬁ‘ Hd%rﬁhglﬁﬁ Eit’ anéﬁ@ 'tﬁe'raglvg P(%ltlon of the at least

store. Optjiona gﬁ
on prsfed GRIRDEEOR BT THE BRI S SEnsigaicgion yd. Gﬁtﬂ%mﬁﬂﬂs VAgFos, using the relative
pobifichsd ME Migh@ént SRR/ thédt Rast bieldeta p@iicagatt.he al i gnnent dat a,
the transform bei ng i ndicative of coordinates of bit

In alé ) e C a% f(l)rgrcﬂ% re {hﬁmwnhih &d@f &l@%@ra@@fo%a@ﬂ?encm a b1t stream on or in a

es Uusi transtorm Optionally
sutfive, \mﬁ;{eh)otae pngq dpdpeis at lgast @}erﬁf muﬁegi P ssosRdrising 8 n@polgtgwfegated circuit

mc\,(ﬁirﬂéea?n ejdhgﬂe ﬂrﬁﬁeaﬁ@&ﬁ@l aNB4sE&ne dw fihBzzIRk foEﬁlﬁiﬁldg &4th surface; and, an elongate
&a gé € T W(;PIXIS&SO grse-?nnqr(r) I}Iaasl e%eby
mtﬂ%ﬁS&IPEf gﬁaﬁ Sé%rn Ve’ AT e oMt Wo s CgceSS| ve sarrpl e
lines. Optionally the nethod includes: assigning
Infaatisoprogdyforgethe eesent ingentlengraetidds afatagtoragaferopsy for wﬁ?de% ar‘rﬁétfeam onorina

suPfRte EwilePaNthd WReP@Siks EasV&ie@%nntécﬁzﬁl@'séﬁlseﬂ?mﬁg Bintdaslithic integrated circuit
es 0

valuefort e bit ba on th
mﬂ}ldcug 2 Panlﬁ f&rgx&t&g&g%ﬁﬁﬁa an aesgt%acghaa a gensing de § 10? téseogor segsmg coded data
orethe oaidet; Whdred, iieess the intepratedi eigouit & maovided pdigrent @evn&peﬂ inpdule to allow the
su&‘aole $d ﬁ’e%%dq;ag &k pmmgd £4 @JnLﬁ{g &el;‘l@e ﬂpﬂrﬂ% ok f6di ded data respectively.

termnlngt GDOSItIOH of at | east onerra er to

determine a gross registrat deter
I bGP PP VSR RSOHET RN PR et B omor na

subfic@C WherdikD tha tcodad) datal $si degadednwmgl a)@ksmgrﬂstweeafoo sensiggcoded data provided in a
Sef_l mr%grgggrpgxte ktg% da? Ec@ ﬁle r&{r&gon lﬂé' deat cﬁ@t ﬂlddgxﬁrg@ st ohzé— datz@portlon and

I St Ion O data 1n th
ahgpmeetaraohﬁmemnoem of 916 Wrtererflataweﬂ% ierpie &nrl% SR by: detcting
a Bildt %ﬂu&tlﬁ ak |aE@m‘éﬁtrdhk6tthH Iﬂ].ot fel@re beify Goieciad htQinlesst EwiClbeariéns; determining,

L t k
usbnggl? tpd18t aétfre aﬁe g%m ane\é\gg Geclie%en ; % %tﬁl!ﬁg' dﬁe@t%ncaﬁlé ltnva%grgﬁenﬁduectton and, an

inftielr rpestraiicmun adlreptg)nrppreendicqﬂgﬁ%@ﬁ plignment dlrectton detectmg a registration marker in a
registration feature in the alignment data; determining, using the registration marker, a gross registration in

the alignment direction; detecting, using the gross registration, a registration clock indicator in the alignment
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direction and two alignnment |ines for each clock

track, the two alignnent |ines being indicative of the
woasistaoen9of the respective clock track, and wWReTRIU2005/000391

t he nmet hod i ncludes: determ ning, using an alignnent

PLL, a position of the alignnent lines for a

respective clock track; deter# ning, using the
dapp Sétérinningo bisidght@e adgisgatioe glock indisgor, 8 Hime pegistratioprin dfe igarhent direction;
del alnSiIDli% 'ﬁéﬁfgeché eﬁi@ﬁkent eﬁElg and YRGRAE fe?ﬂﬂattﬁ?an@ ke %ﬁ?ﬁ&stratmn the position of two

onal 'y the methaod .i nc E 8fet?cg1 gtr data clock
daga sk ﬂav&éfnetpwlwwﬁ@t dafgs piReing. PR 2ReeU8 P TR Tk o da oo

in@ical® $h bdch BatDflodk tradkpddkerminidlg, wisib®eactodntat dingk aldiogde, anrvaddted ahgnment angle
anQ %ﬁ %fdmfﬁﬁ‘ reﬁguaﬁ&fin%g&m Bﬁ%ﬁ&lénﬁp 1oQhe Jhgan&l a%kuoh ruéee&ag Qtr;east part of

nment angl e; and
th@ aéwstdm datzporfion; of|decoping, AFes %deb%aan%f Fhelefsad 5? &%ﬂefﬁ%lstraﬂon and

thé EPAGEY fe@8rafiin0a e Sond ofliBd A leadt Oricalgieotddaibm pbrtidngart.encodi ng
a bit stream on or |n a surface, wherein the coded

InpaI sllj(%é*)ro%detg gg{e? in p&’id&&?}ﬂ%&hﬁﬁtlﬁe Qédocn@ult mcludmg an elongate

S eac I on
prd@@@id)abngat feprdi exgg@pd@fmmzys for pripfing qq@lxsurgaaq, andp@)rethngﬁt%lmage sensor having at

1e5s88hS kMo rhRE! s6iRdrefoPREsidg @RinkOonld@uica posed on or in the
surface such that each data portion extends in an

E‘i

nt__di such .t ha j ISt ode
OHQP%IYE% ctrfuétr}s ?Sg(} %r eﬂ 1 a énée do fprncx)l}lnng af:tc)(tie]de %tg FS%% Ee pg{élglgad e{nﬁ sensing coded

dhatsiag fho intagosnson  at Ieast one of: the alignnent
direction; and, a direction perpendicular to the

Oﬂtiohﬁﬁ%dé&' Jaﬁ%clu@&: atg&ﬁ%aﬂdtd']ﬁbrtﬁin,l t@dﬂﬁ‘fﬂ&ﬁt ddlataa portlon encoding a data
I n ICa%IVG of .an ar

sequencs 15 li,dﬂgalﬁe bit sérﬁaan ¥o@ egrLE corirehpeon 1}1% regunﬁ ga data Iggquence forming
indtlspaizedtwonls, @ach icpiewdre erg;gmtfgazc]east m(g)ﬁthg haq-treq,m@ﬁ rqdmglancy data associated
glp&lg é&@ctﬁvﬁb@s&r@éﬁl&ﬁd in a sensing region of a sensing
evi ce e sensing region defining a scanline, the

sensi ng devi ce: sense ast art of the a .
OF Py Tk RT A BATTe Fr SECHER ARG b Lol on o n the
suath@| @d iignvesiat Reangad an bi imthe sunfidcet thealighrieghdtabeing at least partially indicative
éj at [eng wg) @%su%{?&%%étmﬂg tﬂegcag%{ratgﬁl E)&Sltgfls l;e ? atalgas pﬁﬂﬁﬁy iQﬁl@atlve of a relative

| east eco
pwpmgf thi et lePétt Qe itk BRItiR T ihdespech @ the S“rf@ﬁstélef%?ﬁ gl %V@P%ga at least one data
pdriidnSd bekfedst R@flly @Boddr t before the at |east one second

dat a portl on is sensed. In another broad formthe

O t1on§1§ e Ingt){%ag %)ﬁxgﬂheocrogé{ll d§§§y 9111913& e §Jt ot Jn%f ede s&r@d(:e such that each

Mmon Or 1 n surface, whereint
dgoppetipn @stfnés jngn d@e@@é@reptwnaan@j@elb% fat Igpgt one frstdaty goﬂlﬂ’slﬁ ﬁl@’laced from at

leflst DR %Jndmia%rtiﬁﬁf RS £ Secolat c&ecﬂbﬁ)‘éfﬂdﬁ&al 0 the Sllfgﬁﬁd;]ﬂﬂ @irection; and, printing
I he at

B L L AT

| east one data portion, the second part being
Ogificaplyattwendicet sshsats isenge thapoddddatp by: eqmsipet feost parof e ﬁwﬁ% fata in at least two
1095&055.09@ @éﬂsedt f@igﬁdfb%t Mln% r\h%d t&l ﬁaermﬁlte @ﬁ i}, betwbed thBBAARE Wénsor and the
]é%%lgt}ﬁ (Slir?r‘!:g !tﬂc g%ilt P agggag?egst f?fa Lget zft 688 0f1e F.ﬁ (Ia ar ?(:) ﬁlg %he sbl%sed data portion
béitiglat labt pasialiyt depaied, nsibd o dewoidednapgle.ubd ﬁgeaét ope m@ééimt data portion part

bg}grgthlé%!lgagto‘il?gc;nhﬁaﬂpoﬁﬁgls%zﬁge‘and i ndicating data from
nmenory, east sone of the at | east one data

portion. anot her hroad form resent inventi .
oottt oS0 S P oF G REG AR TR HGT g o ity of
rFrErRA POiaE igkcative of aSpisioc ef thwivededi datat ih ehec digeentl dirgetion; and, a second

0 L d data in a
s Fhand mﬁu‘ﬁ%ﬁsﬁﬂﬁﬁﬁi‘%%m“%{ff:ﬁ%?%%%{“ 2 oionf ok Bhdea
direstlorongtobndisulgf o e all‘gé‘ﬁ@@dl@ﬁé’ncl ock indicator; and

wherein the coded data is decoded by: sensing, using a

sensor whi ch senses data provided in a sensing region:

at least part of the
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alignment data; and, at l|least part of the at |east one

data portion; determ ning, using the sensed alignnent
woav@/gextb, the clock indicator; updating, usi RgTIATR005/000391

clock indicator, a PLL; deternining, using the PLL, a

relative p03|t|on betmeen the sensing region and the

at | east one sensed data porti®on part; and, at |east
Opionally e fogediiatadeides at lgast o dethlogkethedatalocs dngfugingsan arpangement of marks
defiriingla@fusdlity@f posdiplé Galfa) fahd, Blignak data ihdicaBRQE I8 poshioR 8idhe i)

the present invention provides a data storage format

Optiﬂﬁllsﬁ dﬁe)ga{ti]glo& 19&1& ssg rdﬁ?@cp&[ﬁ&;]% larPar?anEe a{ntao e li etrmmg a plurality of

dat a udes t one ion

posgible yAllRE Pug iy heypin |a*rﬂeft5hfeﬁf§tlﬁf1¢ adagt; colypy of the d@mmmre wherk to eppode parameter
dath @@t mligﬁﬁd'rdtﬁé e dnbadied Ath, V@pﬁ(ﬁnaﬂi} the @RGLis QAR R multiple interleaved
Qe coded is decoded by a system
Wi ch senses data provided in a

sensi ng reglon t he sensor sensing: at |east part of
Optionglly:{h Ryiheadts allspshone af e inkiet printhesd; apdh p Merfor ¥ puintead. | east

one data portion; a decoder for: determning, using

Optidaelly SR imas s&isérmm: oAt an Ravdpixel MROS IR Ksehdd h&L OFD i image sensor.
updatlng, usi ng the clock i ndicator, a PLL;

%}'tﬁﬂ rﬁynﬁ]lgdd 1sucsc’)ln eg %o dt leg Eee o?tt er ﬁgo‘islgltﬁ Igtg)atarglglﬁyénwsnble ink; the

cocieworfls ta .tfau{t ’tolerang%encode d

eas
forﬁ@irﬂﬁ%w ’{B‘ﬁ?ft?d‘ baqaefive ank Vlebls unfmattop aibing viefele ddth; rgpibleLigforngption and the

subﬁtﬁﬁlalﬂ}elhﬁilbly Q)nﬁzﬁs'ﬂl Edbﬂzﬁmalt he. sﬁfne heast ﬂl@ﬂ@dnﬁi@tﬂﬁ WARYid ih®Rnation and the
r oad tgrm t he grfesent [ nventl on

soR b i il s P R Bt s B BB AT B

streamon or in a surface, wherein the coded data is
In gievqythdeadd éorm dhe prepenbingantidnaeayidet hédevisuintapeatingie momblithiy:inteprated cirouit
mciu@f:i'gS tn Q&@atgﬁli.rﬁlem{atnhgﬂ 1@kt ()QJ}Q-Q dr Rk fgr%ﬁﬂﬁl% bhY glrface and, an elongate

fOSItlon on.or in th Er ace; and, gnnent dat
imagy FERHRRIEH B! oPTOY AEPLETfepaE ir seonfes ra?r}ﬂ@ﬁﬁa AREER o

being at |east partially indicative of at |east two
Opticagllysthe dtvicoincpidssi & itemgort pdife artegigt indltdingn a pedty tcomiising the integrated
cm:laﬁ*I alkGht é’éﬁnjng Q%plp%etcﬁcﬁl plat){ td zﬂlg%% ie¥ % &fdeﬁiosﬁeﬁloﬁtalm\égmm growded in the

position o | east one portion Wt
fr anélz?ﬂtm@ & Jeaptpop mkiSpRpfva BY 0K, IS‘FPQW qlf&d"eaw@r %ﬂpplwe&% f@ﬁ’e‘h‘v gtlepst one ink
suppl@ ftd dne kar ;dre BdetSirodided &t a fick bftht yotbEmRAREEratdd tirdBiD bth&Et one radiation
sougg g)?gx (e)ﬁv;%ﬁrlet rr[g(%l ¥ é%téeg%j %Xeeigé Issgnngteﬁ) r;r{gr\l/tlfc()jr%‘scusm%raéla%on from the medium
ontg the pi cnsiWrerei n t he coded data is disposed on or in a
surface, the surface including: at |east one data
Oplf]ﬁdiltyl theNdedicd aﬂgﬁﬁi a&bntdlldr @RRORE: V@t BES l‘elgis@f]foﬂ Borty datd iddtBtive of the

L35 S L R DR 0B DByl S R s .o
nozglg, lﬂfuaeeld cqutrek ok for ﬁtpmgs‘eta inghefensbifitegiteyi c e whi ch
senses data provided in a sensing region extending in

Opttbnﬁl?}&m:l deli€e iﬂdzlﬁ&§§ t&Bollcd REL AL S pIx@l coRtF §ﬁek &h&usmg the pixel sensors to
n at east two | t [

ou ut 51 a?emglfa%g% gf e lseengedlt marines; 2 mpylip t %pulgP elarégt e signals to form a
mulppimed @1@@1 a@mhﬁnr e, amplifying ﬂtehemaﬂexhda sigtal towform an amplified multiplexed
mgﬂ’afegh@taﬁaah&lQQtOQ%Mt doRRkSrer ﬁp c@v&rmgtmgﬁﬂh%\ﬁ%ﬁe\ﬁﬁieggﬂah fhto a data

dscan ine dlrectlon and the alignnment directi
indiggy e hesased markings-at | east one registration position

and the alignnent angle, the relative position of the
Optahally dmsievienechslena dudst dad & 40 daadt iomnirapspott moiot For ek tHeGnedium past
the trpage &%ﬁ 'a@g)r %@&@VQQ for @tgl% bﬁgtrelln? At apféa(sf J)n%lnle){mrqglgtgcq for detecting the

using the relative 03|t|on and th I gnnent

preseppg offpe mpedinay a‘%‘n"e“&?ét"ﬁ“’% £ posolegr the degqding pirstemer b r oad
formthe present invention provides a data storage
format for encoding a bit streamon or in a surface,
wherein the coded data is at |east one of printed and
sensed using a nonolithic integrated circuit
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i ncludi ng: an elongate printhead having at |east one

row of nozzles for printing on a surface; and, an
woelwsgatraoi mage sensor having at | east one rowpof/Au20/000391

sensors for sensing markings on a surface. In another

broad formthe present invention provides a data

storage format for encoding al’bit streamon or in a
Opsfmaﬂlég*é deviep écluflan at Iprst qu efe#iprénier & readeren depading systsmea esfnera; and, a mobile
phpriel I aeldﬂgmdx&e ff&ﬁxdhdlﬁrbéa@ i RHdR Blok itk LmdrdLiteid ri@égea@ed 01rcu1t including: a
prf:néhga%Lyo c%gedn%fa on a surfzgzg,ha%g des]\ce/:r?s(g:n pd{axgce dus?dgfjoxg g‘%ﬁ‘éﬁ 0 eda data on the
Sutf@eseﬁler@at in u%?nthf h@grgtsql mélérs pwtvpévrdeqdﬁcenﬁ arfragspert mpdhde to allow the surface to
belidl QG the PrirfHleh Al bendify ViR At REBRoRd Ele[te?x@s%@éﬁ(lély

nodule to allow the surface to be noved past the
i B DG 5 G5 BEBE DRy P o PRB B U R iy Ran th cirui i
usqslr i 2epethofl of enspdinendapy avirde s safadatis mdttod agdigrsagtenfigrthe data into a

phﬁzﬁ%@q 4B p(ﬁ*tl(glb tack hﬁt@ﬁféﬁoﬂ%eﬁé ddeBiaite ﬁlHJpglﬁlGIﬁly ﬁ‘éﬁ%ﬁh@f &tatﬂaﬁlons causing

i %’l‘fs data s decoded using_ a sensing device
S B8 AT O PG e B (S 8g 0B ends in a alignment
direotib it sach than adessican firsndatadhiortiot tsidplaced hrem @ﬂéia@tdond &cénd data portion in at

leaEtrHﬁle Ug ltﬂggillgﬁnehte&%&loﬁl na?d CL.aJll%CtBIQ F)érg RiteiH? QO ggqg;gﬂtdlrec?ion generating

def Ining a pOSI 1on O st one
alighmeptepty mdjseive of Waqggmeaé%f@alé@t 99 oy @Eﬁﬁoﬁ’gnsaat}é; qapsing the alignment

dath @@ bdldigosed oh DL incthd @ﬂﬁ@ﬂiucldﬂtﬁtavheﬁ R spitkOts Ifr&/ﬁfe&linea Qﬁddﬁ&egmn of a
sen%ﬁé ge%c? qqe s%nsﬁ re'glgn getf %11 sca Elea e Qerﬁ?m get e%e\x&e& ﬁtQ%kt part otn tge alignment

da@ﬁl‘iﬁﬂ”ﬁ’é ugfng e tenisd alan@ena fl\ataa bt fglelﬁémveed the e@nling and thvdignment direction;

serlsddiat leadl pakt@@ kS bf 18dsi @B fiksNdah PitloRGhd, Qﬂe&?ﬁaﬁﬁﬂ?&e@%&e@ LsifigQhe determined
a regls 1 on,

nnment rect i on; n
oy e B e e b porin s b S e ganion s sensed.
data; determ ning, using the registration narker, a
In grothersbread dorant theaprpsont ifviantioh grozikiésgrmamplithic] integrted oinguit, wherein the cirouit is

used @t @&Eﬂl&ﬁof dbb%!h@@dattar@cﬁé@&sor rn?QkLﬁBJeaﬁlé Qltaode(:f[l data including at least one data
Por('}%‘{gl stration clock indicator in the ali ghnent dat a;

BEREChPHY 2 e (iranctiedingpding ORI RS psor ich senses
dath pmedadaga Sising rdgion deflnin la caslink: g pirt of khe @Qast@A¢ data portion; and, a second

parggittﬁé g{"l&kt%ge dét’as%opt%ﬁt tﬂgse%nh gm&}& d?splgtl:eg re%@l e thﬁe Erst p%rt in a direction

reglstratlon an niti

orthpgana o dig sepplineygad.piprige; eq By fekindiping Wéa igi¢agjarnd the first part; second
inditating datel @tiegié 6fhe %&E&&r% e, 4004t bdrﬁ&lly Qéco%xﬁh?u%}a%riclas@&lﬁnd using the
ta_clock indicat ata cl oc
ﬁrs% i %‘chaiddg1 dtwg@nﬁl%ﬁt? ng, "ust aﬁgaasc m%l%tﬂg aglle% c¥° ?ﬁ‘ﬂ‘?oétﬁ’flor
an updat ed al i gnnment angl e and an updated registration
In gnqther Rigad derm thapresent fRyprtioe pogpes agnanplishiey fnfeguated pircuit, wherein the circuit is

used luf LabthdAnf d&@d@c&)ﬂddglaﬁ&)rok/ﬁéﬁan PN d squfce tiReoddd dh@ AR 1ndRE Gt least one

oo SRR or L a8 TR oA bR o s oo o
mdwpfdtathe dleﬁn@an@tdm&tm oficcodat: sdngipes tisinguvensgfwhich eenseh ddteprstided in a sensing

regQH'eat dat I?aﬁto?ﬁe g@ﬁxﬁeﬂ@@aﬁa‘; hddMat RE% Lart o the & lék%hbdawpgﬁﬂn fdgtgr%amng, using

present invention provides a nonolithic I ntegrat
e AT She ol BfiGARyAPARt 3R AT 5 HOSARHIHgE, APLLs determining,
usihgetas PLIQ A eelationpsfiiompzzde the kagingfepitd 4nd GheQin least Shl se6®data portion part;
. 1 one row
anda?t Ghast Bﬁ?a%s, g%gcg%ggusyg%geé%ﬁ@io%oﬁ %E htqgsst%%enciagl%éxhl? a%
t| onal ly the circuit is used for at |east one of
In iﬁlmhﬁthr%e oo dlecpreent VERSPmBFOYiSFe 2 soneitiic itserataheirous erhsieiaghe circuit is
use@ @0ke tlethtaitsgstdns for @ecbding doﬂ‘&@l&ta PRMIEN on OQLH d @Ffade] te £JA& data including: at
leaiq Q&edgta gﬁréc?n C?n'?%ecygletsr in otﬁe Sélrnfzgcg (Sji}ld %{] aga gs%geé%}l ?ﬁrgzgly mrgilcatlve of at least
one °FR§¥ wéllpaﬁg tllqﬁéﬁm Pclsdmgeawpﬁbwhmewta evidesip e stsingyegion, the sensor
redundancy data, the data sequence form ng




10

15

20

25

30

35

i nterl eaved codewords, each codeword encodi ng at | east

part of the bit stream and redundancy data associ at ed
woi2005/006m9r especti ve bit stream part. Optional PgTIANR005/000391

coded data includes: at |east one data portion

arranged at a respective position on or in the

surface; and, alignment data ¥rranged on or in the

senging:fahlogst PRt thel Aigpmeriretachig.cat lsast pet eftthl ab leatt opsefataipattioy; a decoder for:
deﬂeﬂﬁdinigaﬁdlﬂg&h&kfens&t aligﬁﬂéiﬁ daka/art) @Qél&oﬂcﬁ@ﬁch@xﬂ uﬁﬁt@dgt 1!1591@ $She idIE indicator, a

b
PLL e%ke%ln%% ug%% 1@9 ?ﬂ ag?qgﬁve gos{‘t]gn etw??rel glf sin%ggr gglOIil %%éélﬁe a{,ﬁaést one sensed

datel aerBonpaittand At lwtmprufdbfsip@érpg, ps;na theerelgtive pesition, thetaeleashane data portion part.
allowing the at | east one data portion to be at | east

In Elﬁfh%ﬂ ﬁbdd}forﬂﬁtﬁ@ﬂéﬁm ik¥ehtioq @»ﬁ)lvidys at R6nobthic ﬁﬂt&@a@éﬁ c@Edltntvﬁeréub e circuit is

b, ri portjions .on or t he
o SR B B R0 B 2 S o
pottipr gyremeedtat dirgsprotivieauositiansh @ uc thetShﬁCe ahd, |abgngdentoda@ dirhnigsd on or in the
surﬁ@é Qhepzﬁirgﬁrhéﬁp dét§ bgbgs R 1@&?9&&19 'ﬁd@c‘étﬂjeecﬁ IE]leQQ %w? @e%%gglﬁn positions, the

ortion in a second direction orthogona
feg%iff?“@ﬁ E%*H’t"%’?ei“é @t ashpartigliyyindiative, of %r@lafaweupgﬁﬁtr?éﬁf thg 4t gest one data portion
with reshectad the surfade, thdaeby allawanzglerieladst @k dad pdriea $d besOBaR: faftiafiyRcoded.
data portions. Optionally the pixel sensors sense the

In ﬁﬁfﬂ@'%rgﬁtfﬁmt}ﬂe praselt %vglglof’i“i)rolnﬁt%sat m&ﬁﬁ&c (i?rrtegf E}ﬁ ?Aultgwﬁg?etm the circuit is

gata in at |east two | ocations,
use it 2 %ﬁawg]ﬂaugge@asp%d Here s R Aded e resedoemineliing: at least one data
portisteg@ngee AS:Dfespadiitte pd3Biom bi gzrhmt suﬂ*dcé e&dhl daf ,poﬁ&d extei@iﬁ§ in% alignment

dlré onl ﬁﬁsghgﬁ Ida%farrm%g %}n o1rI etﬁe sur acte, lweererz Stm usgt 3 1?%1:;5 dev1ce which senses

e sens el ng as ar1
dat%l@@‘é‘%?éé}l 2 sqasing gegton extending ifi spﬁe@neaingquem omemes &t sehwahe aligmeent data in at

leas$ Bibsﬁﬁitlédsf &, afl RbsBpROITlal REt BRIE b %ﬁzﬁﬁeﬁoft(ﬁﬁ pationsC@RdmAL S@sing the at
Q fa ortlon i.S senseg aII wherei n t he

leaS§ %Wo 25 a? 07 PREY T AETRBL RGO 68? the aSpflipg lirection and the alignment
dqucw; determing, gringsat leatt o regiftptidnupdsitig aad the eligainérs ynalef the relative position of

the Eﬁéaetroﬁep&:@se@ @dtargoﬁloh Mﬂ vﬁﬁtrésif&t 19 fhe @enaﬁgslleélblp Qndozit 1%!2 ?arﬁaq)lg %g:ode, using
t he irection; and
the e Pesprig

%gg‘fl‘rgﬂfli‘i“b?néle thcat 5t prig dafe bfrrmnarﬂﬁ t y of

reference points indicative of a position of the coded
In agethex braad fordithrequrdsend mvgeinppoddes lﬂ|1ﬁ1holtt1ﬁc tnkvgra@d igitBiterein the circuit is
use&llnraes%tér@ﬁ)r l@%dn%%!leldﬁatg nfe c%?eg Et ) nc é QE Lnlégd%§ b@gtre!m? aa% , redundancy

one data b
datafisogiasEIdh e bt sirpag ki St e Mﬁr%w i yysfsm inglydes| ditage for storing
the walbdidag; a debadler fod d@ﬁﬂi&iﬁg a ehdéveord OhhaC R 1 lh&’ &def datah@adﬁ@ So iR RBtore, using

the Qﬁfterl]ilﬁgd at( g?dﬁ(%% ‘8@ @dé@/das%guq rgaad;so a% to eqéig}k%gel t#? ?ﬁccﬁigd lgt stream and

an arrang e
the gﬂduﬂdar}cv ﬂ@ta éto prels S %nl@nbvrmfwe@wo@n ctaghiredesiond indluding aistit stream part and

con%dpbﬁﬁng@éﬁldmﬁndy agh; ©abddhy) vl tﬁehcﬁt s@é’aﬁrﬁpaﬂ raﬁdih@cfoﬁes’ﬂ&ﬁgl ddundancy data,
enc ter data.used in gnera} t he encoé

mﬂﬁ“?aemfgﬁlon e?@a?ﬁgnﬁgﬂgcpgmﬁg Bfedeie®ng nul tipl e
interl eaved codewords to fault-tolerantly encode data.

In agyfher Givad foym tha @repani invdntieuchrividens mowdithic inp@ataf cirodlty Whereinabe circuit is

use@ﬁ'aﬂﬁdﬁﬁ@@f de@é?i‘ij}g c@deﬁ/em ﬁ&é& {Da sQ)H ghdefde c@& hﬂyﬁ%lﬁ%?\%gncoded bit

sor .I.s at of : an active pl xe
s 0 -DRERY 3 apoa BT RS MOt P aepdgs e crmining
codprorchfohrga ritle codudfdageegithgtiompthé stbre,atsing €8 Sibte@iRd @rinat} chﬁed data, the
cod&p(fa%%mé‘ ?ela&]g) a3 lt'cpéet lﬁﬂgﬁéa@el thé’ enk&lg& Ellt Qllegn Lu@h:l"xe :teﬁ] dafnc(:) [ a mto each of a

USI%Q an 1 nfrared- aOSOTP Ive In
U

number; ¢fFodewerds| @ch fdewordingluging alhﬁ‘?%‘ﬁ%ﬁ’?‘b ﬁndameaph@mg redundancy data;

correcting, using the bit stream part and the corresponding redundancy data, errors in the encoded bit stream;

and, writing the corrected data to the store.
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substantially invisible format in substantially the
sanme area of the nmedium the visible information and
woheosgebpantial ly invisible format at substanPCa@AUR005/000391
the sane tine; and, netpage coded data. In a seventh
broad formthe present invention provides a device
i ncorporating a nonolithic infegrated circuit
In prpdHetiotbatigfornathe elesnigiateatiop wiomid¢seranodobithic rigegadted| cgadtt whamein the circuit is

usddh Qfgath g’tgr%ée%lﬂca%r eggo'dﬁg h Piflst@in &n St g Sfthoe, Mrma@ﬂcludmg at least one
el ongate i mage sensor  havin 6@@ at. | east one row 0

duig SRIEEH, L5 oo GRS PegPoRHRR IRRHHEES B Rt SqRRPeaiogluding by %h gﬂeﬁngz followed by
cox_trdﬁpbndhﬁg/ fe@ndanag Hatd @8 dat@setpreaceSponidg iatehved aodawors, Begh cod_eword encoding
at fe!&&}a%k @9@ et Fagun‘&&% B sl N\ tﬁbtrgsgécﬂlveeﬂ% s&éa{n%%‘t.t ?
I Nl ng roplet ejection

droplets to be deposited on_a medi um provided in the
In progfies pead; forgthm presept ipentiop pEsydes RONSlpiS [13foeraind cirphit, Rt (o cirouit is
usddh £lnefodk oF BecBdhpdoydd agra hsﬁﬂg afsénsifg tdvize foir sdnﬁ@dodeﬂﬂi@ta pfc}klded in a sensing
I'e%l(ﬁl%?tel}ﬁu}g? ;? %gnhge dnl{npuog tﬁng&C ﬁa}tzg ﬂlal\{dugg ) le%asp o1e d§t£i| ﬂor{i‘c%lealn@ alignment data
definine agnobition of dgratleast epe deix p@@qnn@hesqbrethwerhmclw defesting a pilot feature in
thel BidShenOfs, 1R GilSSkAGe Béu%r@fét:ted‘ ﬁrat g ved RetbRd H@Jﬂhﬁﬁg, using the pilot

fromthe nmediu gentot #? | s.sen

e T ePEET AR S BHRPD FEPon HEL g Sgpont and, an inica
regidratfon in eglisttien pérpmdisilariv iy aitren dld:pt@at laeatingf a tefgietration marker in a
fegqgﬁ’!l%h RQfd t&%h&frﬂeﬁt(ﬁg de%rnﬁﬂuﬁ{ sﬂfﬁf élé reﬁ@tgilt@ri ﬁﬁrkécroz{ gross registration in

storing data for control lin irin

erﬁ‘.}%‘ﬂeétém%‘i‘ﬁﬂ deteoting, psimehe gro5s Frgistation. éé?%tsgﬂ’lm Eﬁ’%‘dﬁdlﬂaﬁf in the alignment
dats} deedrmigingatsigithe tepistrafion dockhinditator,eqifisd esgistrdipd iirothalalighment direction;
det'éxla&u%e (?he aEéi]lfrnléﬁjc%§g1@an& &Qhﬁ Q'Lél%tldn%d tﬂgfn{t]lgl reg?str@tkoﬁ edle osmon of two

cont ro or causl ng pl xel sensors
datg p]gﬂfaqragkq 1ﬁ @:}ecaggqnv@t dste; Qeﬁ:étmg,eqqglé @erpﬁfflmnrpé éhe dgta clock tracks a data clock
indiBdio# dnﬂia&h&ﬁfa cfooie traml deterplireag] ﬁbglgtehw dsth gI0&N ifididatdr,faf ifBa@d alignment angle
anc[rruTyn: 1*pd£?der)e( e%atmn%a afhtectao fpg nlrjﬁdg%largo thlfe ol'f;%nmg;g c%éc;mg ?eetcg(cg% at least part of
thegt gt Ione dah@omem arth ddoedingt wnéuﬂguuv@lted@bmmtaegle fndrthe fine registration and
theQPANYER rdolsflioh, ARl RMHhd $AuRd: 1694 dnb B:RXEGbtsdoBRRbard N O A

data indicative of the sensed narklngs Optionally the

d d t, t
1o § it B B 6 oo PR s 15 0B 1R B.Sin 2poe:the system
including @n Sewdmrfor: segmtming e ddte\mt@@ rlugalitys bfodatangprifpbs sdch datanportion being
deégaetbﬁ m&iwen'd&lﬁf t&ozgrb%em Mo%tcﬁﬁing khel Bfa ﬂéﬁfoﬁ‘sc&)%@ ghsfxﬁ@d on or in the

presence of medi um. and, _.a host controll
susB P P Hep %af?em&@e SR m&y%@awwwﬁ%% sigh &afoeé Jees g it dta
poitite€ s di3pisced froth @Blsdst @A Gecadd: da@ pptibmin@r feasdotea@diBr glig@nent direction; and, a

dlrga?gtﬁ%hg%il&){ﬁs%% a#%n%ﬂmﬁgcﬂon %Ql : ti X “?mellt%atg %ﬁ%ﬂ)e Be a%llrrangement of

road for rese nvent i on provi
at thme hibe datheastinng eed ca@f%tm Higpmpeat df R ge dispoprdi %t"h@aﬂé? surface, such
that QhenPthd EirfladdGis GRGIGEH ﬁatsansmg réios WF hhaeRing ABMke, e S@ﬂsg Rgion defining a
sc I e serlils%le qieVlce seg’s a% easg t%dalfj at glt Qata %etermlsﬁesr usin %le ensed ali ent
A PHe THESr 4 rrourto T s proveded gum
datacqnambet\@em thaﬁ@plmp mdibﬁdﬂg@n@bdlabﬁogweusmat dagst foart ef thepat figast one first

dat T RYE6h; RAS bt waemaum&@@ﬂ ag%%hz @ffirggg% td%elals af Iléf]st one sensed first data

rinting aor sensi

p°‘§‘ﬂ‘b‘f"‘ﬁé’? Fﬁ&bleaﬁt&ﬁ'%f‘ﬁg aéar‘ié’gié’ﬁts S{%%ent i on provi des a
monolithic integrated circuit, wherein the circuit is

Optigrellly theialignmet Hardingfides pdiod regrghradat siruginre drcluiling a plowlity @€ wference points

md‘icgt‘?verg@ta rbggtldnrkﬁ'ltﬂéddoﬁ& dat%%gm@relﬁénqgnttéﬂgctlg@taﬂd 'anste&n@ reglstratlon structure
dat a portions each portion be

ural |t eln
mcglgleg, 8 glgqaéty Pf{d@ﬁgcﬁ@glﬁtﬁ fng}lcqtlp'%?ﬁ aé)psﬂféqn oa glfe aodﬁcbﬁlaﬁ inp glrechon perpendicular
to thealighrigt direction.

AN
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the data portions to be disposed on or in the surface

such that each data portion extends in an alignnent
wdaizosawéxm, and such that at |east one first daC@AU2005/000391

portion is displaced fromat |east one second data

portion in at |east one of: the alignnent direction;

and, a direction perpendicula® to the alignnent
Optiprraiy the Girst registratioragtiushgre drlcludpsrreimbet o€ matkerel indinative ef adrosa position of the
co@eﬁrdgcﬁl GeREMEnnht @ectloR38E, 2 2RBBrH intiBRivEl At AP Rbsktiof BSthe coded data in the

causi ng the alrgnnent data to be di sposed on or

M@?ﬁ?ﬁ%ﬁ§ﬁ?face such that when the surface is provided

in a sensing region of a sensing device, the sensing
Ontiegilythe shepridmegingation stwivid indudes: hideasteng ichagk toheksi indicaticafig gesition of the

co@etd dthQ Athe cﬁt@gtton Qérpénhﬁulﬁ'lto ap m:g%en@i ai}ﬁttond&tie&vmafg%ﬁlent lﬁﬁés & each clock
he sensed al ignnent data, an angle bet ween th

tragke EO) Pr%égnaﬁat ltnffé’ear ingipnet ttr.PPSéteP ofthe repasiapdockiragka a5t
part of the at |east one first data portion; and, at
Odtieraﬂir thp aurfaceainé lyded ederdiese dats blngk, thh @datel bloek inthndig: angtaegement of marks
defid s aq)‘iur%h%’atﬁ%osgglg Vﬁ@g@%ﬁ&j algglnxlh@t& d%@caﬂ% d:f kQ Bosﬂ@lé] be tpe%aglgse
ne at | east one second data portion is sénse
anot her broad formthe present_ invention provid
Ontipnally Pachdata blople dt ditleast e roé rgvidedydsh &5 g rréotdra% lrrorldrds with its own
rediskeitbniffatuge; pretitddvithfits ded clokikig fadateaprevidad chatl tvancl@king feat@res on opposite
md%sugtf 2oafa: enéoldllﬁ %gc%gling?hggnleﬂcdf g%it{ﬁgan@tenéoﬁﬂg L ﬁg%}r?eaéj&ta%itstream ina
£ on arran e surface
(hWﬁew@ag%@raﬁﬁhawdéeeaérWM§EH@wﬁ@mﬂa%wa@ a sensor which
senses data provided in a sensing region defining a
O;ﬁi&ﬁ[ﬂr Hdeis eﬂ:oﬁédﬁﬁing pﬁﬁxﬁet@fdatﬁ heachadata lbRals Enc@d]@ #dada@ some of the parameter
dagr,o L %1 the ﬁ)aralflﬁer datg bg’ FI% least%g%of 8dlcag1 ot%;s&:zg iencnr?ed ‘3&% indicative of an
mtprheveffrqtcsx enpcalpt faiulrrto;b@r%nhr BEE| a@tr:a% rOtiethgo ﬁlaFkStIo agspdated with parameters; a

CRECABckuiHissofEtek withlpafainBiks; ahd) roplidTRIHRE YiranfetefsSihd 4 MEKGAL. | Ng
data indicative of the first part; second |nd|cat|ng

t f th
Opggriaﬁyf %? e{}aclgeétlg ﬁl t?salg mljlgtlp% u&e?lnavecp codev&orc? to_fay dtatolerantg eflﬁ,c])de data.

—

processor an
first and second |nd|cat|ng data frommenory, at | east
Opsionatly & af flrest zone |daig pertiornencefiss & dplersequenise inchyding dertdty stream followed by

coRésPRAdind Qﬁtghinbﬁdﬂ ta:%e&t sdqﬁ%@eﬂi%inﬂﬁg it R od R SdeFord® @ah |c$détav&d encoding
e Cl rcul e I N e
ot o T b St s O G pr i oo baf

surface, the coded data including: at |east one data
Optioratly e ermedenin Grerdietomigng 4 qedavoal fonpaf facthe codevidiatageddips fremia store, the bit

strgaﬁlt' @etéltatnl eﬁﬁﬁnb@ra(gftcb&lwbﬂﬂs eRdll cG@etwaan‘Mdu@ta ﬂltes%%zim Qeﬁ‘@and corresponding
cl ock icator; the od |ncludlggﬁ in._a

repfy gﬁYrr’gta UBFHRgvide e e ROt foo SRS ES e dgp R ﬂbﬁeﬂt fifgam from the
redindaedysihia (h eb@Gbdwvordaind] apgeadingbe fedupfiantshdataad thebineiadm gletdan the store to
b%ﬁﬁkdﬂ%%m#&@ét part of the at |east one data portion;
eterm ning, using the sensed alignnent data part, the
clock indicator; updatin using the cl ock indicato
Opgiorplly the alignmentidpip fghidey & mﬂ% feme, ti*E pilot feafugs) bing gtdleqsioap Pf ggoded fault-
tolaattmeteﬁneﬁ emSeBsif perallet Ijjieﬂ ormBdlfrérh € sa bf paAisitlinetBat 8@a&EObinary pilot
ata p rt|on ' i
se%lllence a p%q?{ seqlgen‘c \?flil%/h eencaorg.%I t c!ng ?I?} 102@%%2@{1 y 81%12?139{02&’1 11010;
portron art. In another broad formthe present
b8 htop mptrlwrsa’esnvamﬁwraweﬁ mmethedferegioding ghiqnrog ifiasyrface, the method
mdmra@e bdgmbdtiGg Ghe! 644l fintd lblﬁ‘aﬁldy iof data NpREtlaad estl sdaarrpomﬁ being decodable
mc%%e& eéxh %‘f S tlge% gatzg gotrt% Ioaou;s/mé;i gr% % on péngtlgns 0 Pea dl%ldgefi %&3 oer 'in tthe surface such that
cagirdatamoptiop extendsrin pmaltghreens direftipncand syt thapdt legw mﬁrstdiatp aortjen is displaced
fronERRhst BRfsdcb@ dad phrieH & 3l 1b¥@nObe @Y alloBASt 1iRBRNCn® GHiirection perpendlcular
i ndi cator; fhe sgstenlrncl drng%ﬁwuiensor whi ¢

o &‘aflamarnaerea%oa §R°TYng BHETRY 7 ﬁ%a@gﬁesrfggﬂier% g of the data
at least part of the allgnnent data; and, at |east
part of the at | east one data portion; a decoder for:
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determ ning, using the sensed alignnment data part, the
cl ock indicator; updating, using the clock indicator,
wae 28islovexet er mi ni ng, using the PLL, a rel ati vePpoaitR0mB000391
bet ween the sensing region and the at | east one sensed
data portion part; and, at |east partially decoding,
using the relative position, the at |east one data
posiops; psh cqysing the alignmenbddieste bp diseageds agofring thesurfpas sl that when the surface is

prévﬁﬁé@ M 4 Qi rr&é\ﬁnd)@@ se@snﬁ@d}oﬂcé ‘ﬂfélsé‘nsﬁlﬁl ¥e§igﬁ aéﬁﬂg ﬁ |s<5aﬁl'ﬂiet the sensing device:

t It
st Gemar el s P BT Sonts Pa i SFieod dubdn uispetven
scanfiny] @dmwgihgrmenﬂ diragion; oerseschtieast pat ¢f] tyrat dmast ang Bt data partion; and, at least

aftﬁﬁ’}p&%dhsv @sn@%‘ defe@Bne@n thle Bt léaa%nesééﬁsfe@ﬁ@v da@r}l,gmon part before the at least
al i gnnment data arranged on or in the surface,

°n5Fq°@’HﬁétﬁP°r%P3t‘sa§e’B 'ng at least partially indi cat | ve of

at least two registration positions, the registration
Opiosily khe mEgninentdgfa acludes:aestirstpepistrativh [styuciuredindhaiinig\agh@dlityeof reference points
md‘u%ln@et 3tV epogigocﬂ M tﬁ)cnco‘agd Jia'Eh in Qe %l ?ﬁﬁefnt %ﬁloqagnﬁ PQerc&i’c]iqgglstratlon structure

respect to the surface, allowi ng t
mqhéia’éta DBy P4 e esROng indicativs of wosm@a@ttheﬁackti P2} fyp direction perpendicular
to che glipalmeht diksaticanot her broad form the present invention
provides a nonolithic i ntegrated circuit, wherein the

Olebﬁaﬁ% lth% ﬁl’s?re é%qaavﬂgh&ué‘ m§¥5ef5'aac ég»lf H\g'kgé %919%%9 oft %{;s? p&mon of the

er eon
cofled dlatp ingroalignppegt %?ttowﬁd a:cxoéh@élam@fanae ?fééa@eqsﬂ%of the coded data in the
alip@ghidiredtioQn or in the surface, each data portion

extending in an alignment direction; and, alignment

Op%@ﬁa @1 rseggnglq- 1s%§\1lc\>ﬁ trLI%Quetlnc?udg Wl f %gtedw cloc dxaaks mcflcguvlélzso‘taa poasition of the

sens enses rovi
coded atp wgher dirgption PeRandipHir fythe Flizamene étrﬂcfrqqeané,u tve elegn@ﬁlt lines for each clock

tra6l) BE BB glnRnt 1BE&HSiBE indib@ivalrieg pHRIdK o8 Bspbdlividiock @akt t WO
positions and, at l|least part of at |east one of the

Optlonr;m {he s ad al z1udoeso gttléagtno“?lé dga? {)l knlhn gdta Sc n]gchgﬁi'i]nl% ea%%aéx{ag%l%t?{lt of marks

on positions, anh’ a
deﬁnmg a@émm qﬁ eosablp @é\teﬁ, ord, dmdmtnhéataandlghmﬁﬁle phsrtlemﬁ tigrmarks.
determne, using at |east one registration position

opamtu; BRh Ahth GREAE K ata&al (tﬁle of: RRoviaed atm e 0919%11& itQdk; Qlovii&Bwith its own
one da rtl on
fe%lﬁ‘{%“"&z??@‘f &”Y@g.‘% 1ts Qycloc e %eé%t ‘iﬁ? “%{f‘ g“é’gﬂ%’%?mes on opposite

sidessofragflatateacodied artd; mocpma frazowntafiel bttdir@ma Ienogdmgn fragmegll of 2 bitstream in a
dattajaﬁzoéﬁh%elr%a&ti OHed g@htl @re&&fg&lh&ﬁtagﬁ:ro&m :ir& anot her broad

formthe present invention provi des a monolithic
oA b el bR ot e pre
datiar0fl thelipargmet@date hemoe tkaddiobe &t indicative dndize ptitiadadad yatg addivative of an
mt@ﬁ%%@& e&cé%cf’]ﬁul{ E)Eragt'l}l us % faf Egt ox‘ieh(ﬁ ééh%&&}?l 'as@&:lla%qlvﬁg ‘parameters; a

wherein the systemin a store tor storing

Cliﬂrfée &%@é@ﬁoaafdawhaafa@%a énd, fealfcatw&ef RFAFCTRTS ARy aaeh%césalé\mr d

format for the coded data; reading fromthe store,
Optisdalgithé dwen idkab@ediisive ehufipls Meileaveddexhortia toffaultttbleratydRdde data.

data being read so as to de-interleave the encoded bit
Opﬁ%rfaﬁ}a?e L 3 ‘ijeait Qﬁeg%ﬂ H&g n&%odgsag %at Q%;?en%@%%@ Lg ﬁle riamglm followed by
com%d%ﬁd\%%é@&oﬁa ﬁﬁ@seﬂ@aﬁﬁmyntﬁmﬁd czdewré% f:qch godeword encoding
at Wt fag of €bildirbanSdnd RAMAPRY datadiedciktbEwithAld re&pRabitRGeam part.

redundancy data, errors in the encoded bit str eam

In %gl%r bW)rad Irrg aL{é?entCu%ﬁ{%ﬁ %r%gidg%tsﬁte&(}b hc%dlgé Qata on or, 12n S? surface, the surface

anot her broa esent” 1 nven
haviggriisposeditherein prithegron eaded dafay agigogled datmehu@psa a‘tlﬁ’ét oe¢ ¢aéqnomon grranged at a

respléiﬁ&i pbauoa offei lh @ﬁ sﬁfaa@l @@omgmgeneawlae&axséed éh & iDhEfirthd?, e alignment data
bemé at leaét partlaq{y mdlcatl f a%?eas% gwo r%élse%ra 10%%'0590%58 ‘the reglsgatlon (Ij)OeS(ljthgS l}emg at least
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stream and, redundancy data associated wth the bit

stream and wherein the nethod includes: determning a
woaoewosxof ormat for the coded data; readi ng fPomAthens/000391

store, using the determ ned format, coded data, the

coded data being read so as to de-interleave the

encoded bit stream and the rettundancy data into each
pagipllyzindieatitret agelative aesition efsthe & deft cavdnamortign Witk Fesrfrtig thy surface, thereby
allbbibg Bé 4t GATORATL partich 6 B 4t RePpighin@csRgundancy dat a;

correcting, using the bit stream part and the

In %ﬁ{‘h&e&&ﬁ@&i&g ﬁ) Jgeqm%lﬁér gﬁgs% S r r ec en d)dglg fielz}ae ?neorr] ?n%.%l?r ace, the surface

hargpgtisposed, tharﬁ@towé?reqyrce%é dei thercedse davw iaddeting: 4t fpgst i et portion arranged on

or ﬂft@éléuﬁ% @ad rangmehtt dataeu lespt @gﬁaﬁy exdicktive 61kt teast ‘eﬁbedicﬁk Bkt the method
i S. US tora

mc?udm% dn ah decodeb seinsnégt, usm aasen or W%JC}SI F]en%el:s & L rcgg mtaﬁ%nsxln%{,eﬁ)ﬁ? at least part of
thej aligrimeti dqtg angtat 16@3% Oéﬂi!e afdwlstapnp datat pomtvn detoemiitg, heimle sonyed alignment

datdl %ﬁ@ @51&&%1@@9 ng&aﬂgg Asiflatne cﬁ)ﬁgfﬁ%@aﬁcﬁ i pEIL UedieRAGnid Cg'%smg the PLL, a
it stream foll corresgﬁgn i ng te undanc at

rel?ﬁ%?%le%be&éeaﬁ@ﬁ &ﬁéswgd?%qnﬁgd T AP AUt aath afeast partaly
dedide wongihenieddippsgfioa,tthe aclast onp datd poafonplre bit stream and
redundancy data associated with the respective bit

In ﬁ%ﬁ%@a@ #ith the bﬁs%ﬁ%ﬁ pg(d@éq s§s%¥nrﬁnte|ﬂ€0dﬁ£ da?aecmor ina surface the surface

i,nvention provides a nonolithic Int grate
havestisgosad therein of therepn eoded datps e cqdgd %et%tlw@a hieasy @@&etp a@ﬁon arranged on
or thabkedirfgtat @d lﬁgmn@da&anmsngmﬁﬂy indRatfve bf £ A8 Ioﬁbgclé‘cﬁ AR ator; the system
mcﬁilaﬂlg apgéﬁ)sgf Qﬁﬁ: §e£]sesada§ae;ﬁ(§)1£9 aare gggs%{% Slagl]l r sentsm¥ at le%st part of the

scahl i ne direction
aliggppgnt dafes anh Bt leasignart ki # oy Avreiate periem 2 d@pqlen fors gletarmmmg, using the sensed

aligd@8it tdat@ IiiaerthetdIlﬁk ﬁ;tlmzlt@a\%fdatﬁh@ leﬁ@ﬂﬁ c[%@lf inlliedor, é/\ﬂﬁ_[ @ét&mﬁr)ﬂ‘% using the
feature

Pl e RS R i G P o & s 0 i g, ot s
partlé‘atéPCOthv&a udingcthet rlefive pOSdlen,@rem ledistrge datesiortgn bdwe pi | ot
feature: an alignnent angle between a scanline
In eﬁ&btﬁ&%ﬁda@fér@fhg @@nﬂv’eﬁﬁﬁfﬁﬁ{udg b Rkl f&@ncoaiﬁgdataaﬁ of 19 b Gdrfbe, the surface
hav LSLt t!,ron rlélg €0 decﬁc% ﬁerdptaendI é:u at:r tto d
AG GRIETEmaT P dReOD oo fiate 10 1 94= Pegiing pAwRoRe %PR‘@‘P“ arranged at a
respeptivy ppsetgyn ot prah ithe surfaeeq tndy dighuent dae ahngghonenn in thaduefice, the alignment data
belﬁéegt ?eﬁﬂbz(}hzﬂg mdh':§t§v@ Of d h:@st %g'legﬁgu%@nlpgyno@%?{?gu'&og][y&ﬁéns being at least

registratign in the alignnment direction t ect
PRl ARECEHE Of a%agver@@lr@wf i2blast gperdaig peripmiospeq ixctRe surface, thereby
alloiwixghitioaat o4t onia dithgoritoh it AEIRst pdAibia); deebdéder M ni ng, Uusi ng

the registration clock indicator, a fine registration

In Jngthér @%aﬂoh&ﬁ%nt%ggtﬁ Sﬁ i)r?ﬁdes 9 E}ISEEI rﬂr Qh%&n%&é?é' og gx{ x%l h gurface the surface

al nment an ne reg Istrati
havma.dtswafd thesgjp %rttP"éﬁ"F grded datie Whierdy *iﬂ? ededfatatiydgoadad by: tentingkusing a sensor
which @6ds ddtd’prdi\ﬁtﬁd il al SgISIE fbgloﬂ d’dﬁﬂmg debeat:i |a|'ﬁ%t pdﬂ:S)'f 18 afl1dd& one data portion;

andrpa? %Icotnld ?;g} (% éhrcle ap & asﬂona az%t%po% t{1<e chi,og% ?(m%a%% é?prlﬁc?fl %lélve H)St%lenﬁdst partina
direstigatprthieppiel @Iﬂwkanhrwmnéatmg, ingrmemotia fisidindidatingrvate frdicativg bighe first part;

sec@ﬂdnc@datlﬂgmaﬁtlﬁﬁkaﬁ@gﬂf e rs@t)ﬁmrﬁ dhd Aot Ghads ?ﬁ{uhl? r@lecogmg, tusmg a prtocessor and
etect]ln a

ndi cul a nnent direc ]
it 6%‘%?“84 %‘W&I‘%‘fata%éﬁl G ffitaﬂmﬁa?&h?ﬁﬂfast airdiata Bortion.
decodi ng, using the updated alignment angle and the
In afapthee byoedyoxn thapreson inverdion previdepelaysten for egpoditg dataion by, in @turface, the surface

havin@ Qﬁf)os&ptﬁ&e@t)r t!hggonQBdeh @§c§ twh%ﬁ aleb&A e sdata: BR & bﬁﬂed and sensed
u:%art ]gE.l a ni nt h Orm t he resent i nvention

3§91 glte@g;@fi élirﬁu]t &ﬁ"luglﬂ% 38 Flﬁxbgata afl%{ihe@ﬁl] hayjng jatJeagt one row of nozzles for
pringitg brag eyrfatd) ends yis tlengatt hiodgel einkhy hawingedd Gaad @he fo@f of pixel sensors for sensing
gg&g&athe data into a plurality of data portions
each data portion being decodabl e i ndependently from
ot her data portions; causing the data portions to be
di sposed on or in the

m;
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surface such that each data portion extends in an

al ignnent direction, and such that at |east one first
wdav@/oeebi on i s di splaced fromat |east one secomad2005/000391

data portion in at |east one of: the alignnment

direction; and, a direction perpendicular to the

alignment direction; generati®g alignment data
Injampthiectavdd@magife passentinyegtiqperyides ao¥stet for wpaglingslefaren esfin 4 syeface, the surface
hathad Ris3QatleRidSor t@na@n c&iedi&kan@h&éﬁetha kddga g s aphaetsaonte <af Bited and sensed

di sposed.on or in urfac

a
s PG et HE A S BTN B BE G S SER G ok o sonsig
deglieanisefpr einmg sahd dat@nrtlfegurfm, gadréim iingye, shedweprdtddpiquittispeovided adjacent a
tra%%laﬁ Inf(‘)gulé:i ?OVAIISQ the> GlRE So 8 mln%@%'ést BR p‘hniﬂ(gadtam3 sﬁL&%&Wﬁ@ For printing or
determ nes, using the sensed alignnent data an
sopgfglcedeh SAteweri¥she scanline and the al i gnnent
direction; senses at |east part of the at |east one
Infahdtist brﬁbﬂtfﬁmpmpfrdsﬂminvami,prcatded aaspedm foaentaditigldyta dearadkesyface, the surface
ha?l%% 5}%:0%@ ﬁlegﬁto?ﬁng]e&%gdeﬁ 98{) erénbﬁe @Jdec{ cﬁi@ﬁ; del3¥€a t?}%%?s@éal ch includes:

at a ortlon art ore | east one Secon %
a goxe Bt ﬁm.t@woﬁeé daf ﬁsde@derégjt 46&9%111111@& f%@woaql fogppridn the geded data; reading
ﬁdnnﬂal: stete susm@thfe dét&hine EBinsk, rcaden Bdla, Bie lobtizll tlitebdmg&éalddb o de-interleave the
eng e({ﬁ stre thggfcﬁrrxfa&%'%ﬁtg %norf;,g gnlemcb%% (Ir;f e(:Cc%e:words, e?c% Jewgrg including a
bit sz:e@mobarte@ﬂ storresponding stdug@nqyr @tau, nePrdiingg using fther ’ar |streymomart and the

coﬁ@s%&fdﬁ@ Fe@uﬂaﬁﬂc? lisSa, brfUY i6 &b Lé6de@bit AreBDShd, WReQke bR te8 @4 the store.
ain a direction per pendi cul ar to t he al i gnnent

dire the firs |strat on
I g RO S RART: o7 PR g i ph /e o s
hagingjdisposed fesintor teregrf cotlddalate.rdhendin dhteadeil datp fystoref ﬂngqmtﬂherem the coded
dafll ﬁ&ﬂté Qtpcnc&ﬁ@i b1t Srefirh; Ok r&ﬁ@cﬁfcy'd@tg 'a&&ﬁdt%%lﬁfthe%ﬂf dtrn; and wherein the
position of coded data in t e al i Q? cti on.
°°éj6‘tdF‘t6 ﬁé‘ﬁqog}edtbﬁ ede@@ela%a Pyt emhesce?eg 59 i, gy g ore, sing the
de@tmiheddiainatl swBedahOle doded dkisbdingaiad at ds wededfiterayoisi ehdodedl biifstream and the
re&‘{a&anﬁpgia?a mgaéa@h bPa mﬁbesﬂ 8{ 9&15%% R&L Q@&%ﬁ%%ﬂd o, £ Sircam part and

irection; al i gnment |ines or each
coerpse@qéms Fegenidancy firda; tc\mecaw @%&@wtbﬁ |S*ir%§afb &y cPmespadipg fpédundancy data,
erfofs it A€enp&¥sd il BBan® bndl Witing @S p@tibd/®@taGd BEKork.r ack.
Cptionally the surface includes at | east one data

Inl?irllo%?gr braad ormctiha d)resglt elﬁm%n.l}f lv}ﬁgsl A} Sten:?ﬂ%%re({d%gqgtggrﬂgr 1rp%surface the surface

ur a ['ues
haging glmethth@at o therrghn eeted @eéa @Yherqlm@e 6%sis #4tiols adhit sirefe encoded by a format

maﬁﬁﬂés at 1R ohOMA Jotiod akd at thad: anebiaﬁcbkmoﬁ Snc@d;mgl L£BBse@BRe Qbluding the bit

W th it a rovided wi

o S5 by PPy R il oo,
codévpok ennglifgealeast @art pf b bit etbamiandhretipdancy dak rssegiated aith rtb;esrespectlve bit
st@fn pRPOSi te sides of a data-encoding area; encoding a

fragnment of a bitstream encoding a fragnent of a

bitstreami.n at a- encodi ng area; and, d from .
I AT e B BRSO AP P o ChDF G 08 42 §roofed o or in
suefire ptlle encodsd nigta pevhglive tae feast ateadataeprrtivn dharbeged oo ok inethe edfapsy the system
m%ﬁdu% a&&odl?rofgre t{ﬂgmé Iﬂﬁngpeageﬁ)sgp&lﬁgh Q@s‘e@dataaﬂ?gw&ea% P%Qﬁ?x{e&gn defining a

eln east one of: indicative of a size
S“’P’}ﬁ]@e%@ﬁd’é’a offgf 3 leapt pmg %HOU’@’I GRd> @rieqopt Reft|of thg @t lpaébqns data portion, the
seaﬁiﬂ Qﬂﬁﬁmﬁ albﬂlatccd ©hiBk aﬂhé first st i0 g dindctidn@aBdgomi ® tkfscandine; and, storing, in a

memory l%ls'sy 1nd1c I a't c? éjatl otf Ia1e Rt I?a?ie geggnﬁ ‘md%atmg data indicative of the second part;

and, at least partially decodmg, using a processor and using the first and second indicating data from memory,

at least some of the at least one data portion.
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CRC checksum associated with paraneters; and,
replication of paraneters and a checksum Optionally
woheosdatragi s encoded using rmultiple interl eave®8CT/AU2005/000391
codewords to fault-tolerantly encode data. Optionally
the at | east one data portion encodes a data sequence
including the bit streamfoll¥%wed by correspondi ng
Optiedliy) tha rsensordgtsas att lhast phat of aligeesnhdata, thsr akigmepnt detabdingan depst partially
mcﬁ’éag\%v@ ot Rast SR Ho&AHEURE, dn@ RE&Q6H G &Eodlmei@%r @@é‘r&mﬁg Us#AE the sensed

SPBRRHR B ook A RS e ek e Rl e i 0o

PLLOA telatih@tpeditivn bétvepnaheGodiagagidn fdrtiret lefsoonetséneedciod potticteates; and, at least
e 3fa fodGnd: feasB - QA por@RRGE AL I NG a
pal[ngl égbglg{; uggéde?/vor e$osét§c cédaévvored [ nocl udi ng a bi t
st ream part and corresponding r edundancz dat a
iRy 1 88594 (BB LRSS BT P TEAB R GRRTEN  Bros esiseaton
deﬁmxﬂng‘ aﬁmg ke dodst regtstriamm 4 clodkh ibdiertar el @ nodtek dryckel apdatingn using the clock

3R UL 0 ORI i LU B

all@@tfafeiﬁre%wn Optionally the alignnent data includes a
pilot feature, the pilot feature being at |east one
Oﬁﬁfmallﬁﬂﬁ@&%ﬂ dhia ilclulicd |a&égiﬁﬁﬁtio)d striofirdY 8@ régishriroa s&&tureoiﬁlcludmg at least two

clc{) ﬁl:’r'ilcl(s ueléw ve o% a Bos{tigrr; gﬁflje ﬁoa %@ata m%l% dxrgﬁftm&J geép%*ulu%kar t]@eaﬁ%nment direction

enc 0
anmwgmm@@esfomach @%ttra@m@e mo ahﬂmdm)@% @eiﬂtwe &h e position of the
res}sécQOelcQQQ #dck 1Qd Qherdiihdeb S8t i fob I RREMihi, U@dghﬁ ISR ALL, a position of the

I nven rOV|des a_ et r. encodi n
SgPREH doeE e % RETHER G THE GUTHERS QUG " am e ines,
pokitidn®f aaclpiesneaivc track;ahd, dakéngpieratignowst PERch data porti on

bei ng decodabl e i ndependently from ot her data

Ogﬂgﬁahi{ B Jecodeftd %r% dadiC1ddRE Rk RRfednl GRS udif ab&péihmﬁ @ch@LL a position
or in the surf ace such t hat. each dat aH%?rt i on exten

o floging e 10 FEE SR PO OF °§1é§‘?‘°38?$é’n cach clock
tratl, irsdlightaentanplerahd, oplatisg eabhsiph elodkd®LEir om at | east one
second data portion in at |east one of: the alignnent

p(&l 15aﬁ9 th'e (aQ:odeffl ﬁdfor d%co%ng %tcb&@ dRE6P qg}%ﬁﬁﬂg%ru‘ahs@or&hﬁ a scan line using the

ghnent direction; generating alig %
SlERRACI e ST beine dpdiatient! oo st eng?ﬂ?é Bfetiop grithin the data
poflidh Rl defeerfng bit eids ust@iRivagfkdhe al i gnment data to be
di sposed on or in the surface, such that when the

Opgxgﬁaﬁlg%% de b i \fdr d&%mﬁxﬁm@ c&m egl de gag)giqulu&f fnﬁl the Q§dr&lﬁhtes of the bit-

e sensing region defining a scanline, t
eneqding ﬂqsgwepewa determining e big-cagedipg e bp gferrolsting Sﬁ‘épl%ﬁh@ﬁﬁ%fm successive
saflfit Baes.det er m nes, using the sensed alignment data, an
angl e between the scanline and the alignnent

Olg a?l% Eha gcicbder 8 ?osr' %’Es ng%fné Cf%ligrar? @glﬁe tQ ]; décpo%d QI]{SF‘L ‘T‘ttw H ﬁas more than two

e (0]
pogsifilenypluess éesdlémepmdfalaﬁ dir dho hlh‘@seétmlt@a‘sa!u%ﬁfewgwé%tﬂs in the data-

enfdding bresl @ﬁcﬁWﬁﬁfgtrés&{?edféﬁdbtiedmﬁih@itﬁbﬁ Vaiesth a Et&@@etdeﬂcﬂﬁn GiRGQMGrder.
data portion is sensed. Opti onal ly the ali gnrrent dat a

O%ngz{llu %e?vo&f 15 for c}etectm a pﬁot g, f] lrc m é rllgl%{lelfll{ c?atabtgc 1%9 f’e;ﬂg% gemﬁ detected at

ref €rén
at defast twrelogatiohecietdapining, nsungwtbe m10t @ﬁwerw a@gnpng@tapg;mbe%a scgn line direction

and %Q&%Jm@%e&toﬁ%ﬂ QR ingtlal ﬂééﬂtﬁéﬁ(ﬁl ih B @ﬂrédﬁ’dn%rpéhdﬁhlw t&ithe Eﬁ@nﬂént direction;
refer ence pol nt I ndi cat | ve g B{)% on of ng coded the
delgsiing 3 FERPT BERFON hERFE & gt G Ginepipmmng, using
reglétfagiat thaoker, a@odss episthatign inhie dipmsht diegiostdetmttingrusisg thy gtossrregistration, a
re%%{léﬁdc%%k i 1c£lﬁrr§p 8l aﬁénmgﬂrdléﬁr &teh{ﬁgihg %Edlé’ fhe R:Elst?au&{ &R indicator, a fine

osition o
registration in the alignment direction; detecting, using the fine registration and the alignment angle and the

_).\.

initial registration, at least one alignment line; updating, using the at least one detected alignment line, the fine
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coded data in the alignnent direction; and, a clock
track indicative of a fine position of the coded data
wonodasivesabi gnment direction. Optionally the seedmAu2005/000391
regi stration structure includes: at |east two clock
tracks indicative of a position of the coded data in
the direction perpendicular t® the alignnment
regisummt Hemningpcising W vadstegrfive mesisiritivesthd positiom ehtwe| dstejelock tracks in the

YitKiatat J@%ct ?stﬁé i IFUIROE ol ¥RE cIB& tﬁ@ks' AWl CREM M@Bcalt od &36h data clock
osl tion of

eresetlve cl ock tr i onal
tragla A e e A oG S PR e 98 Ry Ssisoation
a die@iok pdreaditithi pghe abignmentriaevtendedctiof at lvest pest ofldf atrdasigneadata portion; and,
depoldg)irg alls{n? ¥heQ1f ?apeg Saﬁéngllerﬁ a}@é Mﬁ%he ﬁﬂqeglsﬂ'gﬁogw{ﬂg u&fa{e@ reglstrahon at least

posi tion of marks. Optionally
SO@aeﬂrthed?aiewmeé?f‘tétedi@alé’(f“"f“@%t one of provided with its

own pilot track; provided with its own registration
Ot ALY e ddadeaN lsdied ridedtdlly: tdste@ing tiel 0 Abasingpe f atigimeneline; updating the fine

reg?tratéon Se? n% usdngn 3 IL ‘3&5& iﬂ)g r %g&ﬁdﬁ G tﬁp ;939@1%&1&%1&1‘ ﬁl@ ‘Bosmon of the

rea,
dafaj closk rrg:gn]detmqlaﬁpgcl%‘k fqdlg@pféﬁ\tea@fdata clopk gqc}i &Bfasing the ypdated alignment
anglaﬁxﬁ'tﬁ‘é'\ﬁo@ﬂédr?'églsﬁhﬁﬁbamﬁ ﬂdectlflg,ﬂft [Eﬁddpefnl' dPRe &t léaetﬁinam@iﬁoafon to thereby allow

th%%flegﬁg?egqggégﬁgl to Eea%:ﬁ L t a al allgrR;v %:ie]l%o %e qerddeye%!mggat two locations
inaffie tile feprareanelbdr indictos:, sysphrgnising a p@mﬁ@tmlpt Udt gitlh edchy glogl indicator to
th!g@o@sl}aclg’% p‘ﬂgt‘ feétﬁl‘gh cfeéfﬂnﬂtﬁg, %m?t&' A8t PiLst e aBBeRateMgle; and, the initial

at' a; |n|cat|veo e factor;. enc
e BB PAPY OO A oHT ST VO HERDT wigec e CRAT e PLLs deesing
th& $Spahtivh athret til tlpaulgmne rdstp; det@RiBinghedies then reswoiidnanerter, the gross
re%lﬂzrap ?(ng Sm%%ﬂg, ’us gﬁcﬁp lrégfs@&tioﬁ’ Ny Qngs{?aﬁf()@@L%ﬁl @B c}eg@straﬁon clock

ata 1's encod usl

t1ona
injentar jitpthe akignmest |detwe%erzbe;d@%ﬁha éeglﬁ%fnfmaffﬁtt“% %?Feswglﬁ% »|uging the registration
PIGN @RORe G‘éﬁs&aﬁo%ﬁzﬂﬁﬂé |uy1n§ e fat rdgRsibon, aRe alikmmant PRLY; ispuehronising the
ahg%%%g qlat a Sgs On%fse toI \rllx(ré"rélg’l Séﬁ gg rt]%ehcﬁt bék;ck %%kg'agl]etermining, using the
aligmopeePide, thmqmwgofmm ¢atd céqw erke @dm@a@m @Hc#ﬁtqewewdhe position of

hEBELG R Ga R, 2 URASSck BRICktorh ehd Qath blbokHatie @H&t@(ﬂl@mg each data clock PLL with
A
toitHa:\aHQﬁneﬂl’dlrﬁ:mmZ prgledstepnigiys igm thodataghrcloRfilingt ast encof) thsmpdaped alignment
SULf r ayhig di sposed therein or

m%hearﬂgg%%g%tggggﬁ é‘\lldf‘ngtg‘ﬁtélpcoded dat a i ncl udi ng: at I east

y 23?1%1? ér?@%%eggeég{ A angfn%rc?/%iﬁm&ietﬁogzc élec\égyig%ga eg°e, ?]d 08 or in a surface,
thé Bnobde@ dstaiinbladie, at lehseorgldatg pordet ard@pdotheiimge sirfadecths tethod including, in a
deD ac{e gxsm% uénpggel s%@su Mﬁchosfensgst dala%?o%de& o s@tﬁglh %Jgfoﬁtdbfﬁﬁhg a scan line: a first

Istration pOSI 1 ons n
Pﬂr@éﬁ’@ peleast e e PR o OB Do of BF 2t IF%’% 6@3& ROFt{fs thyy second part being

d1§ﬂ'1@e<ﬁkla{1\%ac$ the @REpaElat admﬁdm oBfiogohdl o thespelde; 4n6, sidii@g, in a memory: first
”B‘B?‘P? gﬁé inélcag xe (t)nytheI l OWI n J” 8 1%‘i:m%§a@as dl%g\ge oqz?i{e%ewﬁd ¥art and, at least

par
pdtiadlz decbdingnusifese p}p@%lmnd |um@ﬂw iﬁ@haqérswp@ééwaé_m% Jasg Eom spory, at least

sBRCPAL NGadB3heda@Por¥n. i N @ surface, the surface having
di sposed there| n or thereon coded data, the coded data

i ncl udi n ne d ortlon arran
OPtH)éaE' geeg).r S?fﬁed %iﬁa%% f'ih%gxfnt da gxﬁqi tagﬁ @%/ a{ fast partially
indiagtive af atvlenst)éne &tock eiélsettorom@ \Ehemmldh? ﬂ@p@amﬁor dPth@lm Heeg the sensed

att grﬂﬁlzﬂt‘ dieD gart B BIOEGOHE updSiBE SkifPihe LIStk 8dihios AT DS déﬁﬂn&ﬁg, using the
senses data provided in a sensi e

Pb[a arelagive ?qqyéloralpeltv&ﬁqﬁgﬁ ien%raglonaﬁﬁﬁthg gttlea%é)ﬁesien%épz}ta QS)ftlofl ﬁgt and, at least
patially @ 5ding)ithg AR trdlatippositian the atddagiions datarpgrtionsatng t he
sensed al i gnnent
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data part, the clock indicator; updating, using the
clock indicator, a PLL; determning, using the PLL, a

woeb@toova9 posi ti on between the sensing regi on agowAthens/000391

at | east one sensed data portion part; and, at | east
partially decoding, using the relative position, the

at | east one data portion part26 I n another broad form

Qrtienally e daaeder in foorieemynippteppogiton ofiatdepst bermdiar toetermibie A gross registration;

dg@ztnﬁ‘mﬂg' ulthe tHE §0s§ 'rggfsﬁeﬁ@n at h@cksih’cﬁéa%g% Q%té&cg Gal §;ngt§1§dusmg the clock

erein or thﬁt n cod a%a he cade
i KErh R Higem ’i‘é“ SIRb Lt F%fﬁ@@ésaat@ﬁ ofgfhe qogipd data in the
ahmemgdu&ame and allgnnent data at |l east partially
i ndicative of at |east one clock indicator; the system

Opﬁ&taﬂ'}dthg dode@ datf Hns,l%es ‘Q‘}ég‘fsﬁlaﬁﬁ Qﬁﬁﬁred ak @eggfrg.\éh gtﬁtgnﬂ'erhc ing at least two

enS| g [ on, the sensor sensin
b %ﬁg {of ipsigon ofi codsg d?tae'aéﬁe%ﬁ%ftltn Romendralacie thF eligspnt dirction
anmwo albgrgneftdints fm*te,aclazlcﬁik &Etiﬂ,etﬁe fwo I‘ahgrﬂﬁﬁt&ihéﬁl H3inf Ghdictivt BiGhe position of the
ré&%@t&\{%?ﬁé@@a&%!a&}&%ﬁe %erl?%dxt 'dets 5rm?nmc | 2 %% r'_nll a %ann:e%t lg}fﬂ a position of the
apiEmeRt s fop @ TeRReCHYP tl% tlF’EkL detarmrnetgatlﬂmzethp pesition ofithe alignment lines, the

pbsgtioneBiact BPechied ik @nd; BQMRP M Ank i@ PAL. | east one sensed
data portion part; and, at |east partially decodi ng,

ﬁdnglg/ tLJ]fecc[dgzl 19{’ or e c 1051{' Qe dt I']r{,%lélf’}i-lntﬁ1 %Sﬁlgs E)elspeeg g ?ata Sock PLL, a position

F oAt
ﬁ?ﬂe‘ilftq“bqﬁ}tob PIDW de@c tacls ymﬂemngmsme the @okiitivg ofitht elodrindigator pn each clock

trackSdilafi@eRnt abdE atiifaaee RN h-dPBosed therein or
thereon coded data, the coded data including: at |east

ngona%q%%deeg 8 gog' éiglcrog @ee %ﬂde(} cll,?%Eer %%L%?Fguﬁé}é% Ifogg chl? line using the -
aliggmer dlatg, ¢ drewsform fpeing Imdgtttne m‘ cepadimteh @F hiy eadodihg &sdtions within the data

pHasds]atd, hateat@%h&aﬁles\ﬁané)&e @hsth@ASt two registration
p05|t|ons e reglstratlon positions being at |east

oBart, é dpdlc tl%e of a Iatlvelg sition of the at
RS ¥Rt 8 Bo AT °f’?f lFaé?d’é SRS valysy fram rﬂl‘eaceérdmates of the bit-

ellch@ll%lbyltlfalt indydetpgnihihga Gitenbwing tvalorhy idapaating samiple Raltie® oM two successive
sd@bleligast partially decoded. In another broad formthe

present i nvention provides a systemfor encodlng dat a
o2 d@ n a.surd ace, the surface haV|n%:d|s

PP B R B USRI Al R Rk bﬁee%%we&ewore than two
padssiblel enjur.d;el(dsob)jng aSlamsy velpe forsthébit Bas&eaishE vallivs oh sm‘neﬁiﬁiﬁ§ blts in the data-
Cl‘gm a%%& %QI] I‘QSO ec? &Q&Fmts&eglg lbl(?O L@?IO aQ£OI' i%ec lg glt tream order.

a first part o e at least one ata por Ton;°and,

econd part of the at | east one data portion, the
Ogté’edté{aheﬂﬁ‘i"f‘ef B fptcgting 3 piet drgturean the pligameng daids e pijof fppturg hying deteoted at
atil¢astawdl lovagiodst @dterihinfagioNME pilod fehtiR: ﬁl(hﬂ@{nleﬁﬁnglaﬂédween a scan line direction
an%tag Ellltlgg&ﬁt I}igecﬁlong%{d?arnéﬂeﬂéag n ‘gtlrau}) nl(tjl Ig X mﬁztm e{pend%u ntg Ig}%?{{i,%]ment direction;
df‘éqcmtghe TegisEHIRY n]ti’éie’t in arli%glstraton |fealset mpﬁlP talignmieyt dheac determiging, using the
reghStl'aﬂ&l ?ml&d’r Qﬁgt&ss @dgisfdlign Histhd’lﬂlgﬁ:ﬁtﬁt ?ﬂreﬁtﬁ)% &ﬁgtmé etﬁﬂé‘ @Le gross registration, a
.ca dat a. east. s

o B G eR Rp h Aaen s THES BiBA Y FaPiiph Gock indicaor,  fne
reeﬁt@s@nm thertthmmentohrecplpm\dptdzesg asinpythd Bunrégiiraton eoithddjigtiadnBangle and the
mﬁlgl rSEistIhtﬂm St bk SR GBanmbd ﬁn@%}f Etﬁlg %sﬂgtﬁé gtgeag 'oﬁeodgt%ggd dphﬁument line, the fine

relg or thereon code wherein the co
g O B e O P S 5] PRSP g o ot o ks i the
aligoment datahdeteciingt wing #ite @ckitioh bxhd dataicloett ttlﬂlts[kgdata&[bclahdl&@iﬂblﬁeach data clock

trddk; 'd@ttem m\élem d cl!)c%%ﬁﬁcétgp% L[p@ thédeL " %r%tzaln Qe and an 1r1_Pdated registration in

ﬁﬁfgl nting on Surt ace; %
Wﬁgereandlp%éqthf‘oq#@n?eewueﬁmp F%@Fm%aé ss@pagt Oﬁélpaté@ﬁsmr@ta portion; and,

deo@lidg] WG tl&rhpaatﬁwhéﬁﬁﬁt anfle aiChdBite r@g‘ @aehnfa0d B 'ilfitﬁted registration, at least

5091r gfscgegtleaslgc\)/n% t?c(t)eld dgtg,?d\%tlloglg)sr ?aigSt emfor encoding data
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havi ng di sposed therein or thereon coded data, wherein

the coded data is at |east one of printed and sensed
wo0sgeioonol ithic integrated circuit includi RGT/AA2005/000391

printhead for printing coded data on a surface; and, a

sensi ng device used for sensing coded data on the

surface; wherein, in use, the ¥ntegrated circuit is

Ipy prgprcheasd foatp Ere @men@n‘tepfamw@adfs sytrei fordepagting|dht@ wncbded on or in a surface, the

eﬁdéﬂétdaﬁﬁfﬁdﬂadﬁg alTRYE GheRftpottile ax%gﬁt£%§1 Eﬁ@ Qurﬁl@é’] %Jhg}&n the coded data is
1.Ce T0r alt a

or sensin
S BTl B BP0 SFPeat et i e sl
mdqnpmiﬂxﬁvnmthw {atpgwrtmns y@m@ﬁé dta pertiosdé brglisghadedionDit idthe dufface such that

eﬁ’ch%h'tﬁ E@I‘ﬁ(ﬁl exIeE@ im s éi@lﬁfenhﬁ%étfag agd M&gtdat iegs? n?el f{]r% %ata aortdon is displaced

ereon coded data, wherein the coded data is
T S 0t TG AR 6RO oG @B istio it  feton perpendiculn
tcibddignmokat drectian,emafey alfzitient di&hl&licﬁlm’éloﬂgl aﬁ-aﬁg@ﬂ@it\@f #least some of the data

p&‘%l{%d cglgsgl(%t eraﬁ‘?[%g c%t%ttéabe Jls%gs%h nlg or dlg { g sur % Stcgl aléaa when the surface is

usi ng the rmat coded
PEpxided g @ iseRging waian ofp samsing doie. theasingeesian defingmeadied tisistnsing device:

s&ﬁ&s @ﬂmsﬁfaﬂ of ﬂhﬁalfg&d&hﬂw Géfer%ﬂxﬁs@udlufgttﬁé s%@@chal%ﬁm@lt Wﬁngle between the
dewor 1 NC

o B B 0 R Aot B gorions an, o e
Pm*}llﬁge@% upipg the ﬂqt@amctﬁaglt tieratlletshene corseddisp datalpargpn part before the at least

oheRIROBRGYriifk SenseB FOr's i n the encoded bit stream
and, witing the corrected data to the store. In

R s P R B R 2 e
erg:gcieﬂ dete inhladinanay lqdqits)p@w:botﬁma medngedom dr rethe amfacptie dodddiliad including: at
1&5\4@ Sle @bt pdriltB aﬁQfé&fjat gl@ CF%CdV§ poshiOd &H)r gheasm%cg Faftd al}!%ﬂx%en% 8&9&1 arranged on or

e °°dﬁ€ ata inclu an encode
i AR, LGB G508 34 ek TN PR o a*sle?Sé%l‘mre%ﬁiTerwn positions, the
registeatien positibre beiogl@deastaph@iallySndaca@dsd rebatwe ﬂ@ttﬁﬁ HI ﬂié At0ead one data portion
Wg]?%%g&) Eoﬂléer s%ge[wtthete% fg?l% %18 gtq%gcroﬁea ata pog at legst pflrhgg decoded.

coded data being read so as to de- |nterleave t he

Incapetr Brgaddprm the preseiuapition Hevidepeysiem & dgeodiog data entodedemehin a surface, the
sudthcechavindigosed kheOO@ WRFAS coded@ 8dte, @RABIMAI G |11ﬂ:ﬁ1ldﬁigf| d0%ad one data portion
alpahéed %B 658 QI%E‘aE:e %u %%rgermt Oar:c] ‘ijeasq ?jrggg'%glgcgt%i% gat%east one clock indicator;

ctin g, r ea
the @thl@g{féjﬁﬂl&ﬁ@ a ﬁ%@fj&ﬁ @m‘ﬁ%j us@magensg rwhiph senpay dgtinproddrd didegdnsing region: at

lefkt partSF ﬂh@ﬁf@m@mm ML o legbgpaytr&@th@QﬁJaQ eheflta &ikidh; h&erﬁlﬁﬁlg using the sensed
r oad rn1the resen I nventi on

algn%ei}l?%aéa Spag glgl?cZ(rﬁl c&Pr s 3R B%ﬁ Hﬁn %locéﬁndeﬁato;',ﬁ P&L determining, using the
Py fedpties, positien betwednatleesetming irqgipn dn(Btpﬂs dedst bﬁb&bl&b@da&r portion part; and, at least
pepey &@sam%qgﬁgth@l Rldye ﬂeél%neehélat ieQ{f‘ u‘%. ntg gorﬂé‘nt 1s a bit

stream encoded by a format Inc east one

data portion, the at | east one data ortlon encodi ng a
In g Brged el A RPHEP ISV Remt o dinesiio pedaisy or i a surace, the
sugfape hexgpodighpsad) theeilLon derecry caded duta, tha @oddatdaa &ﬁmﬂhﬁﬁl Ge least one data portion
ariaagge{irglggftlﬁ glg Sﬁ%a&amdal%%g%@ga?a‘z lae'ﬁs? gﬁgallg %glc e of ;ﬁ leas% one gock indicator;

the sty uglpdieg: fponir thigh seeseyrstamroyidedsip @ sansinguagivg ehe sensdr pensing: at least part
of@ﬁe&li@iﬁieh’t dbn;aadl of Iedstpatthehpsieaanhe daﬁ\@%h the&ﬂ&\fbld@e%rﬁmng, using the
seg’%(? z;h enp ag pgrg'%gelclp)%l% 8!:: %)r %an?lgqe gsarg{lh ogi( ngfclggrg%}?lﬁ.ic geﬁermmmg, using
the;Pllap geéa@vwsrmn behveﬁm@e Eﬁmﬂfgare&on andh the gtyledsteone isemdd\dakia poytian part; and, at

leﬁmdlﬁfdeéo@ﬁlg, USSR @ﬁmvelﬁ&iﬂﬂ)g ikt P RIBGHe deJ&tlﬁm%grps es data
provided in a sensing region defining a

In another broad form the present invention provides system for decoding data encoded on or in a surface, the

surface having disposed therein or thereon coded data, the coded data including: at least one data portion
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scan line: a first part of the at |east one data
portion; and, a second part of the at |east one data
woaodsioose19t he second part being di spl aced rel aPCYAtRans/000391
the first part in a direction orthogonal to the scan
line; and, storing, in a nenory: first indicating data
indicative of the first part;2second indicating data
arranpgld aatresmumfposlm @ec oythe q@s&qs, andrafignment data agangglepntor &) theysurface, the

ahgtﬁ&eg legga pe@tlaﬁ{f 9191@§§95f aPUa: 48 i'e@gtratnb@pofsﬂnén% LthedBktration positions
eco C atl ng data_from ne

b, P"é%Y R EIAT &30S TOORCR N TP e SR i respet o the
suSeBsiesebaillolviag fk afiestonodatagloitigmivdn bt lelstpatiallyldecodddi gnnment
data being at |east partially indicative of at |east

g&%e%rga%l?orhl%y ?e@énpﬁven%qormg Skl fob @ecgﬁ%‘agt@ Enchdd tn%r in a surface, the

termnin Si ng sensed al i gnnent data part
engqdestdatq lﬂ(dlrdegtabkast epﬁdiaf@ PRI HEPH OF R A s e geI it ‘t°8§‘avmg disposed
theteilrbiltherdd @ b ddan, ﬂljbrem.mie Goged dae it kepst anerof prttddwied femsd tsinga monolithic
mt%%%tvga ?r@mt Pguﬁl%e NS Iefggga{egghtger;d ﬁ%%% 'ﬁhgagt?)%le Jo@%% 5052%2’ ﬁﬁﬁ‘tﬁn@ Gn a surface;
andsh H‘gnﬂa"q @n‘*g@$°&1°* hpRsinp e deagtioBTow o Fisch b R sehgEm e on s sufce
portion part. Optionally the decoder is for:
In@ﬂit&f ﬁfba[dl f6Hh tﬁeﬁ&s@@ﬁbéﬁh&ﬂar@fdc@dysthﬁ&ﬁ tiecCriiey dam edceded bdor in a surface, the

en q,d cgé ?uda ?oneedgtla ?{3&191%(&% n%d ox? % el£ me Qﬁr@age \x}ﬂgi'hlﬂ Ghe cgcgd data is at

e gl S I on,
ledst ane lef pringsd artdi sppged ugiog A glouqhéuccm%%eda cmﬁe%ﬂh@mg aawnﬂlead for printing coded

da@al dn%!ﬁﬁihfe fkla segs%gecfememls&g for WsnbifcddbiBdagd dngﬁHTﬁf\.‘EcePMLerenﬂ in use, the
fine re |stra§|on of the code

LR OH: PORIT NPT FREEOUEY UPY TH e G Rge Jored bt e prntead
antl @@)bisd deeitd forprigtingwciensing, codel daty egpedivelat i on structure
including at |least two clock tracks indicative of a

nRRs3Het ﬂ)rgiﬂ %¥n tﬁel'b?es&l@ﬁ%u%@xdeﬁsy&aﬁ £l Héfc&ﬁﬁgl daid encoded on or in a surface, the

endi cular to the alignnent djrectiqn a
en&qdpg Pﬁﬁ%ﬁf uc}n}gnaé éea*t (9Pe %&n&g&ngf %{JC?{ l(t]ﬁ éu.[{t] w\i\{grem the coded data is
deaddied) ByT@IHstdni Whish befudiy: 4 sidiectat stagolie tddel datrs iatdeederor: determining a
colaehw%n{ %ﬁga? &k lth\é%o&eh %&5 rEJdﬁlg l&om%edsteﬁ@ euglﬁ% fhe UAEMAEE RABL, doded data, the

an al nrren a position
coBd it IR ES JeMEERCHe OB O B RN Rfes o cach of 3
mx@@@reéfmo@évﬁﬁls éé&:{ &@e\{rd’l\@ ifoR8ing laWit Giearh Pat ald @ABPHiding redundancy data;

e} each r ect
s oy BBl A bR SRS ki, Aot s
anﬁomhngdapccelaﬁwd@ﬂawkeﬁqr%ck determ ning, using a
respective data clock PLL, a position of a clock

InlaBSHheE Bo R for thd ﬂ?@er@ 1119&1'&0111 ﬂr@ﬂfd@s syéteth ef Héc&lniwi.ata Bidodeg oh Béin a surface, the
n_each cIo k tr.ac

e ?f‘%ifd%“g %ﬁﬂ‘g %fﬁ@ﬁ“ one adﬁ3 npg”llﬁfﬁ:%%%nﬁe Falh” é}ét ) Foctf?reE’Ltll_m coded data
in@ptei: o akchded bt ereatend) @vduidsncy data eksqsisthi Wik th it eieiechnd aberein the coded

Jgﬁy is dQc%Eé%W‘ JAUMATA N IR A =X p Lo e rﬁsﬁntltoﬁr fie B6dR4 dzltd REJHS Er&g teN®ore, using the
nl’rent dat a %]e transf orm bhei ng(hl n i cative

B Ao i 1 AOBP HP B RD it gosam and e
refu@dinkcy ﬁﬁa infnehch A&k @cihban @f bodewardd, wah oa@lwngl infleling a bit stream part and
cotrrEasa nSf es 0% Idegp aéokryctiﬁg] us&%oﬁtes{rea %aft A théif%ﬁ%?éﬂdﬂé Rundancy data,

e values fromthe coordi na
elronsen me p@w@é@r %ﬁrganp, é’é,da’fVP‘H}@ thegppgpcted gatadp fP fiPRg a
bi t-encodi ng val ue by interpolating sanple values from
Intaﬂ&h@ l:h@)&ﬁ'éﬁi tHEpr&sadipiventibd fre&Gdes Eﬁﬁem @i décbding dae ealbedadabe br ih 8 surface, the
g aglv\%t gn% qﬁa Hioh a}{'%lgﬁieon omehedsﬁtq’agg %ﬂerem the coded data is a bit

nore
stream encoded by a format including: at least one data portlon, the at least one data portion encoding a data

v

=

Ak

sequence including the bit stream followed by corresponding redundancy data, the data sequence forming



10

15

20

25

30

35

possi bl e val ues; resolving a binary value for the bit

based on the values of surrounding bits in the
wdav@aeendi ng area; and, witing resolved enco@em/Au2005/000391

bitstream bit values to a storage device in bitstream

order. Optionally the decoder is for: detecting a

pilot feature in the alignnmentedata, the pilot feature
inka¢angl détrests,eabhabdeadrd kreaditg 4t lsast papicdithie b stearl @idareduhdandygiata associated
wH§&Q£;§Q%e9l&£Ln%ﬁ@ture an alignnment angle between a

scan T ne direction and an al i gnment direction; and,

an initial registration in a direction Perpendlcular
Iny ahiptprath-hroag dormrthe RIpsPR ST PRYAR Prawfss @irerigd AT desrsingtopdse dejusing a sensing
devie Ko kenbiflg &dé(ﬁgta&‘ﬁd‘vﬁlﬁd an sésiag tegen exteriiing ind deghlin@ditection, the coded data

m9§&1€gsat qe%gt dat ?cgtion Léﬁ(i Q%nﬁlgll? ddef géfﬁing gtpbsqt%tnw? Ehk %{ leas? one data portion,

gnnent
w@@qﬂe@g 111 d Qp@}dpﬁg dqtqq@lggrpég §eafu@gql the plignineyy datg the pilot feature being detected at

at@gi &b [oaattioﬁbn d&érﬁﬁiﬁg,l sl Chatpﬂd't fdafurd: B alihn & %ﬁtbe%@@a scanline direction

aqglaﬁ a Egi;rnplélgxlft ggei,cté ?)lﬂ %nl}tt%rl] ée%a al 1%1% ati O ncagllf }gegilé?dé%glr tcc:)atltleoall’ignm%nt direction;
dethetingcd irqpipiration inmgket frea frégiviiation Q"mlw at o religmuntt fpta; determining, using the

refisthad S B Meer, wgbse rég@gaut)m th@aligflxﬁént 5iRBoa! fetletidNusind ihel 8RS begistration, a
I the at | east one

one all nnen |ne n u3|n
realéifagﬁtt ﬂ%? é?dﬂcétﬁh’éﬁ]fe qhgrﬁxgnt J[aﬁ qtquﬁlé gd,‘sglg tr?ggﬁatmn clock indicator, a fine
redlﬁta&dimih rhie Alipnmess dingtidnjdeteupidiag, @gng thawdigiinggi Sple additipfine tepigtration and the
mg sE éh'gtﬂ)notime Igo\éfaoﬂj&th@o & ac&ﬁ)iék &‘JCQSCLE the apgnmlgrﬁ dQL é‘g@‘%’g 'ilsm%(the position of

usi n position

the gt Rlgek %“]éfa? &at% Plekidndissior elaeqsb degp cl@%l%frﬁclaale*ﬁma% Rsing each data clock

inblit A& Kan uplBitc@ El[gnﬂbﬂﬁ ghglesd eﬁi@pdﬁ&ﬁ FegBadtian Gl a@ﬁb’chbﬂﬂi’;ﬁﬁﬁcﬂfat to the alignment

dlrec’uonp %?Et%% ta? 8?‘18 %eroméhﬁ Plgas one Ia%a pcir%olillpa %t <?ecod1nﬁ,t smg 2 upc%g:d alignment

leraed:thp dine regigtration #ngheatpdqt@arsslsup@ﬂnt atd¢astt Sh@e of th¢ atdeast qup detected data
pdd@h@aOr tion; and, decoding, using the updated

allgnnent angl e and the fine registration and the

t |st st. sone .
of Rt d ot i BhrePnoE S o BRT et oG Bt gnd e ni
regigtrafigy, at lle@petataé;drlnynt 1dle;t @éfttmmglsmh the gt lehst ang deprated alignment line, the fine

re L&aQSHTﬁﬂt de ehﬂﬁmg, Ei&ﬁ%ﬁé utﬂ%tetdhﬁe 1fe et @1% ﬁ(‘}sfh@ﬁ binQa data clock tracks.
et er m ni ng using the update |ne regi strati on and

t he update tratio sition of the d )
opeg b ekl Pt cReHGS A B LIS 1 AbaEP e dRigine the fie
reglisttagior; Haghiningasikg theipdiated fig rbﬂn:{(;raiuqndlad thel updaied) regigtrtion itig | pesition of the
dm&( Ia@cky Fﬁg@&ﬁg a ﬁﬁgél&:‘k ruﬂ‘ic'atgpon e@gﬂjdatadcgcﬁ ﬁcrlc'kr\g)dﬁﬂ:\% ll:h@ %ﬁéated alignment

part of | east one data portion,
anglejapshihe wéatg’treal%fa%ftﬂ aaﬁéiefa%%a%%%tp%?f Ul Yt o Gssttion,to therby allow
thEptidagioad dats pokiet ©bsdetdded. decoder is for: detecting, at

two locations in the pilot feature, a clock indicator;

roni . C 0

O?%giﬁlgattgg rn?elttﬂggt él{de ggt%tlh% kat?}k;lla Ol%caF ‘!HJS 1&" t‘rp Sﬁ& gat&rL Y kclock indicator;
sygebrcaisive A resepetiva S119 §LE Fith gsrh deck P@chtor t? Fh@reh)r Wfaglﬁﬁewﬂot feature; determining,
us@f@@ﬁe@;ﬂotd’ﬁﬂs the ABenindit En!lg&! atfd,etgé isftinlaédis@Mion] iMitidlisiag, nSihdWe initial registration
angS glgm?leent Iann et Im% flataea %tL}JEgt Ido {écftgig,? thé pegls?art]mxg rr%Qrtin the alignment data;
dqt@lgmslg,mang @We@a:rakmmarhr thia grosdl pgiviratéont Symoarsmg, using the gross registration, a
reglﬂaﬁéglm’ﬂl #ih thé! &gﬂﬁ%ﬂ"&ock %ﬁc%xr ﬁttﬁeoiﬁgmﬁmfaa to {HAIRLPELRR She reg1strat10n

istr atlon nchr oni sin
T T TR TR W —
ol ahg:knenmm,astynnlnqmmng the abgninguirfing witl bidgntnent tnaekes by thereyClack the data
clwﬂ%:agk@g héél‘ﬁlﬁl-n Cl@mé ﬁl@tal't%lﬁlent gﬁise{h SNiefdd of 43 !dbkg cl‘b acks in the alignment

Slstratlon the 11 ne reg ration; initialising,
375 09iptipgn BSing th%qu@@*} efithedafaglpck fragks. 419t Gloghipdipator gn each data clock track;
sﬁ@bﬂﬁhfn@ BicB dAYcldR@ LB Witk i eeiadpoddidgSlatdiclobk iadida@h BRkeby track the registration
markers to thereby track the data cl ock tracks;
determ ning, using the alignnent PLLs, the position of
two data clock tracks in the alignnent data;
detecting, using the position of
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the data clock tracks, a data clock indicator on each

data cl ock track; synchronising each data cl ock PLL
woi2ods/0a610r r espondi ng data clock indicator to ProEaghyos/000391

track the registration of the data in the direction

per pendi cul ar to the alignnment direction; and,

determ ning, using the data cl%ck PLLs, at |east one
of aife: data lre thel pigkatiechemkidipmlneta theafigfiment difpgiion; tapd dpjpraimingging fhe data clock
PI§S) ded.s0at 8r AP u}_;dlgt%d SihhACRgle;laRd, &he bidRloh bivoldaQaslof By siafiche

present |nvent|on prOV|des a method for decoding data

g of in a rfage”m%ge encoded data i ncl uding

%ﬂmﬁ¥ %1“ e g1 Be BEPE A arranged on or in the

surface, the met hod including, in a decoder: sensing, _
Optepalig tha ferentsio rsuihle éir cowdises bisieas pc%aetw fpe gptics] imasig ﬁgf? frgoding; two-
difn§RRD stigbik Rr BintRg SHEE sdrﬂad'éeadalﬁedf for r&dl- nﬁaﬂetcocﬁﬂg d&ﬁl@beﬁg transported past

east one data portion

a 11né§§1pag8 ﬁ‘é’sﬂ’aﬂng’ aszaaltefl Itcbl?‘? de(foﬁ% %oglc Sﬁtdoc% 6‘5’?%3}66 satﬁ%’le mes W16t'hout reference to
méte Bl 2o edcdseveatmpelice® the first part in a direction
orthogonal to the scan line; and, storing, in a

Yhe sdndpleSined Bldcng: ©lakdodiadisabi ve of the first
° ag?& second T%#ﬁ%é&lﬁb dat a |ﬁglcat|ve of the second

rt; and, at | east parti ecodi n
el dE droairarai ng e v BTG Ptk bt Sl ron o e accodin
dietedod. from nenory, at |east sone of the at |east one
dat a portion Optionally the sensor senses at | east

ﬁ%ﬁlltyq}g {TE%{EJ infl@de@ a régﬁ@at@ﬁ 'féﬂﬁfEBtB tall&{ﬁk@lstlﬂﬁblﬂgf #Alata portion in an
X [ nd| cati ve of ast ne cl gl% Iy
et AR (RS e FHGTTE G PR pigpan o OF formed fom reguary

spa@tl @foksl Bgish@tionUBaritees; foheed%n&eglﬂaat/ﬂgmdﬂinb re@atramlp almks apd; dormed from
ﬁ&'r%%‘éadog %ﬁéﬁlgosed YRdaL ya&,regﬁﬁat RfmbREs Cl 0k i ndi cator,

ermning, usin PLL, a relative position

bet ween the sensing region and the at | east one ens%dd ned
Onfippally sty formshingfudes 2 clagkine fepfurq whichy allg clopking qf 2 faiR peffigpyfo be determine
ondSlirRtgsiéraly ih &k Abcbdif d@&ioh.i on, the at | east one data

portion part. Optionally the decoder is for:
O 10, eﬁ{ %e cioglgn fh L ur® ﬁl%l;vg t!hgaocﬁlfn theI dgt@?&u&ﬂ@ b%eﬁﬁflthaﬁ)ew for each sample
% e m e a gross registrat erm ning, using the
liggr oSS registration, a clock |nd|cator in a clock

track; updating, using the clock indicator, an
Olidn 8RR RIociRld feanfleh € El6iktiadkGonsiitgngreblielyapacginielha®l |, a

ine registration of the coded data in the alignnment

StIIOEISP ttfleo orma@ééesegt@ la.Jx dem Q&QA%G d%k@b& ¢ kﬂ‘égeﬁgb & absence of a mark at a

I'on Struct e regi stration structure
nevlmqrmepdd@ca@m i} rglgan te ‘hbfeélftiﬁ%?@ ffafwé the Algikieg e of a
position of the coded data in the direction
OB®mASMh f6rbhabllowstin bhiiRtioad] bigpaenaitb bakippedddi on and two
alignnent lines for each clock track, the two
t

P DB o O B SRR % A DESRER B nRL e otrnd
ffyr : det er m ni ng, using an al i gnment PLL, a position
of the alignnment lines for a respective clock track;
O?ﬁ‘dnﬁ[yrﬂl&ﬁlaﬂ)d ihbBidEbCprdoBSin® © Suicdebsii od fandpleeinel dbginebit sampling the format in

% he §05|t|on of each respective track; and,
ﬂﬁﬁﬁﬁ’@ﬂ%m?ﬁ alignment PLL. Optionally the decoder is
for: for each clock track, determning, using a
OptGaplbisite method ipeldes Heseskingrhapilotfeaiisi t i on of a cl ock
i ndi cator on the clock track; determ ning, using the

Opsnkily (R nddifod tldRAES kdsisinp ke Fiktk @Guetid. each cl ock track,
an alignnent angle; and, updating each data cl ock PLL

Optionally the method includes recognising the pilot sequence in the presence of errors.
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Optionally the decoder is for decoding the coded data

by: determning a transformfor a scan line using the
walo@grmeend data, the transform being indicativecofau2005/000391

coordi nates of bit encoding locations within the data

portions; and, detecting bit values using the

transform Qptionally the dectider is for: determ ning
Onsigrsilyithpapthes iepludesayipg ePMalp track tepdohitahe g ddicsittes of

the bitencoding | ocation; and, determ ning a
Ogltibiail MR OLHRG ivdldeteddRymininf G0 kepistritn S8 MR| @codak WRectibk @B the pilot
fod VO successive sanple lines. Optionally the decoder is
OF: assigning a tenporary value to a decoded

bitstream bit which has nore than two possible val ues;
Optigrply the ﬁxgathad Bickudes yletmiqjﬂ_g inigal regipfratipnin the dieptipynorfhpgonal to the decoding
did@ohl 88m BF repiskAioedi-ng bits in the dataencodi ng area;

and, writing resolved encoded bitstreambit values to

T LU
al ignnent data, the pilot feature being detected at at )
Ontienedly the wethpbiagededpiormigiag eeivyaiphig thedsiodge fistiqn angy for each sample line
frdnB8d ddcRing RMwal | gnment angl e between a scan |ine
direction and an alignnment direction; and, an initial
Oprt'e hsﬁlg I%t tho nmcllula s.adetgl_ f 61(1: trle % %\:alri)o%rixp tgg 9&0&*‘1 | {r cttign z}t lgweo dli(fferent locations on
artg Nent difection. det ing a regrs ration narker
thg sample knegheyt forsashopmplelinedion theiwe tlecking %egﬁqm nt dat a;
determi ning, using the registration marker, a gross
Optis@Lp thé Abth@indidestuligy PILTis G rRIhe ElbdkRE FhaRs. det ecti ng,
using the gross registration, a registration clock
O] 3 bl AR LB ZBTE Y, 5 B OB ILA M0kl Bl i it
orthegondhty theldeqgdingditectidnr ecti on; detecting, using the fine
regi stration and the alignnment angle and the initia
Optie@iiFhé AbthddNacivals chB@Sihg DiR@sad FBNAEHng bit Vilies P& daifle line anew.
using the at | east one detected alignnent |ine, the
fin eqgi stration: determ ni using the.updated fine
orpifiiy o By B Lo N BT P iR MRk
the alignnment data; detecting, using the position of
Orttipreally) the snethpbinkiudep eqsmpytinggwerdimgnsidnglshoplertiiecaprdinatesrforesgeihbitsiream bit-
em%ahgm&wgﬁk track; determ ning, using each data cl ock
i ndi cator, an updated alignnent angle and an updated
o YR hE Rt e T B RPr R P e St Bl g g pstom
| east one data portion; and, decoding, using the
Ontipepdly td meihpd)inpindes defergininspridt-anpnding jvelee preigiemplpting] serpplaprdues from two
sudcBBiveipghal aeksr egi stration, at |east some of the at
| east one detected data portion part.Iln another broad
oryefs o G- R . s, R S e P g s gapginates of e
bitepagoding lvedtiondi ng at | east one data portion arranged on
or in the surface, wherein the coded data is encoded
Opti¥nally 6 RBRdd ithdbNssigak @ .td.nﬁibxgry.aralﬁé td i labdo¥ed Bftstdah it which has more than
Fort og&geach data portion bei ng decodabl e
& Hﬁ%ﬁ% Mitly fromother data portions; causing the
data portions to be disposed on or in the surface such
Onttibizlly thaobthafdhdudgsoresolving a binpre maee fprihelnit baseid gmtie tetnporary or resolved values

(ﬁgk%ggh&gﬁﬁn@ng§a@@mgggg at | east one first data
portion is displaced fromat |east one second data

O B g o BB SO gt e i
ordgtr.r ecti on; generating alignment data indicative of an
arrangenent of at |east sonme of the data

NOS
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portions; and, causing the alignnment data to be

di sposed on or in the surface, such that when the
weundsaoe21bs provided in a sensing region of a BemAU20P5/000391

devi ce, the sensing region defining a scanline, the

sensing device: senses at |east part of the alignnent

data; determ nes, using the s&nsed alignnent data, an
Optiagplle the erethedbincludpevrgisarslindacadnt o e ondlof Gnsieref bitstream.

direction; senses at |east part of the at |east one

Offtiohatil e HeRodRdideQiing BB Ehdurdiney RS cRREtlahyb ilBCHaEiasn.
using the determ ned angle, the at | east one sensed
first dat ort
Oy gt Hiadel Bt e HuBhf of A et AOGBRGRRL, concorng
erprsas bp todpwoyd pitdi voingrog vtdernbplsdrdknie hotiorge deéifFng dat a
encoded on or in a surface, the encoded data including
Oﬁfonehl? %%he&ﬂ@mdﬁeﬁgeﬁ@&tﬁag Sibragdl dedseg@desodd oDihtedldaveld BEnbols to enable retrieval
e e L L S
surface; and, alignnent data arranged on or in the
Osigndilz the methbfemﬁlidpfgﬁ‘ﬁefﬁngdaﬁttaf PB@IIIPF@YS &ith ¢ whidehegks i al | y
indicative of at | east two registration positions, the

OptREHIS tHe deihOdlingd¥8d deteRilBindBé Bi@tradin slz€86th thp pdrdnietls Y
indicative of a relative position of the at | east one

Q )
%\PP%%QH% me{hﬂ‘pméﬁm dtei dee%'sf?lﬁ“ e %la?dtgg]%éars i %ﬁrﬁ ?‘ 5 p% I east
parti al I y decoded. In another broad formthe pr esent
Optiopadloithic asthprt ighidgndstenyinippthy isHoaRldrifing tearameritoded on

or in a surface, the surface having di sposed therein
OftfondlIR eS8 RRMGAUREL Al RisBonetoh @ liatlRa eckaiisar ihtaddce digagial-@irpose input/output
(&gﬁ@sﬁn ﬁ?aceg naﬁsg%a%e C\)/Ect | ?rfa%réeré gr}glegtegﬂz (%'r réc!;1 v%? gonﬁ Hfritl%‘x? ?nd contro] data
frent a hasbdsvice preinteinpt feteifard ifas agr@rlmg eigets wehew@d dvires aa«a 2 ﬁ@codqr pentroller for
cotrSIBEANEHnhRBRE Ncodibgloftgation. SENSOr  Whi ch senses data
provided in a sensing reg| on at least part of the

allagl encf t? | ea . rt of the at |east one
Opjigp YE%P‘PF‘% ,e“&eéf‘%raﬁlﬁflﬁa?orﬁsnlenagcet he sensed al i gnnent

data part, the clock indicator; updating, using the
Optlondlly thierdetioda taptrollepis Pinfiguredde eantilial lergt oneief #idpast pre tibymination LED via the

Gﬁl@ et 4P Rad %ﬁeoxﬁedﬂquaﬂﬁ)gﬁ ndoRRE vid ARSEMO i@ BL BndR Billedshi&he linear image
| .east_an ensed data portion part; and, at |east

Seﬁ%?FY‘i‘ﬁ‘FP?O ’étﬁ%’a? ng, using the relative position, the
at | east one data port| on part. In another broad form
Optivealiyrisdrdder qoutentieri i ponfigwed td @t lessy ateeaf) doespt ptitieatipmgef the presence of a

mgcﬁ&n?frgrﬂ gtqga@tdong Refim bdlecRr Skl ik 2P mtehﬁcesdéfettaﬁeeprgéﬁéé Bh medium via the
di sposed therein or thereon coded d

RGP TG T DOt BHEPHARE SRR 61 1 PAR G BIPog) OF esence of
mbdien; Suitideat@ijumanakporg lihgnimegits chd tievodibg dnalaisdtiop afi the @dstnge of a medium in
atI lerllq t&g oce}ﬁgnsogon&l t}Je %Sév\%l Clja\g (a&:ohé] qﬁrﬁl@&r%porttcﬁ} & fo?ﬁﬂﬁtbgzmng medium
ensor senses data provided in

p@emesluwg mwusemor o REcL B oaR Aepdieg 2 conieldte gpepiion §f the redundancy
ddcB®r el BRPRIY ofkad Bitstraddiecding | 1€ effett bittfebm &for tdi@ctdh. | east

one data portion; a decoder for: determ ning, using
O%tgog%ﬁ%hegsygﬁ% mﬁlg&ne Qét o? ngg%u?%% %dgg%& & § Le(g%{el_sl_alggé ﬁx?ets @bm 2 linear image
sedexeﬂthphﬁenlgsnaaﬁé?nﬁglm%%%PLL, a relative posi tion

bet ween the sensing region and the at | east one sensed
Ogtﬂinﬁlyﬁﬁy fian m@lﬁ([eE a rz&n&iacodaxt cohfpast tcpﬁﬁd damplb Vat£l 86O hie Mile buffers, decode
b%%% ngka vag.\ga go altat E%P\xérg% gl? (\)rz‘;f}?ﬁs t’c eag'tora n(%Vl € v19 the storage device
intenfoe@nt i on provi des syst em for decodi ng dat a encoded on

or in a surface, the
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surface having di sposed therein or thereon coded data,
the coded data including: at |east one data

woaodsioosmEp r anged at a respective position on OPCIATRNG/000391
surface; and, alignnment data arranged on or in the
surface, the alignment data being at |east partially
indicative of at |least two registration positions, the
qpéﬁ%a’é)t Ptypter instydds iredvuladse desgden tonfigaisitto paettietdrb i the bitstream data stored
in thelit@aelaw@e0f a rel ative position of the at |east one
data portion with respect to the surface, thereby

; ' he. at .|l east. one ta portion to be at |east
O%lallérntgl;(yj a .195)3/,&3 L Sl .enﬁe%mﬁr%’f‘ cﬂ@“ﬁc ‘B‘?%%fad T HDhe present
I nvention provides system for decodi ng data encoded on
Optionplly the 1§ igofudesdhe storage damieaded dat a i ncl udi ng at | east
one data portion arranged on or in the surface, the
Optinnhlaak: shaagt BicelisapARBMRLE N or thereon coded dat a,

wherein the coded data is at |east one of printed and
ted circujt

s ' nolithic integr ( ‘
O 3 A A0t e P i S esthe ot broad
fFBw of nozzles for printing on a surface; and, an

el ongat e i mage sensor having at |east one row of pixe
Ostivnslip s rbader Sahsd ﬁgeagfﬁ)ﬁ&kbﬁgaecg(ﬁn?sy&% _ff(ﬁl?l@codillgthg gl%’(#l W' linear image
Seggop@og.cg%%p tsgnelplggigeseﬁn}n tlﬁenve(ﬂt | o provi des systemfor =

ecodi g data encoded™on® BFUrfy % e g diiiminafien bR Sifebluminating the

mefliny af lpast ave rprgpaatt mdie ds trapretingalicamqd o fag fheaihiod BGES; {Mbrage device for
st@ng bifstrbdAe dabdy of B4 Eone WRABHLARI dBte i} ForC ta.ls | east
o) qlerot{m%r i e?hean%nésenlsed usi ng da%gr%glﬁg%p e & the £8kim; and, a host
At egP PRI 08 e (PPURe M ng: a printhead for printing

coded data on a surface; and, a sensing device used
Infadiftecytirbsian foro dnecbsahtineenton prdvilesainbmbmic isdpefieicRouiti(it) which includes a

lind @magh RBsok MdQPHALGE Circuit is provided adjacent a
transport nodule to allow the surface to be noved past

t he i nt head and sensing device for printing or
O%%%@?ﬁﬁmggﬁggsﬂg?ﬁ°W§§ﬁ§H*Fvém?ﬁmﬁﬁ¢&ﬁémﬁ@?ﬁﬂmbad f or m
the present invention provides systemfor decoding
Ontignaly &g s densonis gfeastnnepf:su adtiacixel CRIOS &H4:0 geﬂéi)r;QQJ, #CCD image sensor.
including at | east one data portion arranged on or in
In b RRteSM brdflfornMAE hRbdA: hitG MK eI AbRd S0 3850 :
& %}é%t em whi ch inc F)udes]%%guoglt ore e?% Pl%lstétrgf?ri H ﬁlan"tgﬁ% tb%ncfgﬁcmdmg to the
A PR QI GHB¥ Yy - deternining a codeword format for
the coded data; reading fromthe store, using the
Ordenally the pristér incompretcs aidestede efadnankjet prateariad, HaéndetbeiRfBicad.
read so as to de-interleave the encoded bit stream and

oplikiRny @el RCnlAta td a ne, of: the 'fo aeursinogu ially invisible ink:
pidtRlly @6l preka iRl td fHnPaSAGH, Qthgl g%%’ﬁt 2§ pBsiRly pvisible ink the

opsodenor ds qﬁch codeword including a brt strea
OrRARR AT BEREHESHBEVE At Hieible dforpatio usiag Fisible fijkei yisiblesinfagnation and the
suh;thlgialb'r invisible @mmt ﬁlaet‘ubstaﬁﬂlytﬂh&mg@iréaecﬁ' RRNLHIRE; 511@%@93519 Wformation and
the B QL ed bit .stream and, witing:
PRl 210l AR SRR Sk SRR eofef oy oat 1 or m
Inthe resent invention provides systemfor decoding
{ sqveritastih Brpadi opn thspprosent Hvention preddes @ paintenrreadeiednfipated to print the format

accprdinl totherfourthtbrdad fosh plﬁcﬂﬁmdﬂinﬁanﬂ @ bda @i %ﬁxﬁﬂ%ﬁng%dﬁﬁl ahd\decoding the
forilhle surface, wherein the coded data includes: an

encoded bit stream and, redundancy data associ ated

wWth the bit stream and wherein the coded data is

Optipaplydiedievise indudeseat iopshpns g & priwsetcawerder ;faod, riiteaf imhgetshiBor and printhead IC

accaoile® tdaixtbrda@ddhng from the store, using the

determi ned format, coded data, the coded data being
In & HRMnH -interleave the encoded bit stream and
RS £ b e B oS g o pir
codewords, each codeword including a bit stream part

and

~—+
Q
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correspondi ng redundancy data; correcting, using the
bit stream part and the correspondi ng redundancy dat a,

wenomweiin t he encoded bit stream and, witingCriag2005/000391

corrected data to the store. In another broad formthe

present invention provides systemfor decodi ng data

encoded on or in a surface, th#® encoded data including
Qetioralbythe capiare i@_all@upé totpriotret ast enq gé d digitel _blllagé evriedpending to a captured photo
0814 lafnREi8m, MMAELIEbrdifko B AR Alardath foldh @oaﬁ'f&rm?&nﬁ,eaa\@ual image corresponding
tencoded Py a format |n%kéﬂé§g' at, | east one data _
DB PRogyPuto; thegmediury ysipg s 4 to Pt scodrBeirhigage ugiag & substantially
invisiplegrce | ncl uding the bit streamfoll owed by

correspondi ng redundancy data, the data sequence fo

dpAbAG) B Bhabe BYRALs & RIGMRLH8ing £ 86 RoukRLlgypr d encodi ng at

 east part ofthe bit stream and reduhdancy data

associated wi.th the respective bit streampart. In a

@ioepleli trBroma e EHe ‘iﬂ%‘%’slé’ﬁ%e from feitrghengaded peguidingto the fourth
brped feodandfdecddroodi Ng coded data using a sensing device

for sensing coded data provided in a sensing region
RUsBRdhImiNinflu®E 2Bkdid)e direction, the coded data

including at | east oné data portion and alignnent data
defining a position of the at | east one data portion,

%‘é’?@l tﬂe ?ﬂ%‘g fraiigyed th dirlaydte despdeddmese Ay the displavot f eat ure

in the alignnment data, the pilot feature being

Oitimelbtteecbamera mtludeeasioragevievideocat i ons; det er mi ni ng, usi ng

the pilot feature: an alignment angle between a

O%ﬁ@h@ﬂy’ tﬁbe:axgérﬁ RBednrReAb 9(01@ bhe @J;cb&@ Rl inGHe rst%ﬁéé flice, AN d, an

Initial registration in a direction perpendicular to

the alignment djirection; detecting a registration
Oﬁ%?%@?ﬂ%ﬁm%aPgﬁ#iiwgﬁFgﬁ'feature in the alignment

data; determ ning, using the registration narker, a

Ogtiasally theeqginern iszooiftpnred fo trahemitthd dpnoviehimagh to @ Gtria@y;computer system using the
wilgh@et i Nng, using the gross registration, a

registration clock indicator in the alignnment data,;

det 1 ning,. using the registration clock indicator, a
OFWHggg%épggéﬁPF%ﬁgﬁﬁh?ﬁ@dg?Pﬁﬂﬁent di rection;

determ ning, using the alignment angle and the fine
Ty néngfeently tagad dmm ghe gresdntinyentidnipevidesagiobile thbrednvprpbrhtig a printer .
position of two data clock tracks in the alignnent

Of@hnaly 1dehas ts cBfigulddio rﬂ)Qnﬂahl@asﬂﬁ@ bt 10RO bitsk-g ﬂ@ésﬁonﬁﬁ?&)lﬁaptured audio
Oggackﬁi a(ggta Jog%ﬁépdlgztorugg each data cl ock ,

TP AT HESP ARG ReJPTHIGE S e fPopiabrardde k) htiuldmege representative of
thg Audispaiset thedmalivngusing visibRrighs endvchriainhagpctab o dio ®giusini adiigQsubstantially
invBibR il rection perpendicular to the alignnent

direction; detecting at |east part of the at |east one
dat ortion; and, decoding, using the updated
OQF*ﬁﬁ ﬁ@mﬁﬂgP S&ff8*t-he fine registration and the

updat ed registration, at |east sone of the at | east
Optiveallgdte@bdne & cokgiigareio rdail anaupia bifstredgpfrdmodaddivyn dnbi@edatdadik to the fourth
b HAESdecSiEti€Ct i Ng, using the fine registration and

the alignnment angle and the initial registration, at

| east one alignnment |ine; updating, using the at | east
Ogﬁﬁﬁﬁg?@@F%Hdgkf@HW@HP“FFW@F&the fine registration;

and, determ ning, using the updated fine registration,
Optiveally the iphdnois coffigirtico glay e dh@iekautiio a ki .audpdutpandiiky t he

nmet hod i ncl udes, repeatedly: detecting the at | east
ORI ke GRABREIudel NEoraddRERLI N the fine registration;

determ ning using the updated fine registration and
0tthe uBga%Fd.re I St atioH% the position of the data

RHOBUK E PapRR s configyredte pierg thy desaded aydiogr fbe #ioraBcda¥iSr on each

data cl ock track; updating the updated alignnent
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angl e and the updated registration; and, detecting at
| east part of the at | east one data portion, to
woOheosaloy21al | ow t he at | east one data portion techau2005/000391
decoded. Optionally the nmethod includes: detecting, at
two locations in the pilot feature, a clock indicator;
synchroni sing a respective pibfot PLL with each clock
Oritinghilg th plfond incledaed tedpymitterack t he pil ot feature;
determ ning, using the pilot PLLs: the alignnment
Oﬁiﬁ@ﬂ? ;theq:ﬂgl_e if REAJuRtd Rlnsth® Ge Fedoddd M6 td Nichdratb bhhpd@s system using the
using the initial registration and the alignnent
reaiRyf® two data clock PLLs; detecting, the
regi stration marker in the alignnent data;
Indetvetisth ioad)form die pepsdnh mvention myevides p angdinm bRasing attlppst qge ditsiream encoded
acbStdheb 18t of BYBEHHRAL BAY, USing the gross _
registration, a registration PLL with the registration

clock indicator in the alignne data to thereb rac
Ol 5 B HEA PP 8L URPRT HARTARCLTS: ot g Bl

registration PLL, the fine registration; initialising,
Optiohallg the Imedifih iydanrimag iAdtemnaivelp the medipn glsélignment  PLLS;

synchroni sing the alignment PLLs with alignnent

markers to thereby track the data cl ock tracks;
BE'@f@rﬁﬁqﬁ“?]Td?Nl%Fi[?%A | i gnnent PLLs, the position of
Fib 01 S BafiliOGn LA Rnd PV R igATERL dat a;

etecting, using the position of the data cl ock
Fi%-.[r@ﬁé $n exBmfledAn GraREHnchtdelh MadDire)RitlEA edws B Blodks, @Mnem space;

rack; synchroni sing each data clock PLL with a
Fig¢ 3 B apeadple6f afl atadgetlemtok the bidikaabcpire it blotkserceby track

the registrationof the data in the direction ' .
Fipee pirdpeoblaef 4 nininye exteitpf ok (giraad mpxdpum gyt of a mark (right) on a unit
bISRLELOL A Ny, using the data clock PLLs, at |east one

of : " the updated alignnent angle; and, the position of
FigREeH afléhdplOsr ablvek Suihane matatel onal |y data is encoded

on the surface using a format. Optionally the fornmat
Figge 6 5 o ¢xaopleoffagetata ikl inrscpnapdod;t st r eam adapt ed for

optical inmagi ng and decodi ng; twodi mensional; suitable
Figuse 7 i3 e exeipigjofaietreaied Mok freseas spage) Shoténg piles pegrisitipn Rofe

decodi ng while being transported past a |inear image
F‘%‘Eﬁ%l‘iﬂ?w“é‘ﬁ‘&?faﬁﬁf‘éﬁ?lﬁgf‘i‘{ﬂtatf}%égg‘&%&cgg’ froma set of

Sucgessi ve. s le Iipes. witho nce to nore than
Fl?‘\l/\rf)&s?u vé'ééé%?isagg%a%lﬁ% |o€a rf‘?u\r%ﬁeaég éotd ilhgkrgfe% the sanpl e
Fi%tpry fifi A eI RERGL S B bitdQarRp ARERN dBQ ailk fr8&LEs, ON.

tionally the format encodes the bitstream

FigtD $1 8 AvoBdr] of an rarhHEERARIREGN Bicbdi@petRésssWi t h respect to

the decoding direction. Optionally the alignnent data
Figut€ 121 e eRaniphgofst totated dlock matanr pace chaptidgowintseqfi igérseatiandatween current

ofi 2 dal@qpeLtion in an alignment direction to be
Sc&%’tne?nm ne%},c the registration feature being at |east

FiRRE 198 a bibQ R Gmbh SF18 OtH Eklei SRR ARA1 GLOSS 1egi stration
mar kers; formed fromregul arly-spaced fine

Fig@g il 6 b Bigh-R el Bdkkisgramnal exafnple oRdMidamdét ne regi strati on
mar ks di sposed between gross registration markers.

Figyot it is a bdhgmatigdefvipwod an dxpropleicfagnedia détestion;, imged seuping pred transport;
whi ch al | ow cl ocking of a data portion to be

Figere &¢ i Arsadledphasiaal vienafiadfeamiat printhead Iqavilh ar Bigprigmage sensor;

f eat ur.e eall | ows the

di tion, ti Iy the.cl ocki
B Lick b ipeist ViR & egrirthesd Aot el 2% anew f or
FigNE.LLF At VEH &F HeArrHRa e Beeim e scree erifralg

F%%% t118 iss’ gg@ﬁlen?atic view of an example of an active pixel sensor;

Figure 19 is a schematic view of an example of a shuttered active pixel sensor;
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line. Optionally the clocking feature is a clock track
consisting of regularly spaced clock marks. Optionally
woOheosfoosamat represents an individual encoded daCaAu2005/000391

by the presence or absence of a mark at a

predeterm ned location in relation to the registration
feature and the clocking featée. Optionally the n
Fifnoe P@ts aascheoms: dew afchdickdmpleadf thyéet ISt spamaents tionttbdtodppentidet, multi-segment
dehide;d fourteenth broad formthe present invention

provi des a nethod of decoding the format of the fourth
Fipir®ad isf D§ciimaP bk ® Rakd Yxainple ofrelt esthdad ¢t YatRsed bCRES el Gor printing or
a successi on .of sanpl e Iingss @x%c%i ned by sanpling the

0

SR O PR B S G TR et DR %8t i onal Iy t he
i | . i . f T™ printhead;
Flg{; s0d, %cp@ayﬂsslo&%%g@e&tngwwsfanLeiagﬁﬂe P 2B BT printhead;

I ona e net i ncl udes recogni sing the pil ot
Fis 8698 RCLschdMtid 863 Isboyiod SrandBinhesd dsRmbly e $igh@ QOGN itSisiighbled form and
thﬁ Bllot.sequence in the presence of
DEPY SYLEBE i onal |y the nethod includes using a PLL to
. 1 L : . ' .on. Optionally
Fl%"kgf{rltse %g?ﬁlh% %nu‘féfggotfg%? rér?%lgdnll%%égl&%?%’al regi stration
Fibide 39162 SEGQAL Neh GHw 264 ¢x%71é sramhtifieorPhidaRhd fogat ur e.
tionally the nmethod includes determning initial
Fib@g26it § &hdnific inderbifievieht df @Céxhagle afticlpoigBdaalcst o t he
decodi ng direction fromthe registration feature.
Figpt 2 Tomaschgmatitneerspestiveoibw of ed exabarde ofsiprighead Riztle;t 0 t r ack
the registration feature during registration.
Figyses;28 tpad0|shovi sqkemaia sfilg dlie v [thy eafhegd razplpphfiigyty 27 in use;
registration in the decogi ng di rection anew for each
Figutpn 18 fPqreets $45HM052 P8 E’faﬁlﬁlef’ Afrigihe nﬁiﬁ?i onal ly the
LS BGLALES PSR Nt 0 RS A 80 o Nl i o o s
cogtigPet @ECX ne anew for each sanple line fromthe two
clocking feature. Optionally the nethod includes using
Fipyg 33 i ¢ spamplete Aol pAWR AgesPBbur es. Optional Iy the

F.met aod i ncl Zdogs hlﬂ?i nltg( F;II,rLs te%,track the centre of each
R e A PR AP S BT ETHE7®2E i on ort hogonal to the

Fig&& %qls Q%xgﬁaﬂiee&tcéng%tlon%aj sﬂlgl@ lc«LleII; he nmethod incl udes

onput I ng transtorm for sanpling bit values for each

Fig RO €2 hibHIRvRRIEW.diaih bRk dnplelol SmiEt dtesked; NCl udes

computing the transformfromthe two cl ocking
Fif@ab Uk £high-ad blodkalabim bha exmiphteda tavekdsdes conputi ng

t wo- di nensi onal sanple-line coordinates for each
Fipurt 3% is ebigh-lovel bindkghieray of meadnipteref 2 @gundanadecgder; he net hod

i ncl udes conputing the coordi nates of the bit-encoding
Figge 38 ip g;rpxwlq-@‘ a hplesuprpupfleiby eight black marks with no blur;

Figure 40 is an example histogram of central value for all possible neighbourhoods, for mark (black bar) and

SC.

hole (gray bars) with no blur;
Figure 41 is an example of a hole surrounded by eight black marks with a blur radius/mark radius of 9/33;

Figure 42 is an example histogram of central value for all possible neighbourhoods, for mark (black bar) and

hole (gray bars) with a blur radins/mark radius of 9/33;

Figure 43 is an example of a hole surrounded by eight black marks with a blur radius/mark radius of 12/33;

and,

Figure 44 is an example histogram of central value for all possible neighbourhoods, for mark (black bar) and

hole (gray bars) with a blur radius/mark radius of 12/33.
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Optionally the nmethod includes determining a

bi t-encodi ng val ue by interpolating sanple val ues from
wowmsawenessi ve sanple lines. Optionally the mecinadi2005/000391

i ncl udes conputing the coordi nates of the sanple

val ues fromthe coordi nates of the bit-encoding

| ocation. Optionally the nethod i ncludes assigning a
DEZABEDLOESCRIPTIONt @F PREFERRERIEXAMPLES r eam bit whi ch has

nore than two possible values. Optionally the nethod

1] ncl INRRODWGTIONI Nng a binary value for the bit based on

the te orary or resolved values of surrounding bits

o SimeBti PP eRcodes THEME for gromngeliialtda® gn physical surfaces. Ii

dam@ba.(tdﬁ&al\ﬂlinbar]@gvnh eshtosad. IEfilﬁ‘xEﬂheﬂallblsﬁ@Br[s&&moﬂb{(R(Y)ahdkﬁ‘ie-once read-

T T T

cepp withsalsyogld autaps degradaiiepm QOtl onal |y the met hod
i ncl udes using the redundancy data to correct any

MRk @ siitdble forhiglj&ipkiSing eWHan popled Gl dn)invisib@ iBEEIIREs an infrared absorptive or
ﬂ%lqrr]escen{j 1%1? I\En%ltnr gc\:/o\!i%d; &tatnli]aer Zc?qprg)md)%erg r°1c1) F/lssf%llg ﬁe ?ﬁn Vc\:glr8% eg%@%&as This allows,
foz prdmple.i atdvaﬂtgl negstiveent ¢ pleptosiapiio besupeaisriposed ort dyeelogt mwint the photograph.
device. Optionally the nethod includes generating
Mab® Es&@&nﬂéﬁ\/ﬁbﬁ&ﬁ&éﬁdfeﬁﬁﬁﬁﬂe&ﬁmg a8 b ﬁ@e\iﬁé@ansdfm&%n&ged data. A compact
rleval and sgbse

R T P ————
mgdy rthséecocag hip ryayplioplist Weplmmth@dmcm ehagelegsor démtcmﬁm@rmechamsm The

d&@&er @én fgxﬁﬁmrgeﬁ Sm¥steld c@rdYﬁ%ahsGorfeﬁ E&klﬁé"ﬁﬂear%&gje Qéﬂﬁalr l'y
the net hod includes determning t bitstream si ze

%EQ%FHF d%araneters tio IIy t he net hod incl udes

SHIOHCPPEE Sl LMo SY o e i P s A omtsvousy o
ex@pdal weradry. Jt prdvalentmtirad andrfailttolerant dptratingrinpdes) gnd ih dauli-tolerant mode requires
oﬂl@& §ﬁa|11 SRAYEt f)iaag&ﬂ(gnalf &Q%ltrﬁb%o%ﬁ%é) stor% tof m e/ anh I;Je%undancy data.

ystem i ncl udes at | east one ; I near 1'’mage senso
Tﬁlerﬁﬁ@ﬂ?faet@m“a otk fraaee provipieend mestiayesweput (GPIO)
interface; a storage device interface; a seria
Thindenheaac desdribes theeldadny forgpt, Aenfetoging alizbriiiin, andlthe andiite@hre dB4 @coder and a
fHost device; an interrupt interface for
“&#%%gﬁﬁlng events to the host device; and, a decoder
controller for controlling and synchron|3|ng

TheeNesn drgfebprilinet &R cartssidpierd dpsent Heichsip dpsarghed énedefaldn a series of granted
pdtents 4l aeRdihgS paerdeAFplicktions) t ivdlifdag eUSs @atehto Apdlicatioh [08/112781 entitled “Data

dlgﬁ&l?gbfe Iglecﬁ%manrlgl k{e%rm o, uﬁ(lo Is oglél t?s , a‘ilLE%OQ e{ﬁ%" d’:\ ! éyingdpphcatlons on this

um n a 1 on
tephplagyfagrerrovidge inl thaygess-gyisenprs déctiont abaeskp differs ﬁ’eltldptc@l]d in Yiefpg optimised for

e do bR Ibi@i@@ﬁceﬂfé@vee@ﬁle e @ﬁp‘i’oa@ﬁ%@aﬂv @B ih BRGRBRNSOr
via the GPlOinterface. Optionally the decoder

pcont is configured to at | east one of: accept
notlFQ%Q?ﬁon of the presence of a

A Mnem area encodes one or more bitstreams of data. These are numbered sequentially from zero. The bits

within a bitstream are also numbered sequentially from zero.

As illustrated in Figure 1, the Mnem encoding has a physical layer, a raw data layer, and a fault-tolerant data
layer. The raw data layer represents each bitstream using a two-dimensional encoding scheme. The physical
layer implements the encoding scheme in a form suitable for optical sensing and imaging. The fault-tolerant

data layer encodes each bitstream redundantly for fault tolerance.

The physical layer can vary according to application. A Mnem application can choose to use Mnem’s fault-

tolerant data layer or implement its own.
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medi um from at | east one nedi um detector via the GPIO
interface; detect the presence of a nediumvia the
woi2oEsamweitpage sensor; initiate medi um transpor PCTIAR@EE000391
i magi ng and decodi ng on detection of the presence of a
medium initiate nmediumtransport, |inear inmging and
decodi ng on detection of the presence of a nediumin
2.3t | BawDatad@yerocat i ons; control the operation of the
raw decoder during transport of a format-bearing
Zﬁéduﬁmtwmswnﬁ iRBar i nage sensor, to effect raw
tstream decodi and, contr ol the er on of th
E"r“%d’tfﬁ’&%fﬁ a} PHB%"BB‘Q?“t"aFtS&I“G’&CS o1 EET B ‘B’Pa BESt r%%“(?nare numbered
segleatitly figy zet Tiefsteaeht s isSixedefomm perticwdar agpbicatiect | on.
Optionally the systemincludes a set of line buffers

EdeR @églmgxu I‘@ q:plte&ntre@ G? Ith@o ﬁﬁ%&oﬁallﬂl&ﬁ Sang ra%tf%arh '1@ ﬁl%fofenl%ﬁgsented by a
sensor_via [ i near i mage sensor i nter

segysEqe (9ﬁglpcfk§, ElaT'Pem%“i? dcludss; spiliFipmy stctyre t%le&loa/el&@a)é Idetected and its segment data
decqlad, ingepesidntly of st tllogka b mo&ammferafmhe atkd RBredaiid p@p&es: (a) it allows
' r d

re&%g@%%%aﬁ) {ofeﬁak{eg @?e Qlkttloc\éﬁ%l %éfgl%% C ¥ lioglgﬁttﬁté e%{ug rl\/gl%rg%ea and (b) it
prefades thebasin fos prpending QBfW bﬁeqamyo W@stnemafeﬁcl udes a

redundancy decoder configured to correct errors in the
THistrechureed MR naires tisode@abdiwithinhieCagésn a@ﬁduﬂt&:\/sbaf‘ce referrec.i to as Mnem space, as
111%%&%(9 ﬁ%l uy %??cgabyo%ﬁ g{pé) c%rr%%:z%dm% aolc ti%l(lj %Vﬁ alreﬁ g[llncr%arslllng block numbers
coeweorett@bla@éoce@w with inglpasing i gpqrginagen eflthltl dncerefingecpprdigatiss thps defining a
seBTbloble Sk AT HIR BIBEOS 2 A¥hh @Mak tie lﬁgﬂﬁo&)@&@ﬁb\ﬁ&i‘s BReald 3t dny.

of a reader for reading and decodlng a surf ace

accor di ng fourth broad f the
T oL B e Gt BTRE B B EReR G phtih spgifon based on
thel snothi Bgcibd) Fharetialyposition bl mlﬂaxk i sagel ®emsdy ubQs + A, /2 in either or both
. rq e omthe nedium at |east one
duﬁ?n?%ﬁé Jﬁgt a%é?é%h#ah& ?fc%m nating the nedium at | east

one transport notor for transporting the nmedi um past
Thetgds 4 nopiyal neiaimep spaciazs 4+ Brilegealinragiprchstveesy thesqdey ¢fitfey Mnem area and the edge
of e tshh I8 RBrf Bloiionr the RS 2D RitBGILM M ELQERGE e%wédqs § vary in x by A The
detecting. the resence of the medium and, a
PG AEPL 1"%10“?1’6?1 Control ling the decodi ng syst em I n a
fifteenth broad formthe present invention provides a
Assoniog 4 todiingun sltogreft Blookdheight o€ iyt (4 Ghxindmh ellowedibibdkde@dth af W, .., Mnem
aréaI h@i%ﬂ of H"H&Q a%&@tﬁq{ea m &Sl ' Al I{illﬁl@g‘ cgaﬁolcl@{%@)s Iaﬁld tgéjxﬁlmber n of block
glrlnthead I's at | east one of: an In Jet printhea
co ﬁ’Bsmg“e%‘ﬁ‘jlérF*(%rﬁ?“’eﬁrant head. Optionally the image
sensor is at |least one of: an active pixel CMOS i nmage
sensor; and, a CCD ipade génsor. In a sixteenth broad
form t he present inventjimn MmN pKovi des a printer for
(EBF nting the format according to the fourth broad form
onto a nedium Optionally the printer incorporates at
| east one of: an inkjet printhead; and, a Menjet(tm

(E&Ei nt head. n = W,
W b T A
The nominal height A,’ and actual width 7, of a block are then given by:
Hb, = [EL”J - Ab
m

(EQ 3)
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Optionally the printer is configured to print at |east

one of: the format using substantially invisible ink;
woheosfoosamat usi ng an i nfrared-absorptive ink; PCTiAu2@05/000391

i nformation using visible inks; visible information

and the substantially invisible format in

substantially the same area of3the nedium and, the

vi si bl e information mhd -sybstantially invisible
(EQuyat at substantiallylthd sanme tine, netpage coded

data. In a seventeenth broad formthe present

R eRE R oAt E R B Rs b  TRe T our th broad form
Tﬁpg:gxcf’aremgQﬁeumc%qg fiiﬂgd &iﬁﬁ%} Itg.rte%la{l I%oor %ateb%gc% refgrrer;ir%o as tt;qock space, as

deco t1on

iljusfeaped dpcisuag 3 Natg gt thiarieys blogk WPQ@P@TﬁhO‘@ 1n éladsme are igoh th, scade.

I'inear image sensor and printhead |IC according to the
B&ic §pacehndmtdent PhdAhatk Ifheaar? sEHM 28 Fidfiod IIB@QrefrglﬁtEH ‘t{ytleranslanon The block in

en n vi.des a orating a

ca&n%?]term&ﬁ}gasato OIT?Et he emng?cgg?nsgp%éwfci“ﬁg{mgd to print

at | east one of: a digital imge corresponding to a

(BQPY ur ed phot o Taftb= B il titw), lehiGeteds).dcor di ng to the

format of the fourth broad form and, a visual inmage
20 r @aROGGEH Ng to the photo onto the medi um usi ng

visible inks, and to print the encoded digital inage
Withinnige bdocls edols e Hitl ol ke e gimiait ihsd doRespdtling Qébdu@'l@daﬁdﬁ 4nB @he value of the bit

1s%§<!5§édaoy tl%?réﬂgn%ec' ?r%bgeg %%?g mgr‘f( 9 &g locgtlon OThe lIjreseace 06' Imgg(dimé)des a one bit;

anera 1s confi
thyj |a€5P‘%°8 Pf 3 Wﬂféjén‘w% 1 Z8ro r‘PédT hg pit eprodide @Cfﬁ@@@rechm@etl on b egular rectangular

glﬁd) Biich Mockioa &615 ﬁt@éeﬂ&o@ﬂdlatgﬁaﬁl@ @R shdeing 1 a@éﬂ@lk)éa}doﬂs B€on€ 8B Both x and y.
al e cahe

nc a tion I t
Inlcreas %1% num e{s corp s o\nl‘]'l to% t’itho S ngt ] %ogédrmaiﬁs anlt]t%n increasing x coordinates,

theﬁ@ﬁlll%ﬁm@pfda@mlhml}s the canera includes a storage
device. Optionally the canera is configured to store

Tﬁehﬁdtﬂ %Cbﬁ@ ﬁelghfrﬁg ef ﬂh@ thJW&dsa‘i'@&eﬁ% FRVIng ﬁlock%éngggl ih ¥ection 2.1.6. The

nsmtter. Optionally th
hej hﬁ%f(lﬁ? dﬁﬁ?"@'ﬁ P’PIS ansnit the decoded |rrage to

a separ at e conputer systemusing the transmtter.
283tiBietl |y the canera is incorporated in a nobile
phone. In nineteenth broad formthe present invention
Tfﬁ?rb&ﬁﬂ‘ desiggedip bt seamprhip e vidivestenp be: atideragpeteof praplingsamore or less parallel to the
x & Tt ﬂfﬂfo&e}&ndld&lgs zﬁh@tﬂ,&qub&e seRftb@iM t@@l&ﬂd niRf1ibREK &Eectllo%aﬁ{e structure of the
o38% ey B Oh TS b SRR g 9 SR MET 1 e
dlfﬂﬁ glt pidnt peaengsrap thel top ¢ athow ghedlecoder i doteat] the saamgiirection and correct for it. Support

fof BRIEQHEA! Rt ME meY beloRBted Kl bR LQRSHR whidf ddi’ dqhtfd;tISi ng
visible inks, and to print the encoded audl 0 bitstream

I ng.a sub tial I Si I nk
Thesblocg is des1gne§ Eo anlow scam};ng decog) ing even when slightly rotated with respect to the scan
direction, up to a maximum rotation 0O, , to accommodate real-world tolerances in a reader as well as in the
encoding itself (e.g. due to the original printing process). The pilot therefore allows the decoder to determine

the actual rotation o of the block with respect to the scan direction.

The pilot consists of a binary sequence encoded at odd y coordinates, i.e. using a return-to-zero
representation. This allows it to be self-clocking. The presence of a line parallel to the x axis encodes a one

bit; the absence of a line encodes a zero bit.

The pilot sequence consists of a lead-in which assists initial synchronisation, followed by a unique code

sequence which allows recognition and registration. The lead-~in consists of five consecutive ones. The bottom
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Optionally the phone includes a reader. Optionally the
phone is configured to read an audio bitstreamfrom a
wordsisancoded according to the fourth broad Pormtamnd/000391
decode it. Optionally the phone includes an audio
out put device. Optionally the phone is configured to
pl ay the decoded audi o via thetf?audi o out put devi ce.
P&fﬁ?‘lﬁﬁ%ﬂuﬁve SHE0ISHOA®0G 1A the e Bilod casle saquayes il €10010801111010, ie. a left cyclic

5@hﬂfﬂ0®mabwmtﬂﬂ6t olam@@eﬂcs m@ﬁe?ghgm & RoiSit Y ek, Hﬁe < yidth 7, of the pilot i
HESPARH AL 9 e b G SLALIKE W@% £g. chtlonal iy
one I ncl udes a1 SR £1 8% °§P°1Eﬁ"éksdi‘?6ﬁ?§“?%2 5).
conflgured to transmt the decoded audio to a separate
Teopsuttier ooy seapeneas sngslepthrotot maxingsei theiebinary Hammingeiitah@! this allows the
deo@a e Ifeﬂ'&rﬂi\ thRABnuPLIRSIBREd deRUBALE QDPIMS%VénqS the re%?lg ot errors The pilots are
f? arln i ataX east 01%16 bi t treg‘%} encoded acc
POt et BFse e Hagmineiysresirons savrnceayyhicl pranly fgpnft wearbmary prefix of

OWé’efﬁs@m such ag phestpregoiedle) thrlerhimt | east one of : paper,

cardboard, plastic, netal, and gl ass. Cptionally the

OnRARHFRJdS de@dH tﬂé‘g\llot éhﬁeﬁcrer}tq&lb\)/seché/ y l:egfglr ?Ergétlﬁgg block W% fe epect to the scan.

gure IS an

B6 flet%:ngnggggerpgﬁgsgw ataxfyo W'{gfﬁt & H@*GE Ftﬁatarn%v/@ pgtentlp:ﬁl}gut,‘fegengy jegistrations for
the blogkx Emamp thesedf cameongnte éhia glepeiithe fifot AneMRAMRE B initlal didpe BRthe data grid. By

atfeQMﬁlg@B( de&ctt&le%gtsat mbel thmﬁz? %%sﬁhe cg of otlélrﬁzgn ?oraro{)ﬁﬁ%defeﬁt the pilot.

exanpl e of an arrangerrent

glocﬁsace, re4|s an exanple of a mni mum
244 eRegRf té’“n’ﬁ? S(left) and maxi mum extent of a mark

(right) on a unit block-space grid; Figure 5 is an
Theybdneh batagf a seglbtroiok ek fallowing baah BildEREH rﬁgstraﬁ_'dng:k&lﬂ@coﬁmdtsgof a clock track

inRApLER Wﬂﬂl ?eg@&ah@n fngﬁcéﬂ gtq'egtaiaro %&Bzra %qrparkseg %ﬁov{g Bxg ggclc'l)ger to determine the

IS an exanp e of the rotate I n scan
SH 6\7ﬁgﬁ§atlﬁﬁl pighe bigelie-9¢ withima gesk IHQTS)d (¢Fiequinaent® 413mit). The clock track allows

thé deootlea ddter@ine B fifXaEENRR bf Be KRS, qu gv'&ﬂh i gaog og' G %l%ck period.
Figure 9 is flowhart of an exanpl e of
I h t f
Thg?ﬁ)a%ac co?srlsgsa c%sé S% enccgé&r c§>§k tdcgf;%od{tlﬂ%mgfl ?}%@ésgve o&x{l‘]ﬁ gﬂ)églnugtfs Each clock
tlckéonﬁlFfﬁ)vﬁﬁﬁmlm@)ﬂﬁaralhlfexlama*le of a bitstream decodi ng
process; Figure 12 is an exanple of a rotated block in
THS GEpibuEHRR GRrSH AWeNd {21@1' , 5
5 ld}%?;ent Canline a\rx]/ }a?rd% e %ttc?gdég gﬁamggf c1ent?yb]r'1:§% lt(o allow the
e%f ENR: iR ﬁ“&%ﬁfﬂt@% fdenélf-‘foﬁa%hcq%élfeé e rféhele‘gfitloain ti@{ A position of the block

from its nominal x position is the maximum allowed:

(EQ 6) H/}’ = Am + Ab + W}“min

(EQ 7) Af= Am -+ Ab + Afmin

Wy min is the minimum marker size. It has a fixed value defined in Table 2. Af iy 1s the minimlrm marker

separation. It has a fixed value defined in Table 2.

The left-most marker associated with the bottom pilot is aligned with the first column of the registration track,
and the remaining markers are positioned relative to the left-most marker. The right-most marker associated
with the top pilot is aligned with the last column of the registration track, and the remaining markers are
positioned relative to the right-most marker. The width W, of the marker track is defined relative to the width
of the data grid and the width of the data clock tracks (see Section 2.1.5).



10

15

20

25

30

Figure 14 is a high-level block diagraman exanple of

a Mhemreader; Figure 15 is a schematic side view of
wanoesasmbe of a media detection, inmage sensi ngCaAd2005/000391

transport; Figure 16 is a detailed physical view of a

Menmjet printhead IC with an integral inage sensor;

Figure 17 is a logical view oft the printhead and
The nigisstiah markers endsdaaks ticks bfve Eihgjght & splficiem; tg gyagantp@ thatgheglecoder encounters
thec‘éibﬁ%s‘rﬁmﬂ LERWbGhre @ﬁbo 06 st of R dAE bridy SveR ¥R lrotation of the block with

Sensor; ure 1 scEe tic view of an exanpl e of
re%’e‘gf‘i’l]]fetsé‘inél ecjor if 8%"%‘?3 Y n@ ‘Figure 20 is a

schematic view of an exanple of t hr ee | C segnents
(E@B)tted to for Mazv\h((ﬂﬁfrtamz,laxﬂﬁ-féegﬂﬁm dBvi ce; Figure 2

1 is a schematic view of an exanple of the printhead
The @eight isleargieiel camseporeoio e tsest gty ofideth AGEkS - aicia P irgyn distance required
to HRAY dd IRABA infitked th bOMHDted. MBasSaHed Jalud BEFAET ih THBRCDHANI SM

Figure 22 is a schemati c expl oded per spect ive view of

T@%hag%rgf %ned%rg €L MJ Iar});%rs on%t atpnﬁtgl D '1e d, eco gerseg elglrﬁldlet‘g’ctf%ne marker and
erqegutwiJ@@tplwkl ts asserrbl ed form and nor rral

orientation; Figure 24 is a schematic plan view of the
2.P61 NbhgetbckGradksFi gure 22; Figure 25 is a schematic

pl an view of an exanple of a linking of printhead ICs;
THeib@Llt @nidibs tws cEclStﬁhl&l’i‘Eining alaitke te/b de@tioal sirias affthealata @idy figp kbe full height of
the gloctkhbeac cl!)cl?(thh S(aconms dfa s éﬁge cifglzcléftﬁksapo%ﬁ&%ﬂm %lgcesswe odd y coordinates.

| Ve VIiew o
quh glenl@ek 2‘8151%01'305118%13% Baé?ﬁ]élrfafhieé agip. cf@chﬁl@héfa??fals? ﬁ%“tams ‘two alignment
lide¢ %aﬁltl&@iﬂie QQI(ZjiZ |r\ﬁmﬁ§ th%lﬁgu{e%ht?o? tte rdloblS&ck Fﬂhg ?lfgﬁm&ﬂ.hﬂes ard separated from
si.de, vi e co exa of, a
eagpo%tg A l%nbgl? élog(ztlc\ﬁggang%%cghrn{e/ Ir\g%l roefp to th;:( g% fgxgc{ P ent lines run
al¢nsﬂegutad€e®gq:qu®blplpckmd< its connecti ons to the print
engi ne controller (PEC); Figure 33 is an exanple of a

ORe &é 'd&o&‘e@i(ﬂéw the¥ Eu@ﬂ%@ﬁﬂaﬁon oFﬂthlB& addhné ﬁm@lﬂ;loﬁé(&'fm' d8ta @ffid via the pilot
ster. arran ure 35 js .a

shift e
o BB R oR S 5 1 BRI SCF R B diipls 35 e S5 TPl obuins o
pdeingpily didfreht yhéaistritiods fagthaiwoehds aﬁeaeb@mbhee argiffrogn theseipan compute the slope
onI%%&g.ﬁ{ ’and: gaﬁfﬂg @acﬁ’glt-en%ocﬁng%c%n Itlfe‘\é&hlu}g qu?&ééctg 'Iﬁegae@J&IQ:fan ®Ethe slope of

exa a_raw decoder
B 1 REH i SO 6 O ©ty Betonia 2HE Y e B ofcach clock
trdck.gure 39 is an exanple of a hole surrounded by ei ght

bl ack marks with no blur; Figure 40 is an exanple

[ I, t
ol S8, 0 S50 s ML ef 6 e, 9SS0L b v e
aligppegt ling.t h no bl ur ;

‘:,—r

The width W, of each clock track is the width of a clock tick, alignment lines and spacing:
(EQ9 ) We=We+4
The width #,; of a clock tick has a fixed value defined in Table 2.

Where the clock tracks run alongside registration track they have a greater width 1, to allow the decoder to

acquire and track the clocks before it acquires x registration via the registration track:

(EQ 10) Wy= [ W, (1 + Sin Clgg) | + Ay Ay
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Figure 4 1 is an exanple of a hole surrounded by eight
bl ack marks with a blur radius/mark radius of 9/33;
woi2gusree42 i s an exanpl e hi stogram of central vairaa20603r000391
al | possi bl e nei ghbourhoods, for mark (black bar) and
hol e (gray bars) with a blur radius/mark radi us of
9/33; Figure 43 is an exanpl e?of a hol e surrounded by
2.66 ghBlothk Gorkponenk8padind a bl ur radi us/ mark radi us of
12/ 33; and, Figure 44 is an exanpl e histogram of
THeR M & Bthni\MRldCardu@d th lehtir® BIS& dab @niteide BB WhdRe eparatiddrof adjacent blocks’
Jmark (bl ack bar nd hole (gray bars) with a blur
pilpts gd pigmmgrings 4 eet ~2/ 33. DETAI LED DESCRI PTI ON OF
PREFERRED EXAMPLES 1. | NTRODUCTI ON Mhemis a robust
Eativgilotis sepa@edoivad its optesmadingrgisdiiondrackdbie enklime- st ori ng
digital data on physical surfaces. Its data capacity-
TISL N S3ank bAGRErbdhd We bhlirSaAlal 88 Sne@hi€Ride. his bibhPEREBRInRibds during decoding

supports read-qnl RO. and.wite-pnce rea ny.. \
aboys B ivaluge pidfencoding %F"’ﬁﬁ‘ell‘sdfa@%m‘fgr\%“%?‘f‘ir}w g8" %g%é%ﬁdaﬂ(%g?%@n

It incorporates optional fault tolerance to cope with
Becaad thmightofsherdhiagad d egpndithd Ioight dfithednth slééqﬁatl_abel @d{tbﬁr border between
th%r?;!éﬁ&ém%dﬂ&ﬂﬁ@memeﬁgidﬁi&v%ﬁ@higﬁ.l ng an invisible ink

as an infrared absorptive or fluorescent ink,

Mhem encoded dat a . be superjnpased on visible text
Thg Hep-dags bight 0@‘}§W’@§n$¥"ﬁﬁ’i°§eﬂ&ela‘$%)(h§ " 2YBY'exanpl e, a
di gital negative of a photograph to be superinposed on
(E@ 1pl our print of the phBtoYEaph +Rhem is optim sed
for efficient real-tinme decoding during a |linear scan
(E&120hem encoded data. A FonP#et 2hem decoder chip
i npl enents the decodi ng functiaon. In an application
Thejewsradl haight4l pod vk Baeldheshte 884 41 $64P%, the decoder chip
is typically coupled with a |inear inage sensor and a
card transport nechanisny T Hd’edé,ger t hen functions
(Eio.nls eal time as the card fs tlradspqrted past the
i néar i mage sensor. The Miem decoder operates
(eeM4)r el y without softwarg, ipfepyention, and wites
ecoded data contiguously to external nmenory. It
provides both raw and fault-tol erant operating nodes,
THS gy 9375 cPRaeip 2moht MPEmEHDHE PEqui res only a smal |
anount of additional external nenory for tenporary
storage of paraneter andDre:d’ﬂﬂ@éFvcy data. The decoder
(EQP‘H onally controls imge”acquBsition and nedi a
tra%sport. Thi s docunment descri bes the Miem format,
Gl/BendR6 QI RELhal ] & adtieidnd, df e bBEGHEV@GY.Ur e of a
decoder and a conplete reader. The Miem desi gn buil ds
he earlier dotCard design, which is described in
(E%&( il in a series of grg’%'g’d#%"atents and pendi ng
. ARk b .on

BT a1 U R B B L S
formof ink dots on cards", all other patents and
(B&HAi ng appl i cBrrofs el t i @t édthdl-ddy) are provi ded
in the cross-references section abo t . differs from

TW@PW&' Pfr{hed)@ft%n%‘fopm %félé?ssrr%stratlon m\a{lsc'er i Iis given by:
(EQ 18) Pi) = (xr(i)yyp, )T = Po+[i(Ar+17),0,01"

The position P, of the first (i.e. bottom left) bit-encoding location in the data grid is given by:

(EQ 19) Pao= (a0, Yoo, )= (W, + 2, H, + H,+3, 1)

The position P, of the bit-encoding location in column i and row j of the data grid is given by:
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efficient decoding. Differences between the two
approaches are described in detail below 2. FORMAT A
wOhem@éeaa encodes one or nore bitstreans of daC@AU2005/000391
These are nunbered sequentially fromzero. The bits
within a bitstreamare al so nunbered sequentially from
zero. As illustrated in Figuré 1 t he Mhem encodi ng
(E@20) a physi cal | ayeP,Gja=PawldavH | ayer, and a
fault-tol erant data |ayer. The raw data | ayer
For equipistoasyt. sheaidthofiiepdety @4 e fRgisHyion el gy A% onal
encodi ng schene. The physical |ayer inplenents the
(ee@pdi ng schene in a fg=wswi table for optical sensing
and imaging. The fault-tol erant data | ayer encodes
(Eee@2h bi t stream r edudaii+y.02) fault tol erance. The
physi cal |ayer can vary according to application. A
on can choose to use Menis
ault%ﬁergﬁ{&data | ayer or inplenent its own.2.1 Raw

A %k%aé—@ﬂc%fuogwigh thtoBRir E(Sid'nﬁ&ﬁﬂz@&@ﬁﬁ?&d&i Figtre EaCkys b infifidiin® &fRnt equal to
titioned into a seguence, of segment
o, e oF bt SPRESEEY 8RR o g s BRI SRy P B e of te oire
cirfimascstggprintnitsiwes. i s fi xed for a particul ar
application. Each segnent is represented by a
AN gz{rzm%pé RRAkis Bl 198K y 2 A8 anﬁtst},hdpﬁﬁlfs AR ikt&gerd dﬂ&ﬂﬁit&f B traverses a set of
represent ed rgfx/%ta seguenc

poprlrt[scmﬁd%gge%cﬁ? S F&e gletﬂsugelnﬁcra totthsto PF%%a mall;]kstp Sc élt these points.
detected, and its segnment data decoded, independently
Aofalptherilihingddsnd Fineediptmiy, St arstognse which gonNessidkyteas of the unmarked

suﬁ?JeV&t%oﬁgﬂ%eF&HécQQ %ﬁéacteﬁﬁls dftthez%Hané&l sﬁ&ﬁél It @6 kO Rldi teRnaging system are

' erances to be net C bl oc t her. t han

anglER PP ot BHGE"uR PR FRLY BSOS e T 5 el trosdband o
nattbebabdsbis@ptfver appendi ng a new bitstreamto an existing

Mhem area. The structure of a Mhem area is defined

Q RLHNAL ShRPREGoe! £l 8 AeilinkQedBsorptive mark

E’wﬁéﬂg %regeélg%nagﬁlu?&u@trat ed in Fi gurg 2. Each bl %cksolflpa;,wmar o
W]ateé'ﬁfaﬁ‘éspondl ng location within the area. |ncreasing

bl ock numbers correspond to bl ock |ocations with
Fcir RRFEGEAS khd Gerrairdacdt cindvb@senyintatks areirefered as mdgphgwn as black, while unmarked

Ord Ll QhGired {12 hol

R o tb%ﬁs%?ésm*’f‘f%ﬁ?l%%ﬁénf%fa%%?&#{"oéﬁ“o The

pr evious stream if any. There is a nanin
Tigdebspees-ieHgan @wéqa}?da%fi BetrpmeThere snetl d%?ﬁaf of the g Hek

has a nom nal position based on the nom nal spacing.
Whiepriatell Uddg 21660 dpi Bemjef priatidglsgstkn, ihs desigh ofvelgchthas hear (jiscb)yed in a series of
GraRteé IQateints Qm{ p%ndu% é)gtle&t Q&Emaﬁgnfﬁg)t&nn ﬁl' %&%f&%es ag-(h@ aﬁ@@ﬁélﬂg described in

IS a nomnal m n|
msqs detfu ig SextioR 9> wxﬁ@aok gk perisPUAing Prasingls Mot éﬁg’@SéFO(’tﬂﬁremch or 63 per

mMN8NR A8t 3dcH ek i alge aiRived Maim@an. The act ual
position of the Miemarea with respect to the scan is

1o a x by Am The spacing is application
zgpec)ée‘iﬂgr& ragwr‘ﬁ'tﬁga%\errrax i mum al | owed bl ock hei ght ofH

Ap all8ibed a@vﬂ%'ﬁ@dﬂﬁLm\&? &e l?al\xp@alﬁa 1\£‘§egtsnnhgifentwm)@olellm.eme fault-tolerant

data layer adds data fault-tolerance.

Mnem uses Reed-Solomon redundancy coding and interleaving to provide data fault tolerance. Each
bitstream is interpreted as a stream of 8-bit symbols for the purposes of encoding. During encoding the
symbol stream is interleaved according to an interleave factor, Reed-Solomon encoded, and then de-
interleaved. This leaves the bitstream in its original state, but ensures maximum separation between symbols

belonging to the same Reed-Solomon codeword. The interleave factor is chosen to match the number of
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area height ofHm, and a Mhemarea width of Wn, , the

nunber m of bl ock rows and the nunber n of bl ock
woabosrmae21pn t he Whem area are given by: The norCmalUu2005/000391

hei ght Hb and actual width Wb of a bl ock are then

given by: (EQ 3)The actual height Ho of a block is

derived in Section 2.1.6. The “4tructure of the bl ock

Reed-Sptsirion eatlewprildieqrired Captodsharnticdistehndlies @p@sahat after de-interleaving all
ré‘dﬁﬁd@ﬁcgf @gca @ea@ssaﬁpéngéal% &Q@&l%f th@%néu&ah H%Iréaﬁlt ?ﬁie gmﬁlbgﬁ%ﬁhm zero-padded

te e vari ous nponents shéwn 1 n
¢ ‘Pad‘ﬁ F%Slzﬁra’émﬁé"tr mufiple é’gﬁhf‘ec"d"e‘f %’8??51%38 dhegadeviore fita papadty)-
have the sane scale and rotation. They are rel ated by
Aa appligatioh edniclyose tq heplidate@ckortibitstemh anymuinbea nfkinied v indd@se fAult tolerance. Both
tﬁalr@ﬁ&n&pﬁ@ fie e MIBM ARG %n&éa@ﬁdlﬁ&lér%% vector Thm (EQ
m(ij) —[Ab+||V\b+Ab Ab+ ( ), 0? 2.1.2 Data
t hj ﬂ { e block each data bit of the se%pent has
Ng‘e‘Bd‘Fer“ é%ep% iRy EnEEERherdr ScaiSo ﬁeco'a'ﬁ@dffr?és lprlefemegy Channel Coding,
CCRBS H11t0-B-6, Cetvbadear), opich s apéres ameaing tapadits 6fiG_ymolsder codeword.
mark at that |ocation. The presence of a mark encodes

TQ aﬂmﬁh@degodent tg Qecé&saﬁ BieGded fblts%eéﬁgi ft Iﬁlugt%&g gﬂ? m@erl%a%g ?act‘g{* of'the bitstream and

bit encoding | ocations aré arrange
tl}e élél{ll‘gh g’fLﬂogeﬁ)VOﬁils pdhe lEiélaqarm| I@&\giepdli?sq]aé%mp pﬁm@g&e fault-tolerant layer encodes the
moter ahid ikt 8 od e eﬁdﬂ&dﬂ:ﬁlaﬁhﬂﬁ gloxfidad 8ERBdm 1t§él-'f$dlo@ ﬁlﬁ:sel parameters cannot
b&ft fH)EH t!he (fqlt k?o(l){nnmg( ?tatHe en\éodecltl E?s[r AT Ith%Qntheam parame «a-f ?{gtreé)gcated multiple

corres oca ncr easi ng y coor
tiRpst iR jepr mlf@k e §¥olig redundansy ghealat@&L) seduense @e@ppwdngto &achoppy to allow the

d&f)deﬂ aldate® Qlgbdmspy. Xhﬁné&‘véj} & aMtl(ﬁﬁlGj he b%'&tearﬂ'ﬂaréﬂ:fete?sr&% be Reed-Solomon
SI.0ONsS

da from nme
ol 4ot G Bt i BT e Goa R T P gy
rrultlple of 8. 2.1.3 Pllot The bl ock is designed to be
Thecfist medilagt polprns of the idate gnid of wach block are jehgpida fgehcodihg the bitstream parameters

arﬁQ@ﬂ" GREES heﬁ@ir@ re@é’ateh @1§1§ar@@1§r@4 ds6dinl ﬁpmtﬂﬁ%el)éht% b dath Eolumn The bitstream
er.ef or ot se uence aé the bottomt

PRSP O G SR L PR B ol TBHEspeger. Tho CRC i
thp 1 @bk CRE defaediby e &CITT ENiniedrfatchet@eraDbi@\Rerviinal Bydynent (DTE) and Data
Cﬁ&@r)&ﬁgatgﬁtéq%%énp 715(939 fé?‘rterIthQZ& to‘pengzgg tzrp% + ?(et In&?%cliln%ec%nnected to public

ferent ot sequence
‘Hﬁé%‘ﬁ‘@’ﬁf ltyd’p ‘&@i‘eéc"f“"tlh erge 3‘?1250@9/%@1 r'Be'ﬁ t%ﬂmr%mea@é theffRC are encoded
mbsi-sigififikambyt addmit figst, 1.€livith e lovaa bit BG@BINnd g cdtbinake Om tted
for applications which don't require it. The block is

T@%ﬁgoggaq,gteg%ta% %éggsegg)ggb};jecodl ng even when

sl1ghtl respect to the scan direction,
up to a maxi num rot atl on CCnBx to accommodat e

real-mrldtoleranc%#m:%%.ﬁ%ﬂﬂiﬂs well as in the

EEznding itself (e.g. duelto?¥Ké orligi nal printing

- process). The pilot therefore allows the decoder to

2.det eBuwnmerytdfPargmneterls rot ati on a of the block with
respect to the scan direction. The pilot consists of a

Taslerlaisplesernd dpde3 ampudedhataridiidived eablediadpremsters which define the Mnem
foﬂﬁaltng a return-to-zero

Table 1. Variable parameters

. paramefer " description
Olax Maximum ¢, the rotation of the block in scan space.
A, [The nominal edge-to-edge spacing between adjacent blocks,
and twice the maximum block misalignment.
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with the top pilot is aligned wth the |ast colum of

the registration track, and the remai ni ng markers are
wopasistaoened rel ative to the right-nost marker. pCInAU2005/000391

width W of the marker track is defined relative to

the width of the data grid and the width of the data

clock tracks (see Section 2.1.%).The registration

mar kers apd cl ock docks thavie: & wbeLighk, i sufficient to
guar ant ee”tihat t he c?ecoger I%ncz)unlt;ersnttghe entire

regis{rati,pn trackaiefl okf SREUHEHI N HRmSLAr t Of
the data grid, leven if the rotation of the block with

respe¢t tgq, t he SC%@Zdi r ?ﬁétnhr%rdfﬁocltgﬁmMeWgr}l Q’L\J owed:

(EQ 8)}—Hr =2 LC \ Wltan amax 1 + Hrmn - 1)/2 J +
1) The herght |s @a@n t BnebRER3S Mot BactibndidddnS ERF.
nunbet cl ocks r mn is the mnimimdistance

requi red wp al | owean i nfliewictiuate 38 ker to be detect ed.
It hag—a—+Hxed—valve—defihredinTable 2. There are a
redungdant wnunber @&homar Kiemgth ofiie data sldcktaBIM t he decoder

s Aot Ay e ke | A
need orTy—Getect—one arKer—aht—proe€ess H-s ad' acent

cl ock} 2.W.:5 DataE@4ock|TEmalbkiheBhtegrisl ock cont al ns two
cl ock[tracksTpnmng—atong—the—two—vertt+ecal—s+des—of
the data 8rid, | f oFQfhe [gMdthkigirgghttatipimatkdne bl ock. Each
cl ock[tTrack—Tonsists of T a sequenceof —ctrock—ti+¢cks
posi t] onel: on suckEe¥si vé"e(‘ﬂ’HﬂiWheé%PG'thﬁdt es. Each cl ock
tick ponsists pf a short timne, paraltet—to the x—axis:
Each £l oc% track E0%o cBiwshAderkb al i gnnent |ines
paral el fo the y_axis,[.running the tof I herght—of—tte

cl ock]| t r atk. The 23 PgnnfBRtich piE ceoisiiation &b ar at ed f r om
each pth and| f t hel c cks b plrank T ne.
W t h resgﬁé‘tt tlo lﬁdﬁodatmew’%gthew ‘i‘gl r:éﬁﬁ?%nt lines run
al ong the outside edge of each clock track. Once the
decoder knows the y and x registration of the bl ock

3and pReobiNd hetoklThRe of the data grid via the pilot
and registration track, it is able to track the two

3.4l ockswfuafml@a.epmm ine to the next. It thus obtains
tvvo potentlally dlfferent y registrations for the tvvo

nline, d fromthese it can conp
1R £y SR nf B e B B e et e g B ps el o
thP EE’@Q F‘BﬁeTNQG, ibis devignedeo beribcpmpatattysiecoliide wdiag adethe B@IAnodiSEcent scanlines.

ﬁehﬁcoﬁérqplﬁer%ret)m T l et the on image sensor
’ e sl og?% of thg %ﬁ%@ﬁd ?l?fa{:tgsﬁgq‘% ﬁﬂl&l&l t tréc%?gtfc%é g

2 EmEPe) B s iofr el it practien to b a@&'a?ﬂ@rontclma@q@@wmaéher than in off-chip
mgamy.re of each clock track by tracking the centre of
the blank Iine between the two alignnment |ines. The

Sc\ﬁﬁlﬁg hec%néﬂnal@@%%r&h&?% &eE(QIg iﬁ Mrcl’enI L}Qa gdgaé tsn%ﬁ{cgq%}gg In a typical

t| ck, alignnent ‘11 nes and spacln
a\'ﬂ)?‘blf‘ DGR regyfs encodqdopaithersprgyee ﬁfa?slafamiff imedign\spdh 3@ a paper or plastic sheet,
and €& idevedbr bp’eraﬁabhlﬁb thd.enddB@irsReet iBRanSgoRtEdpatt b BRHSimh b Yensor.
al ongsi de registration track they have a greater width

Al\%/uéh%eadel:o(agy oli]g%qqﬁe% %?eﬁleﬁtﬁ scanline access to a Mnem area, this does not preclude area

scanning of a Mnem area.

As illustrated in Figure 2, a Mnem area encodes m block rows of »n blocks each. For the purposes of scan
decoding, this can be thought of as # block columns of m blocks each. Note that trailing blocks in the last row
need not be present. Furthermore, when scan processing is proceeding top-to-bottom rather than bottom-to-

top, this can manifest itself as the absence of leading blocks in the first row.
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acquire and track the clocks before it acquires x
registration via the registration track: (EQ 10) Wv =

weMEs96218i N a ai )l + An, +Ab2.1.6 Bl ock Conponegi/AU2005/000391

Spacing There is a blank border around the entire

bl ock one unit w de. This ensures separation of

adj acent bl ocks' pilots and alfgnment |ines even when

Dpng the preveesing|of 4 neld ssankipopthie deceddr dpetsies ot eschonfithe @ dfpoingbiumgys in the Mnem

afe€. gt Shiftahd Offhtd HP&K RYima, rbltidl tﬂelsafé of B ﬁécgdﬁgsalg%gﬂln%ﬁhat column. The
o8 320 i 2 G s, 0008 0 LM 00 TS o o
SW&ImaéBneoa‘dlwwmeﬁxg@dﬁ agl i$ dsecibdddplswi n t he nei ghbour hood

of any given bit-encoding |ocation. Because the height

TaE schh@od el &ithih b @aﬂte&a@é()@tﬁmgé‘ Epaéeh&'erhe@ 'tcgeﬁtscag Epar:ehgs ifRkAed in Figure 6. An
clock tracks i s odd, he borgIll het ween
x g%ﬁ“ é‘taf’eo%?“fsi’%{]é%mé"r“rdpaflﬂ STpAREPegrd 4 of the Stcwéin%m the horizontal pixel pitch

of thg lscantiifseA ryomit da ban hlﬁCegd@trespMﬂs‘ toethel $atiuh @’anwhﬁg period d, of the scan, ie. the
T, . .

SHRIREFUALS, SN iy Bl IO, gy o i

TSRERF ypean spasp aRite § Davfuum ohdaclhe éloelalmaSO gtbuenlykmynsla@'d\)ﬁ@ih respect to scan

shaB& sehatRcdind Slodk@pAID it lert DR rdfidalh Lnﬁﬁﬁg{ﬂgfhpeganstﬁl@ bl ock
I's given by: (EQ 16) Hb=Hh+Hd T e position t he
Tgr%uq%oumﬂagsl (gg,{nvgtosrc%giﬁoac?fﬁﬁgt?_t}% gr%{n&l@atﬁ%%?iavg %} | tS t r:at on
(VWw2+W , Hp+2, | f marker/ is given by: (EQ 18) Pf (i)
Giveyl a fioafi s@,pyxtg 1yt A Afh| respdci to Afock-fihde, the wid®f Wildfacap osicd is Guffident to image

e Mfnerh BRa futohoutlle-sGan: POt tom l eft) bit-encoding | ocation
in the data grid is given by: (EQ 19) PdO = (xd yd,

HP+H i tionPdof the bit-encodi ng
(é%\ﬁe?tl on |L colﬁfjn‘#(@ 8893 Igfs"ﬁ"he data grid is given
Ti?eyreiflgxr m&%e%&ﬁe%%?the Bol?rxmay\écgé-s%%ce _postc'the 00 f}‘ %ngl_n Wuemépace In some

regi stration tracks are
a@ll@tlﬂﬁy’ﬁ Vil e 3 fispd pargmpetpy p{g Whare ﬂ& My atce by aiixedodatidngglgive to the edges

omd%e&aﬁlﬂﬁ oth@Sipplicatiotthedt A8 naf uiitlsQriRioshi mfotméﬁ@nc' sifh as additional target
stm mum ext ent glual to thﬁjaarea of a unit square

esena"de o egmed gy PiIgHmINg g CHEMBRIHERY ext ent equal to

c
n re
the area of the circle circumscribing this unit

T@qﬂgg}.d@' uses the scan-space position O,, of the origin of Mnem space to compute the nominal scan-space

position Jj of the origin of block space for the first block in each block column 7
(EQ 25) ONb (l) = (Séab (i), j;ob, 1)T= 0~m + NTbm(i: O)
where T}, is the block space to Mnem space translation vector defined in EQ 5.

3.1.1 Detect Pilot

When the block decoder is in the <detect pilot> state, it attempts to detect the pilot at two (or more) different x
locations in the scan. At each location it uses a PLL to lock onto the clock inherent in the pilot, and samples
and accumulates pilot bit values according to the clock as the scan progresses. It uses the fractional y

coordinate of the clock peak to linearly interpolate the bit value.

In general, assuming two adjacent scan-space samples yield clock phases 6, and 0, respectively, detecting a

clock peak in scan space involves detecting a transition across a 21 boundary:
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Aline is parallel to the x axis or to the y axis, and
its endpoints have integer coordinates. It traverses a
weetosabenoi nts with integer coordinates. |ts erCEMAU2005/000391
identical to that of a set of marks placed at these
points. A mark, when illum nated and i maged optically,
has a response which contrast4 with that of the
unmar ked surface. AlthouE%JQEQE pectra
(Eaggyacteristics of the u rkédlsurface, the nark, and
the i magi ng system are application specific, the

surface js typically broadbgnd reflective while the N
O R & T B PRI LN BUB ARG BBt sopoprie) i
defmeangbi®w: epr esent ati ons i nclude a black mark on a

white surface, and an near-infrared-absorptive mark on

a white surface. For clariby htibhemy emai nder of this

docunent, marks aregrej gt 595 d6T as bl ack,
(E@A7) e unmar ked surface areas ‘aré referred to and shown

as white. The absence of a mark is also referred to as
whdrehol e. The real space to Miem space scale factorR

deternmines the real spatial density of the Miem area.

When printed using a 1600 dpi  Menj printing system

t he design of which has BeERPYTSET din a series of
(E&28ht ed Patents and pendi ng patent applications Iisted

in the cross references above, and which is described
Thie [dedotter @sesl @ tnakitlnumfikéfiboridi deqvd® to ducddh the acdympiated pilot sequence and detect pilot

COLI i.ng. .S ] R. . .
sof R SRS sl Il A oMER Erorilen ot LRRRRE g roadon . of
the tlapk ipl spayieade- fFbscdepaden thep eerrtie Favalf ggisradine okt @tt-ayer As

descri bed above, the bl ock structure of the raw data
Adi NS twb Scah-Spa& AN abYisltidatpdintd BE HANT and TR, D8 Wetbtdclofti@t is given by:

data | ayer adds data fault-tolerance. Miem uses

Reed- Sol onon redundancy codiqg_ nd interleaving to

provi de data fault toleram@eaéEgéh bitstreamis
(EQr9er preted as a stream of S-ﬁTf“synbols for the

pur poses of encoding. During encoding the synbol

streamis interleaved ac&qr%&@mixﬁzn1interleave
( or, Reed-Sol onon encoded, ‘antk.t hen dei nterl eaved.

I'S leaves the bitstreamin its original state, but
THE Wi B pb N LR QRALAL LBk pRAL We altinsd/ 1810 x5l a8 il Girst lead-in line
to the sanme Reed- Sol onon codeword. The interleave
hayiggs heseiof2chosen to match the number of Reed- Sol onon

codewords required to encode the entire bitstream

In EbHe®], @ ASudétRISo kddatthead doR phaskatifferdn€y 3 @iadh ddfespdrlds o @EIIERDEY unit. Given
ata appears appended to the end .of ,the.original, .
pliiey & L S R PP PPt PP SO o A chie BV

make its size an integer nultiple of the code's

di rension (Le. the codemggﬁ&s*ﬂata capacity). An
( 5ication can choose to rgplyicate a short bitstream

any’ nunber of tinmes to increase fault tol erance. Both

the r [ [ LNGr.ea ' ' 5
il e B o VI b0 RRES Bl Tl by recnty-messured dta
clgck pimsepdmyitherdisor ¥ dereniqeCSDS, Recomnmendat i ons f or

Tel enetry Channel Codi ng, CCSDS 101. 0-B-6, Cctober
5 200w sely Whip6iioiB® 184 s@lel20d 1o Geh NG tBAPIREd dpYeeQb sk space transform

aATROL B8] 5.codever d.
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To allow the decoder to decode an encoded bitstream
it must know the interleave factor of the bitstream
wandsidee2ipunber of codewords in the bitstream pCwAvhae®000391
these are the sanme. The fault-tol erant | ayer encodes
the nunber and the size of the encoded bitstream
al ongside the bitstreamitsel # Since these paraneters
cannot benefit fromthe fault,tol ékance of the encoded
(Ha szt ream the bitstream par ameter’s are replicated
multiple tinmes in each block. A cyclic redundancy
Ashregilot GdgREions elgudn@ler t@npapp erd@ded dnitxh ehase dgryeatto wide| daw clock, ie.
Al ternatively or
congse orgﬁ% dtﬁ{ scs{%ﬁ&&éﬁm ?%g%gb% ‘g%{r%otner s can be
Reed- Sol onon encoded i ndependently of the bitstream
Giyey the PHot PFR6Fsting PIRE &d = 61 Binbn o% A 8Khs PR 3fte pilot acquisition, as shown in
Fig@é w,nﬁiaambxaer cdifi@itef the Sdan-8paek d ca&ting @ Ixu G x,péf theembialtcantres of the left and
f chsbl ack are s Skd or. e
righ vl B FPE P SRR Bt B O R Vg LAl B bl gpace o san
S@@smdtoraneﬁerals’f wid|the block rojafiondtie hei ght of the data
colum. The bitstream nunber is encoded as a 16-bit
integer. The bitstream sizep s encoded as a 32-bit
unsj gned i nteger. The TTRE'¥s;"tHE, Vo) CRC defined by
(Bee)ca 1T (I'TYU, Interface betvveen Data Term nal
Equi prrent (DTE) and Data G rcui -term nati ng Equi prment
(DCE) for term nal Sx‘gpeoatr%@ﬁ )ﬂ@qﬂap)k@bc node and
(Ed3)ected to public data networ ks by dedi cat ed
circuit, ITUT X 25 (10/96)). Both the paraneters and
Ingtheefig@RGOki imesipdieatt dntecerseerding ey and dashsd tinepipdigatefrretiosplicoordinates.
first, i.e. with the owest bit nunber and y
AE%Q[Q&Q 302 §ﬁc@ proag&ﬁ‘n %ﬁpﬁ &ds Ddce pEa@@%Cthé ScodeOfrstAdjMRERREIEFhase relative
Iven of Paraneters Table 1, Table
t°2hd‘% éftgepélﬂtrﬂfréfe §’§g‘fhe variabl e, fixed and
derived paraneters which define the Mhemformat. Table
(EQx 38yar i abl e par anet &f sTabhel @, 24 xed Par anet er s3.
DECODI NG ALGORI THM 3.1 Raw Data Layer Decoding A Miem
Ghytwothk desired aernipph sepntsprcha cowrdipared. pinthe pratrg ofjp pddet qatgrclock, the decoder
cdmpBtes tHSdoPHEkt haS, tRthe S6&N1 i Nes nore or less parallel to
the x axis. Furthermore, it is designed to be
increnental |l y decodabl € US{ -Ng. églﬂ}/ the two nost recent
(Ex38)| i nes. The decoder i thefefore only required to

buffer the last two scanlines (or three, depending on
Npterthgteif e denoder podes forpaavire Jhe pietd@t & Ieoasionsryhichrlia Withik dlte bownds of the wide
dd 64Kk, Gikdn it QantidhifnBd toSERRkHNBA didAksOR -thiaRe KEIBRidhs, RiktNEHly the phase
han i.n off- c]‘gcg% nmenory. Scanline decodi ng nmakes it

‘i‘) tmept Rdigeted by letode a Mhem area in real time during

scanning. In a typical configuration, a Mhemarea is
Tign droclied cantinvoindy Bagks the awoflata cloghyi thrawghens dicuswbssarcht desodipg stages. This
m@lﬁ&@ rcoﬂ;utngg e tlﬂt&segtnﬁ %t)mt gt BenfleGadesk. &Q@er @téﬁgh Wi bisck track, as

encoded sheet is transported past a |i netﬁ %qc
dsuhebh SOt ol RecedrE v Bose Brersy Doty 1P RES . PakapEs o sou sace
traS i, b Rschiba@bSection 5panitoddeniély @hich fchilige whodsso o to updastthaudl@ clocks.
area

3.1.2 Await and Detect Registration Track

In the <await registration track> state the decoder skips scanlines until the current scanline lies within the

registration track. It then enters the <detect registration track> state.

In the <detect registration track> state the decoder searches for one or more registration markers within the
registration track. Once it detects a good marker it computes the initial gross x registration of the block in scan

space. It then uses a PLL to lock onto the clock adjacent to the marker, to determine the fine x registration of
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scanning of a Mnemarea. As illustrated in Figure 2, a

Mhem area encodes m bl ock rows of n bl ocks each. For
woheospasaeses of scan decoding, this can be theaghuv2afs/000391

as n block colums of m bl ocks each. Note that

trailing blocks in the |ast row need not be present.

Furt hernore, when scan process¥ng i s proceeding

the §lock- dhardseedshmavarenset this Bregsssissitivtsrtintes wish differkrit snadkem to achieve redundancy,
elgRhed @6ds with & BhibriSotd ehealgRNCEe of | eading bl ocks in

the first row During the processing of a single
.of the n bl ock

TREAR: Lhe decogde grates on each _

C o@%#ﬁfsas%?nnw ih EOS% e rﬁog?aé & feglrsrttrﬂ%ﬁ? ’37"%‘35 PR for
each colum, reflecting the state of the decoding

Eh8gr i thm for that @dum®s +TRY:)E! bekarol utms need not

be I'n the sane state during the processing of a single

TBIS B Bhsbd\G: theHoBal BloACH a & BbSHBR PShAE ndIBEN A o ] i ioi
Figure 5 and ?slodeésffgr?bed b%lhow "The sca?#a% g{:&ge)o\ggjé()ﬂheblocmngm’
Lthin a. Cartesian coordi pate space referred to as.

Wit e At IR R et S et G s et gocuReR it computes te

caesppndinyaekecioder by pomgdortimegetién BQat:i al sanpl i ng peri od

dx of the scanline, i.e. the horizontal pixel pitch of

the scanline. Ay unitLi n sgap space eresponds to

the spatial sanpli n@%qyziquaaﬂmmrféﬁscan, Le. the
cah. ese Units are nomnally

(ER38i cal pitch of the
As described earlier, the block is rotated by a

equal,. ] :
b o e ey TR 1 oo boskapep v FRele 3 o e markor using
EQIl'6ck is also arbitrarily translated with respect to

scan space. Scan space and bl ock space are therefore

Sihd@ |ﬂﬁtd§53d§ﬁet§:% g e@eto'f @ﬁﬁ(rkéfaﬂc d ;’%%mfdﬁl&@%f V%:[i(!pis %%aggg%g&%? the starting y

tt&is do?&gﬁ%, scan-space quantities are |
cogrdpptp ot T (28 stemby 1y hpi therfigeqderiadingtp (e deteoied s proedinate sy according to
thoblank kotsiome end ytofiet:-wi dt h W& of scan space is sufficient

to i mage the Mhem area throughout the scan: (EQ 24) W

NCW m +2Am) +2NH nsjn_gmax, T ader infornms the o
(Eﬁ’eg\é\gder of the nom JF{al % cg gfgtglg:(g position Om of the
S.orith in of Miemspace. In some applications this wll

15 e SO USSR I deci s SR b e rouit ot e risht cdge of
thef harken] thelectiér oses the bladkiadiacetio thbmarkd gasfipfiheastgatd medi um
In other applications the reader may utilise
T3 débodidr 8Rath PLINTQSRED O traSIUED ?e%is@'ﬂlgﬁ Lhang Iini&aﬁgeg @t hase of the PLL to
stryctures encoded on the nmedi um to determ ne hE
28t ?ﬂgit‘ﬁn dSAEhE Bt Yrine Prseste RS Rissdss Asseing g mhaspalthe clock is 6, at a
Scepgadce Kk @por@mte 0 forbehdistatd Qong tieef scdﬂlﬁfﬂ‘r@?ﬂﬁﬁ cb&dig Rt ?hich the decoder
| - | the origin of . ,

ek PR Tl PERTARARE, REREL LA B8 oS Sty e o comosion
factor pgseq opcifye deffroncejbetnrepihe(erpected angaevabplmsrat s t he bl ock

space to Mhem space translation vector defined in EQ

5. 3.1.1 Detect, Pi| ahod@&n-ihve -bhack, gjecoder is in the
(Eé%{ ect piloO%taff, Tt attenpts to detect the pil ot

at two (or nore) different x locations in the scan. At

Af@la@el&rdnﬁﬁék iré%ﬂtrétlton V38R r isgl(rﬁon 'irgckl 8 5 9({] t Qo 1 OSK ¢ ini
nherent i nthe piTor, éjagan sarrpl i ecoder computes tge correct initial phase for
each narrow data clock PLL and its associated alignment PLL, i.e. corresponding to the last scanline used to

acquire registration.

Given the registration processing point 2, = (st, J;s, I)T » the decoder computes the scan-space x coordinates Xel
and x,, of the centres of the left and right data clocks from the scan-space position 0, of the origin of block

space, the block space to scan space scale and rotation term X; and the block rotation a:



and accunul ates pilot bit values according to the
cl ock as the scan progresses. It uses the fractional vy
woawmsthosmbe of the clock peak to |inearly inteppoiAakens/000391
the bit value. In general, assum ng two adjacent
scan- space sanples yield clock phases ga and q ,
respectively, detecting a clock peak in scan space
i nvol ves detecting transi acy ggs.a 2p
(equapary: Once a pea%nis§ﬁ§?%2tq%’j{$s fractiona
scan-space di spl acenent g (|n the x or y dinension as
approprlate) i s defined -as where: nod(q,/>) =
(%% (EQ 28) 1 - THe™ %a%h%s%@)m
XI

n}llkellhood decoder to decode the accunul at ed

A@Lllm%g ﬂ’?éqg#sﬁgt?og P%)Q%sm%el}oteng 15 th a vexItlca? Clgclfcl ?ass %rr%lﬂ lgl\é//\gnet{;arf%sued scan-space x

acquires ocat I ons
CP?ﬁhthfeaNc Oﬁfherce@tegf % datd odngk, dhe decedst ermipbips the @fredt plesedl, oc the Elock:
scan space. The decoder then enters the <await

(ES ghstration track> gt-abe.(x,A¥g)dmhag two scan- space
pI|O acqui sition points of (xf yf | )r and (Xb, ybL)r

Alth&déﬁ%ﬂgge%llﬁesra%tc%ﬁ@eﬁ n?ra&lg'ns %éﬁ?ﬂt%ths gé)%{lﬁcanon mn tl(eIE:lQo%fi( mplementation it

two acqui sition

5K be g)n‘qslentd% £qupElg Phase }?@eglg H&l%(gélél&cxg}q unitpearfdjcpryprt to radians explicitly or

ithyftiaifly heteduirédeHA18MicI8 Gnif afd ARS@vOfecad . thdy AniGRINRK §}Jaee s ah@phase units.
useful to know the cl ock phase difference d which

3ggrg%ﬁgqg§ego% ¢gcan- space unit. G ven phases g and

gv nmeasure recent scan-space |ocations (x, yu, Yf

10 Pdsl<dwhit ddf% sta%e thd deccheIl sﬁngéc%ﬁHes B thglcﬂ'&g s‘i:zgﬂamef hiE rt]l}e}ﬁata area. It then

0 cl ocks is the sane, can e conpute
e%ﬁ§$?é5gﬁfgl TB%sured data clock phases, in either the
x ory dinension. d is inversely proportional to the

Iistbatdecoddhtap ethia the devodes attempds iontedobechitilaa dlém S @@ cds@veS6ad Mine.
space transform devel oped in Section 5:X = Scosa = (EQ

Aﬁl?&lglf’tw%fﬁltﬁfn leﬁaL:é?ﬁ dﬁé: golﬂfnﬁlk 'iﬂap Have taﬁ]ﬁceﬂ%&%ﬁ%ﬁm%?o@?%&klﬁ block space, the

the correct initial Cg ase for eac

e ey seds B A g

fiormiscanlings ssescqalinse e agtdl genestlpaspllel to the x axis

15 mFUIAcQ tspa@ec gﬁ@ &&Jd&r%ef& Y8 Raih e cuRkde g{t i @i?’ g’aclp %tap P ul%l \xl?h%h identifies

next scanline af
thﬁ Bfﬁ'%ﬁ lpgating, °fé§n§ht6%bﬁ decodedforrtat Plumnhe deco d er

conputes t he scan-space x coordi nates xw and xw of

Té Begodritidata lfrom ikt duest @hnling) %e| dedoleraristls é’ahngIHta dbtueh@ il@indnd computes the
ﬁ’&?ltl% (s%ax}C sﬁ)&@‘(‘%ﬂ‘é‘r’ﬁcﬁaﬁ%ﬁé’s a;% lt)J; cg‘ ntg ndmg {nt-encodmcc.)y lfcgtlon To compute
thaﬁ‘a’fdﬂf@%eae# hiitsegoln’ S&ﬁanqoﬁleg Ippaien fegecetipromesde blook space fo scan space

20  transform M just computed from the two data clocks, as described in Section 5:

(EQ 44) ﬁd(o,]) =M PdO +J‘~1’y

To compute the coordinates of a subsequent column’s bit-encoding locations, the decoder adds the column

increment vector d, the coordinates of the previous column’s bit-encoding location:

(EQ 45) Pai,j) = Pai-1,/)+d

25  If the bit index changes from one column to the next, then the decoder also adds (or subtracts) the row

increment vector 3y:
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xwr = O-b+x(w b- ) +Og- o )tana (EQ 34) 2 In the

figure, solid lines indicate integer coordinates and
wdasisadedipnes i ndi cate fracti onal coordi nat es. PASANIVIFH00391

the pilot processing point Pg has a cl ock phase qq,

the decoder first adjusts its clock phase relative to

t he known phase of the pilot b®fore using it: (EQ 35)

(Badefdp + nod (q , 2pJa(iQ) veR(t-he/ HBst dedy nom nal

scan- space x coordi nate xw of the centre of a w de

Iﬂﬁé ﬁteggr Séiton df iR pREIGAAEHINSO Y RSentdRe CRIOR HhiciREBS S c@ordmate s of the
hor. & nﬁnclock (EQ35) g=- ( - dtan a Note that if

Fﬁ decodet chooses to acquire the pilot at x

| ocations which lie within the bounds of the w de data
®hawks, then it can contilamelkd track the data clocks

at the sane x locations, with only the phase

ttl jthe Sdecvdert coinpraks GRd Qdysﬁ}é e 3f th-Ehﬁtl'réiﬁtﬁﬁiﬂg ﬁlt by b1-11near1y interpolating the

{ t hr.ou

Rt BT Bl B R el Bl G By s e
viptfad hn#ersectlon poi nt of each scanllne W th the

centre of each data clock track, as described in

P3eqUif, Y, Ahe(lq8eaden yUses (LhESe1 it assmet {L9 +R0j, BLS )

to conpute the block space to scan space transform as

described in Section 5, ﬂpoto [ entlfy whi ch scanli ne
ER48I s to usetC)updﬁteOT & Hat'®’ cl ocks. 3.1.2 Await

and Detect Registration Track In_the <await

(E@@®)st r ati on track> 'sfatie" ke “dedoder skips scanlines

until the current scanline lies within the

(E@ghstration track. vt vihemenlers the <detect

reglstratlon track> state. In the <detect registration

Thd iB6kslatih Bk@rs ;AR 5186 BF BhctiSRBI NG heleModRN B A hkf coordmates

regi stration markers within the registration track

Once it detects a ggod.marker it conputes the initia

(BRB8Ys x registratioff of “tHé& bl ock in scan space. It

then uses a PLL to | ock onti the cl ock adjacent to the
(F@sHer, to determ né THe Piede x regi stration ofthe

bl ock. The decoder may repeat this process multiple

The dverslenvdiomputalitifef @ordinstesntheetirs ctblmnas:ht-el\tﬁinfgeéhaﬁtﬂaﬁﬁy the transform from
bl@ckgspac% Q(g g‘c@n Eﬂaﬂ;e % glnesacher@oﬁ[nht'éy gfs%s?qeugrg cBltL%n %’% léncodmg locations by

he nom nal "scan- space position
adrdgl@lag txrdg{tq R cYeeyr e&ymnj and @ ygqley@ fpr 5yery f(@@ngvy})whias a different block-space y
cdohttRACks predsdeRErEBecdiRE fhe inSxiRAS 61ciOBtalidA8s @GdtdRbd, the maximum block-space

y BB ERAGE R0 By AR L1® MO N SCAT Shace

orlgln When t he decoder

detects the right edge of a marker at a scan-space X
Corrrotr thrievhaldies Xothe graxsesippiglve s tq ¢hirinctbe bibwisrividideg birdindvdadge of the values of

ndlghd&ﬁ(infpbits Sécy biﬁlgacf)dfir[g dl&_[i‘ﬁSQi&ﬁJllOW@%d' th obedap3 Bincel. ﬁﬁseq&metralues in the scan
dtge?t?o% a1t~e not nPavalﬁt[)le nd eﬁeg(lfhéed /mugl?ln\F E‘éa?%s:}grgé:o? er%ct@rded This is resolved into

CRESPACe ]Gt
a bit value once the subsequent bit values are known.

Figure 8 shows a flowchart of the data decoding process.

Section 12 shows the distribution of imaged grayscale values for a central bit-encoding location for all
possible arrangements of its eight neighbouring marks. As image blur increases, the separation between the
range of possible values representing a mark and the range of possible values representing a hole decreases to

ZE10.

Potential sources of image blur include motion blur, defocus blur, and intrinsic imaging blur. Motion blur

typically occurs in the scan direction if the encoded medium is scanned while in continuous motion.
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EQ 17. Since the decoder detects the edge of a marker
at a y coordinate / which is typically larger than the
webtearstoosgoy coordi nate j of the marker (as gi veaThyw2&&000391
17), the decoder adjusts the detected x coordinate Xf
according to the block rotation a and y offset: Since
there is sone uncertainty in #he decoder's estinmate of
A tNi@ns fader SPpRER Meam@otedianatiecortolied tihaging i eitoneiyeThix alfofye 2 nominal
thrn&ré separa‘tx.gg?th? gﬁ&%ﬁ& i ?a%ge% Q@b@laﬁﬁlﬁe@‘iﬁ lﬁﬁ'qy tvelt-gbnﬁ'ﬁﬁd then this single

I ne the estlnat decoder,
neghold SR AR Y B ‘Fé‘@t@f‘ B 1 Rty ?“Ltﬁe threshold, &
fubthtk twodhrbsB@lGs abd1fropltadboafand bewRhd firto zer o, and t hen

iterates the PLL usi ng successive scanline pixels.

Once n(]ec tgrpag&stﬁe Qit d{c&ﬁlgctjaﬂg klt hs%s ﬁlgse %eeatm%&@ﬁs %péﬁﬁt one of four

e xr sonme di stance along the scan
Vamqet0xthft:blbtné¢d|%tve1u9(ffepé€tse‘\%ﬁ$ pmbigReuy g‘é%‘de‘? bigpas %queeat firgbiguous light
grhy, thaB@6usaihitd. Mee d¥bddkialierefdrbi@catB avasiets péredtpundis t he

bl ock- space x coordinate / using a correction factor

O%CSta%gVFI’P cl;]q,trgupblt s qtlgh{ I?elg%gocﬁ? ape GM}EﬁQ é%co%ﬁﬂ@&%%xm -likelihood decoder to

dexdde th]s.co(r@m.)e op thAfott eﬁ: si @éeﬁqdﬁq ) bg(usp%@” |oglyrt\g& {%@ﬁm{gﬁ and three values
(btatl@ gfa§, %§ yhidh i@ Risddl R&K alsd A8 bd eRIOE FonCIONRUH®S rdvhend column are already
correct injtial phase for each narrow data clock PLL
m&ﬁﬁdpﬁ§“‘§b$0|ated al i gnment PLL, i.e. corresponding
to the last scanline used to acquire registration.
Gigbnvtbhittdpsans elegivg iy Seetiop A2, M@@é‘g@%@s gt b 0- 138, 0:25@nds0.5 gggpectively. These

wold v£:9 Suiflemo amt‘coﬂpgét <t§3thé R aa@tuapﬁﬁgng( s3RRJ Gﬂdnﬁltgﬁﬁ be generated
XClI XCr entr

xR O P g o B R BbAIR BCr e T e ok ok
traxks dall @k space, the bl ock space to scan space scale
and rotation term X, and the block rotation a:/ W cr

T, deQRter bu\ﬁbrs the, c)utpﬁt for Sach cQuI)nI Rlalew (1EQ ﬁ&m&fﬁ&eﬁﬂ%xﬂ-@nented writes 1o
the r egl stration rocessi n%H;80| nt  Ps ﬁ vert

Rt RepITEJEvsesn 24fers gTOFET Prempis iy B o 55l % et dta column s
reGif2t, (basd@ breblock m@dbet, totungicninbee, rof manbdietnd wortl ek, t he
decoder conputes the correct phase qgc for the cl ock:

AAlﬁes cﬁgﬂfgp ﬁ;ﬁ ﬁec&ﬁl' N Qﬁe RlaEtedt RHR W ‘Egot 'Wﬂenrlﬂ&k & is 180 degrees rotated with
t hrougho

I's specification, in the deco b ot
ceRApTe METPAL igrivhen DRy IS EBbITFR] B0t 1 & WEMB IS it botom to op
Whad U8 Ss thJ\caEeMEfJ Redllér rfv@dsés-taytitl odetiotiohpyt vanis, a0dthy eddrest generator generates

01}%\1({1 Fﬁg ssefel)l(leever % Ol‘déé 191{61' aqpcia{a%gohl}{ g%OIIl 8&1‘ Elg qecoder moves the raw data in

Seara At ractrve eca se they unif
e}b¢mﬁbklelsm€0eihmm Yeginmingds pppgdealighidt s, 3.1.3 Awai t and
Decode Data In the <await data> state the decoder

DSl &Q@'blhzirib&ﬁstidmf itle rdaB@, WOthIiEeaPitialsaapling Pediod ot terssaGihdthe rotation of

ﬁhoc ?1} g‘cax‘;Jl rsp%c?e m:!t} vary gue to non-linearities in the reader’s mechanical transport. Since the
transform which transforms block space to scan space may vary from one scanline to the next, the decoder re-
computes the transform (and its corresponding deltas) for each scanline of each block, as described in Section

5.

3.2 Fault-Tolerant Data Layer Decoding

Decoding of the fault-tolerant data layer consists of two repeated steps: decoding of bitstream parameters,
followed by decoding of the corresponding bitstream. As shown in Figure 9, these are repeated for each

encoded bitstream until the number of raw blocks is exhausted.
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enters the <decode data> state. In the <decode data>

state the decoder attenpts to decode bit data from
weagdls/memeessi ve scan line. Although two bits POT/AU2005/000391

adj acent data col unms nmay have adj acent bit-encoding

| ocations in block space, the decoder may decode these

bits fromdifferent scanlines ®ince scanlines are not

Thedegiem eff thd Mpaur decddet indlgles dponel lasdwareisupphbit ¢ ke raamang fid@ions. However,
iy taafion® WIRRRAIR o GHE Gk shlind B0 %an o bo pertormea by
S*ESt i on of the next bit to be decoded for that

colum. To decode bit data fromthe current scanline,

32 dPecodeBitstreant Rararaetersdat a col umm in turn and

computes the fractional scan-space ("pixel")

As sorctlied grddier,  th¢ feult-tojerant fldfa laysk thet fiystpeed disingplumn of each block encodes the

pRhhet@N T ibRGrARGAL 4 QG repfoafe@ IHHNG ikiblGs GBOL DI nat es of
the first colum's bit- encodlng ocatlon t he decoder

i e ML R T
mS@QIVlWﬂmh & sepuE@fudin tRd(a@Iipta Mea. Pdo+f dy To conpute the
coordi nates of a subsequent colum's bit-encoding
I §6RkQNSs re&ﬁ@angﬁgéagﬁfg e@@d&tst;elélﬁ tﬁ@hé&gﬁar ﬁrg&gsgﬂﬁyﬂltstream parameter data
vect gr X t e cogéflnates of X te previ ous_col um
SPLULK S $°8% HEirGH- sz for fhy é>1 prepm The éseoteh%ﬁ“gté%ﬁrftrbaﬁeam size which
hggneogidtRIand ignotds ¢he meix If 2 gbdaichitsttcle sickoandele cblahal Behdle de@ider signals an

é&@%ﬁﬁ&&éhlt ctor dy: (EQ 46) Pd(U) =
° Otdx dyﬂﬁ¥&?%gsgﬁ%§g§gh%gftlon of the pixel y

g %‘{ 23 of the bit-encoding | ocation rrat ches the y
5tregM { he current scanline, Le.: then the
h I I f ot
Hg‘%‘? i ipst SR R PN ol Pyt e i of Resd Solomon
C@SWQH@Q‘H@MUQHF]@‘)% S é@gtbndjqaﬂgr fhe oymbper of@bdswrdOmuald e interleave factor.
current and next scanline, i.e. the four pixel values

T RcodQses an @&dres@@mér!}@r to ien%rage rthe'%ddrésjs&"éf inteljll:avéd %{nbols within a codeword,

I%nggg‘_t g R?dﬁvelgaCh ':\9?%5d as read'ar#ée qoiiﬁ @WE@ n%;lm@ry tapbde-interleave it as
it frritgeit b@hdﬁ usgpaReed-Srflontoh decedee ®dlicdvde thodéwond) aki dqaiyXeites the codeword back

togﬁ%ghﬁat@m HREnASEQAR bk &P&&&%ssts*tﬁw%%hgwﬁt es of

the first columm's bit-encoding |ocation u

trani%gﬁgbwéggéigﬁgg space to scan space. It conputes
4t he ubsequent col umms' bit-encoding
| ocati ons by .
The decoder continuously tracks the two data clocks throughout the subsequent decoding stages. This

includes computing the intersection point of each scanline with the centre of each data clock track.

The scan-space y coordinate of the intersection point is simply the y coordinate of the scanline. Similarly, the

block-space x coordinate of the intersection point is simply the x coordinate of the clock track.

The decoder uses a PLL to track each data clock. The block-space y coordinate of the intersection point is

proportional to the phase 6, of the clock:

<
I
Al

(EQ 53)

Before the decoder acquires x registration, as described in Section 3.1.2, it predicts the scan-space X
coordinate x* of the intersection of the data clock with the new scanline from the intersection * with the

previous scanline and the block rotation a:
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adding an x delta for every colum and a y delta for
every columm which has a different bl ock-space y

woawmsthosmbe to its predecessor. Because the nmarCWAU2005/000391

bl ock rotation is constrained, the nmaxi mum bl ock-space

y delta between adjacent colums is plus or m nus one.

Correct threshol ding of the greyscale value v to

(ebtsaj n the bit value is awdedlbymnhomdedge of the

values of nei ghbouring bits, since bit-encoding marks
C&beﬁ‘thﬁdlebﬁéﬁdqlﬁl@s }Or‘é@ﬁda&ﬁ, it e\ CILISb! b&e%aﬁgnmbﬁttlméé 3k 481SnakrBw data clock.

”Ithp i Ig%.&‘i%[c]ve dlml?uelmien an aarcce rt]é\il; ugc g s?rvon\ﬁlg;‘,rg}s[a r.nymi,ng% Jpﬂgeaoder computes
@ﬁ?a@-SPage ¥ @single ¢f thmmferswﬁm pointfxim ibe phatsef thhdigsmbrs Biuent
bit values are known. Figure 8 shows a flowchart of

Aslaeschilat aarl(ﬂae (‘e@dﬂld&@ c]l@ék&&@& Bligne@€ fike® e ge%arﬁt@@wsa B8 lmei ForI the purposes of
or a_centra

cBedieie S8 Ao D o B SRR ST Lot B° s s e ot o oo ke
of ¢ gJocks Pgmomlép tha boueloohPrrashlosw soasllnle,rfwgbcoldbruueratemmeagﬁﬁe,nt PLL across
teIo SI6dRACRL 1.0BveP R E&ﬁ?&r&{ﬂ@ndfn@ rtlge?plﬁge Reas J? lout/ (fll%ﬁe -and-a-half clock
rZ resentlng a mark and the range of pOSSIb e va
%resentlng a hol e decreases to zero. Potentia
sources of image blur include notion blur, defocus
blur, and intrinsic inag%ngL@t r. Motion blur
(gps)cal |y occurs in the scanddirection if the encoded
medi umis scanned while in continuous notion. A Mhem
wheadiB theplyss difidrénge donePoHABE atoaSscan-spRdenic@at3p! | ed
i magi ng environnent. This allows a nomnal threshold

I ted
B%R%ﬁﬁﬂglrﬂgz ahﬁ]ﬁxei%‘ﬁk tﬁp%c&% c%% Esatﬂgc?(ﬁckts %ﬁgﬁé a3 g ﬁﬂ:rogls o) ?n&l phase 6, of

I'-contro en t
the |Pregifes a"é’%&lﬂﬁ é&ﬁéteéi LR %ape@almaﬂﬁkyﬁﬁ Phise) Fhffrenq@wedi for the estimated
plassdxirgt Hetwéer die §clai@iny hud it inky d@fto héBodkhétgphel d, a furt her
two thresholds are introduced above and bel ow t he
first. Once the decgqdery [ polyat es t he bit-encodi ng
P8le, it uses thesg thrggkfmgggholds to assign one -of
four values to the bit-encoding val ue, representing
glﬁ’&“ Qfatiqny e 3,78 EhER 8 effSptef bpckyotatior pinde entily ignored.
i ght gray, or unanbi guous white. The decoder
Thehlegoddr pregervegiboaligsmdnyRLIDS Ibep filercomert (2l estribtd in @giéh @ from one scanline to
mPhoen output bit's eight nei ghbours are avail able, the
decoder uses a maxi mum | i kel i hood decoder to decode
the correct value of the bit. A sinpler decoder can be
To,witiglisp fhe ghigngent REL imprpediatly affer theraqauisiion of ¥ rseisieagion; Bie dededer computes the
ingpen yoan-gpack xwhortliegte B d pisech,’ diak Ersepisedused@dlupdicttherlues
fromthe previous row and colunm are already resol ved

Sty SO Pabon PR I RO BEA R o0 s "

respectively. These moul vary wth the dynam c range
(E&f5Mhe reader's actual i Q]%g system and m ght be

generated dynam cally based on the range of val ues
Thytyenine wethe datw ¢lony tprkdues Sied glignfent pBaspd)) dtivedriogi thd Widihiod he clock track
anib 86detice! ock tracks and data. The decoder buffers the

out put for each colum to allowit to perform

efficient word-oriented wites to

W.—
0. = x{p- Lo

(EQ 58)

The fractional scan-space x coordinate xy of the centre of the first alignment line is given by:
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external nenory. It uses an address generator to
conpute the next output address for each data col um
weo00sagei1ped, based on bl ock number, col umMm nUPOEBAU203W00391

nunber and word size. As described earlier, the

decoder is able to detect fromthe pilot when bl ock

space is 180 degrees rotated wt h respect to scan

space, i.e. when block5~ar®d%%ﬁg scanned fromtop to

(Batsepm rat her than f¥bm'pott@m to top. When this is

the case the decoder reverses the bit order of output

SHRE S aligdiéht PHIE 15%9@11%@% GROSHAL Bled REI@ARS, tRDI4Er computes the integer
addresses i n rev er. After raw data decoding |s

s?%ﬁ%?%?%ﬁwmﬁﬁ@° é%ﬁ%g ves the raw data in externa
menory so that its beginning is properly aligned.

(EQpendi ng on the chatdéct lenistikcs of the reader, both |
the spatial sanpling period of the scan and t he '

ahdfeadeli®phagfo, t he bl ock in scan space may vary due to
non-linearities in the reader's nmechanical transport.

Si nce the transfornuyhlcg lg@nsfanB bl ock space to

(EQAM space may vary fYom'dne&cafline to the next, the
decoder r e conmputes the transform (and its

Givsp the sproriefchy cepedinates) anfl phase gcoff the dianl Ipixplenseif to @pdaty th adighegent PLL on a

gﬁr§n R85, iAol coaled B soan-space doGHindts 7 9{" aé ﬁ{él:sec%ﬁ &' the data clock with
8]lrmgecodlng Decodi ng of the fault-tol erant dat
ﬂFéé’ GRdiedpaimphase (o ﬁ@&?éﬂh§$§b§%*decodlng of
bi t stream paraneters, followed by decoding of ne
correspondlng bltstneann A@gﬁhbmn in Figure 9, these
B §2) epeat ed for each ehcoded bitstreamuntil the
n%er of raw bl ocks is exhausted. The design of the ‘
@&Qgﬁﬁaﬂng ﬁlle HQ@&OC‘R @LL %Qiecola&rugé%a?es ﬁllé ﬁ&gg st I_)g _Pand |_x _] + 1, using

these deco iélons ‘However nce t
a ligqiu nfegnglation fer perT L ik arofuse e tput sawple g thé fbpga dok ranIg the maximum

blo@Ytadd,, Ms S 1DBedE FiQl FBH ] fYuSQLd MBS rather Banint265 R4
Bltstrean1§arane?er§;As descri bed ear??@rr fhtgﬁ Emﬁmaﬁpmﬂ&

t- erant data the first and | ast col um of
VAR Bl ) SR Pl & S o DS e i i coondinat
ofjihg dentge CCRE datz ki If tit éxbgarsoordingte dficens ofie dutal dlock bHanges from one scanline
to%ﬂeﬂ&he?ﬁl?e@eéoﬁ& aﬂ@s%qgel ifhHal ﬂalgéeofq% %ﬂ&ﬁxent%t Lc%g'rdﬁg fb& %gn

these colums to a conti guous area of externa

Spr op BHOEKT ACE 16 SROR BEAGF RANSECR oach bi 1 ot r eam

t he decoder processes the bltstrean1paraneter dat a
Thregpoal taiffak [tgnsfoom edidtiag hlock go@do Biah Space Broompaael §for schlblat rotation and a
rhkt&h €am The decoder uses the first bitstream size
whi ch has a good CRC, and ignores the rest. If a good
|tstre9n13|ze cannot be obtained then the decoder
The hrizomiel apf verfisahampliie ratespre aspumed ip be el Peigel devatiprs ig g guline period
havalitfe effertdinddhll oBerdions dBechahentBhbdlsion ea rlaioath g cekhrtasd. a
good bitstream size, the decoder conputes the

Figlté [ LRRNDbERE ﬁmangf)acge ed- Sol ormon

In block space, let the two data clock tracks intersect the current scanline at P, and Pp:



codewords and Miem bl ocks. As described earlier, the
nunber of codewords equals the interleave factor. The
wdecsases21ases an address generator to generat ePCRAU2005/000391
addresses of interleaved synbols within a codeword,
allowwng it to interleave each codeword as it reads
the codeword fromexternal nenbry and de-interleave it
(Eéﬁéfe wites it backp, +(x,usa9” a Reed- Sol onon decoder
code the codeword, and only wites the codeword
back to external menory if it,contains corrected
(E@eay s. The process Fros” St i n Fi gure 11. 4. TRACK
DATA CLOCKS The decoder continuously tracks the two
agkhdogrespbrdinkly it soangprghiout t he subsequent decodi ng st ages.
This includes conmputing the intersection point of each
scanline with the centre of gach data clock track. The
(EQ&B) space y coordindte %P’>the intersection point is
sinply the y coordinate of the scanline. Simlarly,
5 (éa%@bl ock-space x ccﬁg_r=d'(ﬂ,;1,@§,e)Tof the intersection point
s sinply the x coordinate of the clock track. The
wlaE 46he Y86 bl il AL caCh data cl ock. The
bl ock- space y coordinate of "the intersection point is
roportional to the phase qc of the clock: (EQ53) p
ThstFaaierme M slefigching pracedoppiicresgack isi egi st rati on, as
described in Section 3.1.2, it predicts the scan-space
x coordinate ' of the i ersg,c.ti of the data cl ock
with the new scanline_firofi’t R¥ ¥ rtjer section x with the
previ ous scanline and t[hésits dekofgt ati on a: (EQ 54) x '
(E—Q@;{)I + since) Once the decoder adquires x
regi'stration, it uses a PLL to track the alignnent
whérl©8 1R bcaR e RRALLAN WRL etibPck. The alignment PLL
i npl ements an accurate |line-tracking servo with noise
[ nj t The .decoder caonputes the scan-space x
10 Tr(:agsgyrn&nﬁg{mé’wﬁf’°’?tﬁﬁ°‘ﬁ’sﬁft@rs%l‘éecfP‘i%ﬁndedi nt fromthe phase of
the alignment PLL. As described earlier, each data
('ﬁ‘a&ék' s two alignnment =l¥nes are separated by a bl ank
I né. For the purposes of tracking the centre of the

data clock fromonerscanline to the next, the
ali gnment |ines areltf egteesowst Svimout.itdk$s of a cl ock
1

orthogonal to the dgtp=qgloskex,OF&39H new scanl i ne,
Etbqh% decoder iterate agh aligngent PLLjacross the two
( Rk ticks, i.e. over K pixels corresponding to a
hase distance of ahout. 3p or one-and-a-half clock
(Egl/'(ﬂ)es: (EQ 55) wher®e d+73%iHe BRa%% difference
correspondi ng to one scan-space unit (EQ 31). Before
(Bqm)ating the alignfiefits Pfines hécéroder copies the
clock's initial phase /0" fromthe final phase qt of
15 Ddfineorpiogomilausd wdiphtdneat, veddj i slotickpice: account for the
approxi mately 3p phase difference, and for the
esti mated phase error_ ?eb £n one scanline and the
(EQ52) due to the bl o®iC thlati on a:

(EQ73) 4, = 10,1, 01"

Transform into scan space:
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(EQ56) o/ = q + d( + since) If the maxi num bl ock
rotation a is small, then the effect of block rotation
woamsesxaf el y i gnored. The decoder preserves POE/AU2005/000391
alignment PLL's loop filter context (as described in
Section 6) fromone scanline to the next. To
initialise the alignment PLL i¥mediately after the
(g(ng sition of x registiatjon, the decoder conputes
t he i nt eger scan-space x coordi nate and phase q ' of
the first pixel used;to,update the PLL. The centre of

 (EQ&5)¥ irst alignnent Yiné Bas a defined ali gnnent phase

/0 of zero: The centre of the data clock track has a
(édﬁ)"@’d al i gnment phask =giScosaerdstmed]f rom t he wi dth of
the 'cl ock track and a clock tick: The fractional
scan- space x coordin t_eSx of , the gentre of the first
EQ7Ynnent line is gi%en BY*S°He% % he alignnent PLL is
updated with pixels with integer x coordinates, the
AgeenrmFigmipdetes the i nteger scan-space x coordi nate x
of the first pixel + and hence its phase qo': x G ven
(é&‘% scan-space x coaer€dipaie xi and phase qt of the
nz; pi xel used to update the alignnment PLL on a
i ven scanli ne, theed_gj;o_ er conputes the scan-space x
®dinate x' of the ifftefsection of the data clock
with the scanline fromthe known phase gic of the
(segg)re of the cl ock ftTdcke’ For the pur pose of updating
the data clock PLL, the decoder interpolates the
(E][&L%% s at Lx'J and We'sgl % 1, using a linear
rpolation factor x' - I1x"], to produce the input
mgnpl e to the data clock PLL. If the nmaximum bl ock
rotation amax is small, then the pixel at LyJ can be
used directly rather than interpol ati ng adj acent
pi xel s. When the decggder ¢iterates the alignment PLL,
(EQ83tarts a fixed scan-space distance fromthe integer
coordi nate of the centre of the data clock. If the
i nteger coordinate of centre of the data cl ock changes
fromone scanline tegygthednext, then the decoder
(E@H3psts the initial phasé of the alignment PLL
accordingly, Le. by d. 5 . BLOCK SPACE TO SCAN SPACE
AnpFpRSIGRIr Fhdatige bleckapacatb fdangpateriansf or m rel ati ng bl ock
space to scan space is conposed of a scale, a rotation
and a transl ation. The:horizontal and verti cal
(Egz@?l ing rates are ﬁssfurred to be equal. Actual
ations in the scanline period have little effect
usihce all operations other than interpolation are
réfative to the current scanline. Fi gure 12 shows a
rotated bl ock in scan space.

d, = [E, ‘;}Te O]T

(EQ 85) f
d, = [fe 44 o]
(EQ 86) g [f f }

Define the bit-encoding location of the ;¥ bit of the i data column:
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In bl ock space, let the two data cl ock tracks
intersect the current scanline at Pa and Pb. and
woaorsaegandi ngly i n scan space: where ys i s theCyAU2005/000391
coordi nate of the current scanline. The transform M
rel ating bl ock space to a scan space is: Scos a SUla T
= - Ssina Scosa Ty 0 0 1 (E® 67) where Sis the
Escale factpr and ai B, he- Blyedk ,0dt ati on. Transform ng
(EQ &hown p0|) nt allows us to solve for Tx and Ty: - +
+Ty E Q70) Tx = X~-a,S.. S .a~Ssiaa EQ7 1) T
(EQyB8)Ssi naxa - Scosa@%”@é?%ﬁgﬁha%hogonal xc;nd ; d
di spl acenment vectors in block space: Transforminto
Itsgeraispaspiepoeforah can hglde@@paad asfollgws:0] dv = [. Ssi na, Scosa,
0] (EQ 77) As shown in Figure 12, let: (EQ81) / =Db
-Xa Then: si ng;,d:(i,f) 4§pp§2,)MC o+ ([ERo§B) And the

(EQSB9 e factor rel"ating bl oc sSpace to scan space is:
(EQ 84) . .
(EQ 90) Py(i,j) = M- Pyt ide+jdy

This final form is suitable for incrementally computing P, for successive columns, since i increases by one for

each successive column, and j changes by a maximum of one for each successive column.
6. CLOCKING AND PLLS

Phase-locked loops (PLLs) are used variously to lock onto the pilot, lock onto the horizontal registration

clock, track the vertical data clocks, and track the vertical data clocks’ alignment lines.

All of the clocks have the same period, and the largest source of clock frequency variation is the rotation of
the block in scan space. The PLLs are therefore required to support a relatively small lock range which is

proportional to the sine of the maximum block rotation.

The two primary purposes of the PLLs are (a) to suppress relatively low-frequency noise due to surface
damage and contamination; and (b) to track the clocks in the presence of low-frequency variation, for
example due to the vagaries of the media transport mechanics, and without exact knowledge of block rotation

and scale.

Different strategies may be employed for effectively imaging a Mnem area. These typically reflect trade-offs
between sampling rate and sample resolution for a given data rate. At one extreme, multi-level samples of the
image can be taken at close to the Nyquist rate of the image. At the other extreme, bi-level samples of the
image can be taken at a correspondingly higher rate. Because of the potentially high density of a Mnem data

grid, it is more practical to perform multi-level Nyquist-rate sampling.

The possibility of surface contamination and damage motivates the use of a PLL which is resistant to missing
pulses. This in turn motivates the use of a level-sensitive phase detector rather than an edge-sensitive phase

detector.

The Nyquist rate image sampling frequency is at least twice the frequency of the data grid. Since the various
clocks’ ticks are defined on odd coordinates, the sampling frequency is at least four times the clock frequency.
Tn a Mnem reader the samples are intrinsically low-pass filtered by the optics and by the two-dimensional
extent of each image sensor element. However, due to the sharp edges of the clock ticks, frequencies above
the clock frequency but below half the sampling rate are likely to be present, and these can benefit from
further digital-domain low-pass filtering. More generally, it is useful to band-limit the input signal to a PLL to
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Hence: Define the bit-encoding |location of the 1bit of
the z data colum: (EQ 8 8 ) P~LiJ) MPd(iJ) Its

weeas/mwaaee transform can be deconposed as f ol POTWU2605/000391

+M [i, 0O, Q M- [(UO],r (EQ90) dU) =0+ i +
This final formis suitable for incrementally
conputing P for successive col #ms, since i increases
thyy fregpracyf reree ehintres Repending ve the désigmaf thePid., phase ldetertpe St 19y aBo be necessary
tﬂ&éphﬂﬂiﬁ@@ﬁanﬁ@ﬁnge‘afth@ﬁﬁh sERUIS B5Bd HBilabR iHIRic e 99%1

Qe Lt S Phase-1| ocked | oops (PLLS) aare usecé vaﬁ%us lmeamphmde
F BBt 0 the pilot, lock onto the horizont al

regi stration clock, track the vertical data cl ocks,
Thp gie of sadiaage lxemsoy evith froeptbogtd trmlogltedigit! coa\Pe'rtg'mﬂDOI andl b 8igi%l interface implies
2L Qi U?ﬁ‘gltgll &ggﬁ Iﬁa’y‘%f t"nﬁl ﬁﬁﬂ’@t-rﬁ’@r %dsa EI%F rate is too low for a

| ar sag) sour.ce o{){rgl ock frequency v ion |
°P”cYF PrbROEY digink P disien-ilpstead adisitah esion th dnepy L lmperopnate operating on
njulieleed 9gmlsr equi red to support a relatively small | ock

range which is proportional to the sine of the rraxi mum

The 9&% C1Béktﬂ§‘_,|1§3 ﬂmﬂ%a‘:ﬁ’é@ ath IH\J/IUFJ 1%{1 gl\i,{\ir/?l? P& u19k1¥/ 1s erefore %:s%ed since this

ﬁl 5ﬂ§ﬁ tq sup press reI % requency nol se
s & g RHetded-inie be Spiimisedn Thip Stivaten dui d9ps o necessitrke, the use of
phdsedegktockigch combufes the p&ﬁeﬁd’ﬂﬁﬁd@éﬂy{ B\WisbkRE ARG Vel Th@dide QPihe lead-in can
uftﬁlﬁﬁqgﬁ?gﬁgéd%o ggtgh tilé)%e‘i'fh a}{cae%§ﬁ1 ?(11?& 8 ck%Elg 61?1 %%Sséatggn%ghers tto the initially

uplegked {eéllsp‘ag?mclgcg aLE, althpuyzh é;ee’yglstrgttopatoelgl,s dwicaliyndp@s size-constrained as the
poTihe pd ahdegi@bfiacioby ol cbﬁﬁ@g |Wr\:9 R VR EBkaLE QJgﬂJ&??ﬁs wéuch are both

i ref[ect tr.ade- bet wee nmpling rate
ﬁt}éﬁr%{%cg(ecrl é:g 5 alr rgehso c1)trls pac‘)ssail?/tg Hse &g&%ntﬂ%ﬂp éilter Rflrataﬁgs for these various PLLs.
extreme, nulti-level sanples of the inage can be taken

6dt cPDissEetedimaRigiglAkLst rate of the i mage. At the
other extrene, bi-level sanples of the inage can be

Figu L3 shas the gepiric SQi5uedi mdipoyetimpigitay PAL avith RSrshoerdes laop filidaloscribed for
expople it Bat, R\E.,[Hrgda- Ld&‘ékSLdoys Q)@szgaz Mﬁmﬂzdﬁa&na Aﬁilicgaoni trifih Edition, McGraw-

lLti-
o he o st B B 1o et S il s e e
lﬁerﬁmg &: ebrepythe B@Set fhef the énputfrefaredRb kignehincdnd ke phas Bsdf a{etosclllator output

51£r£§1 M ’ﬁﬁ'dfgﬂal @(H)b $R&-7 OF&&)}%&S&Q quUlr dibn fsé/ ot mﬁkgsﬁ Eng.ﬁe ﬂ'ﬁ%s% detector output, and

ve - nsitive ase detector Tat
e B PP e ShS B trg Lo ey cSer (g hndser funcion i
sogwiigysi padorfneelojue sepatate Soviaiass BB tas Hé&tlnfbed idﬂ @xahipR Gk AB&MoRED, D., Phase-
LJcpeQ Lg@ts 2y ggr}trgl‘ Ceﬁn{‘] %mu? ol s o% th% A?qceng’an C%nl%trégé é)%:&%gce 2802) The loop

definéd on odd coor |nates e Sa
filter mrt@éwmrv@ewthq qopigod inpgfdo the él@ital ﬁ&C@efgreW@,)pulhhmlt omvlite pantral frequency m,

toWwRAIREK H1AEmS IS s1§rfaf3 thijé rtﬂenlf’elqlgeﬂw ¥, ;Lﬁ%ﬁ@%soif 1!hJ: %)s%ﬂlator match the

by the optics and by t di'mensional
f“’élaw PirAgd ghaset obthe @F‘%ﬂgnalkﬁwé% is, clagked by @e Emhsmdmop with period T,

obexitge somthe Ade 703.0ck ti cks, frequencies above

For each input sample u,(#), the PLL is updated as follows:
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the clock frequency but below half the sanpling rate
are likely to be present, and these can benefit from
wourndshes21di gi t al -domai n | ow pass filtering. MPET/AU2005/000391
generally, it is useful to band-limt the input signal
to a PLL tothe frequency range of interest. Dependi ng
on the design of the PLL phasefldetector, it may al so
(B@omecessary t g« pahdhastistedyriaiterf8@hge of the i nput
sanples to the avail abl e dynam c range, to normalise
(g@gz)an'pl I tude of(n) weajulputl) Sbgp@)+ b ke-ugse of an inage
sensor with an on-board anal og-to-digital converter
and a di @i t.al1)ing N i a PLL with a
(%‘sgﬁ al design. Zﬁ—lowéverz?{)vu\ﬁt% yﬁ&r[gdﬁ?)gﬁ rate sanpling,
the sanpling rate.i.s too, .l ow for a conventional binary
(BR8%tal PLL degngrT.l%f—n‘éc’f@é +alS)di gital version of a
linear PLL is appropriate, operating on nulti-Ievel
(B gs)al s. The pi%k rlgf—dfaw)PLL is initially unlocked. A
PLL design which locks quickly is therefore desired,
= oge this all eds-theugize of the pilot lead-in to be
m nim sed. This notivates, but does not necessitate,

(é¢1§7 use of a pbase—det.eqhor which conputes the phase
e r3r directly, as discussed further bel ow. The size

of the lead-in yltimately be tuned to nmatch the
(E&?q‘)or mance of ugﬁg&pf(?l;)r??cl ock PLL. Simlar reasoning

%E{){I ecf to the initial It}g unl ocked registration clock
WSt S ant Kofennggrtsthrchase detestor apdioesilater giske risepctivglyi cal |y not
as size-constrained as the pilot. The pilot and
Theet‘gsit;t:modpcﬁitemaackteﬂ?m,% @Al drésdculstel b ﬁr&l&‘c}ed@lt(ﬂsifh gg;lj performance in
th@hiesefte | o ntia ocked. .
I Si r(r)?]lmfigré q% g%é%ﬁds%ﬁxg{ﬂg 9%3%33% %F‘é P?%Se'ﬁ%cge%liof’@ge’P @igpy Simulation, and
Aﬁpg‘ﬁﬁo’ﬁﬁl@eﬁr‘“ﬁ&%@@w%r these various PLLs. 6.1
Discrete-Time Digital PLL Figure 13 shows the generic
Fos Mheiﬁ: tdd6der FIfLs the décﬂl_@tbﬁih@se %) iHEro;SU_r@n&l@d blggzk-gpa\éé &igla@ement s
first-order loop filter, described for exanple 1n
Best, R E., Phase-Lpocked Loops, Design, Simulation,
(EQ®9 Appl i cati ons, FAlg)ftﬁ dition, McGaw Hill 2003.
GThe,{g]i gi bal )hase det ector 700 generates an out put
Bi grfa12°8 Pejertion Arrraachssr ti onal to the phase difference
e hetween th hase 1 of the input reference signal
Thg%np %ﬁlﬁnvﬁﬁén %ugjélgm 8l uggre Pﬂ‘@h@%ﬁ“f"&‘t’ or output signal U
The digital loop filter 701 suppresses input signal
(EQ@oee neni f est in the)phaseloget @3t or out put, and
extracts the DC conponent of the phase detector output
(Eés,g@h_e phase error {aht-hewghxt-bi)s |atter function is
soneti nmes performed by a separate |owpass filter, as
whegscri bed for exanple in Abranmovitch, D., Phase-
Locked Loops: A Control Centric Tutorial, Proceedings
of the American Control Conference 2002). The | oop
(E@i1D2)er out put Uf priovi®des the control input to the
digital oscillator 702, pulling it fromits central
The yimp{esertese deietar duvamdilibroTie pridtidn of theerefe i@ il €, a5 899 htor signal 1, has
a Deh&kByHidAes Bl ; e.oscillator
match the %rpgqglgg%&e\(é%e ?frﬂ%r%’gggﬁ‘g%‘émg{’%“?@? ngm'r ef erence
signal. The PLL is clocked by the sanpling clock with
eriod TS obt afp(ed,idam« kie(wCo/H30, -fegy each i nput
(E Ale U(ri),”the PLL is updated as follows:,E Q9 1
n) - "~PhaseDetector ( ML(Tz), Ul (li))

u
When the PLL is frequency locked, the reference frequency @, and oscillator frequency o, are the same, and

the DC level is proportional to the sine of the phase error 8, alone:
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92 . U {n) < - 1Upl

- 1) + bQud(n) + b xud (n - 1)
(EQ93) @ ( + 1) @ (") +

(W0 + KOUi (n))TsEQ9 4

WO 2805096219 <r- cos( g2 ( + 1)) + 1) ) where an@CT/AU2005/000391

orepresents the phase detector and oscillator gains
respectively. The first-order loop filter paraneters a
bo and b are calculated to pro®i de the desi redbPI&Lf
erformance in Rc IS descri bed for
(gaaupl e in Bestw%.)%@&%hagg@tocﬁ? Sn(gt%')ps Desi gn,
Simul ation, and Applications, Fifth Edition,
Fvksaiat phakd drfors20Re o pﬂﬂkbeaﬁbﬂ@mﬁﬁﬁtesﬁhd.lﬂld ade :&ﬁorﬁﬁélf hddari©x the basis for
ional to bl ock-space displacenment s :
ﬂ%h%gagﬁg?g&r Qﬂtqg{:%l“ll‘on Approaches The input signal u\ and
out put signal 2 are mpdel |l ed as foI lows: E Q 100 UL(H)
(PQ$b8)( CO 1X + 1“)4 EK@“@@)F’&G("‘S 8. 20cos(w2 + q2) where:
(EQ 102) x n T ' The sinplest phase detector is a
Whsh thi PLL 8ot fEEbLe:n@I' lﬁtﬂiétl; thexDﬂhe ﬂlﬂ’&eﬂceﬁeﬁff&ﬁlﬁ@ re%r@ﬁ@ﬂreqﬁ&cﬁﬂqm oscillator
fr%su%nc coago% tes[q %F see @anEEﬁ SC E Wi ﬁ
5 GPOrt] ong\1 QTP R l"ﬁlép &Y '%S%tg ?fsf]f’%‘rence
betvveen them I 1(HM2 ¢ SJ ( 1X - ( 2X+ q, - &) (EQ
AJO@Y ecgnopficahsqndne Wik losciligtof is efnardyplatodk eidysoididesdilfor inenigenction with a
nfu[tiﬁﬁ’df' ﬁ‘z@é/ de"sec%p C&m@ec' ﬁlle k@4 rtaf Lo et oY tﬁ@BF ofhid? s&-ﬁ? ex?p MBn of the square

roport| onal to the sine o
WﬁYFd%%“’%)PPB‘F t°q% S St 61N S BT eompOonept ae cgpipged by the loop
fitye) H(We@r, k@4 Yoselto Nmulssrml shmplihgses, @ PLDWEh 4 di@scdah@ciltorlpbi®orms better.
phase error approxi mates the phase error itself, and
Tﬁegﬁlﬁse' cféte&t&eoegégi%l ﬁmf 018 a&alﬂ%ﬂl}?t){)m{h' ﬁgﬁia en;) 5118 cv%%aﬁ&r@? %%ifor both the

as
r?(fﬁe%ﬁ%’f‘p“)ﬁ”gdqﬁé’?f’él&?“’n}f@@%d then the glgfference bet ween
the reference frequency CO 1 and oscillator frequency
:goé;ont ributes to the) phlasdoprivtgy, pulling the
oscil'l ator towards | ock.
O1(n) = uy(n) = Asin(ox+0,)

(EQ 107)
(EQ 108) I(n) = uy(n) = cos(@yx+6,)
(EQ 109) 0x(n) = sin(0,x+0,)

Minimally this allows the phase detector to compute the instantaneous sine of the phase error, which for small
phase errors approximates the phase error itself (as noted above):

(EQ 110) 0, ~1,0; = 4sin(8,-0,) = 4sin(8,)

In general, when the phase detector outputs a signal proportional to the sine of the phase error, the effective
phase detector gain K" is proportional to the sinc of the phase error, which diminishes to zero as the phase

error approaches its maximum of 7

sin(6,)

K =Ki—5

e

(EQ 111)

For larger phase errors, we are therefore motivated to compute the phase error directly. When the phase
detector computes the phase error directly, the effective phase detector gain is independent of phase error,

allowing more rapid phase lock.

The phase detector can compute the phase error directly as follows:
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A nore econom cal square- wave oscillator is often
used place of a sinusoidal oscillator in conjunction
woi2ods/0a62mml ti pl i er phase detector, since the PCT/AU2005/000391
fundanental conponent of the Fourier series expansion
of the square wave is proportional to the desired
cosine term and higher-frequeficy conponents are
(eQitmR)nat ed by the | odfafrililt erdcotdBuetog =, 4 foe.)cl ose to
Nyqui st-rate sanpling rates, a PLL with a sinusoi dal
oscill ator perfornms @gitro, TM(pJ)ase Eiet ect or
E q?| ts fromthe av@id,ab)] i tacoqb, bo R eh- phase / and
qua r)ature Q signals for both t he’ reference i nput and
the oscillator outp 0 = AcG (S 1IX +
G1E0 107) 1 = kIO ) (Eowoe) o (n) -
s écg) d% Mnlrmll this allows the phase
d&t BPrEr “°dt! ﬁflénaisr?ée §eASHL ol vailable fos fhetrpference input, a Hilbert
trp;h@zseer efmrt@ru,sedvdn gearafe@he fomlile oHIAGE fBF dxahSlc BRYDIFOX mgeeg,ocked Loops,

%J%Zéﬁone ﬁaOAp;JhEchst F{ﬁﬁsﬁ(d‘%%}l eﬁfé*r?“‘?-ﬁqP 2oor(1 E%%,g% Digital Signal

enera

Pfﬂ‘iﬁgg 8’&%@{3§Fle%&t26%ﬁ) Pinge g éPFE\‘PHCD F@&ﬁ(ﬂf the &frain PLDs & highly constrained, a
sifiblaier/Dielay fiker pARSIS RhsAr , the effective phase detector
gain K/ is proportional to the sine of the phase

h. dimnishes to er?udas t he phase error

Mahy Ser }élﬁse dC te%tor approachics are ?SSIB ng interpofatt ?n'!?fsidE]E}eTfllyf zZero crossings,

proa
aqddptelp(dqttg@-basmq@@@eu(@rqf oraks, ﬂwedeagleoﬂdﬂﬂdhdfaob@n ABE1b¢@ inChlseti€ of Granted

PAQRRI RndilkSateht @ﬁﬁca%BﬁSQfﬁtedjﬂn kR Clobefer gmgsnab&ge phase

detector conputes the phase error rectly, the

effe or gain is independent of phase
7errorﬁkhsﬁ$%§nﬁ§'§r%§ﬁ'§% api d phase | ock. The phase

detector can conpute the phase error directly as

Far gte popesey Ecyadet 2nd) de@dd @ detignhit i asm&éd]f,hat-a cfgl-pased Mﬁé‘nﬁ fhedium is transported
paétEQnéal ﬂﬁagéﬁe%ﬁﬂ dt @(ﬁi@tazg sl)eec) the hgeaﬁ nﬁgeeseﬁsgr d@ﬁl@ﬁl[% cgcrl]’ § Mnem area line by line,

a nal s, are general
and 8 S0l deSocht B ™o e A plie Sop, Huber
transfor mer can be used to generate one fromthe ot her
Figusee bt shows ehiginletet biBeksdiggrar &, o, MRinasatel. CeKREHeE QRRGS an unagmg system, a
tra%@ﬂt Sf3tem, Sh mtgfﬁkh lem @&QdeﬁBﬁleﬁmj wngry %‘r dec{xiefi H Ed I c{ al host controller,

MG aw Hi | and Stein
Processi ng W ey-|Interscience, 2000). Since the

ThF FRder éﬁ% ayﬁﬁx@ ists ﬁglllwﬁlélmopﬂ:ﬁgs 719 aﬁci gliftegr image sensor 711. The reader’s
medrigtspart sysieln causists nfduelr me{fﬂaﬂied&&rﬁyufdnh b @hnsPORYmAWrS@3. Rfice the controller

deié&@giard %R%n 915 'Eh% eeilg %ec‘tgctoqée 'it &?&e %Ees scD 1ne %lgq%péqsg f?{ tBﬁ dLB?thn of the scan

SSI , I'nc U L1 on- ase
thi‘ﬁ?i’“&"%?%‘ﬁ% of ﬂ%f’ﬁ’@age ﬁ‘tné‘?fﬂ@ﬂ the Spesd obthsmetordet ect i on of
peaks, the design of which has been disclosed in a
Eaghgseantiee otk finlsa Bitzeudh the image sensor to begin acquisition of the scanline. The exposure period is

pre-configured in the image sensor. On each clock pulse the decoder also generates a level signal which

switches on the illumination LEDs for the duration of the exposure period.

During the scan the decoder 714 writes decoded raw data to external memory 715. After the scan is complete
the decoder optionally performs redundancy decoding to correct errors in the raw data. Alternatively the host

controller 716 performs its own redundancy decoding.

The decoder informs the host controller of decoding completion via an interrupt (if enabled). Alternatively the

host controller polls a decoder status register.

After decoding completion the host controller reads the decoded data from external memory for application-

specific use.



Pat ents and pendi ng patent applications listed in the
cross references above. 7. READER ARCHI TECTURE For the
wouopowex9of reader and decoder design, it is RETATRIS/000391
that a card-based Mhem nediumis transported past a
| i near inmage sensor at constant speed, the linear
I mge sensor scans the card's #%hem area |ine by |ine,
Thnbpst ¢patrellet erdfigured @pasttion of fhe deroden vidat et dffvonfigaratidni registers. Configuration

pEbhdtIint IR BCARabIHaBHESrs ddinSRAWEHIR l,hd.s G hseﬁﬂoe lmagé ool 8 exposure period
reader. The reader contalns an

di agram of a, Me
a’i’drfg‘gjldﬂﬁ RHRY émjwa © PFUREHTPges ¥ decedsisrssitiG nt egr at ed Mhem
decoder, external nenory for decoded data, and a host
7dont Dgtd Rates The reader's imagi ng system consi sts of
il lumnation LEDs 710 and a |inear inmage sensor 711,
5 Give 2 reshpaqe’ tenspesg prged v dhtp Sirctionynstrenfriocton ssding tof apphogifnate block-space
wamegbridpddet,getiandy:712 and a transport notor 713. Once
the controller detects card insertion via the nedia
detectors, it generat gsvjcanl ine clock pulses for the
BRI on of the scan”whi'ch control the exposure of the
Ln%%e sensor and the speed of the nmotor. Each scanline
VRIHE R Byarekwacsitghiopksracticals fgflfe sensor to begin
acqui sition of the scanline. The exposure period is
Tiprbdock-emtd dytarad:, (imbitshe seoomly & ke pis@rby: On each cl ock
pul se the decoder al so generates a | evel signal which
i tches on the illypination LEDs for the duration of
10« (Nemixposure peri od.“m=Dur"i ng the scan the decoder 714
ites .d ded ra ta to external nenory 715. After
W%{\e%ee%%%glﬁ%{%%q('%’%cﬁ&%\ftgﬁie “YéEbder optionally perforns
redundancy decoding to correct errors in the raw data.
Thi§ i dervate ptvweligh thehriscdderseenepatns bit ghlhaey and fepregpets fterandage tdsta Eifdbetween the
d&&gﬂ«%@éﬁ&%lﬁﬁﬁ&ﬂ&tﬂggmwla@cog%Od.er in_f orms _the host i
controll er of decoding conpletion via an interrupt (if
menapled). A ternat {'.ve[g%{. the host controller polls a
GO LRPT Doty VAT ET oS REFeEPrd SEHEt Wy conpl etion t he
host controller reads the decoded data from external
15 (exerpyy for applicat tsongpéci fi c use. The host controller
confilgures operation of the decoder via a set of

wieed IV is (id kadpligytat.egi st ers. Configurati on paraneters
i nclude the variable paraneters defined in Table 1, as

) ' sor._exposure period and decodi ng
TﬂggétalLl SI% ge. &a%l‘%?t%@%%é@‘gp ramerer Tan g%‘s ar e
decoder-specific. 7.1 Data Rates G ven a real -space
(Ebrﬁgfport speed vr is& Wsﬁpsdi,mzecti on nornmal to the
scanl i ne, the approxi mate bl ock-space transport speed
Wﬁémpﬁsisghys@ghﬁmidm%}? Is the real -space to
bl ock- space scal e factor. The bl ock-space data rate rd
i.n

20 T Qlﬁ}tesat%%g second) is then given by: (EQ 116) d =

ch the decodér consumes samples from the image sensor, and represents the average

date rate between the image sensor and the decoder during the scan.

Assuming the decoder supports a maximum scan data rate s, the reader can adjust the transport speed v, for a
given scan width W, to satisfy EQ 118. This implies different static settings for readers configured for
different media widths, and different dynamic settings for readers which support multiple media widths.

25  The minimum total scan time £, for a Mnem area height H,, is given by:
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where Wri s the bl ock-space width of the Mem area.

This is the rate at which the decoder generates bit
woabasawe21and represents the average data rate Beragrons/000391

t he decoder and external nmenory during raw decodi ng.

The scan-space transport speed vs (in scanlines per

second) is given by: (EQ 117) & v " where Nis the

sampling rate. The scan-$pace data rate rs (in sanples
@grigecond) is given By: where W is the scanline

width (EQ 24). This is the rate at which the decoder

TG BEHYRSed 6 BaMpRE tHevRItity 18 IhBRE §ad RS ANe) regildd LSRR G I%&rﬁcular desired
o nggver age date rate between the inage sensor and the
décOder during the scan. Assuming the decoder supports

a maxi mum scan data rate rs, the reader can adjust the

7% anMushanieql Eensiderations a gi ven scan width W to

satisfy EQ 118. This inplies different static settings

S28 rapsRATHeAS COBBTRIeY it e i megliar desptans pinpriateeusiyideledn the peesrdce of a card.
Tlis fnfﬁﬁmlﬁ:@ the ahitiudiStaBorSeT the Icz!li_ﬁ Snd r_@iﬁi_nﬁﬁﬁﬁ?ér;&siﬁkbﬁﬁbn&ltﬂ@@ @&1fision between the

il i a . ni mumtotal scan tine

°¥§%ﬂt§rﬁﬂ%€§?&§gﬂﬁ%ﬁs§fﬁ%}aﬁs€?@m His given by:H scan (EQ

119) This can be used to conpute the velocity (and

Ap gwa Figeig  5.dhtheinege wysor is glaged slgsetto the trenspatieroler BT, thercitiknay also be used -
fodl @écti@ofSipaRedlal B as iV maveMAGRAR&ANircHRASs dﬁg&%@ﬁ?%ﬁf} Y. This has the
nedi a detectors

r.an rt on c.0 nces once. th WO
o T R bt Bl o R B R Be e card Thi s
mnimses the initial rotation of the card, and
Iiiheriarpperbslles isopftess & B.Jecomply atith differdutanctlio thidshdsses,itten placing the image sensor
clbRtIVBEB11dr BISo SR TnHseR6lrelA@d jleBIh%f fad. side walls of the
transport path. As shown Figure 15, if the image

ensor is placed close to the transport roller 717, )
T ehrgazieri r?ay ngggonglfys%co é)raﬁesae %.Plb?en%?éts%c a SIIFXBLFC &ﬁ@ceﬁ:é)&ﬁ sepsor, as described

foy p@mplg inj Gordep.\(b.sSe¢irg qe ousaySpOTtpEtertsgstan, US Patas Nedian61433)780, to allow it

tots%iﬁhraﬁii'e@é’i{ fddwiht RuhdRulg eeddhibhonal advantage of
allowing different nmedia widths to be detected. If the

ransport roller is sprung, e.g. to conply with
7'%§i ff@'?agmg éﬂs’lff%r?tm"gknesses, then placing the inage
. ral |l er. sq m.nimses the required ,
TR R R e B -
a notion sensor, such as a texture displ acenent
(Exet29pr, as descri bed for beXdnll e in Gordon, G, Seeing

eye nousefor a conmputer system US Patent Nunber
ABymiiBSs MBOmurt allosved Wlvekispace blur radius by, and a blur radius by associated with the imaging

optics, the exposure time is then bounded as follows:

(EQ 121) bf+ vabmax
L = 2\: < bmax_ bf
(EQ 122) Vi Vm

Since the allowed motion blur radius is bounded by the size of a block-space unit, the exposure time is a

bounded by the block-space line time or N times the scanline time;

1
v

t,<

N 4

m

(EQ 123)

In practice, to allow image sensor read-out at least once per scanline, and assuming no buffering in the image

sensor, the exposure time is bounded by the scanline time less the read-out time i



10

15

20

25

30

to synchronise scanning with the actual notion of the

medium 7.3 I magi ng Consi derations The noti on-induced
wohoeeskvenace bl ur radius bv is a function of tReT/AU2005/000391

transport speed vm and the exposure tine te: Assum ng

a maxi mum al | owed bl ock-space blur radius bmax, and a

bl ur radius b associated with €he i magi ng optics, the

exposure tinme is then bdtinded as fol lows: (EQ 122)

(Shngg the allowed notfonblur radius is bounded by the

size of a bl ock-space unit, the exposure tinme is a

bounded by the bl ock-space line tine or Ntinmes the

g&lne time: In pra%flé e, to allow imge sensor
(Eég Jout at |east once per scanline, and assum ng no

r S sor the exposure tine is
“%%E%%thch%)ﬁes ntéorg%%n |(ﬁléraf msan?pleggerﬁ’i%‘ﬁ'ead out tine
= s (E§§124) (EQ 125) where r is the inmage
As é’ﬁ%ﬁed Barior & s rodr ureate inigng satm lasripemutleetyquisiate sampling of

tid M 32 (Thé AmBIR rdtOMis GheretoREhofnRBH Blosed B&ech BGnd I7BYI NY
systemto performnulti-I|evel hqu|st-rate sanpl i ng of

TLJ]%O 1?%’8001- le en?%leclﬁfngcn% ngzge F(zéor}ée glrﬁneachLoelr 5}8@@@0;@ Revision 0,

nor osen V\E en
Ogigero 3, @é‘l’ém ex@ﬂM@ lmﬂmaﬂﬁﬁgo&f@bﬁor%tﬁ@ramm&rea with a data density
RSP &I f)ér ‘it@ﬁ 12O oﬁ@d’l&y%&ﬁ]et-@aase%%%scﬁbed %10:9&? he%aﬂ%]Sectlon g9 below. It has

a linear .image sensor sui tab
a gad%ﬁgﬁfog PEES b My vde HVipgehemplips Rty Offerzre?ﬂﬁ@?ly il ﬁ,@hd sugprting a scan
WBMp%opmemmbymﬁﬁﬂﬁanbased printers described in nore
detail in Section 9 below. It has a width of 8800

i xe diitfdhd’ a sanpling rate N of
”gpprE)ﬁ(?omat esh;l %ﬁnt% Hsgﬁ'\égg'?su ng a scan width W up

Whéh tﬁeprlaz[d@lxlh ﬁ@ﬂo@h YevRR2 Wlﬁbh i€ al@foa %gé?ﬁ%&‘ Mﬁ@nﬁn&l’{ Ar@ag Iﬂnzgn be usefiil to combine
he re

d
&Eﬂﬁ%mgg a§§%8§%§ @“B?mﬁF?ﬂTPﬁ@mﬁﬁﬁﬂﬂﬁﬁﬁﬁéﬂ |t can
be useful to conmbi ne the Miem encodi ng and decodi ng
Efcodieg i e invérse process pideeodingtIegpnsisted 2 enlcmigey /eﬂ:ﬁﬁ.ﬁgj;ﬂlése following by a raw
da@&@aﬁﬂ@%hhss, THGad; AYE lerdodiled Qﬁ%geslﬁeﬂlfly ﬁf g)gal ‘?9’1 lieal time dugx)llg printing, to

consi sts aof ~a_redundancy encodi ng
dgmpgﬁm&§P§”€W%6EPW§yﬁﬁﬁ@gm*TﬁémF%ﬁﬁaﬁ%§=encod|ng phase
usefully takes place in real tinme during printing, to
Agjojerrielrarthere, tstwaline dexddifioassulpiad 4né therarareayirds ®lock-$Hece ﬁlgﬂﬂﬁ&}ed &t least locally.
MR AL pojed el sewhere, scanline decoding
TassunegﬁgﬁgqgﬁgggﬁgfegreqU|res bl ock- space uniformty,

“ﬁ | ocal | This in turn requires a constant
Py

é%;&rt of a device whlch is capable of printing Mnem areas, it can also be useful to combine
the linear image sensor and the printhead into a single integrated device. This is efficacious because the two
devices have a similar form factor, they are usefully co-located in the host device since printing and scanning
can share the same media transport, the linear image sensor adds only a small overhead to the printhead

silicon, and device packaging and handling costs are effectively halved.

Section 8 describes a Memjet printhead with an integrated row of active pixel sensors, details of which are
provided in a series of granted patents and pending patent applications, including US Granted Patent 6302528
entitled “Thermal actuated ink jet printing mechanism®. All other patents and pending applications on this
technology are provided in the cross-references section above. Several high-sensitivity active pixel designs
which may be adapted for integration with a Memjet printhead are described in a series of patent applications
USSN 10/778,057, USSN 10/778,061, USSN 10/778,062, USSN 10/778,063, USSN 10/778,059, USSN
10/778,060, USSN 10/778,058, USSN 10/778,056.filed 17 February 2004, including an application entitled
“Image sensor with digital framestore,” the details of all other applications in this series are provided in the

cross-references section above. The sampling rate N is 2.5 in the arrangement shown.
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When the reader is part of a device which is capable
of printing Mhem areas, it can also be useful to
woanisime1bhe |inear i mage sensor and the print ReaAU205®00391
a single integrated device. This is efficacious
because the two devices have a simlar formfactor,
they are usefully co-located ifi the host device since
&r i ntRRINEHEADMAFHANTEGRARIMAGESENSORBRGHITECTURE
transport, the |linear inmage sensor adds only a snall

h@n\éﬁﬁp?ﬁgust Qvotdﬁ?enﬁMaprhga@gnc%Aé s@l%gn’e Q%PQ%/&I %ﬁc le(ﬁag] 0\1} é)ayswal surfaces. Its

packagi ng and handl ing costs are &f"
dip eappey splegfisa by viB sukecouises 1 fundhmepteliveniporid I’Fﬂhl -caly (RO) and write-once read-

maf @GORNDeplicatitng ﬁndal&luldéseheﬁbﬂﬁﬁfﬂ to &PPEHA@AS. It L&%ﬁp@fa{es?'oﬂﬁf)nal fault tolerance to
%ﬁ tﬂre@fﬁorﬁs&lékeda%%fa&aﬂo a series of granted patents and
en

I ng patent applicati ons, i ncluding US Ganted

Pat ent 6302528 entitl ed “Thermal actuated ink j et
Maem it uiiep iR et psipting. Whpnonristed ugieet anrinvisitdmigk pehds anginfrared absorptive or
flag@gkdnc Ak, Mms-«asbdéddas Iﬁa@fbg @lﬁ)el‘ﬂﬁbbse%roﬁ vﬁfbﬁ\'féxg el dofdud ﬁaﬁ)hws This allows,

r 1 6f ne se t|
o SR R FRRUREI S8 » BRI ne L it pgecolou prn of
Pmbd for |ntegrat|on with a Menjet printhead are

described in a series of patent applications USSN

Whod o Mi8er®Rdder 1EJ§§N)f LQLvlcE8midE I caﬂéﬁgl&ﬂrgl{n? 71@ %%as Hgé%eful to combine the

10/ 778, 063 [ 778, 059, USSN 10/ 8, 060
e g SRR I i o G e eristy Ty oTBeeaus because the tvo

d4vised havH argmibn foerp fakto &Y oausefitly ¢oledted InRg®stsieAGGMcarinking and scanning
el sﬂa{r$ ak Sgtﬁeaiﬁ%t @aﬁlﬁort hd ﬁnegleﬂlﬁéel Sndf acﬁL l 139 Eilgm%lh overhead to the printhead

@4%@ gﬁ?tjons in this series are provid
SEPLSL WW@W?@%MQ@@F}W°W“WH@%‘§%I ing rateJVis
2.5 in the arrangenent shown.8. PRI NTHEAD W TH 4
If pPEERAL is bIVAGE] SEMBER MiRGHIRE GEUREY M8 rbs ook iStquired.

t wo- di nensi onal optical encoding scheme for storing

If @lf[ngﬂnta@lis Q@guﬁerﬁ’rﬁ}o@@ Xl%hlﬁrﬁh-re%h’arbfe%g&atu{n s§<;fhda§1i xhérnﬁgci% a;[uy images, then an

I|near surface area
m%‘fi P§St PRYgd M%%}afaﬂfay Rifofed én igptasian, ﬂ@amhws(wm invisible ink
mamalusedatl ons, and includes the ability to append dat a.

It incorporates optional fault tol erance to cope Wi th
i S Suit
LAY S B 8 A Moo e Bl g o of nostes
mst, E%Pfa‘gde&rforu the Foéfﬁ%’ﬂnd&’@s%‘?ﬂﬂ‘thif% Qljrcolﬁlllrﬂbm@s demiet puiritheads, such as those

didvimadthie e tehedthe @] topidiBY pro@deSdd RS FivEROwEsH n&Qleé’foﬁ_l Etgﬁg%ystﬁ $hgenta, yellow,

bl Wria@raphics. This allows, for exanple,
%I gldﬁa%apnebmcgtlve of a photograph to be invisibl y

superi nposed on a col our print of the photograph. Wen
8.5 Nh'l@ﬂmwéﬁa@heaobwyawe%@l Imagrefénser whi ch i s capabl e of
it is useful to conbine the

Fi %{ gé n% n'kar eas,
P EaitoTa deeiled pRviealatiy bt Msmichprngisel IGwish an ifeggl anage sensor. For
simphitiggtheafigeck odiy\shwe a siﬁblb Sowt & 1ecfoﬁp1@afz1e§)5m ROGRY 3@ackAl BssbMRed actuators

ang ﬁl‘l’\le(‘cﬁ'&mﬂlas‘ﬁg\mp € ér la@EO 1f RO tha?be%aouge the gke%ltcr%r gwcgligff ela'{clzhl n}lozzle unit cell

co- ocated in device since
exeeedsrifs Hymicen d%"dé*ﬁ‘é feﬂﬁ@d oS 0Gdpicirinting azn:!s pew bf ndzkles is composed of two

stalzgere@ il f-ToWBLGN2, (DB THO Mnafl ShsnpQikH rifte A s kne Q¥AERRAANSWR, t heE
printhead silicon, and device packaglng and handl i ng

f I d
Alfﬁ&%g% fh)ﬁfeﬁ a?e]; m%? {mll\é%ﬁ Xnﬁ%qe )nn?eg dott t?] éqqreg)eﬁf) q%i?@F‘I%ﬁP g\ﬁmy also utilise

ar eas
masF th‘ﬁ’c?f‘zll’r@@d F“st tq féIqEFPIrt agingl¢ ncogad b ﬁmr@mmpaer eMsapeta gy askse a 2x2 array

of Prihitdd W@ fb‘rﬁ;ﬁ@@iﬁb lslﬁglé B ORI thORinSHCRAS) & %UOdpl AL ea resolution is
on@%%dprﬁlgcegdm appF catlons reducing the print resolution of a Mnem area may provide more robust

Mnem performance, such as in the presence of particular sources of surface degradation or damage.
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invisible ink nust be used. In Mhem areas are only
printed in isolation, then either a visible or an
wonvisgivbdie i nk may be used. If the NMiem pri nt ePCTATRIBG®HO0391
used for printing human-readabl e i nformation, then
addi tional rows of nozzles nust be provided for the
correspondi ng nonochrone or cofoured inks. Menjet
Ihthe Mintre sresresobitiorhis bwertthrodte pditergersinteh, then theafid Ifhe leel count to the nozzle

cblﬁllt MWibe tMRcE ?{Jc&rﬁmﬁﬁ Qﬂd lgléer%xe s@:ﬁ&ts anbg élg Zle me %e case of the

for jetrin en a
Meig Pf“gﬁei %‘QP@{ &Flﬂﬂfﬁ 0{1 H”‘Tlﬁfﬂé‘grc%ﬂ bewﬁhsg@mwnmfrtwo 6.4 micron
PRelgarsers.16 shows a det ai I ed physical view of a Menjet
printhead 1C with an integral inage sensor. For

P@éuﬁnb 'sEvasX lctgt&gl xﬁéwgd'f e 18 G{' P’lgtﬁ@ %or%lé%{hm thee t{ g 091& shows one half-row of

nozzl es 600, nounteéd adj ac SSo
8’{"?53261% and drive circuitry shown generally at 601.
Note that because the 32-mcron w dth of each nozzle
TgniG expebsla mpxbe efisatishad bofigitatsmtgikod vidi bGipde@ %hlr(ﬁﬁi) fhﬁlf These allow

e B8 B S T S g G R SRS et b an et

congpllingflefice- 2 5 i n the arrangement shown. Although a

Mhem area may utilise a single printed dot to
8r2epr ¢heat IntageiSeasa encoded bit, it may also utilise

nore than one printed dot to represent a single
TenlingeteniadyistusorFagnsisyofl apiray oBCMDS vtive GielrsBysorsl (AHSk)SE®4.8ach pixel sensor
mg%gtlh@z{ d %ca@h@gﬂcﬁﬁ KURGSrikLe 8R4 gl% g%%d dﬁrtﬁc’e {;' Lemble tmplic:i‘ty the figure

printer resol u on IS

s
‘gi‘g]ﬁw?%’%quéﬂsf@’%nl y 800dpi. In certain

appl i cations, reducing the print resolution of a Miem
Ilarlealomxynepmw inghge s¥nsoeonlyodne sdtw dUB @it kch@EseaM (:seequﬁédcfbr @ample, if the

selnddr Islgﬁly Bée® ¥ Péa«%n Jﬂ?’c{réa Qﬁéh gﬁl*ﬁn%lilgvg gts ixe segsgrirs strquﬁed gl a colour linear

degr adation or ? em ar ea r'8so
inagS gePeot HFPle K bfrnvﬁ Sé‘?SOTIS @anbatilitss, and tpelnrowiresy haweiito o filter to select a

pdrtivelappwayvelenglOtatge, éﬂﬁertc&@asﬁbﬁ&ié © aGpetihl eRR: sb&lbars eghu g@& or blue or to the
n r Sensor n e.e 0
OSSEBE L 0 B G SRS AL S e o
aljoppe Fpﬁlaﬁyent1®aved withing sipgle F@htoppdued the mmsberr of ¢aws Mo@led for colour scanning,
with doknk $<Q£jm| s&nﬁésaﬁﬁ)noforte R; tﬂe ﬁﬂa&uf Qﬁkopﬁﬁsﬁéonlﬁlﬁ E§8%1§ row, \glth red, green
lbglgﬁl?ers dS s%WS ra aﬁg: view of
anfl BiS difers i @i ?1‘%

81 shows one hal f-row of
Menj et nozzles. The IC exposes a nunber of status and
Scapifapiggvricaly piilisesgitiGtigilminagonginboitalep plo B i fhdef drSShner. Depending

on abﬁl{éatxog-h&?ﬁunﬁﬁah%dy%@%ad@ﬁﬁ%fﬁaﬁomgd printing

paranmeters to be configured and status infornation to

hack..b xternal controlling device. 8.
R kgheﬁear g(irﬁ%ﬁ%dngéﬁgo‘i’“‘ﬁsf”??esl’ls‘itrﬁ]eglfersr it P@Eﬂs"é‘%%ﬁo‘ﬁ@’ kgt performed using
myfiplaspeciel light wfirc@GMOGexample vengdtk @leer; BS @ﬁcﬁlnﬁa{’éagg)lt s@@ées These can be
strﬁﬂ:@rﬂn ﬁbﬁi %ﬁcc&ﬁ&? therlgﬁyd H%ﬂ %niag‘e e 81§t hlfa in, ’{S‘PSYV%f X Os?nsc()arsS to achieve

ure I SCusse
™ I'FPﬁfWaLﬁnta%n% ‘I‘fé’gf"?lgj é Fléglmwyaf BN s Al mpltirle Fows of pixel sensors
cag gilld@rusilised, but each row can be exposed selectively in turn, in synchrony with the strobing of one

spectral light source. In this case each pixel sensor may utilise a typical shuttered APS circuit as shown in
Figure 19 and discussed further below. This can have the advantage that almost simultaneous exposure of all
spectral rows can be achieved, since the shuttered pixel sensors can decouple fast exposure from relatively

slower readout.

A reader or scanner can support multiple scanning modes, selectable under user control, e.g. to scan colour

images, scan Mnem areas, etc. A reader or scanner can also be adaptive, automatically detecting the presence
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In a nonochrome |inear inmage sensor only one row 605

of pixel sensors 604 is required. For exanple, if the
weensmweils only used for readi ng Mhem areas, tRemARRbH0F/000391

one row of pixel sensors is required. In a col our

i near i mage sensor nultiple rows of pixel sensors nay

be utilised, and each row may #ave its own filter to

of @M agea (yiarat test samin thein§hrehgpedirumand) as a @bllth@dtching from colour scanning to

MR85 RARNY to a spectral col our such as red, green

or blue, or to the absorption spectrumof the ink used

,%%lgrlnt t he ﬁgmar a% whi ch &aé be an infrared ink.
s Erimpge sgrsgr dne §F 2510658 BB SAY TRiF 37oepts e pitcanpl mepter clock signal (MCIK)
apd gdmemtena pixplgtlekrBOkY ¢t madineepotdrea propfammatdd PLOWEV/or a clock divider or
nﬁl@ﬁﬁ@% JIIQ\RI it @cpdlegfﬂfy g‘g&m el éMch Hmﬁ ﬁlgglaétg%l%cﬂ h scan

resol ution. For exanple, e |1 mage sensor may contain

e rowwith red, green and blue filters, and a
1B ARG TR itk 5 oK1 P SnEAsce Fapigitiege oL T configuratin

rdgispiscdbw g nubhber o Bmigacdpiufel Iﬁiaﬁbtel’s kd thenget) &Hbluﬂlﬁg ﬁlb RGQerl clock multiplier, the
[ ﬁ&@é’cuﬁg Qﬁlethé Qﬁiog %".f%t En% I 0 ﬁ%ﬁé’aqrggrgrs at (?k})a Cl%(% rate or some integer

appl 1 cat | on, B 54
Pl Sfeind. Rat her than (or in addition to) utilising
spectral filters, multi-spectral inmaging may be
Thepifebconed blask in @sﬂ?ﬂhﬂnte itgdighals &ﬁ;ﬁd Kedt, Exb@@ hnd SR 19&1? 1nsf tQFespectively reset,
eﬁ%érm& I%ad'{iaah k& gens ! esftn}“hoe%e canq:ro?m%na @{I %g1ét§r aé)ﬂed and available from

sour ces can
ayegisier e g é’ﬁL% iptprfjep@lgeThe eengroi plock gemmatas tb¢ apgylopriategimingfand control signals

totheidlel S@BSHERE, tO0 achieve nulti-spectral inmaging using
onIy a single row of pixel sensors. Alternatively,

[ f ensor n stll be utilised,
Mo el U B B aaSELTR BE PGt oot e, 1
synchrony with the strobing of one spectral I|ight

O gippicethe pixel eaufrel bogls waris 4 simperyithah initishwabie ofity expbsuleitize. A the pixel sensor
alfay mtllﬁséﬂ shetlret b&él%@hs&? She ke GitbitcoRD1 ﬁm\%beﬂtsrb "IFéngigxr s‘?gng'l%or the duration of

mand ¢ éEm ﬁ fuqther bel qw. Thlﬁgpan have t he
8x VAREAGE™ ThAT P NS 249y HiHpsprasptorsd piad sqagers fhemhe pixel control block
maghesoniigired to wyorgaticelly ¢rigge ndadonbah, exsityroe the tipesushidtet. er ed
pi xel sensors can decouple fast exposure from
Of Rhd ke BRED orftlo NSk séqﬁéIHQHtreadsbbuE ﬁ@%{es &an %9@9&%[1 %%ps in the array. If the
mm%ﬁgort mul ti Ie scanni ng nD sel ect abl e under

FigSont cgthigs g AR 8 PRIPT PRSI, 8 CItFISY 6 gt may include o
rogtaddresé\ deceded €10t showss hcliiguesr 173 dlhe pikd Gordidl A6k PEAe¥eRs each row address in turn,
ar@ W QPR hddrRd Ae}!odgre&egoggsj tﬂgrorwqurgg ﬁl?'oeantﬁ]? gg Rg‘w M]ec{nm Fg?c plxel sensor in

W}est scan 1I.n I nfrared pectru

the eftE‘}ﬁoWQSSF‘?Sd%V@Eﬂ Bigrits SRS GP’GmR/h‘@rﬁVahle aaCb, r,oavmﬂvp piggel control block

geldrges| chdhealmh BARIESS iS QIRG @fid d JdLnd Q&Eesﬁ(lie%cﬁlc&4 Q&Biﬁ’efs & QblurB Qidress into a
t

un\ﬂﬂé %E‘lu&g %SQ;‘ §g1%p witish t erlﬁﬁexe{{a& ?eﬁ%ru ¢ co 1fnim %3&? ﬁta:d)‘u Bbtrsg@% The output

gener ates - a pI X e
stage Eﬂnﬁiﬁ? @ﬁﬁﬁ’ﬂa@mﬂtg%@mbﬁﬂ E GY) 6L dolttiwed bhean agalog-to-digital converter (ADC)

618LIHE !PQJ& |pﬁﬁnd§s011g'ihl| c@ﬂ&ol Evei éﬁalﬁé &%étkah(y gagle'@fer@@prt)&hges Qﬁe)afglltal pixel value
T near i nma

cl.a
0T Sl PR PEET POTUf! OByt ARG T ta 8- or grose
m@@m@rol bl ock 611. Its configuration registers allow a

nunber of inage capture paraneters to be set,

THe BE(’:M@H&GQ)IJCH BssdfB Rl ShmEVAEK {féhq <|)nea§1 ’out%nn ?m%ﬁ'%%#{agon of the readout.

e By ) ] A g o e o Pt

pimul tipl e thereof.

The pixel sensor array is also register-mapped via an address and data register. An individual pixel is read by

writing its row and column address to the pixel address register and then reading the pixel data register.



10

15

20

25

30

The pixel control block is responsive to signals on
the Reset, Expose and Read input pins to respectively

woes®tiogeaapose and read out the pixel sensor aPC@AU2005/000391

These control signals are al so register-nmpped and

avai |l able froma register 612 via an LSS interface

613. The control bl ock generat®s the appropriate

Tihe pixel gortiebibledsistmpoits twi gandtirs mpdss. tlin eutpiaie nodeths aftirettedeBdkpose-read cycle
c@'thré ﬁslﬁégere& bﬁarpéxl(eﬁlal Hﬂ%rbwcﬁtlomgltﬂpéfgngls(i%gﬁ(g nﬁg&gﬂmde each step in the

the entire pixe sor arra
C?Ihnge ﬁ'fﬂxgl%g@%rﬁ Sref?_ﬂrategﬁwp'ﬁ cﬁeﬂ’ﬁ“@‘gélgf“’rlner with an | n| t i al
val ue of the exposure tine. If the pixel sensor array
Fignte| 8 shaysghivmitab CMPSpictte| pisbsesor, Syhert IMiNis tthveregat #kistor, M3 is the output

treRRoF, Qhd MM 9K rASSRE SnsRiod F @nsfer signal for the
duration of the exposure tiner. If the pixel sensor

Farrgg utili hutter ed p| xel sensors, then the

BP%er sogme P’B‘Pa %& P @CTYR PR SRS the phnesivring) fiaptignyis provided by
the rtjagdre rrapseood MR Cbargeeve}@nttop i9protitieal l@xtﬁ@ﬁaﬂsﬁlctdaﬁ&fancem storage node X,
rﬁ)ﬁ%%ed Uﬁ €s. pf‘lﬁ%eéan %9 gﬁuu c ..(-(P Lvﬁﬁ; %Tpﬁ(gg Q: tz;n oy 1{1 rrgagdst]aggc/ retention. M2 is

ﬁ val UeS of pI Xe Sen ors
S‘Y’fc rpa by Pﬁgéanf?fﬁ%% f@é@?é’(‘i’fatl@dﬁfha ipixel eﬁms'@e Pfh’ad} aferevhicb\the pixel value

capfbe ket at 3808 Giithout Efitatlingtid 5 Gethd? BickddBlle ackifign It Mmay
i ncl ude a row address decoder (not shown in Figure

Tﬂe@em J? &n Qécéﬁilcaﬁ}pﬂlh dp?éd d%JI&Cuna englu §eeghea§caé§1§?ts ta\g@ 636)éc§1 shuttered APS

ress in turn, he row Fes
‘Fﬁ’é isdsiribed dit mare d?tﬁ{ B A isepee “wagsé |frew¢stoss” G PatenEApiHication USSN

1q3178 056 (PedkstNumbét NPB@47§ @l @1 Bfin ‘Qb(ﬁscﬁﬁrﬁﬁnépﬁoh% i%ﬁi %thods systems and
wl I S each
s AR AERERE St Sentiar dloadll e ot izsgen, s 1

Fqbﬂla'tYGP% and a col um address decoder 614 decodes the
columm address into a uni que Columm Sel ect signal

8.8hi cMemjek Piimheaces a particul ar col umm bus onto the
out put stage. The out put stage consists of a

Therdegrja primtrbeccgsitnofanatyf df MenfdP@Ylcd ddoh fth b @8RG Bdhd 8Pthermal bubble
acﬁgtgll (leszugs 9h%o&%&etaﬁ%pye%ﬁon%rbefow%}o %étge(ﬁnflgr&of gllme c& gf’tﬁ the dot values

p [ovli over an a
e lingees sBiftedigieecdot shift r@@@@'ﬁé’{ whithdwb thy sdmeevidth hcthe fi®. The dot values are

prsxhkiéﬁ efjienil ingu @it (DYby B exfermRl R6&ldeWe d@ocf?&ﬂ%?'a L&k it Eyélk) On receipt of

a RiN satio 1€ o h bit or greater

g# edl' cglf%lnt "I'ﬁéAP&XQ’%% EJC S?f{hrd\é ai‘ledﬂ e bifiofegisier; ip drapsfesrpds to a dot latch
asspgiptedwigh agq@g{:sp(tﬁiaa nozelly. ha figerenablet sipudls foi  dntive lihd@e contained in a fire shift
re@dﬂe[raiw Orffis Qﬁlﬁtrgﬁst& Qe ﬁrgﬂg)i)gdtem\/@ﬂlbheﬁ]slﬁés%eh %glg l:glysuﬁset of nozzles fire

P | ock .(PCl k) during readout i xel
ultsvoqigrdtoolﬁ)mt xﬁ%anfgeﬁ%s meb ﬁclnswpﬂon The sbbt’f ;@@1stersyé §ogled by the fire clock
s1gaq:1r(ay:uq) sroaili@ichy rtigegixetnel hosBPqak doatied a&ﬁht@dﬁ&oﬁ&@le@ B 1t.déﬁ1@spond1ng dot
vahi§ % ﬁltegﬁable Aigna! @TS éi dﬁ\gﬁj @J}m 91!3 %ﬁ% Shlh: §e 1rs %ra ad ul\é\gsgr%éé ggglflléﬁr , and fires for

‘{Hﬁw and col tirm' addr ess e pi
Honspehto the AN the ﬁéhr?ﬂsﬂﬂsdata regl ster The pi xel

control block supports two capture nodes. In autonati c
Therpekele bing éfﬂiittoﬂ&i Hyel&elbzz&:)tﬁ?@&nd &aebl EMQ& A9 CIEEQE&&I@ cc‘m%ol block seeds the
fird &l I8 rn i.n chroni, S8

Sf)%%ggt? tl?%e ﬁﬁlﬁg)xt et 1 3 roglg%sh e g?lneppr? stl%lg Jérg g ozzle firing,
cycle .S tr| %red separately by its correspondl ng
847 grMylti-Segmemtdeyiseshons a typical CMOS active pi xel

re is the reset transistor, M3 is the
i SOt sp e, O Echer Bitiea s Gm & sesfes lgmiofenice with a

correspondingly larger number of pixel sensors and nozzles. Linking Memjet printhead segments with this

si

=
’:i

property are described in more detail in Section 9 below. The linking Memjet segment design is easily
extended to include linking arrays of pixel sensors. Although the control and timing blocks of the IC are
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Figure 19 shows a typical CMOS shuttered active pixel
sensor, where the shuttering function is provided by
woheostmwexsf er transi stor M2. Charge retention PET/AU2005/000391
provi ded by the parasitic capacitance at storage node
X, represented by Cs. This can be augnented with
explicit capacitance to increase charge retention. M
shaymgnite ciblg df bapisy} stk aift wrdd Braysin Gizade 17,0key ta@hybitall 100 But in the area

bObw R BixBlis¥Bbr AKX RIF By SHHed Qﬂakjngtiés?gﬁ iMleh the pixel
val ue can be read out at |elsure vvlthout cont am nati on

her photodi ode activity. The design of an
SE sttt B sy SR Petie e FoRAGEh T CVGTaR Frgon befween two segments,

hardan croafwdrs inttie dxh@altcylptoﬁﬁjg d@/h:bl todin@ ro€rskt Aﬁﬁuﬂ@s Héﬁ:ﬂan!d%utput print data in
tﬁé%%&faf) p:glgn éc@orﬁﬁ?g o ﬂg%&&nl Irr_a)hs?ort ve og%g? Itl%%?a% %{]prl@ ium and the known array

gi tal framestore" ent
EE’E}?‘W’?%‘“OSG ( Docket Nurrber NPSO47) filed 17 February
2004, claimng priority from"Methods, systens and
Fipp 20 aliows threeAQ Ségnhts autEY ©\forGi aOﬁaér nﬁ&i@élﬁenmicé. GadH 1@Mhas a set of ID

PJ%Q QRRO Ul AGi¢ ch%) &a@ al %};ﬁ%[uay Yo 4 %ﬁ]ue dldreFS L ngg'[Slﬁle%[l %erial (LSS) bus.

2003. 8.3
Seegneali & sondigur %toge?eg?e ¢ pivel rejock (RGH zﬁloesthe waEh clogkt (VMCH). The remaining

setgﬁ&mfts[’@é cobffuebd @ ac&ebﬁﬁd’ﬁlel hatklabe s@ﬁ&%ﬁ{@ta%eﬁﬁasgf é&ﬂ%&ﬁﬂgel clock.
in nore detail in Section 9 below. Prior to the

T él’ %Jegétla?cg E9 osefaki %1 are tr%uteglott % sggﬂllg?t? gl.ﬁlgl\éa?%)#.gg b%tltg.e &ﬁfiéignal is not used.
Ingtad. reprlovtsEomen rertigelpr sagmentie refiiested byTassertlg the Raddfleg imifs@ontrol register. The
plﬁél @xth t Pids @) SR 1aRé vdAli Bthut BintEARY) Y
Se en d%g‘slu gjgk@j)?l cked by g&)sgr ?E\I c)l oclﬁ)m(?ag?%{?%a%m only driven by a
el pteBf & "he synchronisation signal (LsynclL),
each dot value in the shift register is transferred to
The kpstsynchroeipption §oprich) die elpok HFE1IQ,0md eerjab pldékn(§raue) Zszdnls are routed to all

seg@ntslsinfuBarRARR! The BbtARR s [IHorAAe SBLIIGLE
contsasl ne?:l [ nga fel re sh |1‘S¥Igrreg| ster 61 aéamﬁ(;hasgg%ﬁmfl?pamnel

eqgi Ler _gontains a firing pattern which ensures that
%nl yEa r%?ﬁﬁ%’é?"dol? "f'?b'kgzl es fire sinultaneously, to linit

n tion. shi ft | St
ME:P ﬁ(ﬂL st‘%(a't“ﬁhtuﬁé)rl : ee 8 ng% & sm&nm]lcro(egﬁtanﬁjhaﬂfaéﬁ s&%E\WS) fabrication
teghiguesx tsedepraibedhig stectior fchrlavo z“@hleg gndadigiteh tleqtronis circuitry is fabricated using

sta(hﬂe[itdl hﬁ)leh-@ignabXCMdSSfalﬁﬁﬁtfoﬁs&Qﬁ D nd@hnndRleldCare 'fébﬁcaftéd WSing MEMS post-
derived fromthe fire shif

S
processmg,t also asgcﬂscabeg ub%ﬁctéog 96)&?18\?1' le signal (Pr), and fires
for a duration equal to the AND of these three
Paghaging pi Memie pringhead ie deaaeribad/iniSectigrohibetaw. Pastiprixgssing endiaaagify of the IC for

imh iR faghoRB @ Gl Rkndhaek 619. The nozzle control bl ock
seeds the fire shift register with the firing pattern,

. pyl f Pr) d
The guzleza.‘p 1rm%¥el sgr%ﬁrglis: Heglgl%ld I(ﬁsf %Elgﬁtlb{?lgﬁlgé %wcg (é rerﬂwées g%—pgl lensing to capture a
reagemably shay idegd dfnedcnbe. Chredet imagitg phtemd Geicaligntilize gﬁhxbkttiixﬂelx (GRIN) rod
leds Qrrdy9 BéBerbed fob Qéaﬁplg BEdgl C. f e@aﬁ@nt%c%b lefl a?r%; £s§e§q% m% a plurality of

qrber of  pi xel sensors an
'ﬁ/éﬂ?yé PRSI SR dp aslélgﬁtPé‘i*ﬁf irsgfiqn, W&ﬁ%enbc’r UpEss: y»suaql éJanuary 2000, such as
SEHEEC™ doed (Nippditthext dlaisalnforrhdﬂlmse@hﬂoﬁ)@y %ﬁéﬁl&&émc?hl%ducts) They may also

utllléeréﬁh gger M?‘%? %Chgf?zggeﬂlgchg i ge es a%lsslb}sly ! e A d r f"r‘?é for refractive

I nclu arrays o
focugipg: Migrolenses 094 ks 2pplisd kisvabt sqah@s R @sapxemtepmnehehey are typically

applieq It inerbasé b@ctﬁﬂeﬁﬂill ﬁ&&S@l’hs ﬁr@scﬂ&a%reexﬁﬁﬂ'l@iﬁslwbs@kIFT% A€ “Method for
pr}ductng a ;%%ro‘? ens” ar ayy S’US‘: 1? tenty 3, }9§ 396 gyz}ed 29 Martc]'h ]994 Rhodes HE., “Microlens array
with improved fill factor”, US Patent 6,307,243, issued 23 October 2001. However, they can also be stacked
to support effective imaging (Voelker, R., M. Eisner and K.J, Weible, “Miniaturized imaging systems”,
Microelectronic Engineering 67-68 (2003) 461-472).
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bel ow t he pi xel sensor and nozzle arrays when a

linking design is desired. Since both the pixel sensor
weano@ywend nozzle array is displaced in the oveCcraw2005/000391

regi on between two segnents, hardware or software in

the external controlling device nust offset input

i mage data and output print d&a in the overlap region
Figuweirstiowsghetpointhénd IR ARSwackeged prssesrrted fot o nriptingfor gopning @ gppdivm passing

tm%{ighﬂﬁé fke Hﬁgﬁoﬁ%ﬁﬁsﬁ hl?lé'f(‘f‘ﬁ’ééﬂan &k%ﬂlydﬁ(}m e a&mcted whlch connects to
gure ows ree e
anPBPO P el bege Of AR oo R by R oticaly o

hopt dadcewhd gtweal | ow it to be statically configured with a
uni que address on the | ow speed serial (LSS) bus.

h(%‘@ r[ffﬁ&un@:d liPa Q&lﬁ{/ ingéjﬁoﬁgnglt 63 %{Eﬁ Ex@ﬁnen thd¥@its BhutOithCd Rfakport path. In use,

fromthe master cl ock e remnaini
SRS 6 O B 0h BCEDERL S GPYI SPDORY 3 dfe hovsing
623 GCHIBRA troPletd & bk Bpotitedr@sitpeint nelioml62@in chepranspdrt igthock.  The
Reset and Expose signals are routed to all segnents

AI? %ﬂé‘?h%%ﬁl%y gzléé/es t gh atnlagay%@ ﬁgﬂS&% giRAlnts 628, @&lh atUz?’l@xg -array, and a cover glass

out froma particular segnent
629 éyimast Brischy mediwns26iihie FHREPOREER 4 BEY Phllyppigatiga s 0 are mounted at
anl28§)¢ Sl the cbik gRisXEprovikRtilimiratiqaut thpsoatling.P) and frane
valid output pin (Fvalid) are normally tristated and

are pﬁJN)i' ﬁrAm rEYTdReSegent during pixel readout. The

ne synchroni sation LsyncL) fire clock (FrCI k), and
serl al cl oc%ﬁéSrCl k nals are routed t
Maesy is#ft B° STCRPY 1586 §¥ MIRE™oRstothgads-a Tibe ﬁ%&"’%‘?ﬁ) and operation of many
dlﬂé'réﬁi MRS E™ lﬁlnthdﬂ% aﬁ&ﬁlﬁpr&ﬁnsﬁfalg Resssigamthe iabbvp atossl iefledenced patents and

apgh atlona f{ov(v:e%grl 2 tgreg_b (H‘Sureggy %@E‘Jeﬁ)ie“ﬁo‘%% ep%ﬁth@dﬁ geﬁatlon and basic nozzle

orS are fabrica usi’'ng mcro-el ectronmechani cal
Suymm%eﬂ\@m)o“f abrication techni ques, as described in
Section 9 below. Analog and digital electronic
9.4i rcp}..t.thyad Asdeftibly cat ed usi ng standard m xed-si gnal

F L%%% i g}tberé!g}o i)%%e%\}%c\:jgn :}}rgwgﬁﬁl\%@zs %&ea%l ?hlse }ga(f‘tlculgr Finthead assemnbly is
usekbis ond df e Applic8¢’'s SOEN pontdyebeWSSPA b’Rh‘dﬁ?}@S@f Uém%mlé‘{SN

119614913*1%@1 1'1§J1ﬁ'%§@fssﬁ¢ﬁ01'4ﬁ5§80t' on 9 bel ow.
Post - processi ng and packagl ng of the IC for inmaging

bRl mp&a@réo&ted e OMEaehad Ihie[ytth @rintdietl e mblieother NEMIETTREheads disclosed
sensor contact imaging. As such it

mlﬂée&f?ssrr re‘b ‘?pate%é?da?pqﬁ%tfoﬁs to capture a reasonabl y
sharp i mage of a scanline. Contact imm syst
Figyrp & adtially shoi iths andprifdiod e 2fspraid o mlmgeprc g ifecd system through the

c&{pﬁﬁ%}iﬁ tﬂﬁeﬁﬁﬁlﬂh&ﬁ%&fgﬁkd enanm. EFlgufb ZBQJ a crosﬁlcuon oﬁiﬂﬂmﬁéﬁi assembly 22 in
i ndex

1tsi aéﬁgablg?l F gn%onﬁfz%/a& glilein gc;gl Ol),lfh? asgrgllﬁ com ses a ﬁ%n%% e upyer glember 62 which is

cahfigueaitto oaihi to KIS pﬁatrehﬂssmenﬂl ghagrg glips |6§ S u e d 4 January
2000, such as SELFOC(tmnm) arrays (N ppon Sheet d ass,
Tfler‘IpQJr g%én@@l ﬂgggﬂﬁ]{@lllt? Bfeed tobl A aBEd fRie€ FittPE ME bIEIES jn.the outlet molding

o utilise clad fiber
o Bt e BB 5 B Ao NS FEREH i v
o@érdsatihgid giaed agaiodt ink &alfagcusi ng. M crol enses can al so be
applied at wafer scale as a post-processing step,

5&‘ n;eglﬁéf' 62 EsGnahy R @licﬁqu crystal polymer (LCP) which offers a number of advantages. It
can be molded so that its coefficient of thermal expansion (CTE) is similar to that of silicon. It will be
appreciated that any significant difference in the CTE’s of the printhead integrated circuit 74 (discussed
below) and the underlying moldings can cause the entire structure to bow. However, as the CTE of LCP in
the mold direction is much less than that in the non- mold direction (~5ppm/°C compared to ~20ppm/°C),

care must be take to ensure that the mold direction of the LCP moldings is unidirectional with the longitudinal
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applied to increase effectively fill factor. This is

described for exanple in Iwasaki, T. et al, "Method
woanospoexipici ng a mcrolens array”, US Patent 5p298,03613/000391

i ssued 29 March 1994 Rhodes, H. E., "Mcrolens array

with inmprovedfill factor", US Patent 6,307,243, issued

23 Cctober 2001. However, the¥ can al so be stacked to
exgut g primlicheivteireted ¢irvait(IE)F4( ektltodes a Rlatively highjsiieps With@ modulus that
is @n&aﬂy M&itnbd Bat of ¢ %rﬂ)hle})tlds'ﬁcls’zsﬁdﬂ ab PORGArB&aBY &8 nylon, PET and polypropylene.

croel ectronic Englneerlng 67 68 (2003)

AR5 b R0 B D5 L SeBRe g v o v
mengbei @wietsis borged thergoigie atnhéleg‘@rfémtﬁﬁ ém%li}em 2Y)e Ehedlpiives member 65 is also
madd Frod Gn REB aRihal lem%p 9% Mk 0Rhdis B9 sk am n@@ﬁ@ﬁ o el mhe ink channels

connects to an y (n
TReRY B Bom Prectifie f% BP 6(‘ r@&&%ﬂlﬁ%@? %aﬁ”ﬂ%ﬂo &%ﬁ*‘@é‘g §P {iprithead assembly
22¢ ITecdhtiinelahk ¥ mivOwide 400 Ssdparebed/iydeyS amcithiglowdls. The I C i s

mounted in a cavity in a housing 623 which in turn

T}%‘M%E §161§1ﬂ)el11 %9 ha ﬂg@ cl@im'ie[sa@ %ﬂgxfdtnlg Qﬁhg]xts lleﬁkthu Slif%mh g:ra&]gi @tr&egfes ink from

are_ejected al on et ejection path 62
only0s8 of the g did FResPf e %t“me%“’?sﬁnli ‘ﬁ%?ﬁ%ﬁ"ﬁ@‘k glorgeciTggervoirs to reduce
thédidk@\nating [alfltest colred enkel efdhssive dithn 6dale@ apts torskal e dhidivivug 26 channels 67 to

prfvre]nttcggsrf q%ﬁx% of g%tuifil Whén‘.hé. lg@g Bod s Q 8%%&)1&4(?%@ %}ger member 62.

an arr ocusi ng e nents SucC
lens array, and a cover glass 629 to _ image th
A gt efengeBogdriolenis five wivs perethopatien olsahabtras) 66 feac 0 s 69 shown i the
boltbih W0l tRNokdrREen® G508 clrided |y &t thas hargloas MewOW Figure 24. The

nud%llg g o\égolesgib %‘%%ﬂd%ﬁlg%ﬁ%&é%%%% %?nxﬂlée? ES tdflle%tly above the printhead IC
74p Qeifeetorb piholes §dmesithely §idq\gm Eq't(d{erfyw pqefl pandty é{g ﬁonrhq.gh hole 69 to the centre

soli@Pink EAbE RA aRdrin@eaat yon of many different MEMIET(tm
print heads are conprehensively described in the above

craQ renc at ent.s i cati o
T feanieat Bt S BO o B E Moo BB S8 L P el PR Ftink B 71 s
filopey &t » Bermapiestib ki smclmgzi’E"é orsRotysdhgpeefdmagr é llsielbe ipuhe form of a thermoset

lgleéu%s t&s&mﬂhfa%@@ WA]S‘%@EBQ ¥ 5l QbYeR O%%)ofaﬁo@ hé &dling film 71
pérspective of a typical ) aﬁ§t§% r|n head,

i SR e S s SR D 5l e, o fg e of e
loAghebatss. TheSORO7Dirk hikee dsllef eeghiBSMhdsdve ild 7V 6FpipS&Nvith the centrally

d%a%é 8]11% ;%g &Jgut S I:I(gné %?11167 Ab%f &m ]6;/ aga'ghez l01§§1|é| conduits 70) for fluid

reciate at Mhem ar eas
CWHIB@OID‘PW%W printhepCrfd ARl ﬂ&?tc eINEMUET(tm) print heads
di scl osed in the cross referenced patents and
T}&pﬁbl&nssabf @6 Solynkel galigy AR 7a 0t dieidal ¥ tehedlagivedee ofl e @xtkssball & provides. The

p({?yﬁner seali sealsx.he e?chgd c(:ﬁ elX z’ﬂgnoﬁné: Itevér%%d% Ial(thg gx%%eg‘&/ IgltﬁnAs well as the

ead 1 nt
capilyite m ¢n ﬂzﬂothepﬁlgwféhezfgmi ;Ho‘aeverr efstb,e Hadt st aeqmtq&fé)pen end of the conduits

TRk bﬁtaﬁg ﬂﬂgea)? §a§ RHRd Me dRduith Thd sSctlalﬁm hﬁtd;aﬁs GdtdA éiiiﬁintl’yo hﬁ[ﬁicross several
i ke e —

eaclnelfgls esched charokls fia p@d&ogsﬂy, @ b@@ches the seal and allows ink to leak out of the printhead
IC 74 and or between etched channels 77.

To guard against this, the polymer sealing film 71 should be thick enough to account for any sagging into the
conduits 70 while maintaining the seal over the etched channels 77. The minimum thickness of the polymer

sealing film 71 will depend on:

1. the width of the conduit into which it sags;
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The upper elenent 62 has a plurality of feed tubes 64

that are received within the outlets in the outl et
woubamaee127 when the printhead assenbly 22 seceCeEATRGS/000391

the main body 20. The feed tubes 64 may be provi ded

with an outer coating to guard agai nst ink | eakage.

The upper nenber 62 is nade foma liquid crystal

pol Ymer tHelt@Rpesvbiitistrdisfifclpyersan the ilnéslangpatgiivereiages. |t

can be nolded so that its coefficient of thernmal

expansi QR 4el&Y ot Ge SdEivk BFerbOhd fiatheAC 94 Isb6i pustell inv it; bnd,
be appreciated that any significant difference in t he

CTE s of t rlnth i nt.e CIFCUIt 74

(di $eus Og‘gtl emﬁtﬁ%le(?ift?qng nol di ngs can

cause the entlre structure to bow. However, as the CTE
A gblyln@Pseiling tilre 7drghicknebs 083 imigions §s pdgaystel fog @etmﬁeaﬂ teggemplyj 22 shown.
Hctvaz@er rl&@eastﬂ@héih@ﬁn@s@ &J 900100 br IRIVO @i BRI RAN Blesbdingly increase the reliability

E 4? care nust be take to ensure that the nold

Of&’rers?é“ RPE4%0f the LCP noldings is unidirectional wth

t he | ongi tudi nal extent of the printhead integrated
In delivery tinlds 13) arey Brmed AP tha | “Gant” (vargace of & prénttiegdelCy74h | T inlets 73 supply ink to
res%utl(/é Eb(:z‘z?lé 8Wl Ec@scﬁbeﬁmng Wi tdaddned & ﬁg\ﬁﬁk & hYosrichéd BShe inlets. The ink

m\ésf ?ﬁd@hvgred Meolﬁ ] St%E%? t%llﬁé}? Such &gtf/cfvp 9 ét}él %%ﬁtﬁ%%? S,?]cammgly, the inlets

73i Withkrl gUiidevida, privtheae IC Meard ehty516621y fraspedrto mp&m ing lyapplysdomplexity and wiring
iy 4D oo | fon Gt a1l b G

AR D455 [ SR 00 W TR fn B Sy o

spgedy. . The | ower nenmber 65 is al so rrade froman LCP and

has a plurality of ink channels 67 forned along its
Edok petiiidad 16V s ohfiginhae to radeive bxanmat five @ifferemtceions@f ink KC,fNLOMK and IR) and
cog%ﬁs ?580 1tnl(ljcemlet eq cgl&b gfﬁh 91 S géu%oc{&l&u%ﬁ L‘%g atltdn d%l)zgﬁg (640 each).

the print F]GaC asse hannel

Evgn eﬂdlwmlwld%fo’awdl arerosidedsp different Wﬁ'f Phibe lemttmt C 7‘tmé are aligned
vehfé!ﬁ@rto @&Eﬁﬁ&uﬁﬁﬁ%b‘ asi phihtg, Sdxang Glaﬁnoézies_@m eﬂédfrﬁi@e(ﬂinaﬂ Gows, as clearly

o R, B R SR R 3] SR 17
mionwhiss e eiricrlalisimte totrorages iaoziey bibrsd pothe Edngceder pighe nozzles, but

ro{;vk Sk tyﬁfcall%eﬁhlgtgd 151) agfe)@a%ﬁﬂﬁlb& oF &k Bfds Ipﬂlg§ frachHESIa¥Qink bdn@%pondmg to the
I'so acts to seal e i ndi VIfA(ii i nk channel s

R e TR L PIRESTRBH P12 GRS moles o
a FeloEl6r niiSt be Such thsialie Icz&xdhetr@anmlﬂe:hmﬂﬁis witErldescrits2 belgy.
series of equi-spaced holes in five rows along the

Apﬁlt.l&e(a% ﬁt}éwo%ﬁ& t&le%ﬁ%@ﬁ%n@ozl 14 @ﬁgd Io%aé}%@cﬁ gﬁgm%nm\ﬁ@s wkithe pnnthead ICs

om surface | ower g{ % N N
T4/ e et ‘ﬁé’§‘é“%‘éﬂ“é‘§‘ta819 atfgss SRS 5 ﬂtﬁ @'ﬂ‘fhéadzaﬁsem? o achieve this,
individell Bridiieyd 10k 7/ ale@inkdd Jogethtran aisuttivk @fighgénivat ©erd the sirfackeof the adhesive

la)?e]%:7 gi".ﬁe Ilﬁ?l ard Ig’? %%%/f b%%g?cgésdrttgég l())(}fnyngeP t?eﬁlzllgtégxlﬁ agﬂ;’olggt?zggg IC’s above the

er rows
meHfinpctotnt piche adkssive ey endl then pyesite then Bieche Wdine fsn71 ot pefdng the adhesive
lafc® Bhde OS2 thﬁtlasbﬂ'ﬂéfofé@?bs% tﬁeﬁdjntt) (ﬁletﬂllﬁ Bttt biaflis kdbottdheat the IC (not

nt head |1 C unt.e the unders t he
s e e s i A s btk el R A b B
filmmay be a thernopl astlc fllmsuch as a PET or
TiRdéngiuoF pHuodiadupl drinthead IC 74 is praynd B0 —2hmpoh do peigt g 4¢/U§ letter sized page, 11 —

14 ﬁ@(’lmﬁﬁ{m’hgédl 183 74Sdtl§<g)n@g§odsf}%ﬁed r@@tﬁéraQBMuﬁﬂerQY inf¥vidual printhead ICs 74
t echnogl ogi es and oration. The pol yner

rs, Cor
m%"etﬁl"i“t?ﬁmf‘ic‘foﬁ’lm?daie %"’ ?tgﬁrn e Wi th adhesive |ayers on
both sides of a central film and | anm nated onto the
Theniiethesid des 70 fmay helitkedvegetheeinis oprie6f Wiyse Otrajerisulgt nagpep for linking the ICs
741 @ 3tobn %I"lé\lr@g thhﬁt@ ldgﬁltgénlﬂeﬁt @1@ R&Saue sfldplamt fheit eAd to link together to form a

col nci.de W he cen
horizontal line of ICs w1th no vertical offset be¥ween neighboring ICs. A sloping join is provided between
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di sposed ink delivery points (the mddle row of holes
69 and the ends of the conduits 70) for fluid
woammnménat i on between the printhead | C 74 andpCiRAU2005/000391
channel s 67. The thickness of the polynmer sealing film
7 1lis critical to the effectiveness of the ink sea
it provides. The pol yner sealﬁng filmseals the etched
theckia hmeigssufsfangailytahido reagler e iginide edse it het siwight pavllag) 2 jsgvtooth profile to

fac?h ate ?§s1t¥éﬁ!n%bﬁﬁ hbeccondil fnfnded 9MNvet Qﬁce@tah&ﬁ 13' ©8rof apart, measured
wever , ﬁﬂg?the film7

sea
Pe’a?ﬁ%‘f?“]é"rfa o HeEb DI T R e S R e g S &g och row are
drdppédbyt loeline pidhies 4nd affdmegedsie @ thiiangle ofrifighration.h Ahis gmyidesiardegreqof overlap of

no%?eg Uik H&Q a£&JB§ @ﬁ{ gs %ltéhea&%@kozaés Hheast ahag &b@m@%@m delivered

he sagging may ca use a gap
COWtWeﬁﬂonﬁﬂ‘é pmrnagéonge B&}S%\F‘}S\‘f@* té%\&‘?feo‘fh"‘f”n‘épféi"éfﬁéﬂ e edgs of the IC 74 to
enfulAGHGk& lifidge. Qovi ousl y, this breaches the seal and

allows ink to | eak out of the printhead I1C 74 and or

Cogt?c}lm?%g oéetra% i gf tﬁ:yn%Pﬂe% l_}sspe?fgrﬁne&- %@% %ﬁc‘%gﬁf—l@ %Lnttﬂﬂélﬁe CJnQ‘gﬂer) It can

e thi enoug

compmisirf %Walwn Sadep iégoginton thisiran begreermed infhy Rﬂﬁ‘ih?aé depending on the
sto@é Fbﬁlﬁfeﬁlblﬁg 1t Hl b Sﬁkecﬁté@ﬂlatttﬂfbﬁir@bﬁftﬁﬁlgﬁ Bﬁdﬁ@@ieﬁt o?ﬁozzl?shcﬁsposed at one

encg‘I é)g flfp IpTvﬁesﬁtgxe \?\Iua%llﬁrg OBO| tleaé S%ff € trqulremgnt\s/m zi]()wevef where storage
recmgcsen@ aret lpse ctiffrple khages sthc;fthqnhetn@alh e8i hﬁels¢da§7>e prgmple, thqrdropped rows may
tﬂ&mhq&ﬁukgghgg&p structure; 3. the 'stiffness' of the

hesive | ayer as the printhead IC 74 is belng pushed
SEERTHE S NPT M M
praviie akopesssforofceR g idhte angres piver Bvcbeq:wéthe offegationt Wéhqmzqiﬂs H&&em the SoPEC
de@g‘es @f%’q O%gxtﬁ ke MEsLy on i€ §u@1§é'oﬁﬂe Lda&ive ﬁHy&K"i‘ @®iligning the ICs

, or even 200 m cron coryespondi
741 7 AR PR Chewpolt T Ty e o B 7 el 76 are also
pr@i&ieii viethy surfide@f the T3 7ar Bhe fliducinbsd 6 iar it theforrh ofomikersshat fraealily identifiable

by a r F})rg{e ngglt%%g ci gmé% 60 ? daéés 1.’!3 %z)az g on-of B8 II@’ 74 Q%fh Je&ect to a neighboring

rve no elow wth reférence

tCtosd o gurfeessoffthe aghegiye loyss 71 iaehwel stesppeictly PPHfiapdat thpigdecp pcthe ICs 74, and
aldBe & 138 9Bhd aBsREjR7L.he | Cs so as to supply ink to
each and every |nd|V|duaI inlet 73. Accordingly, the

In Bﬁer tg ?ec 71Y36 thyg 151@ ﬁ‘om L rs]qﬁ ¥ IrIQelAqlll th c;b%ellj ?e"éllgxgléi ’Z 14a11’ﬁ1 Eo distrib ate the ink to

Yy groupe 0 reauce |n exit y an
thenjk mfﬁ@s Bothp bedeisidy of rhenyivthead 16176 & cgm%uv;séas sheyyt iadliguip 260 A number of
etcﬁﬂacmhmnélg 7 ’pQé!\ﬁrBVI@e@ N icRAneR in Akl Qﬂhﬁunlbatidn&ﬁtﬂ a Qaflr of rows of inlets 73
oot o A RE e U PYCT B TP T e Py ice, whih
is ¥quivklesinaltht Rjdttaofdthediolad 22 in the OIBBeriserking fHingil Sﬂn@ extend @eé?ﬂgth of the IC 74.
Th\é“cﬁﬂ.rélmsa?e cﬁ&lﬁlnﬁ§sep¢ﬁ)hﬂg/ SHowd \gﬁlg 78. NEen QYRS ﬁ@gecﬁﬂﬁpphed with ink, to

nozz and odd nozzles f
i bF P ot O RSPl DG BT e 1 ehsgges 01, Ench
settfon feddsapsioamaelal 28 goeds 808 vaitleakdsyective igpes Bor m t r ue 1600

dpi printing, neaning that nozzles 801 are arranged in

T%in{@‘fé% to i@ et@ﬂleﬁ @ﬁaLaXelssPlgg\% Jl it tEe! &Hér&d@o’i 'the?h@ﬂhg{ dup i foBthe nozzle ink
ance between cent nozzles 801 on a single
inlety\{3.j As showryim Figure 24, holes 72 formed through the polymer sealing film 71 aré aligned with one

of the channels 77 at the point where the silicon wall 78 separates the channel 77 into sections. The holes 72
are about 80 microns in width which is substantially the same width of the channels 77 such that one hole 72
supplies ink to two sections of the channel 77. This halves the density of holes 72 required in the polymer
sealing film 71.
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m crons, whilst the vertical distance between rows of

nozzles is based on the firing order of the nozzles,
woubtosvoovmoare typically separated by an exact prOwaromf000391

dot lines, plus a fraction of a dot |ine corresponding

to the distance the paper will nove between row firing

times. Also, the spacing of e¥en and odd rows of _
Fotiowing egchinont agd ajignnent of edch pf tha psintherd 16y idto hparfageiebihe pofpner sealing film
718 hakE @9 Bk ngh@rl@ﬁlls attaél§d Wohd anRRegeCh? 8 e P1tho it &)\ﬂérol Ainals and power

ca{;l lg% sg;g;gla ttoéhe%r o gltt%,:cogml d: OH%chfee tﬁ%noggl EBEL h’lq{] ﬁlgx PCB 79 may also have a

phprality bhdemilplu@ScaﬂadAtcmi’r 8 anngdglett tsolewtt fondonkiollingbnpater yod data signals
re&%@§&n@h@ﬁqn%l@ﬁ&m‘}f the printhead assenbly 22. To

achieve t , Indrvidual printhead I1Cs 74 are |inked

together in_abutting arran ement a the surf
A ORISR 45 AP Y PR G PSS GRSl s s oo e o
cofthdt adtheld paging Redipo Il“yd‘lfﬁfdla%ﬁ]dlmgs ftia¢hed B the ipperimasatbbmag upstream of the
pnnﬁlgad Iﬁ? 746\921 a}ﬂ%g&rﬂ:%a é) lb&gngl%rggnt &fwatalfl] gdh@squ%e § hé;ﬁmlh@a)ﬂ%c)s 74 sit below

he seal I ng
theygrfpde gfthe lﬁéilaébﬁ]é 2Pt of Q‘?B*’r*h Qfﬁtﬁ@?ss¥‘$1’€eqla(3 WI t h a |aser
before pressing theminto the film Another option is
Afsﬁhcb&t R pagdkd bdieeeh Ge (nﬂaﬁib shikld 82 addnibe abied? ane lovel 63 mgmbers which can

o nt t | e | bl
re ehve p¥ unze% _aL1r E’ Ig FIP §ou¥7ﬁesso?¥'%ﬁe 11|k§]) d'lké\i {hguge{cg g%%ﬁgﬁseagogk F}l%::(?ength of the
priptheddassgmbly 78 c@@pnessg@animtp bq’@apblpefi i cither ead of Kye peitheaq assembly 22 and be
evaily @i%ﬁ@&%loné— &16 'assénaol}b fTﬂd Mhedl b{ﬁfacewfltﬂétn{éﬂﬁ(ﬁhlél@% ﬁ‘iaro&fd&i w1th a series of
C(r)%l;ltnl o (fspl li)(rgf E:tlg %\r;e %]s%bﬂtlél ISI'IIIIZFD S %engqg on d1a shield 82

e varle
thmﬁghavm@rthmodmsed amavgiqr indtihdirzeted aCpss7tie pringhetslCs T kléble direction of the

m&f?agcﬁliltk%rk s ?rﬁi(g@ﬁl&r@ Lt f ré@@n‘l Qust meotﬂ%aﬁirﬂl&ﬂ{;gﬁaﬁm?% with the media
for I NKI_Ng e n ur e
AN AR MCNE ST N R TR R -

link together to forma horizontal line of I1Cs, wth
9.20 vimkiEjertibn Bbtzlest bet ween nei ghboring ICs. A sl opi ng
join is provided betweenthe I Cs having substantially
Aﬂ@@umgab@fe afifgway] o folicisgjior aieyeles ase fapred op ?%aplgqﬁ*tea%lrﬁ?d“ 19 thy e alets 75
Mtﬂaﬁe&éﬁdpé@min? dﬁ'i@&ﬁt |nb2tzfétsﬁmﬂ1£b‘§ bﬂithlﬂ@fofl&\s pﬁiitﬁisa& NEhe fabrication and

opglag?.nto’% %% nt e 78%9%%}% &Fsgrtheglrnilee cr(}si,]rgfJ ferécie% Idorc]:lémengsqmted a]bove However,
twolof the mpme a/idglermmted ndzhle désighstareahoisly desskibadébloyery nozzl es

73 on each row are dropped by 10 line pitches and

0.9" I apd&ithnidal geﬁJA&{]ng configuration. This provides a

degree of overlap of nozzles at the join and naintains

Fibides Witd Sshof at AR d0&F hesle 8O ik bea silkdh sibkeataRO0PSIt il be appreciated
th%téie %s‘:r%te 241 q%gtgs 0 OnSI ffi':t 7|4)(segl 17 1oy thqu% mtal n@%le ché?verlays each

SO ensure |C0n I S"provi
of thenale @k dflets Fre Hach crmthq @pzéh wp@eﬂgerﬁ Bolcareidenticlriieagsr groups of nozzle
arQQMeﬁL g arelaten Qcpt% fhgfeli Q}Bh &ffer&ﬂ'ﬂ 60161'@@1@6% ﬁjca‘ﬁve{J el"hé QJZBIE grrangements are
by the SoPECé (E ngi n C& P % Ne i dots d
arEZR Y T KON &G BY SEggere B’EI} feé*’f"t f eat"’ﬁ@ &r 815 FEi Oﬁeéls%“m%P ots during
piiifiib s themmoltebeusdilde witidla isingl¢ Frev gfriordee Sukh ad @pengethemymeles it possible to
pr%ﬂ@e z?‘fngr[ @eggty fof %&l’é@ m?@;aﬁlplel t;lorwaﬁ 5608 n@ﬁng %@dyég g8d pth!i@ﬁy of staggered

triangle arrangemsnt of nozzl es d| S gdb
TOXE e35hy éavaaan Bferspa®E PrEbost SHPEIRYRE Fhie AZAPTH fich row and about 80 microns
b&Weep e Adje@R dova!l Thagatiglequs dlemtiok for rddawence (if ddaigadp thereby allowing for a
I ag are less critical, shapes other
prte%e em%gaél&%ratféeﬁ%%lgbe used, for exanple, the dropped

r ows rraytaketheformof atrapezmd ) ) )
Each nozzle arrangement 801 is the product of an integrated circuit fabrication technique. In particular, the

nozzle arrangement 801 defines a micro-electromechanical system (MEMS).
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The upper surface of the printhead |1 Cs have a nunber

of bond pads 75 provi ded al ong an edge thereof which
wonroside21a nmeans for receiving data and or poweCTiA®2005/000391

control the operation of the nozzles 73 fromthe SoPEC

device. To aid in positioning the 1Cs 74 correctly on

the surface of the adhesive |&dyer 7 1 and aligning the
Fok Q@arity dndase hf debraiptidnhitby copsmetion M&}Jpaptiog 8 hiingle toprde Jmepsament 801 will be
dedtndqormed in the adhesive |layer 71, fducials 76 are

al so provided on the surface of the ICs 74. The

el iRt at DT LR SE AT s B 025 min 1 pn
126411 CHIOS mticrépBockssidlg dextrenidslingpositianed thavesnt | on of the | C 74
with respect to a neighboring I C and the surface of

A Elh&)n ng)li?ﬁ§ (oY ﬁteLrﬁb{ngy g?alrs) 1&@3‘@30 & e p&ttfoﬁgd%g e f‘%{lﬂsﬁate 8015. The silicon dioxide

d I
RS T A = W -

eldchi@ie ictikact @ S0BEpdiitibies off tie fibiconalibxide laydn 80170 |%Dﬂ‘lﬂhe silicon wafer substrate
80?? %ldl tgeqsfl%oix g]ledella pg01t7 g.redék?igcf o qgﬁlﬁ aL Iﬂﬁ( 1h1@tkch£1ﬁelt8|a?4 l!la%g a generally

er Sl each prl nt head
Wé@ﬁfctogﬂlfﬁ‘één @rspl%o%alwmm gifgongrrienORt oSO Soffle %ﬂc‘%&s metal 2/3 and
CMDSRPedvE] ndetal RIpBsitie/in dRdilicond didxide a@h 801 Vadbone lthe 7k iflet channel 8014. The

Jluid co ni cati.on t LS 1 £the dri
d1{§\ga)lngzg{1eer sergeI (o} 1\1/1he1?1| ne ﬂ’gﬁ%éoﬁ%% ll(yéitf&yl oggr/ﬁ%)g%hodrl\ﬁ%f x3de %ers of the drive
eleggfroniqy fayer BAY. channel s 77 are about 80 microns mnde

which is equivalent to the wwdth of the holes 72 in

A tphb@iveﬁi@ll Y& rin ﬁl@ @dr!nrb@ a fldylnmf ‘EiliconaiiAdecsod BR GhoditivBed @aghdal@hinium contact
e88%q ﬁng g‘ﬁ m&g)fl fhé)Xl aye Z a%ﬁ eortcljon\é e d |1vra]1¥10nt1$y§1%05 Io&%ltloned over the

SeeRTons TeP
cogtag pyéresh3Was An ¢neking §082 de@msi@@reeqfe pioyidapcesat i the eontaPre8030
inlets 73 and the |ikelihood of ink starvation to the

Tie %Qizlélagh&@%méﬂpﬂ% g%ﬁd&gllozzga:ﬁzhnb‘émbsv %H%inefdﬂ)@dﬁ annular nozzle wall 8033, which
appr oxi mat el nozz eir spec

terninaies at af yppe 1 g pozrle rqogg(B? Sn]dtaﬁéc? aélly &'ﬁlgdmézg ar[h‘)nrx] e(§4 tl\{ag?s circular in plan.

Tifecuiknivlel dhamné!l[3014Uin theflusi cdmmodicatibrewifhGhe 104214 ¢hamigan 82y At @ lower end of the

no%%ce ¥Vcrllp ﬁ’l%ll & di %Qgse& & lnﬁtflﬁg Zxﬁ 801‘63&&%%@ ar}ncﬁling lﬂléa@h;?éb% h@.{l ERircling wall

rough mer sealin irm
i F‘ﬁﬁ‘f@és i RBR G~ PABEa A EIeE oL SP%Pethﬁso“?hﬁf thii gl is at rest as
shbmmﬁgimeaw Rs Mﬁbdnt #8meapaneties A hedic halr%nHJ is PBined dbego the surface tension

oisvx\ﬁ(%ahp%g }S)etwe Eogg'y g%l l@%gﬁ’@%@ﬁi& a(f 119 §b§0 ' fbﬁvﬂréu:rﬂs leakage of ink

sane W annel s
frqn thg chstaber Wétlst Bfﬁ‘edlhm lewmlswﬁ propling bietrmentﬂe? 69%11@@@%1 8@i§gund the nozzle
whfsobhe channel 77. This halves the density of holes 72
required in the pol yner sealing filnm/l. Fol | owi ng

Flg%e ?ggf%Sﬂo‘%S ;?%%%y &r}a nlt e}genldm ?ecesgefs ttﬂe ron; AbF\It tth?%gzz egﬁn 804. These

r sea
refdsex sePER CpGaif pdial il f@mae a zsgalt qf ekaacmtgmea awﬁg im§0edge

of the I1Cs 74 so that control signals and power can be
TRURBRAII @ sh B bha pRosth 1IPRAS adRmb® (HBOK hb@led 3d14lca@RE806 Raving a generally

0zzl e; ghave a

UﬁR@F&FWﬁ?W%¥Qﬁﬁégﬁgﬁ?%ﬁﬁ%§ﬁ§§”§%#ggélearranged al ong

its length for controlling the power and data signals

The bedr weghgdureotrrlsp fnsludes plever arme 8918 liat pxjendsFpmsthyggazl¢ yalls and incorporates a
la%i‘ag Hff@m.gggbealﬁ g@d I'Tfe ?ebér%l'ng 3612 1@&@&3@%)% ﬂa? ef ﬁb&dl\fétbbzﬁlﬁ@% formed from

from damage cur due to co

i firce () R onn SHhetk oCFir S Eoaf-Bety d i e o o pasive
mhhe&maaemmmambmemﬁﬁm&ﬁétrean1of the printhead 1Cs 74

via an appropriate clip-lock arrangenent or via an
adhesive. The printhead 1Cs 74 sit bel ow
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the surface of the nedia shield 82, out of the path of
t he passing nedia. A space 83 is provided between the
wordisadehbel d 82 and the upper 62 and | ower 65POEMIROG/000391
whi ch can receive pressurized air froman air
conpressor or the like. As this space 83 extends al ong
the length of the printhead a%enbly 22, conpressed
THRildvercaa 8418 issullsp phacted tot ap agididy &eame§od, whiichtishfermpd froth Ada dt will be noted that
thgsa%?c%}:rx tg ﬁg%ﬂat&%e%% lrﬁédéj hS4 EJbJQtu{z %al?inﬁ’ rbgticiah Ristance higher than the
assenbl'y. e I nner surface of the nmedia shield 82 is
atigehgngpigie dhewpssine 2528 84% es of fins 84 which define a
plurality of air outlets evenly distributed along the
THeeBgAtdr bodm $d716s subhingally U-dhgtd 8Pplinh dingb a winteatpathetween the electrode 809
Qnpre aj r t :
o A RS Gl gl A 1R Bt BB ACIQRRah Ut to epecive
padfe i the pentactitryesB03Q- rAfrvepl AEteine skeetdcallpoqypled Wnthe eppiagts §fi9fhe actuator beam
is Qlsh %{ecﬂaﬁfzeﬂlﬂz Ghbhate tof?t:ﬁoe BOE? aTHhei d@achonigbdehis tebfighifed] koacohst@in motion of the
settling on_ t r e.of . the printh | .whi ch
st by S9E 1 PR RS St AP e R g SRl
Ink Ej ection Nozzles As discussed above, an array of
TherflN & thecaciuetpr heaz §07dscondustiveoufrhag 2 igh erppenlsciicH anigiance thptit undergoes
semﬁ@{ﬁné Bfenl aNWrrénd ts%sﬁedﬁﬁtwe&h@e Apgloliz 304 ataeds deNebwp@Glows through the
nan% dif@$re tdnozzle tructures suitable for this
PASTVCRPATS AL OrR 9P ABF 8%t i on and operation of each of
these nozzle types is described in the cross
Inrugd, drealndedst cerdufilted twth iikROEHIthattsiefines a Moiesye03 undey thefinfluppse of surface
tehRnE Tt 9RliY reRHOPHAE MORZ%l €0208S 1NBenBER, L0 ivE bt generally leak out in the
escri bed bel ow. Mechani cal Bend Actuator Figures

9.3
abgepcq Qf sogey SRRy PR Gl | very nozzle 801 formed on a
silicon substrate 8015. It will be appreciated that
At fhews inlF$guread9eto S Bk Eom dtcaszziepa timmentys pasteth beteicch Ge Tantfotsi@9 and 8041,

pa's:s.h%ljtfn@%h%?e £ ;{01_2!@1111 0 fhe Qgggéaﬁlgaglhe%\éﬁﬁ R&Y &uie € we@tance causes the
the nozzle ink inlets 73. Each of th$gnoz

l e -
begfiria SO ke SOTSERE JEHET Babe MBEPE §TotEe B he majority of te
exipindioh B adtofiahglatirediibs wiltOribspadt @ Eigur& 2§ &30t Thdexpinsidn isicbrstrained to the left
bthef efnc [of §H8 © gnle %ﬁdeoq he Q&f‘ato?g a£n| 86’%&\]’/\%&1t th;r ﬁ@er %h&eis impelled to the right.
arrangenehts are arrangedjln rows and are staggered

W th respect to each other, allow ng closer spacing of )
TheryRlatiys herizanisliinflgxipikty of fip gastiFrairaibfo Prasents B frosm allajirg ough horizontal
m&¥elght EhellONt B SOBZ ZHEOGever HE Rl dplasdiGRIeE e atmkedit pdints of the passive

ossi.bl e t rovide.a high densi . r
B e BB PR P s A Tt SRR B s e v am
8B tsmenggenertly daymweyardn cHre imavinsgt i hfquﬁngra%‘@éﬁl%fg hipging pgtign. However,
th3 Sbs3cE bONSueBIMNERN nlehtB HROEE kidFioh B 88K B plvOWYeABTdeBRAWY bending of the

80 'crong bet ween the adj acent rows. The nmultiple
PRVRLeuts 88> al | ow for redundancy (if desired), thereby

allowing for a predetermned failure rate per nozzle.
TEeatohnwodmdvement (addieheattio® 1 the ksvar ran 391 bid eroplifiod byzfhe distance of the nozzle
whil BRI RMAEE Sakdive WedmsfRB! ThAIIwARarh SRNEBhGIE. thd #bzzle walls and roof causes a

particul ar, the nozzle arrangﬁgent 801 ef|n§§ A Bioure29. Tt will b
PIGISEF GLestse SR fs ChRe S50 CAPRRETT RRASO) 1 POe L rrRes gy~ 1 Wit be
n@aisint O su@ednsipt ofdRr inkinpensclerfvidrsent 8010 s stwichedipethia tptinm wdthout allowing
mﬁt%&&%h? nozzl e arrangenent 801 will be described. The

|ﬁkjet printhead integrated circuit 74 includes a

silicon wafer substrate 8015 having 0.35 micron 1 P4

M .
As shown in Figure 30, at the appropriate time, the drive currefit is stopped and the actuator beam 807 quickly

(@]

cools and contracts. The contraction causes the lever arm to commence its return to the quiescent position,
which in turn causes a reduction in pressure in the chamber 8029. The interplay of the momentum of the

bulging ink and its inherent surface tension, and the negative pressure caused by the upward movement of the
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12 volt CMOS mi croprocessing electronics is positioned
thereon. A silicon dioxide (or alternatively glass)

wobayeroo&dd7 i s positioned on the substrate 801BCT/ANR005/000391

silicon dioxide |ayer 8017 defines CMOS dielectric
| ayers. CMOS top-level netal defines a pair of aligned
al um nium el ectrode contact | a®ers 8030 positioned on
npiyde chinhbier¥PR9 chusx ihihging, ay@wlﬁ@ﬁlﬂsna@mgfbf tHa Bulging inEMduswadeifie an ink drop
s8R bR Ses %Q%aﬁi s 3 it bR hcljécgrﬁpmg LQyh de | ayer 8017 are
efin

etched to e an i nk inlet channel 8014 haV|ng a

eneral | ircul ar cross section (in plan).
ey i Bt PP Fongris B = RIS P oy in e 20, Surtic
temgibatauRé Bie archw€hifObe thapbdr 80291to rembia lrelitiSelP RS Jnthﬁleliis bdén sucked upwards
l; di he.in

e e 0T L PSR A b o e el svatin shown in
FignHii bit the diffusion of hydroxyl ions through CMOS -

oxi de layers of the drive electronics |ayer 8017. A

9as s iThatmal Bubblga¥ctuatort he form of a |ayer of silicon

nitride 8031 is positioned over the al um nium cont act

Anethes type 8OBBthaavichordireargideinert muitdblofor the preseyieinveB@ih Avill KA described with
re@é?ént:é fBrFlﬁlﬁ'e lh @ncﬂ:aaéﬁﬁ \f@tcﬁagf} A@YRL oBRRk tﬂ)g,d%%!:oggﬁlgtmg é&{ operation of a

ﬂ ntact 5ers has an openln
sip %V%fﬁmFBgﬁVU P%é“%@%@%@‘?o the contacts 8030. The

nozzl e arrangenent 801 includes a nozzle chanber 8029
Thkeozriedrabgemant 18¢1nisibfarbublde oingingiahter ARk, actakibraipe which compnses a nozzle

pfa@ rlm)mglﬁe? né3ble %3% tlﬁrﬁgzzierhaaﬁgg E@z]@ n5n0f654 8&19(? apelét‘ure 1(?)5 extending

|aIIy i nner nozzl Ircu

%ﬁ“é‘hf ° fpraleipkte- i The é?ZZ]E RERNEP2 8ElEsmg %chpchfrw a |sxlicon nitride structure which is
depositad) by Gy iod bhetichlvabdi @leppeifidd @ VDN avBeS sa8@RA1 mAbrial whioh VR subsequently
of of the nozzle wall, there is disposed a noving rim

8010, that includes a noving seal |ip 8040. An

enC|rcI|ng wal I 8038 surrounds the novable nozzle, and
ThefopAlfparanggment Belpdsm i) resreglito ¢actpnogda P03, Iside Wallsheqs on byisich the nozzle plate
isR@pdrked, d haritler 1005 Hefiad b?yhﬁ%lld dﬁd YA ﬁtZ 100282 lﬁ\ﬂdl ﬁ?é? Rlbstrate 1008 and

rT' S
o5 R 180T B B 3k A0 B G g e e
Adqoped, elprepty hepten Plemnpltagwummdect Withimiby thagibes 20117, doi timt B0 4Bment is in the
fofh bfa RERNRDb&ml GBKAG. Q’f‘anéeméntfag Wk Re nﬁmﬁgnﬁe\éﬂh}czﬁ tsystem (MEMS)

rov re i stance coupling between e
ﬁtgﬁe’r‘%‘cilﬂgg’a%?% SPHYPPRE nozzl e wal | 8033. Figure
27 al so shows a plurality of radially extending
Whenctbs mragle prrpngementripinfusea k01 1tfver awoepbie (ot sib8f)4ntert e SEamber 1007 via
thé ﬁlﬁ@ﬁﬁ&%@e 1069, \é@thBtQheQ:QfHﬁb@ flisI & ﬁ% erI BALSN %t%f%\fxﬁnh@rﬁ 18101 ﬁ?e%lte& for somewhat

1 qk esca ast he nozzle r| m 8
eﬁkélrar‘ S ST ke %’fmgds fndhecfprmyefa fhrepaaarise. Wil bejagpreoiated that the
heatetidn@ok 1010 i incheriil @snt=B80@6h thoaiit 1091 & t@ﬂnaﬁw 1007 L& B aR&0he element is

hte{acP fﬂil% cgus\% tilcbgeﬁerggﬁ 5 v?.ﬁo%z %feg ﬁan%lh %9( Accor e %}/ %5{ 1@ lq %on]s'titutes a bubble

I con ni Tever arrang
°PH8“HH@S a |l ever arm 8018 t hat extends fron1the nozzl e
wal | s and incorporates a |ateral stiffening beam 8022.

ThEhabile wae, cﬁbd‘@eﬁ&ﬂt&i bfusedlah @GR il HreBurP Hithin ¥le BAKR! WB7, which in turn

DSB8 o O A U ST oot

th THer W hresit ipgieried.op axthmingrigethecharbeefipp 80@iratie. at t ached
to the carrier 8036. The | ever arm 8018 is al so

Tid rdasoRtthé®is @ﬁly aﬁ‘etddﬁleqlf)oma BRaB6kf 11 OOM’}‘)E}IQﬂeﬂp%szfg@ B G b (R he pressure

wajl\-re Elenerlatted ¥vm1tl|111|1 the ghamger on he?ﬁgé of the element 1010 and forming of a bubble 1012, does not

’I

affect adjacent chambers and their corresponding nozzles.
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this attachnent to the actuator beamis nmade at a

point a small but critical distance higher than the
weakv@mesant s to the passi ve beam 806. The act uaCoiAthesmo391

807 is substantially U shaped in plan, defining a

current path between the el ectrode 809 and an opposite

el ectrode 8041. Each of the ebectrodes 809 and 8041
TiR iR re@de acﬁrésmaw&mn thotiasbdr ¢eD7tnot anbyppet inly E01p outniirangh fhe tuprgle 1003, but
als%g)gstheg e %ﬂ gz{c gl}] Y\Fagsja%eQ§0d3 qto%ve? 'tﬁ‘é‘iﬁl& pg's@:lgle Y009 is approximately

tacts he act uator beami s
208190 e leﬂarht ‘37“‘1 ArFEHEPRRKREEIA HURGIIER diamettie Hapre fgye is 2 substantial
w&&& diag. eRAfdsay E}e@rati@nﬁanawaf the prodsire Fiseah tht Biemaet10eTtioto force ink out

807, t he l.eft
P&?‘hedlg le 180 as aLILe ec(t)eg élrro I gﬁ%eiﬁhyqa\é\ﬁﬁl& ét{‘ﬁ ésg (S 1009.
beam 807 | s conduct i ve, but has a high enou
Asshewetin Figa 3} dsjinkidzgnd 816 inkeing piecteskitp YoReng i fl@chea?ffaf?g before the drop

br\é\ﬂ? Uff aA@ ki @d@& theSbuBBls 360 Haelmesredchd 8l eaifua0les 80 %as then begun to
0@ t (} gr 1% Sel{) ovvs t hrough the passive beans

tg° LY SttheéS?mHO °}gPed¥and. In use, the device at rest

is filled with ink 8013 that defines a neniscus 803
Thervollapsiitetvé th hifbbled AZdoverds shappinicof oallemss | YA cauys somarip 041 to be drawn from

wiifl @ Retle 1003 tﬂ:&l BHab €418 BOB9drby), dnb Con¥RA bSEA frodliHle Wet passage 1009,

tong?fé% egqeu[t%lﬁtlisc%ﬁﬁ%ﬁg’g[ostﬁg | ?Pg&/ﬁﬁ cﬁbsenureelgf?ggrol% aot H’om theknozzle 1003,
fofningantatielaneeziz 1089 atghedbaseoéthe drppsl Ofbaﬁrs)etst ity belérgofft h e
contacts 809 and 8041, passing through the actuator

Tlﬁeglgt{psltg%zrgqeu;%gauc%@alﬂ ERALTAIN ﬁlgm%gurrtee %V&%ﬁg‘:sl}gﬁ& t6HdBn E’d;?ceé tiSorder to break
o LT RS P R P B e

1018 pedhiced tyerﬂ)ﬁ' retdhc&ngekmmsnt oftotialrpuidiack @nsmdlnldang the idrop b ithgthe momentum of
] e AidhQo ARw tld o BRRTON 1S
th%:\%rhg%srﬁg?ﬁe%ga?%g% {8 ef £ by let h‘é ar\?’cthorOp8O8 so t he end
of the actuator beam 807 adj acent ;the_|leyver arm 8
Wihen theyyen 1U8 dtegs oRecapiiagm ot B HEROPY SOATAT 1850, s th bubbe
101Ifzéll@p’sb§.’tb thie bint@f cdllge PEISE witl bb eacishd Bire preay eolid surfadbe in the vicinity of
r v, the lever arm
Frialid B iR d bk S BRUETRAL 0 Pre
at t achrrent p0| nts of the passive beans and actuator
9f5eanfealsg LocHiRy| y to the | ever arm causes a tw sting
GRSk bASrkEy 5 SO B, TRy 10900 of e s
dgpéribat inndplicdry ivizziggiangngedodiing ifs suH@wei@eqnding pen thb &egth ef tba‘ intggrated circuits
a&drtﬁé%esﬁje&/ IS}L:\tuF %Jf)%rtlg@%ﬂﬁedt l?'@rtexénﬂfe fopﬁa@x{)bv%dlh #t nﬁpgé'ﬂossﬁale to only require

I vot regloﬁ I he bend In passi ve ng

e e L the( RER 6%‘11 ffsbeH’P ripAgHTE @) de%}’fﬂ printing result,
whéi\@s o viler n@erdma&ﬂﬂlﬁuﬂnﬁf H1q0b,i20 o@itor 159,0a0hezhs sixaee todk ptokided along the
leg%l\%\étj Vt\lge PLnthea nead §s(s)e3m Iy t% %!L%etvbge 8% ﬁ% g}{&m? Fe ngiﬁﬂ C ;[cg?hoto quality images on

nozz oo
A4 opvéwmsezeqi ppecilease arguach{6A0dphy e emafﬁﬁeérwsatz g4 may e 65824 nozzles per

cd11e BB IcRE Wherb e DHAEHRA @@e@c]ﬂ}o!mlslcﬁbaﬁh @ﬂ]ﬁxﬁmg@m 4 JoldMs|(C M, Y, K), the
be not ed t at the sur

mitqua clgc&ésl hive agcug{ ?3%?% ﬁOé%esD sp{)sre])cfi alo%tPe surfacnq_?eﬁeof §11m11ar1y, if the

padiieaivssegbly AK is tapableeflprinting 6 printing fluids (C, M, Y, K, IR and a fixative) this may result in

82944 nozzles being provided on the surface of the integrated circuits 74. In all such arrangements, the

electronics supporting each nozzle is the same.

The manner in which the individual ink delivery nozzle arrangements may be controlled within the printhead

assembly 22 will now be described with reference to Figures 32 to 34.
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As shown in Figure 30, at the appropriate tinme, the
drive current is stopped and the actuator beam 807
wquoaskioy21e00l s and contracts. The contracti on equa®R005/000391
the lever armto conmmence its return to the qui escent
position, which in turn causes a reduction in pressure
in the chanber 8029. The intefplay of the nonmentum of
Fifde3 Db @i sigoveiew i che iittegrated vapug Tt andiits eeemecticen®i tharprinpengine controller

(PFE)SPEQV?&?EA%E %ﬁ%@?&%gg&ﬁy §@:ge 191’){1 én@igga [0\ TN s ) WiSoRE ﬂﬁegﬁfed circuit 74

_ 0zz 9 causes thjnning, apd ullﬁtl mat el y .

inelyrigpp Rorgle coip axH@0b Ay UpareaL 52 15 b pioh oy o Rove vonteol logi

90d 110 Ben&@k tHe MiddingGeAAlé 10URS thel pavaled] SThe mbdzle chitrotlogit 8% sceives data from the
jacent. print.nmedia. Inrediately after the drop 802

Pbgcgéogé’ﬁééfggﬁpgﬁ%léngﬁs 803 fornms the concave shape shown

in Figure 30. Surface tension causes the pressure in . o
Thenezzstrarsblosig s eanfigusde snd erighidptg & the 1ogele HFsy pore fopRrinting, via a link
oI BShiIERY b8 HOKEBT AR bletErickinbRIdghr. Shess hrdlotter Gerhdanalwhtbreation about the

returns t .nozzl e arr.angepent an A . )
noaaf ALRY ST B@I i ?j);z Iuréllg]a%:sdr‘]bsc\:/m 0 I{Eg n?lezl‘;égl cgl&glhggld 4%%%??‘%&??Imk 908, which may

~ beBsb btoeidion thaelestricAhoottseter- t ype of print head nozzle

arrangenment suitable for the present invention wll

TRV R BERE 90D 8 dhoWntilimb:e H@LIEA ERurk(B3Rh@I @n Bigure €)@ 6vill be seen that the
SN TIA SR L Ty —
9drandupge frevidr B, eapt df which © eprsedntydbly 2 CPhespending fiad shift register 913.

arrangenent 1001 is of a bubble form ng heater el ement
AQ&BHﬁlfn%gtﬂe)é@,eché’my&ﬁpt%ﬁmégﬁs&?§l 28nNR&:Zhieal lp@h Bre kA Zegidlet 930, a reverse

a nozzle 1003 therein,.the n l.e hayi a.n | i m .
et R B EOAl e ON BRIR AT G ) BUGRT AT LRY L odd dot i
repibtedt B3 difien ez zbeshifl wbigerlBO2 The ofd awinmeredat kil régistern 3 and 934 are
CO%#IJC%% Qc%n@énfl Edcﬁlﬁlat%gtlé HGIoHE (L. b sAIf RERA B8 in JAY iMB6n, then through

em cal vapor deposition_(CVD), over a_sacrificial . .
e A TSP OB T s TSNS BrERt P WPRIPEE e S e gp ot Sifirgistrs fod
tocdhé BHE ereditipleelons] €Bs itdut dF the @mippleker isGeled lhy mogm] (eorescan) during post-

1003, side.walls 1006 on i.ch. | j .
i S L 20 BRI 008 e B Srpi s e o
inpes f the opiltiterer PO 2Thicapsh PPl égreqachscaés forbetsaprlieshig therfeepefive dot shift
rebi 81 NES ERHE3H009 extending through the multi-Iayer
substrate to the far side (not shown) of the

substrate. Alo d, .el o e heat.er gl '
A3t eSS wA) o TR o SR o O e, RIRipb i i, e cotunn
Niischides 12hieta frainasm cofprizing g prsiridie delpe®handryevengiat [value 937 for each of the six
d@trsﬁitﬁ P&ﬁ{(gﬁlvg It\?;)sl)aiﬁn tﬁ'ﬁﬁwtﬁclh&s gh m%{]&ﬁfu@%rﬁbmd b@lﬂdaﬁ&"{re shift register 930 and
system structure, ich i or. a. . .
i P B PABTE FoP e et g e 330 RS e g R ap ooy o o mottploxe
940 TS Gyipt bkthd Dillfipléxe0M0as coatsdied/ i the felvctvalohPAini) the pdlast shift register 932.
,\ﬂe% &El@ 5194 ﬁto ,Sﬁla% n]-tgg%l thQIEIIEaJn,the ven fire
“{lﬁlgthgﬁg gaﬁueglslo% %) Tﬁer eafter, ut?ﬂe heater el enent 10:eL_O )
vilee ihetied f or somewhat | ess than 1 micro second, so
that the heating is in the formof a thermal pulse. It
E¥dhloff thb eddapees tad @tled 436 tnd 432 islpeaidet aseh @petd cor@pending oddpnd even dot
er.nal t .wWith the ink 1011 in the chanmber 1007
Iatécgestggg?nd\%h%grﬁs%%“é%l ement is heated, this causes the
generation of vapor bubbles in the ink. Accordi nq)l Y .
Enqhalos latrh apd ity assqsis gfith% f(gm@%f:eél. The details of a unit cell 944 1s shown in more

detail in Figure 35. The dot latch 942 is a D-type flip-flop that accepts the output of the data value 936, which

is held by a D-type flip-flop 946 forming an element of the odd dot shift register 933 (see Figure 34). The
data input to the flip-flop 946 is provided from the output of a previous element in the odd dot shift register

(unless the element under consideration is the first element in the shift register, in which case its input is the



10

15

20

formng liquid. The bubble 1012, once generat ed,

causes an increase in pressure within the chanber
woQs/o9etibch in turn causes the ejection of a 8COAURAER00391

of the ink 1011 t hrough the nozzle 1003. The rim 1004

assists in directing the drop 1016 as it is ejected,

so as to mninize the chance & drop m sdirection. The
Datfebrsie). Daatis ddaexd doinghenipyt obfie-flap 46| ieto pb 342amen Eshpfamegative pulse
prohfd oP&Ynck N €t passage 1009 is so that the pressure

mave generated within the chanber on heating of the

f bb e 10
S R S G A o0k 04 2N 348 Ot inputs 1 the
AN ga2d S arblie Fr sigra(&ere the quipnt eSmltirdexey 340 (spe Elgvee iﬁwanfb'renulse profile signal
Pr ]1318 ?ﬂ%‘me%@ lr YozALR R&Brolied Iy thO ﬂ)ﬁ'lsecbﬁ’gﬁlet s@bﬁ e anf BBELNRE &afiple, lengthened

pushes so k throu he inl et
to sliiaty @@O‘ﬂ)@l}?w “rlRePER o ey 43? tOB %goa@res“ frgmovable pover supply
(ba’i@@)’ @xodikR). Yrha @do bmud Gt mekatixaty&onsmehtangum of il effigiently ejected from
ea81 no¥z1 sp{ %regahetlhy en}b%dlmeﬁ:c alQ§3§beh nthéjﬁrgﬂg E@{al PH@ ﬁlg @an]ien@:r &ch dot shift
subs anti a I scou resul
remt@d obich @rvrvides f chslencsf bepreen ﬁ?réeeeme copt @l PfﬁfOflwecec ha&lepeyer in other
embB@ertsS thta @r Elgfap@an b6 kpp@eit gldtanyoEg s thdr@ma @it 2l @okRE)Sorasn Bindividually
<§Cte§1 ogl mem%%Q5{ t han back through the inl et

m%% J05" P69 O A" € 'n" Figure 31, the ink drop 1016

is being ejected is shomn during its "necking phase" '
Oty fhy rdefa fisHendett oty thsrletelk¥2 othg fire Apabi%rﬁr gndspuigg grofile 3’@ sigRflstsreeapplied to the
AND 12 13 ScoRbihB 2R ¥nelt@A6MRhok Ao BBt b BT Sk HEeadiEichR tiabtains a logic

begun to coll apse towards the point of collapse 1017.

L-The col | apsi ng of the bubble 1012 towards the point of

col | apse 1017 causes sone ink 101 1 to be drawn from
Theisigiwlsrfortehe np@lezhaane] @0 Sifrfarigadhin thefollovdessabln 18 of t he

drop), and sone to be drawn fromthe inlet passage

1009, towards the point of collapse. Mdst of the ink

1011 drawn in this manner is drawn fromthe nozzle

T003; torm ng an annul ar neck 1019 at the base of the
‘N@Fop 10PB°HT or t RN eaki ng of f. The drop 1016
requi res a certain anmount of nomentumto overcone
Dsur f acendpensi on f dupaialst paitem tosld@register Yir eak of f. As i nk
1011 is drawn fromthe nozzle 1003 by the coll apse of
qthe bubpls,1012, bmsut%%@ﬁonpsmfm?smﬁk 1019 reduces

t hereby reducing the amount of total surface tension
hol di ng_t he drop, 0 that t of .th
S s et ed out SHF seRE AY 21 en‘PIF %apﬁ‘{fg]f’ ?ge °59nps CF
the drop to break off. Wen the drop 1016 breaks off,
Layali t at pnt f or ces Far @adausedt tals assefidddermestleliy/fie he
arrows 1020, as the bubble 1012 coll apses to the point

Plof _CO| l fpa 101_7- P}otﬁlewn_%éd_s Q_Q)e E‘s@etr@@fot“ﬁ’cﬁﬂe?otﬁ{e are no
solid surfaces in the vicinity of the point of

—Cof rapse IULl7 on which the cavitatlion can have an
effect. 9.5 Control Circuitry The printhead integrated
circuits 74 (see Figure 22) may have between 5000 to
AdGOwORFigafe 35,k fabognels Besciontxbeh d didgork kd enghle firing zfzdne eolor in the current
rra :
B LR, B0 DR SRS R0 L AL, g
mﬂ?@%@WﬂFe@mﬁéﬁﬁﬁﬁéémmFor exanpl e, for narrow nedia it
may be possible to only require
The dot latches and the latches forming the various shift registers are fully static in this embodiment, and are

CMOS-based. The design and construction of latches is well known to those skilled in the art of integrated

circuit engineering and design, and so will not be described in detail in this document.
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5000 nozzl es arranged al ong the surface of the
printhead assenbly to achieve a desired printing
woesasie21wher eas for wi der nmedia a mni num of ROTARAY05/000391
20, 000 or 50,000 nozzles may need to be provided al ong
the length of the printhead assenbly to achieve the
desired printing result. For $ull color photo quality
Thee mreegle spaoth may begs nysh hedOtkle fog ithe deintapespablea ponting pichei 60 ppm, and even

mol'@@vp ngﬁer sﬂe&ﬁ 'A@ ¥h%g£1@5 @ﬂno@ild‘ bat the AftouiPOE uhaﬂﬁl cl@gb?é}ected by the entire

zz|l es per, col or re the
P oy e Bz P B STRRIEDS rh5eBR BbUSRCs g oo o
noXzles HY incrtdae! to preegie ddreifherispeed) pdshighdr-quality pantieg atr leasin PO million drops per
se%?f&g %Fefe!?fb?yzit Q<§astdﬂ0§ B}ﬂﬁ&ddr@ﬂs ‘}ngsewﬁ@ aﬁd"ﬁlgr@ %?eférﬁ@r £ q’écast 1 b11%1on drops per

printhead assenb IS capab 0
seqopq FeY tf?gy ’G’eﬁiil ﬁ‘t %“ﬁ‘gsPquﬁ ﬂ’cﬂ§f°€‘ff’f il amYeJ °°F€d by e a??alesawﬁh 2 maximum drop
ejdction@bdrigef atioli 250 AAyjotleed dropi N 82944 nozzl es bei ng

provided on the surface of the integrated circuits 74,

I
Con&g%nt!rl%gtgﬁxjc}erqg rat joRmg SOE nep?mn:{%% ﬂﬁL sE)EJdQ Qﬁecé)ni%f Qf%afokfc@ Bhust be able to

'S manner 1 n
defepyeipohather  tozrke la@meetérdy’p bk ptan aqurvalﬁrgéaﬁ% Htt%ls f?ﬁ%fd fgsome instances the
cofufdN bleohieimint UE'I ialﬂe t&@teﬂﬁmd’lﬁﬁéﬁﬁda a&zSE refekty a 2Zopvdflidk AA@Wate of at least
5021%1119%&%“&11%%%@ énr; i/ecoggv f en?lﬁ 1encrte'9 {: Eo sg 30 Crr%lh%l? de%e%lﬂétggs&)%r second or
at jepst S@Wowitior detaynivatiops neh@cqml iand me}q@r mes etdeestrIgtilliesydefempgfions per second

folthOnd eeanmgnhrthumn,eprﬁﬁﬁgaggalca@hsect ronics of the print

engln . As di scussed above |ntegrated circuit 74
ude nozzl CO
TI'P élbxgbdf %thon&eé p&ovtd o eep {hgan assem (t:oggfler mﬁg’g élf)zezgcﬁém% Is,pe?ds and print

spéedy rasul@ @ant aprapeinfept of 4t frast 60 mlhgr schadadné dependfigrop thelpeinting speed, at

1e£%6 l:rﬁ?per I&@ndngéi%xlaﬁy thghtstr 2@b 111231%' Qéc&ﬁzanﬁ afof! pV&e?ab@afIt feast 500 cm2 per
fromthe PEC 903 via a The

ed
oo RSP GRS e ERAT A P BOF £ RSt PP O e  gven e of
mddhet pedzioepraviswaly atadrable fvil coprentivhalpgntersi a a | i nk 907,

which may be in the formof an electrical connector.

105t atl?gc@&:k ARERITEYTPRet | onal infornmation about the

nozz array core 901 is conmuni cated back to the

nozzl e control logic 902 via another Ihgk 908, whi.c ;
A e Bt R Y POYT CHSIAIRL RS | CRTECEEH g Conversly
a @eSiZeZ 1o Aniflifnisa Yorbydxity %ﬁvates a5 ADUbased derpdee dgtizh.aVdriowsrcompromises between
thtlt: %1% re%i?‘e %s?’exﬁp Qxc§4s a #l sgéﬁr\x%lcﬁ §1{:lu5Js béﬁh LIJ ALt’l?anﬁ g&ﬁba&amgcks
e nozzle array 1I" conprises an array of nozzl
colums 911. The array |ncludes a fire/select shift
At AGPdpsed deppder zS?’Pdalﬁ?pbet Hedstocippigment fgle1chip PRt 15t uwn? glpgence of an
adtlifiora Okt Grta fle, dmmweaqmnerxéoaﬁ@qmim appti@tiorsdaftidre 4segll 84 redder and decoder
sogware A@%mgfg%ﬁ e cp Todg %%élgsr %&gckflh ?z{rge?l %ﬁ&aflélmlprec'iﬁcsl?tg ated circuit
(A§I§O or %Stmvrefré@ @a@)h’flflsl ip @iscusgedrin Sqctiqyi 9€er 931 and a
select shift register 932. Each dot shift register 913
Ed NGl gieese 13 » Qe Ghittothe &BddbdintérpditShed reB3 hﬁﬂ’i)dlual’sm €ia deboder processes
PR GPEEE 93 A IR REHETPIPS AN Aoy o hoor
that data is clocked through the odd shift register
933 in one direction, then_ tdﬁough t he even shift
'gter 934 in the reveﬁse ref¥tion. The oui put of
ut the final even dot shift register is fed to

T@ﬂ%o'nﬂb@@&em@fxdn@ m&ktpbrwnﬁéﬁeﬁy 83 ecoddniafe d16tRUtaciey 4nblata decoding. Data
mul ti pl exer is S | ect escan

Rling a j

e i R 7% B TG e OB Rl Ber e el 4 bribed above

Clodk teasltais sbgrahples bebt@usd ditis ghadatly loogisdd iDeh bx pmetiged byee the line time
to the other
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i nput of the multiplexer 935. This causes Dot[x] for

each color to be supplied to the respective dot shift
woegsawexts 913 (see Figure 33). A single col umprdraiu2b05/000391

nowbe described with reference to Figure 35. In the

enbodi nent shown, the columm N includes 12 data

val ues, conprising an odd dat¥® val ue 936 and an eve
codapcmdmatou@ ORY widir. Adzghar ddick frdtecas jokvignsly be pged alternatively or additionally to

SOLSURK S Lt e No@d va@ni Ncl udes an odd fire val ue
amr338 %rom ?clgcggforv\éra fire shift register 930 and an

Be?a\éllgein?{)elé{eg glg%l v%aﬂ %183: % Jgﬁogvn%%lgeenf: [ 9 %/]tz? glgc%cl I{I]JLL {;ansblglugetd predictively to provide
clddkibstiingbseixrargived anlifih eveo umimhe RI{Ls pry éeﬂiiﬁﬂpt‘ﬁtqﬂl forytleat scandige. | s
controlled by the select value 941 in the select shift
Ass &gﬁgsﬁoe ata%%x%ﬂehmern heiBorS 8lRGta MBinke Jafie ZRHR, c1dcR §pe@UIA of a dedicated
fire value is output and when the select value is
degpder: the even fire value is output. Each of the odd
and even data val ues 936 and 937 is provided as an
(Eb Eﬁt to correspondi ng odérdnd even dot | atches 942
nd ‘943 respectively. Each dot latch and its

Th@%ﬁt%ﬁr@&lgéi sge%& & aﬁ@L@aaageg GQébodee Wdgher @@, bnd iThRndieh 8 ifs Sns@iction set and
aunit cell 944 is shown in nore detail in Fi gure 35.

hoyprenydsgicyted;blogksgipeorgmalesp t ype f1ip-flop that accepts

the output of the data value 936, which is held déB _ _
Sifde taty ABUbhse ddobdoptri9idlly implempmgthadecedingrizatitheyfin gofwatgcfle Wepinder of this
secctﬂh Ee%s r[bgsgd cﬁ&l@e{ted%gédérﬁgs?gn Fb16s &r i3 dedicdr Etf‘de@tﬂhﬁieb@@dﬁ bd led to produce

flp- is provided fromthe output of a

a hyprid degigrs elenent in the odd dot shift register (unless

the el ement under consideration is the first el ement _
Figue 16Rovahinfgh-lavelgisk éuagrantl of thvhdeeolderFa% i thetegntéxn pfi fhe Ymem reader. It consists
oftfalrltg%ﬁl%r)%o 3)1\#&900@ arld S r&iu&ﬁk@dieéoﬁ&%i hﬁe &H{Eﬁl& cdfrols the external

I nto at01 942 upon r a
DorigigeRti 1 SVSBIOBE VR G BB CHeEReT e (e Lﬂemfngoqhas&a?nghconmls the
re@fhdantySdefie \dindRheapticanigeddfid l’edm&dah@mdctoﬂmg phag. t hr ee- i nput- .
AND gate 945. Qther inputs to the AND gate 945 are the

F | d t e e control signals
r %he%pa% A{.Sle) corr1t9 ex1 géger;?é‘é tﬁ)euﬁne% MM frcml %%’5 8«_4{_(% d@ﬁ@?th trol signal

ure gu pr of ife S|q e fi 9 |
Wlttwhmnt@t e imaioe LEDS §onED BrpeynBy it h*’é‘d 8’6 F%%P%%‘F?fﬂé-” ta the general-
pupoSIR) infefrace BPID 03Mks Rl asitRfint@abiipldesoddrezigt hened to take

into account a IOM/voItage condition that arises due

I .
Tltebcgfc)?eé- \A\%#B% %&Ql VYI?G) 1cam¥1?9/ d@) SQB¥\@J fnﬁﬁj Y 11¥age sensor 711, via an

inragd 3nqovgte¢acg Gk intot a@m}puahqybhqfferdf% ,athtke jmageFepjoE Feéqlﬁ)qt yate r;. The decoder
m%.h Gl ﬁt@e @M€ ﬁqférsné}ﬂéit&na@es béttvedn Shefd dn@flccessie tide® On any given line, one
blg‘fgl%é %5%; wgtﬁegﬁg’ %t{l %gﬂ,fnﬁtehs?rg I‘]%Otf rléalcee 7% %{cliatwo rg%f\f/ers daré De%ng read by the raw
ddoadenTot eDdsed theead-ao nqmbxéemt{ogs disgepsed @Sﬂgucp@ﬁf e irpage eensor read-out rate ; is

géﬁlgr\éﬁ\ﬁ?g IR thgta{;%gge &%p&d | ER which i@y highe:ORAlthe@BEd R Rlock speed 7, by a
. is the sane for all nozzles), or

faéfal‘rf"?féesf %ﬁlE\ﬂ Hﬁé‘tdl ]tzgﬁ lored to each unit cell or even

to each nozzle. Once the data is | oaded into the |atch

Dfdg, thelsbem tieiriive deeodzb?23 desod@mchn dath e bprliof, iatmﬂvs de¢ogerrw data to external
n%&gﬁagpw ﬁgmﬂﬂy&PQmAwB gate 945, conbining to the

e nozzle to eject a dot of ink for each

'-k

| atch 942 that contains a |o
If the decoder is configured to perform redundancgzJ decox%mg, then after the scan is complete the controller

signals the redundancy decoder 722 to perform redundancy decoding. The redundancy decoder reads raw data

from external memory 715 and writes corrected data back to external memory.



10

15

20

25

30

The signals for each nozzle channel are summarized in
the following table: Nane Direction Description D

wonpestooénput dot pattern to shift regi ster bit PQrAREIF000391

Qut put dot pattern fromshift register bit SrClk Input

Shift register clock in - dis captured on rising edge

of this clock LsyncL Input Fi#e enable - needs to be
If @16 826deed cénfiguraio integrustt e fipst eonmpllet gpyamplFopfthdnafier depedipisis complete the
cogtgollg%ﬁ%ﬁ%:’[ﬁe[ ﬁo@c@mftxgﬁer 0R gn?i!nfén'&ﬂ@ infekth& 778 shown in Figure

Ire signals Fr are routed on a diagonal, to
enabl e firing_ of on@ecol or .in.the cur%ggurauonmgm?fﬁﬁghandreadaccess

The dgcpdeg Bofes ﬂﬁ hosh genfreller Wit TrAg-VET BRRS © $o°on
to MY ragi@Gs 128 @ia @ wrinlamérfacke’®nd by spreading it over 6
colums in time-del ayed fashion. The dot |atches and

F1%1J;] ; Qﬁ%&pg ch%&‘UﬂQk Lh! ;raﬁ{ Q)tf 'tt@lila?w %&bée} If Eftast 8MofocRU&oder 730 which
i ?y statl his enb

gt e TSP G RET TOf A 5 BFSE S RN R dyios o ok
stake0731 BQSen S dehbr ahsdchatet] vith edck blodk colveigtet.ed ci rcui t
engineering and design, and so will not be described

The q)kﬁ]? tdeaizloéeb Hﬁ)'_lszsléy > shgrgﬁ gie %2 t-g ha@qulﬂ'g e | pﬁotsaﬁ@ %&m@éﬁd Qﬁckatﬁe registration

rlnter cap aoeo r|nt|n
clgksolroc 0 precofnd i ek B opIS ARG s SR AU By 1 ves a dar
dets¥8986 %fgeﬁéﬁli’e?chlﬁhd‘eiﬂa eeddind Ibatiasmdnd indipolat kndtﬂh&hold: armeshlged bit values. It
us%z-r)%lt r%so ?r)é?& tgg?ngrg% Irerscﬁ]feﬁ Ht %1 gg §9m @&%&U&l‘ bt Vgl e@ qt L’l:sles%.%ﬁmn flusher 740

rops per secon However,
to&gshtrﬂelvmm@qtawdsmﬂﬂelemﬁ@m% reased to pr ovi de for

hi gher - speed and higher-quality printing at |east 100
THI cthck @&o&f OB SmPShen&RRONRA, cldk @R b)lL’c)hﬂﬁﬁ dds@msd inS568ion 4. It indexes the

cl%.&(ﬁ aiie 3?401ﬁ I;:&E—%b eenrbog? aesgogn%n gl than L eent 1\%«%{?@%& t%tcu.l-r&x@ﬁlgck The clock
desplendss,a ttahsord rperemionT 35t generrte the Jbbelt swe wcqnwe%ﬁ s fomsbased on the two

da¥ ddds@ Mexi num drop ej ection energy of about 250
nanOJouIes per drop. Consequently, in order to

T@FP@E%%%?%S% ﬁ%{l&{sg a}: é’g 1.?15%&3? cﬁ%nhl PL&WI:]] § fie%g %e&a mnSSc:no? 6. It operates
od the PXL @jtecftthesappivmipteaiock, meintatnedizs paxuf thafueent blogl wate T34 or current clock
St5p%§.regard in sone instances the control electronics

nmust be able to determ ne whether a nozzle ejects a

dr op ink at a rate of at..|east 50 .
il i 1A OR e SEBIC o S Sed pSgfion313. T ndres
thb @&lGhin 410737 ih lirteaml sleh@y adsovinted ovi tipaurrge caupeh withithe current block, and
Wl‘lt%sa lg?/l}resglge% iy \Jallu sgp th%j %‘%%Em] Flﬁ:&’l'vﬁtﬂﬁ tﬂéec{utp§ﬁ§1@ﬂd%38 %gcmiteﬁ with the current

ses at on determ nations
bls@ccm@ing rgyolutippeandy ﬂ'@hle& tosperad meRpRHE d4i depqden/ 3@}‘%‘?‘? Rjgyk space to scan
spa &ﬂiahéf@ﬁl'g@d’é&ted Thle RABIBRT gedrattt T3 2 to@Bnefareaht cdardingies of huecessive candidate
%%§ead assenbly together with the nozzle firing
"brint speeds, results in an area print

speed of at least 50 cnR per second, and dependi ng on
Tmh@mﬂnmnmmmgﬂgﬁe@mﬂmﬁﬁﬂwé§§ﬂm&éﬁﬂéﬁ§nE%?m%%cond

preferably at |east 200 cnR per second, and nore

TRY 8 R Mo ﬁIplehBﬁéSﬂhe ﬁ%soﬁﬁgn eﬂ@ﬁth‘&ﬁfé@ﬁﬁhdad Sekctid 3.1.3. It resolves bit values
Wfth.gplg ?‘c&én@bpéegbcﬁus to gF C\Eﬁent cP uxr awghmrrglng ﬁm ﬁl\fferdﬁ%mgte%lthq{le%nent block

lve

The column flusher 740 uses an address generator 741 to generate the output address for each data column, as
described in Section 3.1.3. If redundancy decoding is enabled, then the column flusher writes bitstream

parameter column data to a separate external memory area.
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medi a at speeds not previously attainable with
conventional printers. 10. DECODER ARCH TECTURE A

waoesisve621o m ni m se cl ock speed and power conseBIPAITRONS/000391
notivates a dedi cated decoder design. Conversely, a
desire to mnimse conplexity notivates an ALU based
decoder design. Various conpr&m ses between these two

Figtixd I8ai®s aexg'hslével tdask diagrsm af thy tefindandie ddcoper. Wivowkins apetapetersiecoder 750
Igc%t &tr g)q%ﬂgcgk %—%Qﬂ; @&@%§ded %Qralﬁxl:t&" (ﬁésﬁﬁ AOBGREAG decoder 752

can to | | e-chip
wmqhéprrqcﬁ etrw@mafsg%@@ e SHT ol dp asa%tafegm%‘ihe raw data
with the ALU executing product application software as
Thégataméesr qeecald[evsoampllexd@tsdﬂe plgsidint iescribed Al Setional.2.V.dl yeadsh@RC-encoded
bltgt?e%ﬁ%%grg?ét > datd %ﬁi‘%?&nﬁ%neﬁm@' 5 bla 3 n?enioﬁzr 1&%}%%&'3 '%%)6 It uses a CRC generator

lon-specific integrated circui't
75émmﬁ¢%ﬁﬁ%t%ﬂﬁowt(t®éf@tva agmpter Gascussed in Sect ion”
10.2. EQ 116 gives the rate r at which the decoder
Oﬂc@ﬂﬁ pReh&érQiScodft 050 asalswelid Wistreamalata@siers,St ignels tha @itstream decoder 752 to
co c‘% grgo?srm ! (r)a%ved?éél 1\{5% o &R 7'55] le'ﬁlg fIts &@El&odid%@e& 'ﬁgectlon 3.2.2.
P geRer af €s ca ate enco oca ions 1's her
It tuham cqdepyd alteﬂgmrdﬁ‘* bq; intgriravey %@nmé o SRareeieTY neeanWsﬂS the distributed

ral Qkth O HBGolWoldAgd ﬂﬁgs@aﬂéd r&fuﬁdaﬁdyQﬁﬂé dReB&k(bl&@)nﬂ%dcﬁi a$3x0 correct errors
decog gqﬂ R 2 t a{)&', gddg 3 e?r %ver ttalv\sr//na )e{orrectg&) aw ddag%ackmf(]) 1¥s distributed
1ochemr| bed above. Cock tracking is nore conplex, but
because it is spatially localised it can be anortised
Tlﬁ\{ﬁgrlegwt@:? 75!4' eﬂ@ ab-dnBGOL 786 Rafd Gh R@rdsO gdnbiBtoPT B C¥hivd EhddatesAe distributed
% er cl.oc gan o bviously be used alternatively
by&“ra ‘EGSB‘TSI"fY?ﬁ%WOF‘@s Bamortising cl ock tracking over the
bl ock wi dt h. Because expected clock variation is of
Tﬂemnpcﬂerengyemhs; oftth¢-shelf ftmetiondd|blogkscag iredyizedy Eercexample, Reed-Solomon decoder
bR H et éu}f&erCéS%S%@e\é 'afie\m@é Ff;ﬁzlélla%ﬁt duBPLCB i ORec@ SPbNRADecoder V3.0, 14
scanl 1 ne;” even |l e the PLLs are being updated for
Merkag008can| i ne. Assum ng no data parallelism r
therefore defines a mninmum value for the clock speed
10.t oOfhtanal &tbncay Edtidatesder : (EQL27) ¢ r d' The m ni mum
cl ock speed of an ALU based decoder is higher still
Theprvidookles uees flupscstdntine buffers toduffes dmaeq 6P AnpYie ASSARIE RB{/spRlRy, the size z; of
e i DRk Nepeks 1t incorporates. Since an ALU based
decoder trivially inplenents the decoding algorithmin
software, the remainder of thls section describes a
(etetisgat ed decoder design® Bl Pdeks of this dedicated
decoder design can be used to produce a hybrid design.
Tiei dgender W36 astvolamidta duipgtbuffepet dats| colufan ¢ Tfermsobypd eyt bits pending word-
wﬁﬁﬁ&ﬂé‘éﬁo lee4nai Berh&’? AQQI%:E)&B oRput bR MG bRAHE Kize 4, l0f the output buffer is
consi sts of a con ler 720, a raw decoder 721, and a
aHPé’é’&}*}H]e‘(mn'a’ecoder 722 The controller controls the
external peripherals in synchrony with the raw decoder
(é&y_gﬂg the first raw decedirng?phase, and controls the
redundancy decoder during the optional second

ThERLALANRE HurlB GRS 1RA 8 Galues, each represented by a two-bit value, per data column.

The total size z, of the decoder’s internal memory, ignoring block state, is therefore given by:

(EQ 130) 2= 8Ws+ (w+2)W,

10.2 Decoder Configuration

The decoder may be configured as a stand-alone ASIC or it may be included as a block in a larger ASIC or
SoC.



During the scan the controller generates the |ine
clock, and fromthe Iine clock derives the contro
weigsae21whi ch control the illum nation LEDs 7207/Ath@05/000391
i mage sensor 711, and the transport notor 713 via the
general purpose I/Ointerface GPIO 723, as well as the
internal raw decoder 721. Thesdecoder 721 acquires
API%BbreWedBer( the eecodey Bj'afziaé bspparBicdtily teonfigaie) vis anplgBersfts Otnde a variety of
R R T e %Eyrfh%gﬁaﬁﬁ%}%%ﬁg*ﬁﬁ%@*ﬂé%ﬁa?%ﬂef”“
read-out rate r . The decoder maintains three IQ?
Algtiopgh thedesigny of thealerpder|is ssplgblet o et Wedim siesrpashgpp, decoding time, clock speed
ana P& S&n‘sﬂﬁﬁmbﬂ ﬂﬁ%apa@ltleﬁ OYa ghtieelar deéoder,imfleentatidl ¢ lihiged by its maximum
) E ? mgltt tsm 0@%&@? i mage sensor interface 724,
logK P°F4 B @u?f‘ﬁé 4% read by the raw decoder 721.
Due to the read- out consi derations_di scussed in
TSsakiigned # a3s-uehieblbda@edosetasointend dals mempry seyt separptgd from the decoder
1tsg@ﬂ>%a@{hla Yechlico edsily BakdWite didvel BgRr 8&aly dat.a rate rs,
which in turn is higher than the decoder clock speed
rc by a factorJVor |less (see EQ 126 and EQ 127).
During the scan the raw decoder 721 decodes scan data
line by line, and wites decoded raw data to externa
menory 715, via a nenory interface 726. |f the decoder
is configured to performredundancy decodi ng, then
after the scan is conplete the controller signals the
redundancy decoder 722 to performredundancy decodi ng.
The redundancy decoder reads raw data from externa
menory 715 and wites corrected data back to externa
menory. | f the decoder is configured to interrupt the
host controller on conpletion, then after decoding is
conplete the controller signals the host controller
via an interrupt interface 727. The decoder provides
the host controller with read-wite access to
configuration registers 728 and read access to status
registers 728 via a serial interface 729. Figure 37
shows a hi gh-1evel block diagramof the raw decoder.
It contains a bl ock decoder 730 which inplenments the
state machi ne described in Section 3.1. As the bl ock
processes a scanline, it indexes the block state 731
in internal menory associated with each bl ock col um
in turn. The bl ock decoder 730 uses a shared PLL 732
to acquire the pilot and acquire and track the
registration clocks. It uses a clock decoder 733 to
track the data clocks and their associated ali gnnent
lines. It uses a data decoder 736 to generate
candi dat e encoding | ocations and to interpol ate and
threshold unresolved bit values. It uses a bit
resolver 739 to generate resolved bit val ues from
unresol ved bit values. It uses a colum flusher 740 to
flush resolved raw data words to external nenory 715.
The cl ock decoder 733 inplenents the data cl ock
tracking al gorithm described in Section 4. It indexes
the clock state 734 in internal menory associated with
the current data clock wthin the current block. The
cl ock decoder uses a transformgenerator 735 to
generate the bl ock space to scan space transform based
on the two
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The decoder may utilise off-the-shelf functiona
bl ocks as required. For exanpl e,
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possi bl e nei ghbouring mark arrangenents, and in the

absence of blur, for both a central mark (black bar)
wandspocanmt ral hole (gray bars). For the purposeTafu2005/000391

conmputing the histogram bl ock space is supersanpl ed

at 23:1. The inmaged grayscal e value is conputed by

aver agi ng the supersanpled i nege within a bl ock-space

HWF‘ruﬁé&J@&E? &gn‘ﬁ({ted on the central bitencoding

| ocat1 on S conputed using a | ow pass box
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scanlines the printline intersects. Scanline decoding
allows the Mhemalgorithmto operate without off-chip
woubdsawéng for raw scan data, significantly re#gTiavgo0s/000391
external nmenory requirenents and nmenory bandw dt h.
Printline decoding requires an anmount of external
menory proportional to the ma%i num rotati on of the
12| odEffect offBlanen Bit-&ngdding Valuel t he square of the nedia
width (this can be reduced to the square of the bl ock

Flge&edidwshmv; B bﬁ-@xﬂ:b&hg)ﬁ@dnoﬂ Qaadicha: sﬁﬁmhﬁg( bl-¥codifglocations are all
ches

5 G G R o G U SRS VSt gpg case et of
neigbhwayng niatke owlths ingpedafayswhie educhrdthe braeal bidtemedimdemdtiann  a
series of Granted Patents and pendi ng patent
ThE R @ chRAS ark h&tbRed. The Aot smﬁ% k56 i€ NS S IuBPNRs.
printline decoding requires about 2MB of tenpor ary
For msdl width of 4 jnches print
Fl%‘é"c‘&?dgﬁﬁs R é‘?fo‘ﬂlag“é FRE51 PR ﬂ}bﬁf’ &F as,t%,“a °°dmgel°°a“°n for all
pou&almmgghbobmgenatldmztangmm wden e dnehicaef bbusiwxrbe@ agentralstriafhtack bar) and
a Bl ¥ote} ? gWhile printline decoding assumes a
const an scan speed. The Mhem al gorithm uses a
conventiognal PLL, This is ‘t?‘ﬁt h | ess con‘ﬁl ex and
Fog he RsRsss ¢ PemRntine b WP sra, HlogkiiRaceis SPE PP Ly glori! tTﬂ‘?i“%ag%ﬁrayscale value
is dvaputBl ty, avarbpinglthehyamrsampledimbdeindtham blophpse udieiqest eatredd the central bit-
: r g em al gorithm uses
enéoﬁglgg)ﬁ%flppggglco%%%?g%é flg{’pzbs;m& t}ue di sanbi guati on.
This i rrlgr oves accuracy andﬁpartl al I% makes up for
Figugefil cadiigie 6 BoY divsradeemrrhofdirr. 20 TRE MerfavReamgus ‘tflt?H‘F Figure 42 and
Figfool sB Hidrainds Wf thé) in@ddeppayicaly vatichf G cénthiaitlee@ding Geadibn for all possible

xr y, odi ng.
ne'%ﬁn%%%%gﬁ(ragg&g%%g i ggﬁtgd&él glléég]g\g/d%g dlgiu 11<'-1:{y°tg)lﬁ&rrrJI i fying

its use by applications. Pre- and postprocess
Asj shevey indha Riviepramdesdmegerilu drcesasss Hg sepamticairelenethy sngcorimespible values
reprderibd dimdrk add R rinBé EpbRBM alhd EdpREen@FUabIs déchasecndawor d .

si ze CLAIMS 1. A surface having di sposed therein or

The ve dls rI]ICtCII’CI) %es mq@t hole 1}1 enSIt}ggngutlgI%tC%n‘és o%d lljod{hn %ve IE ssﬂllee @?{Ebmatlons of

rtron arra respe posi
mad?s 4t et M@nsqsimg d@cetlonaﬁmecﬂalaﬁh@ﬁ@’fémthed@ma@l arﬁe@ﬁ@w 109%10@ rMarks at the

didgbhall 181 a4hk 6iB&GEodide MRathd 1RGN EBRIch Shadiier Joedtng at | east
parti alll y indicative of at |east two registration

posi , ti.on positions being at |east
3partFEEI?I' |°" tOE ﬁiea@&%&[? esion rel ative position of the at

l.ea portion vvlth respect to the surface,
13 1hef%“PB&FIg'g€\néng the at | east one data portion to be

at | east rtially decoded. 2. A surface according to . .
The Mapmpray, dagﬁé(?réife‘i?ulilﬁéﬂoélf ?eéeﬁ?Pé‘ﬁ?d HREisirafioncorhick x éegfsg?‘@?’ using a pilot
sequer@t &t blatk detact®h bbdCst ﬂdglﬁrah(ﬁﬂarﬂatnhﬂkﬁreﬂfutlan ogittfadidnl thayk fof x registration. In
co}égaflggn%t%%ﬂtgg‘g’lrs]Igvgoncﬁéx%}tsig 4 gtts Q%sn %pl%gcé sftﬂgﬁﬁ‘es ggco%ﬁfanﬁ %q]?oge redundant
and ghysstrati on structure indicative of a plurality of

reference points indicative of a position of the coded
13at Faul-Taledanteaydron per pendi cul ar to the alignnent

di rection.
The Mnem fault-tolerant layer uses CRCs on replicated bitstream parameter data to allow parameter decoding

before Reed-Solomon decoding. This allows optimal interleaving of variable-length bitstreams, and allows in

situ Reed-Solomon decoding (see below).

The Mnem fault-tolerant layer uses significantly less Reed-Solomon redundancy (15% versus 50%) than

dotCard. This increases data density and simplifies decoding,
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3. A surface according to claim?2, wherein the first
regi stration structure includes: a nunber of nmarkers
wondspasitve of a gross position of the coded daCaA005/000391
the alignnment direction; and, a clock track indicative
of a fine position of the coded data in the alignnment
direction. 4. A surface accor#ying to claim2, wherein
133 e Baoding Alggithinr at i on structure includes: at |east
two clock tracks indicative of a position of the coded
Th dfnamiderodingalgiiritacdifestitogehpdafdrddrreding rigonithr ingPyogh it all of which are

alsdlafyBi6dbleQ dot@bliec W, al i gnment | ines for each cl ock
track, the two alignment |ines being indicative of the

TR %t :,Fg%? ! IJrSEESCe:S 1ﬁcépde gogi{n%?ath%r ?r(i:nlﬁmte fd%(rc:)ﬁlﬁ I %g%ng %rcgcodmg extracts data by
tragéreingn stanling whits mntﬂmpedeﬁqémmtrawﬁ@qtmé@vmngl aggininepie nm@g all of the

scmlﬁ?e@,k ke f JiateReck j%hm‘f a&bcuﬁy AGws B giﬁ&ﬁ a@i&ﬁmm op%te without off:chip
nar S erin ur. a SSI e val u S
oo TP, AP TS THC TR CRURPERe PG bondvidts

marks. 6. A surface according to claim5, wherein each
Proddihaddobdinpkequisesat athavatif extmen] memory propdrighael tonfe iaxinpum repgtion of the block

(fcﬁ’ Lhat anélés?%’theg&gzyé o@ @1@ m@ﬂw{ ‘pldéht(t‘ﬁls Q¥be Ee%%e@ fortﬁbtshﬁfb of the block width with
feature;  provide feature

sopp adrigRA deiPfing %%1@8% &? S tfﬁf‘gm?déaa‘flﬁtﬁ é?g?- % EP%EﬁS ﬁ’%ﬁ’s‘P‘”’c"ém‘g} ffes rotation of 1
degke @sudat ar tﬁmm{gﬂiaf@t@fdea;dy, éirciedgnng which h:a@mrfﬁscloied & a series of Granted
Pag;ntts %&dr SR pgtlgrft hgagimﬁ l %%‘3}0 dsQ’%fex@ané Jbg‘te E @ec@dmg requires about

nco ea, an orrre roma rectangul ar
Zh@ap@c@?@wcmmam@a For a mdg Ordaelst ncheorripiling dqcesiua reuifgsesibout 6.7MB of
Wéeﬁh ekadoy. N6te @AGOARG duBtiigaspadeaBinQint ptak Sheedo@ile printline decoding
s Saconsgai(cencogl ng at | east sone of the paraneter
dlmf’ nd therpar aneter data being at |east one of:
I ndi cat ive of a size of the encoded data; indicative .
ThfMngps 2jgatitbm|uees ¢ sorversipwst PLIe Akip érdathrless pupies |apt istspsgeptible to noise than

the Aok AdorithRASH hQPRLOfhichRash @6 HBAIPRES Qi 2 latista Proper loop filter.
par aneters; a CRC checksum associ at ed wth paraneters;

g/guund C%mdu%és CFai%E %%elll acctm d or Ent v 51 a.‘?i?rh This improves accuracy and

onDn re undanc a aSSOCIa
papahmd@%méqr redepd Rpféﬁbiomalt Iiedmdaaﬁy paraneters and a
checksum
The Mnem algorithm uses on-the-fly interleaving and de-interleaving of redundancy-encoded data to allow

in-situ decoding. This ensures contiguity of decoded data, simplifying its use by applications. Pre- and post-
process interleaving and de-interleaving can only be performed in situ if the interleave factor equals the

codeword size.
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8. A surface according to claim1l, wherein the data is

encoded using nultiple interl eaved codewords to
woawstoosmber ant |y encode data. 9. A surface acedamaitags/000391

to claim1, wherein the alignnment data includes a

pilot feature, the pilot feature being at |east one

of : encoded fault-tolerantly;% ormed froma set of

parallel lines; formed frompgat of parallel lines

that encode a binary pilot sequence; a pilot sequence

wh n T €0 0 \i! d
Ly 1'0811:{ 5 Oélé%gﬁ%lcﬁ‘s‘poée@ﬁ’ér% Bferédh coddd @i é&&ﬁé&ﬁ@%l g

. surface hayin d therein
or taEreeRs debaHondERged ¥ RESERTRAPSHS? H‘&F 61%?& At
| eanhglﬁ]Iibﬁt di&ta&at@@d’ dnl 0@ tn thy suefivgalib aipnngent @strbemg atveast partially indicative of
at ‘Pea%% o %ﬁlSt?a%OlP }gosxtlo?si ng n%ﬂ&eftl@f sosm%@scﬁmg %{ ﬁaJP Bz[radl@ Mhdicative of a relative

direction ghnent
pocitiarcotaler frges gnofARorion ik éesgeaweilaeewrf%ﬁélaf‘éffbﬁ aﬂwﬁ%@% at Igpst one data

postRR &I bR 8t 16k asiBlly dakided) senses data provided in a
sensing region extending in a scanline direction,
operates to: sense: the alignnent data in at Ieast t wo

2. posi 4 huhe acanthg tatlaind agterepdberaligineaidate inglyfesone of the
NUTbEE«1QdoisdaioR siRfutel iRikasive @8S il 65 refdhShoB Goitith Bdiddtivd &aPbsition of the
two registration positjons, an alignnment angle between

copgdedata b Atignneg; YIE¢PR AN and the al i gnnment directi on;
det es ®Rtdne reglysdting stattule eigttive néa plaglits tfireferien ppios intliicatbime of a position of
{6 1P dnGOHIR hBio ilcRBertRht@irkc¥i6n. POSI tion of the
mgﬁgf%aét one se%éggﬂ ata. gor%ﬁgn pé?t with respect to
the sensing region; and, at |east partially decode,
3.usi ngsiche: aE:cfblrcﬂigi tNﬂalﬂQS\ieri'eﬁﬂheﬁhd rdgligatiah stgpinme cludng| e,
the atum er 5t arkots m? %&1@ Dsiddd %I" the éoilled (ﬁa gﬁl@ﬁxge { direction; and,

decot co e rov % on or in a surface,
cod e@cl@atrapkumﬂecpm o posrt@agﬁth%ﬁ@déefﬁ i ﬂm}lsqﬂsw diection.
arranged on or in t he surface and al i gnment data at

Ieas rtial ative one.cl ock,

i ndi %é‘?g?e‘ acT"ﬁJé'Ygé?g?“é‘ b TSRI Sﬁcémd raelgl %Ié‘ NS0 Sgu 1 1(1:1CIud§ Bnses

dat aat|asvvaeobkiticka igleae nfp positjeroef, thet dqéedsleih dothe digeptinn peypendicular to
the alignment direction; and,

two alignment lines for each clock track, the two alignment lines being indicative of the position of
the respective clock track in the alignment direction.

5. A surface format according to claim 1, wherein the format includes at least one data block, the data
block including:
an arrangement of marks defining a plurality of possible values; and,

alignment data indicative of the position of the marks.

6. A surface according to claim 5, wherein each data block is at least one of:
provided with its own pilot track;
provided with its own registration feature;
provided with its own clocking feature;
provided with two clocking features on opposite sides of a data-encoding area;
encoding a fragment of a bitstream;
encoding a fragment of a bitstream in a data-encoding area; and,

formed from a rectangular data-encoding area.
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at least part of the alignnment data; and, at |east

part of the at | east one data portion; a decoder for:
wdebt@rmsbng, using the sensed alignnment data pamiAU2003®00391
cl ock indicator; updating, using the clock indicator,

a PLL; determning, using the PLL, a relative position

bet ween the sensing region an® the at | east one sensed
7.dat aA pofibd anorpiag to; clamch, watreih dats tis qpended ndingyparhestot fatgy cach data block
entbitnd G 1£a|§'t%01{19,e4f %' Xr%neﬁ’é}%btg, laft the ﬂaﬂﬁlet_@zt data %@ﬁg at ‘fé@s@ ox@%&? a

portign part.. 12 A system according to claim11,
whergfisptiyanta g the Frordedd¥s:  det ermi ni ng the position

of aihdita@eesdf arDineridaed fddr; t 0 det ermi ne a gross

regi str.ation: m ni ing the gross
regi%%Ordgci%‘gﬂt?letgﬁgﬁgg%kﬁilﬁg%%?or in a clock track;

updat i ng, 2 dedkngp streiated BiwmRetFESat or, an al i gnment PLL;

det er m ni NCRC SikRGh dshRiapd WwgpaRAEESLL, a fine

regi strat| on og apgssccgge%qvigagrg éte?gt he al i gnnment

di rect i o P RERCYAAR PRI BFYEG t o claim 11, wherein

t he codedRad&Baonhaatdyniancyalaip asgdcisted Zith pprpmstersygdur e, t he

regi st ratjgggat,%gg%;aglgt@rsmglch@i{seﬁ at | east two clock

tracks indicative of a position of the coded data in

the direction perpendicular to the alignnment direction
8.and Awwofacd acq@niignd cliimriewhefedr thedrehs abalekusing amkipletitielet wad codewords to

AREN | hes being indicative of the position of
fa‘?hﬂggr esplécgki%d\}g' clock track, and wherein the decoder is
for: determ ning, using an alignnment PLL, a position
9.0f t Reurfabd agcvriiptio LlhiRElS whedin fhe slRaREC tdta/iacialeOL kilot featar, the pilot feature
bedetatqgagtionicg}g, usi ng the position of the alignnent

Fehed The position of each respective clock track;

and, engqsekbfevlqgleratilys al i gnnent PLL. 14. A system

ac COfpHhed Goth @ st bl BuesiWher ei n the decoder is for: for
each C|E k track, H E.erglitnin A usi n 2 resQ_ective dat a

cl ocR™Bt fFom4s 8sf’|a‘ia|egﬁ“68 PSR TS5 0N t he

cl ockpilorsagknce ghitlegnndded atlgast osioflg t he position of the

cl ock i ndjgafiffoic0iearh clock track, an alignnment

angl e; and, updating each data clock PLL. 15. A system
accor di ng”f)%wgqléﬁlm 1, wherein the decoder is for

decodi ng the coded data by:

10. A surface having disposed therein or thereon coded data, the coded data including:

at least one data portion arranged at a respective position on or in the surface, each data
portion extending in an alignment direction; and,
alignment data arranged on or in the surface;
wherein, in use, a sensing device, which senses data provided in a sensing region extending in a scanline
direction, operates to:
sense:
the alignment data in at least two positions; and,
at least part of at least one of the number of data portions;
determine, using the at least two registration positions, an alignment angle between the
scanline direction and the alignment direction;
determine, using at least one registration position and the alignment angle, the relative position of the
at least one sensed data portion part with respect to the sensing region; and,
at least partially decode, using the relative position and the alignment angle, the at least one data

portion part.

11. A system for decoding coded data provided on or in a surface, the coded data including:
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determning a transformfor a scan line using the

al i gnnent data, the transform being indicative of
woaarsthosmpes of bit encoding | ocations wthin Pog/AlR0B/000391

portions; and, detecting bit values using the

transform 16. A system according to claim15, wherein

the decoder is for: determ nifg coordi nates of sanple

val ues f ramud he dowpirdinnatresl ofor nlte sivface; erc odi ng

| ocati on; t . [ PZIMET=I o}

it or pol ol P AR A e Y o

[i netéeSY¥¢1nmPlu§1§85t em according to claim16, wherein the

decoder i ssedseivhioh Sénkeg Gatigiovidet @npedsAap yglod lhseet@ sasing:

decoded bitstream bit ich h £ than two possible

val ues; resol vgﬁaﬁga%d ealilgm\x}a%ﬁa SF the bit based on

the val ues of a lepst protrodl th gf 14aftione dats ppel dat a- encodi ng

area; and, gWaishfg resol ved encoded bitstream bit

values to a stora devi c itstre order. .18. A
syst em accor di %&"&ﬂ“’% I“?i?%%gelsfnse‘i) hé?néelntnfpﬁaér{’ éeggca(enrld“fa?r’
for: detecti ngupdatipg,lusihg thedsck indicator, 4 Hd-; al | gnnent dat a,

the pilot feat Meﬁn@ﬁé ngnéjtﬁéﬂgﬂ anla@;le @Eltulmq}%%eﬂt}i‘@sensmg region and the
| ocati ons; determ ning, Uusing %Efl feature: an

al i gnnment anglaélebsé?‘%ﬁé@ﬁedélat%%‘ﬁpﬁ% rection and an

al i gnnent  di r egttida@partidlydecoding, insiig thadelategogtionaths @ieast lenegdata portion

direction perpgnpdicular to the alignment direction;

detecting a repgl stration marker in a registration

feature in the alignment data; determning, using the
12r|eglﬁtsysﬁlnlaaiardﬁ@&wm1ﬁwgéraﬁﬁea@gdestsmt| on in the

al i gnment rectio t

regi ‘Eef F‘%‘P’inéhe poﬁ“‘?‘é&aﬂ Fat %lﬁrﬂclltoo&é gl’96"03 cog %%%nonf he

al i gdmteeminingl itieg thetmseregrﬁtmtlwga cl%umﬂgawﬁéaﬁle‘éqﬁéﬂ% ation

cl ockqbiady Q%Qgelocﬁufdlc&@r mg&kﬁmon in the alignment
dlrectlon tecti us e fine.r tr 1.0
e SHTRRE RN WL R 1 AR [l Ob BF Spied il the aigament

dileagt one alignnent |ine; updating, u3| ng the at | east

one detected alignnent line, the fine registrati on

determ ning, using the updated fine registration, the
3posi fiBrend pecpiise FR T | b Ml 00 e lafes gan'i"r%‘?ﬁa“‘m structure, the
refigtafon GhQtiee txﬂcﬂlgmg aiSle3f twiohwock @radks inditativé of l@ositiah af thk @eded data in the
dI{ethglgefpan%fcglar 10 tﬁe ﬁl%h(melnp g’lregt%th aﬁd W ﬁ%&leng E’[\e@ f leg&kclock track, the two

each data i cat or
alignmerplias hﬁdﬂgaidlcgtmeﬁtle m’ﬁg@é’fﬁlﬁ epsmEPiiva eeféﬁtféa% nd giherpip e egader is for:
in adéi’érxﬁﬁfﬁg 'uglﬂg ﬁ%ﬁ@ﬁﬁﬁt'P@H' aRosifidd of !ﬁ@al@hh@ﬂ]ﬁ@sﬂﬁ)r a respective clock track;

gla_{ de:sl 0 Eu}né,r}&tngﬁ-lal on of {bg %Pgnm@xfat rlhExes,o tfbe posifion of eaghar%gpec%ge clock track;

and,
updating the alignment PLL.
14, A system according to claim 13, wherein the decoder is for:
for each clock track, determining, using a respective data clock PLL, a position of a clock indicator
on the clock track;
determining, using the position of the clock indicator on each clock track, an alignment angle; and,
updating each data clock PLL.
15. A system according to claim 11, wherein the decoder is for decoding the coded data by:

determining a transform for a scan line using the alignment data, the transform being indicative of
coordinates of bit encoding locations within the data portions; and,

detecting bit values using the transform.
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decodi ng, using the updated alignment angle and the
fine registration and the updated regi stration, at

woeassiooenioe of the at | east one detected data pOTiAQONS/000391

part. 19. A system according to claim 18, wherein the
decoder is for, repeatedly: detecting the at |east one
al ignnent |ine; updating the $ine registration;
deternmining using the updated fine registration and

thec):kd 9%%@&%%0&1%% toscﬁanﬁlﬁs %erelﬁ ﬁ@dé&@&kfs'fd?ﬂ of the data

rac et ect a data clock indicator on each
dat adetsrmiairg sqomliRtes of srepafeiAReS R tifsaxtiages of %ﬂhﬁlﬁ?dm&ﬁmm and,
and dchemibipgabiedcsiagivaid g tiitaplatiagndmele vaads fmg tat suboeaist scan lines.
part of the at | east one data portion, to thereby
allow the at | east one data portion to be decoded. 20.

7A sy4 swtymaesouingiirriein &6, shainihy dxcodenis Rdecoder is for:

det egl;] a t@iﬁpoﬁa%aiu% AldbAMA bitdirednk it yHiidhQs th@edhbl &0 p&sible values;
Wi £ BB S SPBRRA H GEE OPer 8 Oh  Eh T B P g g sncoding ares

anfleat ure; determ ning, using the pilot PLLs: the

al i W%Ecsﬁ%%@md@%%ﬁe&nh@t Jaftbstth &torh @A iRbils@Am order.
initralrsing, using the initial registration and the

‘alignnent angle, two data clock PLLs; detecting the
18 eqgi gtsys&tnj aGdordifgikedim il 1) whérein &b H@ndvefslford at a;
det ecli iloY! %éaﬂg ILI'II.EQ glﬁ%eﬁ ﬁzﬂg Itﬁ)en 1&?@5}%@ beﬂéedeggt%§t at least two
reg i ST éﬁg ﬂ; synchroni si'ng, usi'ng the gr oss
reglbfqﬂaﬁsi on, a registration PLL with the registration
cl oc&et&ﬁﬁjnga@@gthé@otmural i gnment data to thereby track
re

t he reglstrtlonf X
regi strat ?no%g‘lgf’ﬁtan e|e'?1ae‘°’cr eg | S GEHOF ?%Ina%ﬁ%%gf&tg Sl and
usi ng t hearfinitid registyition matdar@non ppmend&rlhgtmbeﬂlegnmmémcmn
syn C&&e@emg%lrégﬁumﬁ midcbr YN rataleiied ih bhe amgx@mm

markers to t étrackthe data cl ock

A e B R S R
t Wo dhidctingClsing kbe irogsapsstrition talvepisgrhtiog mloekrindicir g;the alignment data;
d et e etténﬂgm%gﬁhmT %a&cﬁ%ot:l& lﬂmcaq;r tde re%i@&a%orgﬂn%lﬁh ent direction;

I ndi cat or on each data cl
t r acﬁete‘”f%%gn‘tsﬁllg é‘i’?lﬁé}P Wéls@&%"rﬁn@gleé igomeReng 29\ %‘?}t‘ag registration, at least one
cor r gppaaeing data cI ock indicator to thereby track

the regi strat [

R

det edstirmining, usingi thcgumdhfed @aq Eeisirayien t]nLEgsmoatof |t¥§%§§ta §lgek tracks in the
of alignment data;

detecting, using the position of the data clock tracks, a data clock indicator on each data clock track;
determining, using each data clock indicator, an updated alignment angle and an updated registration
in a direction perpendicular to the alignment direction;

detecting at least part of the at least one data portion; and,

decoding, using the updated alignment angle and the fine registration and the updated registration, at

least some of the at least one detected data portion part.

19, A system according to claim 18, wherein the decoder is for, repeatedly:
detecting the at least one alignment line;
updating the fine registration;
determining using the updated fine registration and the updated registration, the position of the data
clock tracks;
detecting a data clock indicator on each data clock track;
updating the updated alignment angle and the updated registration; and,
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the updated alignnent angle; and, the position of

coded data on the surface. 21. A data storage fornat
woanosaendi ng a bit streamon or in a surface, PCIRAU2005/000391

format including: at |east one data portion, the at

| east one data portion encoding a data sequence

including the bit stream foll osed by corresponding

r eduridiagiiny atdakt@art 1R 6 Rhstors ASMEINER, tb Beby ol RlcGF ll:a%ta)‘ﬁg &jata portion to

codevggrds each codeword. encoding at |east part of

bi t stream and redundancy data associated with the

respective bit streampart. 22. A data storage format

ZQCCOVACHyﬁQnE@orﬁlhéioma%;IS wbesedns bhe format includes
alignnent data a in the surface, the

al i gﬁﬁt@c g’atéwgl"ﬁaéﬁ" é’ggfplﬁ’é%%“fm B&°ts Bdisapri ndi cati ve of

t he posirbiigrg agbspectie pilatPALwdth bacleisckdndichingto Sisfebyttesek the@lot feature;

A datggestifi 288 iR IRPLACCOrding to claim 22, wherein
t he al i gnnment, gata includes: a first registration

st ruct ur e HeRlE@aTtiagee; a1d o plurality of reference
poi Nt s | nakiedstial wegisttkion p03| t| on of the coded data in

the %&aﬂﬁﬂ?ﬁkﬁ g(éﬂeruﬁ&atl l'eglgﬁatl d the Fl?g?&gnrt] gng ei%/g? @ctéclk 9ELS

structure fndicative tura
poi ntd%‘e‘ﬁtq*ﬂa‘?l‘?:fagl?tvéondlﬂaﬂﬁf E@lahgn@mtézﬁat he coded data in a

dir eﬂétbr&ﬁxuj@&fsﬁ@ﬂﬁkdéidira’&ﬁnﬁx&k&mﬁg?dsé @Qﬂ?ﬁmn di rection. 24.
A dat a storae r mat ac ordl{}?to Clih 3 wher ei n
Pl dd

the i1 ?msmégl BT PHRE U ES TR the regisHasian clepk indicator in
mar kéleghgnmehtém fovlwreby tragk the pgistraposfeairan of t he coded

dat a dit&ming, 1ﬁing &@F@ﬁ&aﬁgﬁ BIEChhb Al reddRftion? Cl OCK track
osition of the coded data in the

i ndi catj.ve of i ne

alig Wﬁ@hstmgd‘i‘ g gie iippreeizmtionatwg glienment BLLsne f or mat

ac c opyirtmenising tielabignme BLLawithratignmehthierks® eondeby @ik Ieldath t16dR tracks;
stru ggtéfﬁlﬁmg rhgl!né‘&’l@ §hgmﬂént 1’]&% She ;ﬁ%on%lf&%lﬁatg IO&CKISaCliS ﬁl the alignment data;

i ndi cative of a position of
di r e8¥i5°te e %ﬁewt@a Phthe datg clopleiraghs; aylatsloek idipator pit eeh data clock track;

alnd S}&Mﬂon&inlg gEUKElBﬂab cloblﬂEIdeivﬂf a &ﬁ@ﬁox%ﬁkd@ﬁjétatcfoél@iﬁdwgt@% 1h¥WBby track the
all g e el n I ndl cative, o t OSIIIOhO

t he %glgt%l% (Jl)f\l;/h e%?:t %fIchg g g tdigep@ednton.

26 #t@@m&%m@g@wc@chﬁusmwmnng to claim?21,

wher ei n tnleugd%m{gmh@ginggeaﬁd at | east one data bI ock,
the data Iock ne g rangement of marks
s

defini ng SCBPLiP °% val ues; and,
al i gnment data indicative of the position of the
2Imar k8 dat? ftoragh fatmbtdforsh@ubigebif s@éambdn oﬁ{ﬁ@ @llirﬁibeﬂ ﬂle T@mﬁ ht@fudﬁlg

26, d {
%gﬁerhaﬁ %&Bon %E 9& lth%Ee da\ia :pgrtl an, enco % 8 se%leimﬁ qcklgmg the bit

prOV|de
own fﬁ@@ﬁl foflowad Ibb pprqeg;glll@}géedundancy data, the data sequence forming interleaved

codewords, each codeword encoding at least part of the bit stream and redundancy data associated

with the respective bit stream part.

22, A data storage format according to claim 21, wherein the format includes alignment data arranged on
or in the surface, the alignment data being at least partially indicative of the position of the data portions on
the surface.

23, A data storage format according to claim 22, wherein the alignment data includes:

a first registration structure indicative of a plurality of reference points indicative of a position of the
coded data in the alignment direction; and,

a second registration structure indicative of a plurality of reference points indicative of a position of

the coded data in a direction perpendicular to the alignment direction.
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provided with its own clocking feature; provided with
two cl ocking features on opposite sides of a
wdav@/eemedi ng area; encoding a fragment of a PCT/AU2005/000391
bitstream encoding a fragnment of a bitstreamin a
dat a- encodi ng area; and, formed from a rectangul ar
dat a- encodi ng area. 28. A data storage fornmat
according to claim 21, wherein the data is encoded

USI nA?da?zys}otralrgQ El?alt Qctcoerrdmel%\/%gl} ﬁoggg@r[tgg'%rgt?%glss tlon structure includes:
f o r rpeumbgs emadlferﬁgmtw@twoé@ grpsp positigh eftes cqdedidata fnle znment direction; and,
| Nl AR R MmARL S5 2GRt fosiibn df@RSbdeP adtd ih & blenhnbd idGatidny €
of at |east one paraneter used to encode the bit
stream 30. A data storage format according to claim
2529, Anirersvirage fotmdt eagrtinptmiciaing?3, wheeeinth¢ seernd eegistratign ssmeferd indludes:
as  af1ehse@s bloNfcdaliRatle O ositidhor ﬂl@%@e@&aﬁ% th€ H‘l?e@ﬁjdnrﬂ%éﬁhcular to
| east sone paraneter data and at | east some encoded
theplignmentglirectian 23dy st or age format according to clai m 30,
wherteo sligeaahiies for dibloddck irmk] thckers aliplaba ginds dex@ﬁdmnwg)faxn position of
bRkl B E R0 3 plurality of possible
ues ereln ast a first and a | ast colum
of t he data grid are used to encode the paraneter
26dat aa datdtorae fhahalacibroinf@elafin0Y INBheraCEOfothianfclidds filldait Bhe2Bia block, the
dat\Q’lEFckmlud'{nhe parameter data is at |east one of:
at1 V& of a size of the encoded data;indicative of
an mmareqrng@av@f oarks dsfiningprlwelisyiofpassible velpseangnt | y using
at | MgslentB® ildkaivaoahaRlitiapras et ated with
paraneters; a CRC checksum associ ated wi th paraneters;
redundancy data associated with paraneters;
27Re e 0A &6l serage forned ematding tp cldiant 20, wissardach dad biakk, s at least one of

par aRicd with iRBGn plieRikcation of parameters and a
checksum 33. A data storage format according to claim

22, RiYSELFI isgun RESTiARt " at a i ncl udes a pil ot
featpucrveipdt;ﬂttﬁtspwhdbckfngﬁamree bei ng at | east one of:

encag

par al (f“qule‘;Tgl neshg%‘kﬁllg %I&L% %ﬂgg%eﬁ g%@agf aﬁ%fi ?Irfa’ f nes

t hateneodingeiBagmesiohmbiyssmi ot sequence: a pil ot sequence
Whi GacoRig 9 88seRiof 4 BRSdameNeda0fencolih@ 304 1440100011; and,

formed from a rectangular data-encoding area.

28. A data storage format according to claim 21, wherein the data is encoded using multiple interleaved

codewords to fault-tolerantly encode data.

29. A data storage format according to claim 21, wherein the format includes parameter data at least

partially indicative of at least one parameter used to encode the bit stream.

30. A data storage format according to claim 29, wherein at least part of the bit stream is encoded as at

Jeast one data block, the data block encoding at least some parameter data and at least some encoded data.

31. A data storage format according to claim 30, wherein each data block includes a data grid defining
an arrangement of marks defining a plurality of possible values, and wherein at least a first and a last column

of the data grid are used to encode the parameter data.

32. A data storage format according to claim 29, wherein the parameter data is at least one of:

indicative of a size of the encoded data;



110010001111010; 34. A system for decodi ng coded data,
the coded data including: an encoded bit stream and,
woeodsndexigy data associated with the bit strearCTawd005/000391
wherein the systemincludes: a store for storing the
coded data, a decoder for: determ ning a codeword
format for the coded data; reading fromthe store,
usi nidi¢akte: ot ed ieedHaveefebtdor mat , coded data, the coded
dat nterl eave the encoded bit
strZeg%%wfgm{tﬁgg?@%ﬁ%%%gag%atka into each of a nunber
of codeW%kS%%°1€@d@WmFtﬁﬁl uding a bit stream
part and @m@@s&msmgaﬁceﬁm&ﬁmetymdata correcting, -

using the Seam nd_t he. correspondi ng
> redundance‘?utlil a, %FSF%CPag mtﬁP aemecf:*néoded bit stream

and, Wi thqgl;Sctlmnc@mde@vé@a dhspcigted with preemstersyaad, 35, A

syst em aceMicson 6F ph@m&ibrdd®a 3rkbcksWEr €i N t he decoder is
for decoding the coded data by: determ ning a

transform for each scan |ine using the alignnent data,
33t he A datasfrage fordie pogdingidickat 22y wheodin thodigananbiawdnciufiesliptiot feature, the

10 pﬂgtquggé&glglag&gttohé)&s wi thin the data portions; and,
det ect| ng bit values using the transform 36. A system

ac c sRepdpfedlgolerlym 35, wherein the decoder is for:
det ebrviet frovg a SDeipakalehlieg Of sarrpl e values fromthe

coor i NAk&S » ot %ttp?&uepf&es ﬁﬁ%ﬁ’c‘éh ﬁ’ f% ? enc@Nd.

det erm ni ng encod rpdl ating
san‘pﬁPéO*\qu@@SW]Iﬂ?qum“ﬁ@t@ég%l ve sanple lines.37. A
15 system acnor(mmg)obn &bai m 36, wherein the decoder is

for: assi nporary value to a decoded
bi tstrean%qgélp&)\}\ﬁl ]E) has nore than two possi bl e val ues;

resolving a binary value for the bit based on the

34val U@@st% f&HécBMQ&eﬁqat?kﬂe%ode@dwﬁclﬁﬁfga encodi ng ar ea,
and, er%l gg resol ved encoded bitstreambit values to

a stBF¥Eg R *Ph bitstreamorder. 38. A system
20 ac c aedihdageytdata ess@ianal Bty thobiestredn) t he decoder is for:

anaj‘gﬁeﬁglﬂ'ﬂ]pgyg}gn;nggd6905|tl on of at |east one marker to

termné a gross registration; determning, using the
gr osa§t°Feef@‘S£°PP%1tP‘?“(9l%eddéta=cl ock indicator in a clock
t r ackiecod@dat i ng, using the clock indicator, an
al i gnme nt rlﬁ;'imng a codeword format for the coded data;

25 reading from the store, using the determined format, coded data, the coded data being read
so as to de-interleave the encoded bit stream and the redundancy data into each of a number of
codewords, each codeword including a bit stream part and corresponding redundancy data;

correcting, using the bit stream part and the corresponding redundancy data, errors in the
encoded bit stream; and,

30 writing the corrected data to the store.

35. A system according to claim 34, wherein the decoder is for decoding the coded data by:
determining a transform for each scan line using the alignment data, the transform being indicative of
coordinates of bit encoding locations within the data portions; and,

35 detecting bit values using the transform.

36. A system according to claim 35, wherein the decoder is for:
determining coordinates of sample values from the coordinates of the bit-encoding location; and,

determining a bit-encoding value by interpolating sample values from two successive sample lines.

40
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determ ning, using the alignnment PLL, a fine
regi stration of the coded data in the alignnent
woizosavénm. 39. A system according to cl ai m 34pCnagn@isno3ot
the coded data includes a registration structure, the
regi stration structure including at |east two clock
tracks indicative of a positiion of the coded data in
37t he Alsysentatoonding @rqbexn 86, eidrein the decodeeis &ilri gnment  di recti on

an d éﬁ%m@ 't&:ﬁ)gﬁgztval!ué A gﬁect)&ﬁ bﬁ‘sﬁ’@iﬂa lﬁ‘J wHidh htclsr rﬁloq'é(thant t@? gisl%le values;

alig i ndicat]ve the position

t he fF%Q@B’ééPP% velpedendhe bithegd ondhya Wﬁ%}fww% biieie § d¢ta-prgoding area;
anfl,OF : deterrnlnlng, u5|ng an alignment PLL, a p05|t|on

o SRR bl e BRI Sl B

lines, the p03|t|on of each respective track and,

3supdaAgy@1gmta&erd&lgtogamm WEA;&nthél&bcoderiﬁyost em according to
cl ai or.. for each .clock

£ r acermipd BofoRit tseftaie B s et g SACROK PLL,
a pobietiicng, ofinggheraeigisntincatlok u@matbma clbdkaiteckt r ack;

det %Héuﬁé 'ﬁgn th@dl&ﬂmﬁi@ﬁor%%hén&n@xﬂl}@i the clock indicator
i track angl e; and, updatin

on g

oG e B P18 O G tirp 5g e B alemmint
dire¢gtibeui t i ncl udi ng: an el ongate printhead havi ng at

| east one row of nozzles for printing on a surface;

and, an elongate image sensor having at |east one row
390f &W@Fmé@ﬁg’ég? ofap 34 whrstihie spdpddetadnsiuges agesistiption etmicture, the
reg‘isarauoﬁ\ st ihdiuding af 1666160 AdcR thacké ihﬂiibﬂtﬁ/e (ﬁﬁ‘fa&ﬁtﬂ)h Bfthd Ra&l datia iR the

dlrg'c 1br|11]ge1pelé£cuﬂr }oghe &a%nmellfydlrechontaﬁ two afl%]tmﬁgtthaes or ref(a]ph cg)elﬂnéaclﬁ e two
ahgmetdm@fépplag ndiratiye ofithe ppaamg ef téeemvmtwe dAgk trickpand whér¢imthe decoder is for:
| Nt egleAlifkl, GdidzGH hltgnﬁ&@ plfld b B(th)ﬁ)oﬁllxeaaﬂl %&; lmWaQEsPecﬁ%%lock track;
coded dat.a incl udes } % gﬁ E %Jon he at
| easPBHEE % ‘?S’é’f’i“f"&ﬁ B lé‘a?ﬁ‘fbhnﬁs pott affidespective track; and,
I nclupdhtingth¢ digndpint PIdt r eam f ol | owed by correspondlng
redundancy data, the data sequence formng interl eaved
codewords, each codeword encoding at |east part of the
40pi t ATFERMCARAE PSR arkepintht decodedt®rat ed with t he
r es fechdh\eBclbirdk, étsr@@mgPRing a dépectife BENDIck PDIL,G pbditor §f DA RF indicator
on%kcﬁag} @ccordlng to claim42, wherein the coded data
inc at | east one data portion arranged at a
res p’e@mm@ pégitheipesitiop af the clck indiqetoron efch eleck teaplg an alignment angle; and,
al i gpaaand cablpdad cREN@ANged on or in the surface, the
al i gnnent data being at l|east partially indicative of
at least two re |strat|on positions, the registration
4l osift PERENS s FrE PePdRE ¢ al |y i ndicative of a
r el athklviap psithchdinving attldae osd ro efx®bzles fie pheting ofpdsutfhceind,

Wi t Iln Elgﬁ‘ggtg %agg Qengopﬁivﬁg Etflcg& Sne rg\b &F p%seﬁgolrsqw salgmé JHS‘klgéS on a surface.

42, A monolithic integrated circuit according to claim 41, wherein the circuit is used for at least one oft
printing coded data using the printhead; and,

sensing coded data using the image sensor.,

43, A monolithic integrated circuit according to claim 42, wherein the coded data includes:

at least one data portion, the at least one data portion encoding a data sequence including the bit
stream followed by corresponding redundancy data, the data sequence forming interleaved codewords, each
codeword encoding at least part of the bit stream and redundancy data associated with the respective bit

stream part.
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| east one data portion to be at |east partially

decoded. 45. A nonolithic integrated circuit according
woaeoasi@éap 42, wherein the printhead prints thepcodadoos/000391

data by: printing the data portions on or in the

surface such that each data portion extends in an

alignment direction, and suchwt hat at | east one first

data portion is displaced fromat |east one second

d la:: S}h %8?105 {’hgzlq?t%%%t c%:eu(l:tglgcardmﬁ ta c :) 9{] wﬂ{r&y 919 Qlad d&}a uﬁe%
i ndi & &nst oue dath partiom agengeday emttwmosmn qn@agrtthess@ﬁa@e elﬁd t he

dat aahglgﬁeﬁﬂ cﬁﬁ%rran@&i onfdr ﬁ%@ﬁrfa&h the allgﬁﬁlﬁﬁ B R Ehg 6d 166 phrtially indicative of
accor to.cla ensor s

Fhe tabtamy P Rgeartrussi i S e Safe ora
al i grBwRpositah af thant kbst breastt pdrivan viith ccapertanthe surfe, thaehg elibwing the at
al i e Aok & %: 1SS gkl sel&r nM.ne an angl e
bet \?\lgigﬁ tﬁa%aﬁongge sensor alng the alignnment direction;
and, sensing at |east part of the at |east one first
450at aA pehditheintedrdd@l chaitaedrdaa terlfin i1, ivbereid b tiiptiebd frie@ s coded data by:

Pa" bl AR 1Tl o308 Lo STt BB o A

I'Tst ortion part
| eastiregion andwelritht dideast og@ﬁrﬁtudempqr@,onsseif@@efd figrp at Igest one second data

\rxhon%dntohm sbd&hcﬁ&ﬂ’ealoﬁ dn&gdnelua, ihe AREMEdiREIhenE| ai m 45,
ereln e CO udes a
e T R s

reference points indicative of a position of the coded

agdat as hf3nduft iftbdrARak: atlofd ﬁl%ttd i 482 Qﬂere@th@ %8 Béhsors sense the coded data
regi stration structure including a plurality of

b ef erence points indicative of a position of the coded
data in aseskingetitsqmart pithqdipahicotda@in 4 Bast tvo l@htiogn e snsed alignment
directi ondatadbgm \ﬁem%&lerhﬁngla&anlglggﬁgéeﬁth%%agé geﬁé&' snd the allgnment
according to cfaim a2, wherern the cod data i ncl udes
at | east ¢weiogatd bl ock, the data bl ock including: an
arrange Weiéﬁsxr@fat 161 4 ofi‘ﬁef dt RhsNGhe Firspllatti pattiot, yhe Ofnsqd@sts pdaticd being at
\éfal ;’Iﬁz nar%(stspa%&g}gc{ég\c% mjngat dlctgrgrme? L }éat{le%letag gneggt}%édtﬂrsq Hata portion
accor di ngpart(befetledlemlﬂ%tOnmaﬂéfkﬁa@wnlsdmsﬁl bl ock
i ncludes a data grid defl ning an arrangerrent of marks

pl uralj t ues

definin OSSI
47at | é g]g%o IgmflPtF%?edé’H 1té'mc|o 2 ?I'Cl{l ]‘,1118 co glg(% ytl %cﬁges at least one

ofare used to encode paraneter data used in generating

the g%&?%%@atgﬁgtﬁmé@ mcﬁdﬁ\}g Qﬁlnjaﬁtpbfqeﬂargﬁc@ Biad ﬁcﬂca@x{rer JEh bésmon of the

accor to claim4 erein the data i s encoded
GOG%‘i‘\%@‘“rﬁﬁ"cl‘B‘ﬁ‘l‘eétq“ﬁ‘t“@? PEhved codewords to
f aul § setdab epsidiby/str@dae thetudiay aplurdily. of Afapentsqointshndicative ofa position of the

codeJ de @F]n:; g(ftig) %pu*l&wu%t%%eq %&eﬁt‘&r&:h&ﬂ m 41, wherein the

east one

48. A monolithic integrated circuit according to claim 42, wherein the coded data includes at least one
data block, the data block including:
an arrangement of marks defining a plurality of possible values; and,

alignment data indicative of the position of the marks.

49, A monolithic integrated circuit according to claim 48, wherein each data block includes a data grid
defining an arrangement of marks defining a plurality of possible values, and wherein at least a first and a last

column of the data grid are used to encode parameter data used in generating the encoded data.
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an inkjet printhead; and, a Memet(tm printhead. 52.
A nonolithic integrated circuit according to claim41l,
wohers@oseibhe | nage sensor is at | east one of: RATATROSM00391
pi xel CMOS i mage sensor; and, a CCD i nage sensor. 53.
A monolithic integrated circuit according to claim41l,
wherein the printhead is confiogured to print at | east
500ne Ofondlithe itk tcirdbd iadbGrdSig sdlan 42, ahdryin the WitSis BlcBdell Bdfrig multiple
intgr?eevetlggd{gv%grdsl'{c? bl oAt nfnro%lé 8&9 _.apso.r p.t | Ve | nk; vi S! bl e
PN Or Al on us ng Vi S1 D€ Mks: visible information
and the substantially invisible format in
515 UbSA ABholiflclidegtdtR cBANBcBIIRR tdfaih BE wBSth B BridiHagd IV hiSdallofe of:
information and the substantially invisible format at
subsaflg%{ef%fmfbf/ar&tﬁ same time; and, netpage coded data.
54. MagetPgeintherdor porating a nonolithic integrated
circuit including: an el ongate printhead havi ng at
| east one row of nozzles for ?r,i nting on a surface;
52and A BArolithigniesated oyl accerding tnrclafa 43, ECTR the Wipas SRS pdsAst one of
of pinX@ive g SMIOS itha@e s@erahd)g mar ki ngs on the surface.
55. /| cording to claim4l, wherein the device
i nclﬁégj;&a%%%@ghsport pat h; a housing including: a
cavity containing the integrated circuit; a slot

s3def | NinbiglidicQHRe loir@iit Q6D tddaMih 41, Gvhddedn @ pelhtBfal RlcSnflp@red to print at

lealgteo d&posi ted on a nmedium provided in the transport
pathe” at | east one ink supply; an ink supply nolding
f or thafpypiaixising subsidatifliyommisitieeiniat | east one ink supply to
one Ry fordf Rink M BkSedbR¥iided;i n a surface of the
nonol, "Eh%tﬁ i ntegr at.ec{ %L(cw t; at l|east one radiation
sourCPIFHPmalonIEng Ysilp Bk e di um  and, at | east one

f oc ussihlengyfoghative atd heosuthtagialy nyisibkdioadai GnsubstaufallyBe same area of the

medip.ant o the pixels sensors.

the visible information and the substantially invisible format at substantially the same time; and,

netpage coded data.

54. A device incorporating a monolithic integrated circuit including:
an elongate printhead having at least one row of nozzles for printing on a surface; and,
an elongate image sensor having at least one row of pixel sensors for sensing markings on the

surface.

55. A device according to claim 41, wherein the device includes:
a transport path;
a housing including:
a cavity containing the integrated circuit;
a slot defining a droplet ejection path to allow droplets to be deposited on a medium
provided in the transport path.
at least one ink supply;
an ink supply molding for supplying ink from the at least one ink supply to one or more inlets
provided in a surface of the monolithic integrated circuit;
at least one radiation source for exposing the medium; and,

at least one focussing element for focusing radiation from the medium onto the pixels sensors.

56. A device according to claim 41, wherein the device includes a controller including:

a dot shift register for storing data indicative of the markings to be printed;
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56. A device according to claim4l, wherein the device
i ncludes a controller including: a dot shift register

woanosmberipng data indicative of the markings tecbav2005000391

57mul tA pdvieX &corfliag toBlaint 41phiRKkinEe detie: iSdh@aad csn&onerfi&ruamE

58

59

60.

printed;a fire shift register for storing data for
controlling the firing of the nozzles; and, a nozzle
timng and control block for storing data in the fire
shi fafire eift sgiger for SidringAlatel @v bangolbugoi filing of themoeAled; apd, 4 1,
WNETlofid i I b ot DG MR Ao BloLBE gl udi ng:
pi xel contro ock Tor causi ng the plxef sensors to
out put signals indicative of the sensed nmarkings; a

mul t i pl i |, an.anpplifier for a Lfyin e

o (oD B ca B B IR0 kel o i SEB il ol iensea

si grigdddnggnd, an anal og-to-digital converter for

go P\éeﬁmﬁp_nbgertf&@auaﬁ?hhgh tiuesﬁignany{og&ﬂl SR IeRIARAL,; iAnij a -
ata_indi ive.. e sens rkings. 58. devi ce

e oP AP RTE! EPPhree SRERE A h e Pl s st e

| eash amive-todigitahdontegerder convertitertbamqpbfidd nmtiipleredfsighal into a data indicative

t r ang@etduicAGadicies Medi um past the i nmage sensor; a

storage device Fzr storing bitstreamdata; at | east

one medi um detector for detecting the presence of the

mediAdeyicaarchrdisg th disitn 4¢ Ortetetlte@evideqiciuaant leht dnk 6y t he

decqgi j rdi 1o claim4ail,

whor o AR Ky nott o Qe RHnE e AEERE S S

pri Aterege devieefaprying bitstramddting system a canera; and, a

MO biat 1€as{e et detoftorior@tetting the pleth@QF AL Bekigh; hed)i t

i ncludi ng: rinthead for printing coded data on a
sur g%%?%%ﬂﬁfgﬁmggﬂs %ﬁdﬁggg%%“ﬁ%ed for sensing coded

data on the surface; wherein, in use, the integrated

Ci I QUbedicd sBodilu@ub Sakl 480inaeR e ddid RGN LasiTRAIH € to
all ow.the surface to be noved past the printhead and

senéPAYdevice for printing or sensing coded data
respeeddanvel y.

a decoding system;

a camera; and,

a mobile phone

A monolithic integrated circuit including:
a printhead for printing coded data on a surface; and,
a sensing device used for sensing coded data on the surface;
wherein, in use, the integrated circuit is provided adjacent a transport module to allow the surface to

be moved past the printhead and sensing device for printing or sensing coded data respectively.



