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usi ng each data cl ock indicator, an updated alignnent
angl e and an updated registration in a direction

P e kR AbtGrdin@y, vdic e b@n&hti FEINTB osih bE6 #:8Riockd@dker ibh Rgnnitht data;
| e%é tm%al.[siL% 912 &s!a&h&tthe tcz'lgck%gc@s qwsit? clch ruId{cQ&] on @a@lgdata clock track;

decod at e t,
11 AESTRRIECEP AETH L e SEE B FRGTELT SL1-a0 ol memion
| eakthe datg fyfke disfotion|nerpeggionlrdn &q 2lighppent &*ﬁ*@&ﬁ@dde&wgw& thegiga clock

SparLis, sOpbtionoa bk ypididd aligtheetentBr and, the fogition of cejoddats eekheyurface.
detecting the at |east one alignnent |ine; updating
t hén shdttacbroad Hrnt BGirSdnt igkdtionproviletaerthadirdgoding icrigl dethgrovided on or in 2
UP L2t Ghe bddDuath QOB E T aBtbabt QR dANEbrtiod Rratiihd biklthe surface; and, alignment data
reghgl gaﬁﬁaﬁy% auwo% atﬁ>e9§4kna lRin@latok lﬂsmeﬁg@mud&g %Iﬁec&fma&.!@ﬁg, using a

det ect I ndi cat 0 onec (atltmf
t r S0 W"tfgi?a’fﬁ dﬁ‘@l’ff BHURLREEET T hiReh s, gt
10 up tharetdeebt eue dtagprign 4%9@“”’1& e thy s ?h%nté”(‘& Pla“é &’5 f1°°b iyliatop ppdating,
t hesing the bled gitlicapi @ PUR Hevianet vsidgthe RLD, 4 rkigiverdositioa bdtvawy thetsénging region
at add @R lieaP BB se%& ddta E&tﬁoﬁba&rhu& Q 1cRepathRGadashe, u%ﬁhe@lbﬂ%'péémon, the at
Fm? ecod °m°n§ for: detecting, at two locations in the
pi eature, a clock indicator, synchronising a 30

r e%?t %lnr I8 l Ol.vtfl]cluc%% Lc‘et\émrfuinp% %@%Qﬂﬁ%\l J§ leaé] gﬂecr%}kgrrto td&ermme a gross

t he n

I5¢h &mﬁﬁatr%tdewm% ”S“igl‘f’é IS Feg TR °§9H‘g¥dé°at°’é‘h*’o"‘°°‘?tf?8" ?Pﬁﬂﬂ?% Yfus the
I egjpok tndigwtor, erpligningnit RLLadeprpiningy using 4 pligongeht@LY., p fige frogiptration of the coded data
r egias kiaichi@Becnd the alignment angle, two data cl ock
PLLs; detecting the registration marker in the

al DgRBNhe Gal djte BRKE R BghtaB, srocklS) tRGedsiion @GluRlicRdite0RN east two
e kL hacks ';nla@m&ro@eﬁp%sﬁoﬁwmsw@tdam ihe S04 Ve DRSPS the MBIl direstion
t he g:to%s ernﬁgleslsfor 3'11(0}3 clog! frac tev%Ia ném:ﬁi%% lmesqar:m mal.i?:aty\@ %fla:eggl%on of the

regl nnent

t hEPEBY °‘P°<§€R°k’t“1‘f’e“’hl°‘é'@?h§‘t‘°fbﬁ‘f PR (e AR o RYyiHom of
usingemios lipce i & rerertifesiackPik; detommining wes tlﬂfetg?l@tl pifhe abgiment lines, the
I Npokitiod lof eSch FeghectiviSiadkOhnd, fpeatibd thalignegt BLr at i on, two

al i gnment PLLs; synchronising the alignnent PLLs with

al DgedaBNthe HEHoK @tlGled Gr taled@b Yack, [daakinkd) @siglat espeetive ddta clock PLL, a

25 t r 909150% of aqukq{d{&tg}loﬂ]ﬂs clo%&awdekml ukm&tmﬂ: cl-i Lh@elocf( B&cator on each
ock tracks.in the alignnent

C
%SI“H”‘%H“taegé‘?m an%e'an%u G tRe Posi |on of the data clock

: rgpgwaﬂyﬂge d ru%t): Hclieg gelc(o ! ntg 9&3 81% gthe%ﬁlwgﬁunsP rmtcfj?{a Scan line using the
co?“ﬁ%@'ﬁd‘%lﬂﬁgmﬁ@fﬂabw d’éﬁ"‘“?’fh‘&l cposingps ¢f Bit ERreding [J3Fatiets JeRin the dar
t hertio@gpnd efeeting Wivaluegfsing hetraghftza i N t he direction
per pendi cul ar to the alignment direction; and,

30 deOmisrallytherngthod igdhdgy: detreinfie boardipdte OksabpldRlalis foathe bagipdtes of i bit-
of mco&h&]@caé&@dﬁit &Qmﬁkﬂg gﬁf-@iﬁﬁmgﬂ@ﬂé t@mteﬂ;@l&mg taRRe RAGIFbh AO sddfessive
coded data on the surface. In another broad formthe :

ple
present “i nvent i on provides a nethod for decodlng coded

C[:I%ongi[y%le metgc% 12 udes asm%]u&ag Solflag"yfv %eetb Eeco%ed%(?sq' ag %1& has more than

t1on arrange
t higo “feé(tlées’ ’%‘Hﬂﬂg “é%ﬁl‘i%ﬁf th"'d’éhb%f"d o5 the ettt S‘B&WWH 1{7“18 data-
33§ red¢oding aeqy @ndofritipg resplesd eppodesihisstrenindit kelupsieh stomecipvice éitsher ird
i ncluding, in a decoder. sensing, using a sensor
whi ch senses data provided in a sensing region: at
| east part of the alignnment data; and, at |east part
of 10 the at |east one data portion; determ ning,
usi ng the sensed alignnent data part, the clock
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bet ween the sensing region and the at |east one



| east one data portion part. Optionally the nethod

i ncludes: determning the position of at |east one

marker to determine a gross 15 registration;

determi ning, using the gross registration, a clock

indicator in a clock track; updating, using the clock

i ndi cator, an alignnent PLL; determ ning, using the

alignnment PLL, a fine registration of the coded data

in the alignnment direction. Optionally the coded data
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the data clock tracks, a data clock indicator on each
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i ndi cator, an updated alignnent angle and an updat ed
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direction, and such that at |east one first data

portion is displaced fromat |east one second data

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

and, a direction perpendicular to the alignnent

direction; generating alignnment data indicative of an

arrangement of 9 at |east sone of the data portions;

and, causing the alignnent data to be di sposed on or

in the surface, such that when the surface is

provided in a sensing region of a sensing device, the

sensing region defining a scanline, the sensing
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data, an angl e between the scanline and the alignnment

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

first 5 data portion; and, at |east partially decodes,

using the determ ned angle, the at |east one sensed
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correspondi ng redundancy data, errors in the encoded

bit stream and, witing the corrected data to the
store. In another broad formthe present invention
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dat a sequence including the biit stream.foll owed by
COpfRSBORRs e fred uant)ndlat @ at iah encdad thocls Geple blpd encoding at least

formng iLnterle %Eggm&ggg%@&gs each codeword encoding

a t “Teast part of the bit streamand redundancy data

f F“t°?7ﬁ &4 b1"‘ék fnﬂluﬁe? Lads %docﬁﬁiﬂg Y artghmestlof QAR I¢HARd o plukality 8f possible
ou

roa & e% ardtheter da
dat’a&“’%‘t‘%}“ﬁﬁé‘atflﬁft%?t orSténco tﬂhga teg&g%r?‘gsd?{cgégérin 0?1 or |dnﬁl

a surface, the forpat incl - { iBiicative of an
SpoPetioply the presmslfr dpini &4lea S o "%dm% %O?,:als% n&?}% c%gh?dt ‘Q@% { Bors: a

10 ingdgredivtoe eiopicd @’d"rtﬂ@“ﬂ*ﬁ@%‘f‘ feast ?"F &5 A EEF IR E’% ot 4

COLRE SiREREH dAgcidtadChith gaawstyrs; deipdancyt e sppagiad %‘q%ﬁé@s Reed-Selomon

f o i, Bleyiaft] Sblifd VRihaeastRed, Sfticatent raadowbictkclews odi ng

at | east part of the bit stream and redundancy data

as % tﬁ)h ﬁga fﬁMeﬁt Ratd iuads @§1l5€f3attdré/ fBe Bliof feafitelbeisy M 1e@robe of: encoded fault-

t lle; fie1 GRS Bar @kdISNGRE pilo
Ontoéefan e SursFtoFm &ﬁ] Fn%t?&cﬁddsgtrb%ll t Qp t

| e gaspence; aavcf FeRPASS, MieR EFFAdE ] Sipaens i (A w@g’f"ﬁr &5 Qoo
data portions on the surface. ‘oo
al iy Alvioad formh thp RETOR] dREtion proy s §tsysog‘g€?’ &?ﬁy el e, o codet
St Firdigdingsae ericqdel bt sttepmy end gfdurgangy dggp g;oprtgﬁ wish thq-l@f;tgimé A @herein the system
PO @s: b A Bdtoting@he 6fdedaiath) @ Sdeddbr@im: desbrminings codsriadifonteitiey tp ppded data;
15t h?eacﬁigl &H%Q&m%ﬂ: ﬁi& lie@Hnme@ﬁ:Qnat SodSEGERNEE HRE tafl Heidd te@no as to de-

;tolrm:#:%yertﬁ den%ogi bxt § e Sude %duQJahU; %.lati A7) chfh of € 1.8868 18 Godewords, each

posit]. o co
(i FeTRE P&‘bﬂ”‘éﬁ’”‘?%’“‘{“ﬁée"““f‘m AL O
Op teicin adricspontiiprediuidposy datp.irst orriof] PSR FEvF ﬁ%“l"‘[ﬁea% data to the
a pugber of nmarkers indicative of a gross position of
the 20 coded data in the alignnent direction; and, a
200 | Qp#ondiy BEKcotdd Hike Bbddmgtabicddeta b dotqpggietaitensforeyfor pfsom s apine the
taﬁgmhﬂt &atl,ethe @Ju&f&ﬂmﬁ&t indative 6f ¢oQBinatetot biDdGHihg/lodalp@s within the data

second rg'gaﬁ &l 20 SLHGLWS i ncludes: at |east two
&N

cl TR i‘cative of a position of the coded

data_ in th rection perpe ubs B e IcGRIFRAof the bit-
di roégcinzru&ﬁp%egﬁdaf ¥ deter %g%lt&? Ib‘ilnsgaiéplet Rtud hi% f the bit

t r aecRdingfdRRons S da*Fﬁmgﬁ‘\FrFéi‘ft‘m"F‘F’ﬁ &alue B%*Ptﬁfﬁ"imr%d %t"?i‘ifse&o&‘”tsﬁ"é"’““’“
23 osidpletims.0f the respective clock track in the

alignment 25 direction. Optionally the format includes

at dpeadly hofedd atie; aisipoek fempdrey veleetia detodsé Ritstrepra bii ythiciyys mosghan two
ar rgiee waRed rcsbﬁmg ABcH e ok the Bigbated ph th6 @k of sunbypdmtithindbe data-
v al u ea?:'ﬂg arae"c? d 4, e gﬁm&fﬁe@%@u&ﬁ g \Qﬁéslto\égto@éce ddvidEin PO drd)

of THe S tional Iy each data block, is at |east

on te (ﬁut(? f 112 s Xecoqer B for". detgmllmlgsth P&f Lt@erast Lok Reder 1o BkcAMied %dss registration;

registra [ h
owrielETiek Y FRE PRI I e sl fl“j f‘:"' oo
f e dtdisstesn dignmypBbls iiqtegminiag yfasbegenmeontiif 4. ﬁé"rfﬁgffﬁai“??g"f 13 peagy caminthe
enGcogndeuinectdat agment of a bitstream encoding a
fragnent of a bitstreamin a 30 data-encoding area;
an tptidafy 1R dodbd @EANdeCCEAMNEIn smonta tha regirteitd sirygjure joguging at loast two
Ot 1Nl YaidiV8 ofd @bshiod 0B :£36:0 Bh@Gh thisSiirftGon Plidetdicpihrapo the alipnment direction
interl eaved codewords to fault-tolerantly encode data.
Optionally the format includes paraneter data at | east
partially indicative of at |east one paranmeter used to
encode the bit stream




11 Optionally at |east part of the bit streamis
encoded as at | east one data bl ock, the data bl ock

encodi ng at | east sone paraneter data and at | east

some encoded data. Optionally data bl ock includes a

data grid defining an arrangenent of marks defining a
plurality of possible values, and wherein at |east a
first and a last colum of the data grid are used to
encode the paraneter data. 5 Optionally the paraneter
data is at |east one of indicative of a size of the
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Optionally the coded data includes a registration

structure, the registration structure including at

| east two clock tracks indicative of a position of

the coded data in the direction perpendicular to the

alignment direction 12 and two alignnent |ines for

each clock track, the two alignnent |ines being

i ndicative of the position of the respective clock

track, and wherein the decoder is for: determ ning,

using an alignnment PLL, a possstion of the alignnment
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of the respective clock track and wherein the nethod

i ncl udes: determ ning, using an alignnent PLL, a
position of the alignment lines for a respective clock
track; determning, using the position of the

alignnment lines, the position of each respective

track and, updating the alignnent PLL. 13 Optionally
the met hod i ncludes: for each clock track,

determi ning, using a respective data clock PLL, a
position of a clock indicatonson the clock track,
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the clock indicator, updating, using the clock

i ndicator, a PLL; determ ning, using the PLL, a

relative position between the sensing region and the
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one data portion part. In another broad formthe

present invention provides a data storage format for

encoding a bit streamon or in a surface, wherein the

coded data includes: at |east one data portion

arranged on or in the surface; and, alignnment data at

| east partially indicative of at |east one clock
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and, an elongate imge sensor having at |east one row
of pixel sensors for sensing markings on a surface. In
anot her broad 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 25 including: a printhead for printing coded
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on the surface; wherein, in use, the integrated

circuit is provided adjacent a transport nodule to

allow the surface to be noved past the printhead and
sensing device for printing or sensing coded data
respectively. In another broad formthe present

i nvention provides a data storage format for encodi ng

a bit streamon or in a surface, wherein the coded

data i s decoded using a sensing device for sensing

coded data provided in a 30wmwsensing regi on extendi ng
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position on or in the surface; and, alignnent data
arranged on or in the surface, the alignnent dat a
being at least partially indicative of at |east two
regi stration positions, the registration positions
being at |east partially indicative of a relative 20
position of the at |east one data portion with respect
to the surface, thereby allowing the at |east one data
portion to be at |east partially decoded. Optionally
the printhead prints the coded data by: printing the
data portions on or in the surface such that each
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data portion extends in an alignnent direction, and

such that at least one first data portion is displaced
fromat |east one second data portion in a second
direction orthogonal to the alignnment direction; and,
printing 25 alignnent data indicative of the
arrangenent of at |east sone of the data portions.
Optionally the pixel sensors sense the coded data by:
sensing at |least part of the alignnent data in at

| east two | ocations, the sensed alignnment data being
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supply nolding for supplying ink fromthe at | east one
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surface of the nonolithic integrated circuit; at |east
one radi ation 20 source for exposing the nediunm and,

at | east one focussing elenment for focusing radiation
fromthe nmedi um
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onto the pixels sensors. Optionally the device

i ncludes a controller including: a dot shift register

for storing data indicative of the markings to be
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
shift register. 25 Optionally the device includes a
control l er including: a pixel control block for

causing the pixel sensors to %¥output signals
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anot her broad formthe present invention provides a
nmonolithic integrated circuit, wherein the circuit is
used in a nmethod of decoding data encoded on or in a
surface, the encoded data including at | east one data
20 portion arranged on or in the surface, the nethod
including, in a decoder: sensing, using a sensor which
senses




data provided in a sensing region defining a scanline:

a first part of the at |east one data portion; and, a
second part of the at |east one data portion, the
second part being displaced relative to the first 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 tine 25 first and second
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I've position east “one
dd?%“ﬁ@?@?@ﬁme with respect to the surface t her eby
allowing the at | east one data portion to be at | east
partially decoded. In another broad formthe present
i nvention provides a nonolithic integrated circuit,
wherein the circuit is wused with a surface having
di sposed therein or thereon coded data, the coded data
i ncluding: at | east one data portion arranged at a
respective position on or in the surface, each data
portion extending in an alignment direction; and,
al i gnnent data arranged on or in the surface; wherein,
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| east two positions; and, at |east part of at |east

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

the at |east two registration positions, an alignnent
angl e between the scanline direction and the alignnent
direction; determ ne, using at |east one registration
position and the alignnent angle, the relative

position of the at |east one sensed data portion part
with respect to the sensing region; and, at |east
partially decode, using 20 tie relative position and
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scanline direction, the coded data including at |east

one data portion and alignnment data defining a

position of the at | east one data portion, wherein the
nmet hod i ncludes: .detecting a pilot feature in 10 the

al i gnnent data, the pilot feature being detected at at

| east two | ocations; determ ning, using the pilot
feature: an alignnent angl e between a scanline

direction and an alignnment direction; and, an initial
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registration in a direction perpendicular to the

al ignnent direction; detecting a registration narker

ina registration feature in the alignnment data,;

determi ning, using the registration narker, a gross
registration in the alignnment direction; detecting,
using the gross registration, a registration clock
indicator in the alignnent 15 data; determ ning, using
the registration clock indicator, a fine registration

in the alignnment direction; 2etermning, using the
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position of the coded data in the alignnent
direction. Optionally the second registration
structure includes: at |least two clock tracks
i ndi cative of a position of the 5 coded data in the
di rection perpendicular to the alignnent direction;
and, two alignnent lines for each clock
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track, the two alignment |ines being indicative of the
position of the respective clock track. Optionally the
surface includes at |east one data bl ock, the data

bl ock including: an arrangenent of marks defining a
plurality of possible values; and, alignnent data

i ndi cative of the position of the marks. Optionally

each data block, is at |east one of provided with its
own pilot track, provided with its own 10

regi stration feature provided with its own clocking
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Optionally the decoder is for: detecting a pil ot

feature in the alignnment data, the pilot feature being
detected at at |east two | ocations; detern ning,

using the pilot feature: an alignnent angle between a
scan line direction 30 and an alignnment direction;
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25 In a twelfth broad formthe present invention

provi des a nmethod for decodi ng data encoded on or in a

surface, the encoded data including at | east one data
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20 Optionally the decoder is for: assigning a

tenporary value to a decoded bitstream bit which has

nore than two possible values; resolving a binary

value for the bit based on the val ues of surrounding

bits in the data- encoding area; and, witing resolved
encoded bitstreambit values to a storage device in
bitstreamorder. Optionally the decoder is for:
detecting a pilot feature in the alignnent data, the
pilot feature being detected at at |east two

| 0Giatida@t Sodewdfal, el BodRivdid)gncodisg anigastvareoef e bintreafnamiredpndancygipfa associated
aI&gnﬁgg&mgpg&ngggmeen a scan line direction 25 and

an alignnment direction; and, an initial registration

in Ik ﬂﬁe@rﬁ?ﬁr&a@ R &l ﬂ@&dh@hﬂo@-ﬁm&d@s 4 Bhodibfl dgpBdIIERbded data using a sensing

direct n t .o \
re &Tng% illprasP:'sm c ed%%a rroe I n J‘ @&h@{e&& ckt%ngﬁ%@rﬁmé ditecBon, the coded data

5d etrelpdine @4 Iﬁ'tff oneucgp ﬁifj“‘t“ F@ @altardg 84 p?ﬁé‘?&(‘% I;he at 1easgt one data portion,
I € ghegimiavtuieen clude: eeotpl 7 giqw@me infhereie bt ﬁa@ﬂoé%%“ffwgmg  dotcted
US kst kR QocflioR S ety Sibifigattel pdM featare: an elighmeehiraadld totwresg b eeritine direction
I n gdd%ﬂh’%{meﬁt ﬁ:retd?:ﬁ' o Jnm@straﬂﬁl xﬁa dﬁ&ﬁ@'zﬂnﬁbm@m thel Rigdd@nt direction;

trat [o
i ng%taﬁtélg Iaqsre ! ﬁﬁ'{%ﬁg ?uargeir E ecfeﬁlgrauog e e m %e ahéﬂ:gent Ba%glde%ng Qsﬂlg the

ecting, using the fine
10¢ eg’B’Sftai‘% T RS TEairiation 1f1 &\ﬁ H‘ﬁﬁentélﬁﬁ’fwé déﬁcangt KR %gross regisiration, a
| Nicigistation g sitoratii trplignaat fagadeteraining, vaing Gnimmsetiop §lagiindicator, 2 fine
u P@L@E&aﬂﬂ in thd SligBGent QAL detbrRRGE, g the elRinRATaREt afil te G atation and the
li g t é’ &E%ﬂjﬂ, tgeeposufog&lt\ﬁ)tc{i@h&cppacks%eeaﬁﬁngﬁ &, det'ebﬁﬁgnlgmé @@posmon of

upda ositian,of a cloc
ol B8 Yok e . 0p s e e oA A0 o AL g i
15t hindignéps i updsped gienmoprancly é‘ldéﬂ ‘EF*’B’& f&g‘i‘%’& lpg diregfioppependiyiag o ho slignment
i Ndirecit; Aetectys adl@etiparcti theat dohsb ek dats nogierk andcdeedivg Finpigye updakeq plignment
eagddte At 16 REkraton did@a ufiated Bdibratiod at @6t saei of MBIt argbi@ted data
ang I1%QdeMpdated registration in a direction
perpen cular to the alignnent direction; detecting at

d %Janaﬂw megIod &HQesa&eteé §s§ng D BneFdls@utifhQbd theilgnmadd Ghele & the initial
eco

d al ¢,

i el Rl R T & ?%Ef ool i, 0o e
I eé?@fﬁﬂh%%dﬁﬁm%é‘s‘%t‘hﬂ“%’é‘ﬁ RERet BE PR Ht ot N
part. 27 In another broad formthe pres |r1vent|t’gnﬂl fin
pr Sutiondys the pethad incfogss reperiediti HEPUERE R Y SEfe R 1 e e foe
S Urebistotp; dthreining psipe the epduiaitiios eairhtioniin the ardeid awgisirationntee Rqufion of the
POGkd Pk fbKE; a&@:&ﬁé aGlRta ek inflicafold® oSl bk wavil) eyd@ingthe dpdated alignment

C O d q%}e gpd%t% egggaﬁ&daggj d@e\fﬂng §:$€Q§@Fﬂﬂt::f Gt £ Gncdal Rriibd o @erdby allow
allt 0 é g ortions each data portion being
R

SRS, from ot her data portlons

cau5|n t he data ortlons to b 0S t
s uPptigeagy glact?fth?q.]alf dgﬂ él&t%cﬁngdgt tgo goca i on ﬂgex]fdgt faa%.lre, 'Loc:{1 indicator;

al Exgrervaiite acksreesie BlOHTLL Bifcyach eleck inflippigy to dherely drark the g refeaf“ﬁ @iﬂmmg’
datising 0 filot FDs: ihGaligin®{o balopak, thé inigaregittrafioadmitialisa.asisgdls difidl registration
30d a'éuﬁ tﬂoa[lén}:n% adgﬁ @b ddiLaAst PrAREie@dingd, e roghttaHAMRAEr in the alignment data;
I r %cxzsgdn%]d%?tge T g'ahgn I!Eaﬁ(gll theogg)ssqgspa%&déyﬁcﬂxloﬁsrmg uglﬁ)g tﬂeré:ﬁ)ss registration, a

{
LT V. Ch R TR S o ¢ 8 oo g sin

da feature; gesrminiog wsing g epeistietion & in o fﬂﬁéegﬁtraf“g‘nlﬁ‘éﬂ‘fmgd‘éﬁ“é‘hf e frgistation.
di S@QB@ﬂenoPLwrsymmontshgths diegfrau@LLsvit hlignnert megkresrio by track the data
35S ULERERKd: HoterdihiQ) bsih@ dhe bligurnt PEDSThd Gsitiod G 1@6 defclogk 18N thA Glignment
d e\fﬁ & § LDes %t]:sbl ﬁ§g!l gf %}g 'dQJ‘cka?EAcﬂ' ancgta @10&%[&!11:&%@ eact! cﬁﬁ clock frack;

c Tisi]
sefiet g dov e D2 L cs @ bBSy rack e repisas
al PERTTETe °ﬂ’5f“’é’“°’° "h"Hespoud % ﬁem e d Al Fghent

data, an angl e between the scanllne and the alignnent
direction; senses at |east part of the at |east one
first data portion; and, at least partially decodes,
using the determ ned angle, the at |east one sensed
first data portion part before the at |east one
second data portion is sensed. In another broad form
the present invention provides system for decoding
data encoded on or in a surface, the 15 encoded data




| east one data portion arranged at a respective
position on or in the surface; and, alignnent data
arranged on or in the surface, the alignnent data
being at |east partially indicative of at |east two
registration positions, the registration positions
being at least partially indicative of a relative
position of the at |east one data portion wth
respect to the surface, thereby allowi ng the at | east
one data portion to be at |east partially decoded 20
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| e @pitonddihd clocitfy fdathve allaivd thproiveint: ofdim e Portiprrio begpierpiged 8w fpagagh samplo

of ;e at least one data portion; a decoder for:

determ ning, using the sensed alignnent data part,

t N @k o dioRiclis @At s a clbbR Btk dofGting iSéeglybied dicbokks.

indicator, a PLL; determ ning, using the PLL, a

20 € 'o"a&oim\ﬂf D RSat feRRerRel MORSlehtBdes ERTitDYthe Breronorapiciod dfe mark at 2
ast

at least one sen DAL AR R bk bt 35
| e &8 mﬁ%‘?&f’"ﬁ ymr%agg%%%kggfs usi ng the relative posi tion,

the_ at Igg&%g@@%mgg&ﬁmggmékéghggg dedl N @not her broad

f orRHiEs inventlon provides system for

decodi ng data _encoded .on or in. 3. SiltaeSdinetlfrmassiit AGR broad
havf LEEesEe ﬁ’é’?seéllhﬁverg?nptr Vg?segn Coded data, the

coded data including: at |east one data portion 28

arranged at a respective position on or jn e )
2% Urdptieely the melkod i HhIEPRERERANSE SO PLEARRL ™S ghigpes Fynsa‘{"ﬁ“eg the format i

Surdeaeedngtifaional i gnment data being at least partially

indicative of at | east two registration positions, the

I € Qhpdnkin thb AfhoP RGkdEd daRene tiogloriegpuget | east partial ly

indicative of a relative position of the at |east one

dat @ upay ik Bfnowintilties repiIeR] thetpiot elpence. sur f ace, t her eby

allowing the at | east one data portion to be at |east

pardgidakily Yoo 860 @6kes rRoghisingR@idn@iuedos io thelrésorapf ehee. pr esent

I nvention provides system for decodi ng data encoded on

or in a surface, the encoded data including at |east

one data portion arranged on or in the surface, the

surface having di sposed therein or thereon coded

data, wherein the coded data is at |east one of

printed and sensed using a nonolithic integrated

circuit including: an el ongate printhead havi ng at

| east one row of nozzles for printing on a surface;

and, an el ongate inmage sensor having at | east one row




encoded data including at | east one data portion

arranged on or in the surface, wherein the coded data

is at |east one of printed and sensed using a

nonolithic integrated circuit including: a printhead

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

devi ce used for sensing coded data on the surface;

wherein, in use, the integrated circuit is provided

adj acent a transport nodule to allow the surface to be

moved past the printhead 153and sensing device for

P r Opfiénklly ghe GiEthos BrislEsvgnen et rafisbepipt&atpe taripgdapafon. |

anot her broad formthe present invention provides

S yopti@alyfier meder pidsgleeainme dfelodestationinghe jeppdipe gptipmEee the pilot

t hgweenNcoded data including at | east one data portion

arranged on or in the surface, wherein the coded data

I SO tlgl %%@m&ymcﬂldéﬁmmm&CRglku%h i RSdireconSok i @al fiOhe decoding
5st r&p the cg?m data, a decoder for: determning a

c of&WB ?or the coded data, reading fromthe

St eﬂgg  l1e AL LR 8 b0k Ao £RHGHERLARL NE 20

cogEF el ng read SO as to interl eave the
LT RN L R d L e
"? demor each codeword including a

b|$m%¥F%%ﬂﬂ%ﬁﬁﬁ and correspondlng redundancy dat a;

g gp;l?egcg?t{y& g{,ﬂﬁ,g 1S,J.If1|n§]gef ?thEh}‘ge]HjbE %/rte%sg%t:rgne u? g]? $ golghglg cﬁlrccu?nlﬂ?b wo dxffereat loaations on
10 bi the sipte@isermew o rrch sempyieiing frog tefres cloding B¥¥ed data to the

store. In another broad formthe present invention

pr apiboely she stetl erivdbsosngPbbadtiarghedlatkite BHeBded on or in a

surface, the 25 encoded data including at |east one

d abpBongty rdiei i@Modaindelm etk Bhs ©riragkrhet cppre of gefhopdogking, fgluredy fhe dircotion

t NRud G dabdng sieph.udes: an encoded bit stream and,

redundancy data associated with the bit stream and

N%E%ﬁ il REincd ades cobhatng a kraSsfihe GOGl@Min Bt valtebehdsambla the snew. .
e

word format for the coded data; reading fromthe

15 S (%El allyS b b Qies cSHEHEE B RBGhrh 058 tvo (Rl @, the
ata being read so as to de-interleave the

e%ﬁdﬁg :Q'Jem&tdcﬁm 08 dimEBCHINE NN Sattiatcs B QctEREGRam bit-

d er of codemor s, each codeword including a
bl?“gT%%% ‘part and 30 corresponding redundancy dat a;

g 8‘;" El(glglb géﬂﬁ’ld mchgi com J“tmé ¢ ‘gmgmﬂ%ggp R éﬂoo%glo(;a&ﬁ using the transform,

unc , errors in the encoded

bit stream d MWItIn rr

st GFEaly o 5 gt e BT ot :1 mt cﬁng v%?eebg g“ﬁ"‘?"g 1%1%5:; n IF gﬁws from twe
20 preyesHes Ry Srem f or decodlng data encoded on or in a

surface, the encoded data including at |east

poPationelly the methd qrelddenfomesing tp cpaRERay i fig gl sy %"P‘d*‘e °P1°mg”ﬂ“’s of the

caglestodigiogatiors a bit stream encoded by a format

i ncluding: at |east one data portion, the at |east one

d abpHonpiy it ineivd ericlecisizgng: temtray BB ¢y cRevfedbitityre] bifothiphpey e than

bi ¢ stfo8dMeS, Ol | onwed by correspondi ng redundancy dat a,

the data sequence formng 29 interleaved codewords,

25 g% WO S REOELIREL binark QRS tor BEWittbased on thh @mibraty oS dedoB@Values
o

ne a ciated wth the respective
n% é%ﬁa %smmgéﬁirteenth broad formthe

p I‘ e Sc? n]%/ r:ll\c/ﬂ?oqgnlclg 5 \g-[tt.(u)gvrl dlecﬁ enac‘o titsrlrgaQn b(i}fvahggﬁ Q gdr%g dcglgg.?gtstream
daf® a sensing evice for sensing co dat a

presde- ded |n a sensing region extending in a scanline
direction, the coded data 5 including at |east one

dq%@ portion and alignnment data defining a position of
the at | east one data portion, wherein the nethod

i ncludes: detecting a pilot feature in the alignnent
data, the pilot feature being detected at at | east

two | ocations; determ ning, using the pilot feature:

an alignnment angle between a scanline direction

UJ.T



and an alignnent direction; and, an initial
registration in a direction perpendicular to the
alignnent direction; detecting a registration marker
in aregistration feature in the alignnment data;
determi ning, using the 10 registration marker, a gross
registration in the alignnent direction; detecting,
using the gross registration, a registration clock
indicator in the alignnent data; determini ng, usi ng
the registration clock indicator, a fine i stration
i nogibianyalemgirmetidediriienedmgmmey depet e Wﬂ?ﬁ‘#ﬁ@“"e"l}’ %{j‘ t he
alignnent angle and the fine registration and the
| Noibriy e @Ghdlrkiated wing thetriendpeysiath o epresty wifs daPE™EFock
tracks in the alignnent data; detecting, using the
po |ibda @ heQlethod iftRAesl Bitrigving kh@@kxbfﬁsroa@l(ﬂsmde‘aor@mheéw’@%ﬂéeme correcting
%&% Eod&%rd,%nggae&?ect@ s@EK1s k136 kKs stofkgedaeieri Ni ng, usi ng
ta clock 15 indicator, an updated alignnment-
tmna %{ﬂod%@ﬁﬁ %Qeraﬁﬁ%éée ﬁ@fcé QiesteRofdtefldatic® GinbaBo enable retricval
:b fr i ar bt 0 ettwntm %ac ALy H’gﬂ)oﬁ Gfihd sfBze allRL ECL I NG
%’i °Eé?dts“6°f1“f'he 4 eagf data portion; and,

decod| ng, using n JRGL and the
f i Piioga "é‘lﬁ‘?“ﬂf‘i"'ﬁ‘%‘? gﬂg‘%ﬁ 15 |8;'c’f‘mfcg n?%térfhst r at ?‘on at

| east some of the at Iea one ala portion
paPrtionalyiheimgodiitcldet ﬁ@mﬁ@igﬁ’%}%ﬂmﬁeﬁ m% tgeep etecting, using

the fine registration n and the
i nPrtionglly th%'%?dé”@]i“‘?f ‘Pﬁ‘f"i‘“ﬁ‘ﬁ °§f° gfgas% %grelmcrag1 A g%ﬁe nt |ine;

updating, using the at det e gnment
10] ﬁ@ona{bﬁ@ npfhefdichigopdge Wﬁ?ﬁf %tﬁﬂca %ofc"%a“‘ %%lmﬁélréng, usi ng

the updated fine registration, the iopatioutout
dapazo@]lMysfePaJechgs at QWH h gfefn" xms{g sensgr Q@Hﬁc&%m% p&rﬁ)@; D :ciu;pta
I efupE) Gehs: advem@pwcngtetqufeaaaepﬂl'%%%ﬂf Rop FEFVEE £ ‘@‘ﬂ%ﬁ’i‘ 1 R
UP Bt d 1og adianfuitdpt inferH fotsizmliarements thelte &ystreviderter 1ASFORTY cofltﬁagcr for
updat &de £ HEnb S $ btk Haiend the updat ed

registration, the position of the data clock tracks;

de 16 s AlRe SlAcK |n{égér§2;§¢%&5e on each data cl ock
B%ﬁssah ataigng %he upsdaat ed alignment 25 angle and the

gpa& ?ﬂg I:Le%géoél; croﬂohep i@ ¢o to SREER ledst g dRlat o A illu¥iAAtibn IED via the
the At 1 east. one tlon orle MEear image
L Py o St T, P i bOGO TR o el oo M

t heenyyeists§P IO f@les: detecting, at two | ocations i n
‘the pilot feature, a clock indicator; ¥ hr ontﬂs1 ng.a rq
r e Optivurly e depridér genirgipn is eppfieprodesa SHoeg OB PRI PATHP %t B F

20t hebdhykoklaiek: otduediph fepttorive db GPIO: ntufaceaierr it Figence of g Peffym via the
t NQ Rzl se,}?&,héhatatda&u@&ahsgﬁmm inAguiylagl de@digh, on tidkpetion pfithe pragence of a
registration.. L s Rt cfamegugfn agasae&,gmg A etdciiinof B presence of a medium in

redfstratt on Nt : @oeann medium
cl G‘dﬁS‘F”EL@a“’H’éf’”é'&ItﬂTeﬁbemmt“° egrawn?s 5 g‘t&fg%n M g% g )

al payrtbveingar ighege gensor, e fRatTHY HTRYT eEPginﬁ &% "ﬁ%mp& e uon cil} On Hfindancy
25 MR GkRkrs afdr B@piglond siwbisgias Hcedine. orrToos§iprert BH °§’F“FPQ“* usi ng

the gross registration, a registration PLL with the

I € Qi tSohdlitiht @RenCihoés aisn oif ol dorfigtriclo ppeive PR Hnctipmyp lnggT imege

t hggngjp‘\{atgerhgeg&nggmm&%ﬁ&& ration feature; determ ning,

using the registration PLL, the fine registration;

i n 'oéjx ﬁzlu{v §:!> gcm :Hc’iid&g e Boolieh ABNiphe@Ib Sehd sAbylOtata frorh WOline buffers, decode
al i

ﬁ{t valucs dm (B 4 ophcrcﬁglﬁct)@rge $ihendld SRR toviRLksShaMotape device

al ers t ereby track the data 35 cl ock
30t r dnsartace. deternlnlng, using the alignment PLLs, the
position of two data clock tracks in the alignnent
data; detecting, using the position of the data cl ock
tracks, a data clock indicator on each data cl ock
track; synchronising each data clock PLL with a
correspondi ng data cl ock indicator to thereby track
the registration 30 of the data in the direction
per pendi cul ar to the alignnment direction; and,
determining, using the data clock PLLs, at |east one
of ., the updated alignnment angle; and, the positian of



Optionally data is encoded on the surface using a
format. Optionally the format is: suitable for

encodi ng a bitstream adapted for optical inmging and
decodi ng; two- 5 dinensional; suitable for printing
onto a surface; adapted for real-tinme decoding while
bei ng transported past a linear inmge sensor; and,
adapted to be decoded froma set of successive sanple
lines without reference to nore than two successive
sanple lines. Optionally the sanple |lines are
peOptomaly theidysiam incbrdey a chdundsehiy Argodefi cpndierid ¢prporre@otrdreamthy Yitgireamiviata stored
f ondmdstorp@ades t he bitstream substantially in
increasing bit order with respect to the decoding 10
di rop@hdlife &3k iGiRAtkeptedihBnoadlithiy Rikpatd cilat @c)l Ncl udes a
registration feature to allow registration of a data
P O lobiic@dNly thé¥C RBludedthd sGRERB4ce.di r ection to be det erm ned,
the registration feature being at |east one of forned
5f I QPRichAGH sfabitevics RACALsHRS&y.r €gi strati on markers;
formed fromregul arly-spaced fine registration nmarks;
aN@ptich@y MBSk SN patt bid SeadeBitiralihpdbd daoradlﬁg&rs&ﬁcedéc&@&s&ﬂe fourth broad
bet.ween gross registration markers. 15 Optionally t
forl mat i ncI udes a cl ocking feature which allow

cl ack ortio 0 .be 1 ned
ongptl n t%es xeacc)icﬁ ? ées atl? né ogaé %ego&mﬁs q ect'ogl%the medium; a linear image

querahfa'r fapturiag éa"’éll)*’/ Gesk ifrpry the @ity &t lsﬁstl %&Wﬁéﬂﬂéﬂ%afw epicgiog the
10t haedifat @ lepbme frapwmort rptdp fr hespeinpibnacivapeithd iorge sacha sreppicdes for
| i R&ing Glpdch Ml 4t Yeast B medin@Cdéledntg fof Btbtidf e préserde &1 Gédided; @@ Ka host

C O Rgdkofidr kP GntRfiind dRUo@elspiespaced clock marks. 20
Optionally the format represents an individual encoded

dafya sRletn H¥d }o%pgrséﬁm&%v@@% %@ﬂu@fnte% J¥RE i @) which includes a

predetermned. location in relation to t regi stration
fea Furesand tne ocklngfeature QOtlonaIIythe
anadt onal hitstrea De. ended.
5"'31’31@“ BeeBRe R R 8 ﬁe&pﬁneﬂwa‘*r B er

\{Jlan%il fsmg?s'nr?%ng%go? &tﬁea%gn% Cfo an acttl élmﬁe%t\afﬁ)g anq?etr?%]? f a%lhaeCCE) image slgnsor
proceSS| successi qn Qf sanpl e .l'i nes . qbtai ned ]
: a’ﬁﬁﬂ’“ﬁ*’a& R T oIt g TR PP et s o
Oprts braqdfapm epe MeE™hod i ncl udes detecting the pilot
feature. Optionally the nmethod includes recognising
t Hepdprllyde PoEtiremerass #dae po e infyetprigicafernh o oin e (prrthes:

recogni sing the pilot sequence in the presence of

20 er Prypnally tiR printeDjstopnfignset toyprit fideasttetnd dhe ifqmudt urihe subyrmfiatigingsible ink; the
| ' thrimattu@ingt o afrhcedtab@rpiie linBy visfoR adfdibh o kising Vighleids;641bie Mdformation and the

%ﬁt}s@ﬁﬁiyl%tlp RraliBih Q@&uﬁanﬁmmmg @%iﬁrdglﬁ& r@& r#%%sgaicg:!fomz}txon and
f etgetsﬁbr e%tuﬁf)‘ mbler}orf"fl Vi Sﬁ’gmgnﬁ “me RIS dgfa erm ni ng
g Is %t!.ntee&&%ma(} tlérm eoprjles tnmt!:crpien ;g'év{d?sﬁatéyln.?tg' re(g. t hg%lu:gda {0 pnnt the format

Ire C 10N
f é‘éf’f"@ﬂﬂ%to the fourth broad form onto a medium and for reading a format-bearmg medium and decoding the

format,

Optionally the device includes at least one of: a printer; a reader ; and, a linear image sensor and printhead IC

according to the sixth broad form.

In a eighteenth broad form the present invention provides a camera incorporating a printer.



Optionally the nethod includes using a PLL to track

the registration feature during registration

Optionally the method i ncl udes deternining

registration in the decoding direction anew for each
sanple line fromthe clacking feature. Optionally the
nmet hod i ncludes determning registration in the

decoding direction at two different |ocations on 10

the sanmple Iine anew for each sanple line fromthe two

cl ocking feature. Optionally #he nmethod includes using

PL loptichdlly the dafidta it dosfig@rbdocicinnagiesftetofin Egital ita¢ dowamhding totajqgptured photo
”EBHQQdeﬁEJcﬁéQ&@aME & tRlEuSat $r@he boir@®load R, BE AL imfe BReRnding
glegogt%; pﬁogo t%%ré %Ec&xmlu%n %leq'h(! ngtto pglﬂ the EHodd ﬁlafetugugtan@:smnﬁany

direction. tionally the nethod includes
7 a transformfor sarrpllng bit values for each

sarrpl e |ine anew, . C%) the met hod i ncl udes
cor?ﬁ‘ﬁ??ﬁ“ﬁ‘@ewlﬂ’%fﬁﬁ“&?’ﬁﬁ?’ "i‘f’r‘ﬁ‘?ﬁé”ﬂ{“ cI ock| ng
features. Optionally the nethod incl 0
QPR BT S R AT B P AL SRR A © et
bi totdfeamdbicqdeitencodi ng | ocati on. Opti onal ly the
nmet hod i ncl udes conputing the coordi nates of the
bi Optereptth crrgprel imlpdet # dlausi ng the transform  Optionally
the nmet hod i ncludes determ ning a bit-encodi ng val ue
by Optivhally thxarhrestai ivopfigiasdpl deplayatic degledipganentthpdispla20 successi ve
sanple lines. Optionally the nethod includes conmputing
10t h@piealy ik castadsh@s 2 ddvee 8dmpl e val ues fromthe
coordinates of the bit-encoding |ocation. Optionally
t h@pieiibctamencd coitigsed RSt gha fetigeddmagamponosegdewi@al ue to t he
- ~decoded bitstream bit which has nore than: two
PO ®tickiEhasabeti@Bndebrafidatttronal | y t he net hod i ncl udes
resolving a binary value for the bit based on the
t € PR e dAibierd iCSEHMETto Wini#BIS dectifed iBibie koOibEyehiath Cpmipitdr Systbriusing the
t hg.dat.a- encodi ng area. Optionally the nethod includes
witing resol ved encoded bitstreambit values .to a

155t gﬁﬁ&ﬁyﬂ%eﬁ%dc&ﬂeﬁ§1ta51a§l§rﬁhot@r der. NOS 32 Optionally
t he method includes writing redundancy data at the end

Of Iﬁnﬂgeeﬁ:ﬁ ﬂa?gruhﬁcgnﬁgeﬁt%on pxg:ﬁek aD:Eb@lh | pyong ﬁb@mé@&é‘iﬁfﬁer

|nc udes using the redundancy data to correct any
o&]lyl hk pl:mlaeels cg gﬁchf t@ﬂ'm at lmtoﬁegp QJ al.lcyo ﬁtﬁ@aﬂi&&e&@ﬁmg to captured audio
I n ¢ ua?ng tay Enggdg acec\‘;/.J&ngto Eh S%?Ec g&urth Qroad? rm, and, ) Y\Qﬂlééi ;JplesQJque of

evi Ce;
c o&é%é‘? o AR ﬁg‘bl%%‘fs P B f&vﬁ%i!?f‘ §““’B B'éSE“FBS‘%ﬁé“‘m“"”Y
20st awigigenkdevi ce. 5 Optionally the nethod includes
generating storage devi ce addresses of interleaved .
Sy Dixohaby the@hoddisbii@areatty i eval of synbols from and
subsequent witing back of corrected synbols to the
St Opiaty thkekdnCi€congitd toia@ilak andit bigrenefoma chedivnCinegdhd gccording to the fourth
I deplsicdyin@.a-;5et of paraneters with a valid checksum
Optionally the nmethod includes determ ning the

bi blohRAShdifuid HMhdidBpRakaIEt ers.

Lh

25  Optionally the phone is configured to play the decoded audio via the audio output device.
Optionally the phone includes a storage device.

Optionally the phone is configured to store the decoded audio in the storage device.



Optionally the nmethod includes determ ning the encoded
data size fromthe paraneters. 10 Optionally the
nmet hod i ncludes determning the interleave factor from
the paraneters. Optionally the systemincludes at
| east one of. a linear inmage sensor interface; a
general - purpose input/output (GPIO interface; a
storage device interface; a serial interface for
recei ving configuration and control data from a host
device; an interrupt interfaé®e for signalling events
t @plidadly hegbue thelvderdransmitd, a decoder controller for
controlling and synchroni sing a decodi ng operation. 15
Otpli R itk Whobd @ cosiztedig @aneteitthecscofied esioft b WPAs ComPREFIeR vsiog the
interface. Optionally the decoder controller is
configured to control at |east one of: at |east one
1) 4 et bR e Re WesBnt bridltion GIoti6s b Rtd@mitamer at st dnebisteanppreoded
med| ,tggnfggghmﬂgkg&mxkgmthe GPlOinterface; and, at

S| EFEEHRE P RSar i nmage  sensor via the GPIO interface.

Optional 'y the decoder LOb4 Ber bRk kRt Qasart
|ec§§?uau§ﬁ:§¥% “F’sﬁ%né%%%eﬁﬁ%%? |(:nati%§1er of the presence of a

20 mediym fromat |east. ong | Jofetector- via the
Gﬂp@“f“ﬁfhéi”fdﬁ‘?és;ma’ef‘g}%fn&t ﬁgpu?ggg&éﬁce of a medium via

the Ilinear image sensor; initiate nediumtransport,
| | BraEr DESCRIPTIOY QIRRAMNGRII ng on detection of the
presence Q j ¢ o Fthebnl b, j um transport,
Iié%&gﬁwfﬁg%Fﬁamand decgging on gg?ﬁttion of the
10 Preseneen @inpk o eaupemdntf a Miem|aieg gith 0 fis of agles; HYEm spaces
control the operation of the r .during
tr%ﬂ@ﬁ6??“ﬁ@héhﬁS?WEF?H%%WT%@mﬁé%ﬁﬁﬁgg%%%t the linear
i 4560 $Qipic of PmiSifnkLEdentloihb) (eBleidaanmebecndiofagnarkypt) on 2 unit
can io%etQQ operation of the redundancy 25 decoder
af VEFPERHS1 eti on of raw bitstream decoding, to effect
bi figtols@aRxRiple0fa bROIchient sik@ machi@pt | onal |y the system
includes a set of line buffers configured to receive
15 s alfigyed ip prEglepf gt PTEEP F¥%age  sensor via the
i Qg&f i A BIG 1S BRS Mied bl sfa e, &k ARALdMitRES Y St em
i ncTudes a raw decoder configured to read sanple data
f r Bawetsialowdmef 4o erfobply of 2 daddesesthg Prog§ist st ream bit val ues
fromthe s e data. a =Y o] .al ues to a
st OFEgé ﬂa%*@%%“\?’?”a‘?‘? ‘i%%’“@'tg%%g%&’é‘g{’/’%“? g’ 30 interface.
3 3piguf b is QiVRake Y af xBrpByp 5 bR PGt Seceding ehgttdancy
decoder configured to correct errors in the bitstream
20 d afigeredi & fetghart pin ppepleof GYSEE FRVIEEE ™ Opt i onal | y t he
SYSLeM, iz, i IRLe DENb&H thddk B <R Biadoiskding pdintt @ Giofiécd@ between currant
circult (Pé .. Optionally the IC includes the storage
detffulie = o nal |y the storage device is a
S Ok 19 ks @ b1k BRFMIY cxarkPRlo 0mekit-goctdliel Byst em f or ms part
~of a reader for reading and decodi ng a surface
acﬁsmdﬂhgmﬂdﬂ@ﬁ@“WBE?Tﬂ“ﬁ?ﬂ%ﬁaMﬁﬁPﬁ%“CptionalIy t he
25 CRUST, L EL RS Ao SR s i 08 I8 GOR BGagiStangart O
dec®di g fhe medi um a |1 near i mge sensor for
C apitud s R daasEphysical vigvesa Mamirrprintred IWewiih wnteealimiepi g4 one
illumnation LED for il|umnating the .10 medium at
| eBigire 13 e loerhyreis b P Pt P16 FPSASportrng t he medi um
P aﬁitgurct. llg % asdBQ& vR& DBLPIkamp oBdn Qi pRelG@dH; ce for

Figure 19 is a schematic view of an example of a shuttered active pixel sensor;



storing bitstreamdata; at |east one nedi um detector
for detecting the presence of the nedium and, a host
controller for controlling the decoding system In a
fifteenth broad formthe present invention provides a
nmonolithic integrated circuit (1 C which includes a
i near image sensor and a printhead. 15 Optionally the
printhead is at |east one of. an inkjet printhead;
and, a Menjetrm printhead. Optionally the i mage sensor
is at | east one of an active 3i xel CMOS i mage sensor.;
anTigure:20 GRADRchenig piows efts BRTPLe of freg IGTesmeRpiREtst 19,555 A ¥0p Mjt-seament
t he&vipg esent invention provides a printer for printing
the format according to the,  fourth brqad. fqorm 0 a. -
B FCOERGHEIEY of HEVPF At B PRSI Pa B B o e s o
ON@axgifis s, meditm papkef Gtough fhf TRdFeeppPrt mavheismg  Menj et TM
print head. 20 Optiqnally the _printer.i j s dto
S TR e At B dBr R a s e A AR D |
| Nisilusd D1i0n doidliatic LG seofio@oNBY prickdad GhsclBly of Figure 22 in its assembled form and
i ngo;‘%fo%g&a sorptive inlq visible information using
visible 1nks; visible information and the
S uBgiteants b &hemytic plansicsiolyheriftiprdi@ bt Figpre Babst antial | y t he
sane area of the mediu nd, .. the visi i nformation
an]ag'“etzﬁ’éa§’ﬁfﬁl§tt°8]ﬁ‘i‘iieﬁ’l°+a§gglﬂﬁ§e % =33 e i

i Si rmat  at

10 SURSt28Es i Rhekptic Li¥Q &IV oftad HBpleRLAPagRadIOgled data. In a
seventeenth broad formthe present invention provides
a Peiedt op chepad arretn PPy PEEPl OFPTedpESt or nat 25
acLor.ten otsh%wch&aaﬁc%J idrs D0 Aend0 LaPOREQey7 BRAI UM and
forreading a tornmat-bearing medi um and decodi ng the
f aFigER31 is Ophenaia silld view blracoehd wisde of nehtbeddéwzzet | east one of

a printer; a reader ; an a linear i e sepnsor .and .
o PR Ztm ot oL 51 G 8 B PIREE: T B e B o Ao v

15 ei ghikre®ES br oad form the present invention provides a
caner g, incorporatin ﬂmnoarnimgetm%ﬂt-- 34 Optionally the

j J ,
canera I's Cont i gure%.oto print at |east one of a

- digutead is indRgele rasHiAaspendBgheit0 a capt ured photo onto
a medi um encoded according to the format of the
f olgeeR® BIGEEPPF BieorPeoifi  S#e9°8 WA | mage correspondi ng
t Op; 4,385 ipm%‘s?ev&glt)& diaga&o@ﬁ%u{u 443 bh vk DI € 1 nks, and
to print the encoded digital inmge using a
20 s uttisiteaThib 4 ladhileyel blpgy diasAmiyl @ examile §2 @gticodral | y t he canera
i n¢cludes a.reader .according.tq the fourth aspect.
qﬁﬁ"fﬁgsalfwghflﬂ% @3%‘%@‘“&??°’&%ﬁ?‘%§ﬁf‘“§ﬁn?’g°°?%ad a digital
| NERRIR 39 it ARaBIORE b RrRARAUNEE:HETLIOn-Eis REp b 6t he fourt h
broad form and decode it. Optionally the canera
i it A8 anexaple Bibtogem of yntalypleA fprypll paseblegiphBquzioqdy, for mark (black bar) and
C Onk (pgubeeliwithoe Wirspl ay t he decoded i mage on the '

display. 10 tjonall he ra include tara _
25 G0 s e S e SRR LN B8RP e

t Nyl 8519 ARk B BG S raind £ dohi1 vallieTbral fosbd\abigiBourhoddp o Blafblagk bar) and

t'L%:efg%yfﬁais%ta';@b%%mﬁuhﬁu@&%;t ter. Optionally the

camne

a’ts configured to transmt the decoded inmage to
a B at AbeexCORPIH R suBysice b cipdi bingk tdde with a blur radivs/mark radius of 12/33;

and,

30  Figure 44 is an example histogram of central value for afl possible neighbourhoods, for mark (black bar) and
hole (gray bars) with a blur radins/mark radius of 12/33,



Scoﬁ’ﬂyéﬂﬂ a‘tPB‘:abﬂ"sang f"ﬂ'édesdléeélﬂllg’éta apge“éf

transmtter. 15 Optionally the canera is incorporated
in a nobile phone. In nineteenth broad formthe
present invention provides a nobile phone
incorporating a printer. Optionally the phone is
configured to print at |east one of an audi o bitstream
corresponding to captured audio onto a nedia, encoded
according to the format of the fourth broad form and,
a visual inmage representative of the audio onto the
medi um using visible inks, an&# to print the encoded

au OETAIED BRASCBIWTIONQA RREFERRAPFXANPHER |y 20 invisible
irk Optionally the phone includes a reader. Optionally
t hd phdNERQDYCIGNE | gured to read an audi o bitstream

fr Qimadys m%tWMQ dpt@@ Gidatli NEEmt Br &ddigy digkst Idbdlon physiealrfaces. Its
;gga@ SR sdcs ?mcr% 1yl it SUF&%L e f}?ﬂddasmm@ @ Ae) Ioﬁydaupagﬁmmme read-

| C§ rfc)arp% r}es o%xa fault tolerance to

outqpenvitgelviodeswicsgridgivnl | y t he phone includes a
storage device. Optionally the phone is configured to
St dinen i kuisebld de drdtietchrintingl (Mrer printedneingsT diviigle inld gl ¢ @n infyapd absorptive or
@tli;!cﬁbﬁbait Iny, Mobienpdaar iR mbyk sigl@imp@edtion @isligdtd: tng olour graphics. This allows,
Qo&b&&a%ke &&Jﬂﬁ‘egﬁbeq,@&hbémgpcmes@%@a@agamsmegmgaph

e e}

decod to a separate conputer system using the

10? r ﬁlgérﬂ EmeBd folr éenE r%%é d@&@ngkbmgg h.tteg' stk Lfﬁﬁwg&ﬁﬁ%ﬁ A compact

oi Mot e B s e R et 1, R e A X e o
f oarctahmwfe%?achrpmﬁwﬂw@%w P wevh@gh%ﬁ?ra?ﬁa eggd transport mechanismn. The
C O s dderithed fadtioky inr! dite & Gastd isgrepondd pasiiipier: imgaregroar d,
plastic, netal, and glass. Optionally the nmedium i S

| amienuem dediddr eperrtns dutrell yithoh eofimmelintermaniion, agdrite deci@iR} B contiguously to

15 DEGERhBEh NIt 6doviddRMAI-NGS: filiGdi=at operdtify n&bﬂes,&)(diﬁﬁhls;olﬁfnt @ide requires

af qusmsmt%ff adMn&mcﬁ&&ap.ﬁém&? for éﬁdﬁ;ﬁaﬁr stork oF paBkBES ard rdaShddddy date.

rea, wth mrows

%ﬁmﬁf‘l&’é’%m“aﬂﬁ’ °°“‘ﬁ\ﬁe it spa mmn end egﬁahr ep i s an exanpl e of
an ardr e%e.ge °§‘ﬁ 1%;( %‘ormat,f% (Imr li!.F anfl h%? Kl.re%P aat{é%der and a

(I@F’Plyt“aﬂ?ﬂ maxi mum extent of a mark (ri ght) on a unit
bl ock-space grid; Figure 5 is an exanple of a bl ock

20 ¢ oThe Ay designebuildy o o gartior dpSartplegigyp ahieh if descrppd Andeihin @ sqgjips of granted
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I Opagtte cndopeniplg datant SpRlipatioND aiodding=Ug Ratent 7Applisatigm 014314 |ewtitledf “Data
t h@sﬂﬁb@tﬁ@ﬁ&:ﬁaﬂﬂh QGle fbrid oBEiaddts SPRARE, allSME\phtéd@G aflil per@ing applications on this
acg&ncl‘?olg} Ioopgovfa%l lplﬁwc’daoss— ?cctﬁn Lb%vefﬂ m%&tﬂot@éd @&mg optimised for

exa at a eco rocess
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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 fauli-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 sepsing 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 fayer or implement its own.



Figure 10 is flowhart of an exanple of a bitstream
paraneters decodi ng process; 20 Figure 11 is
flomchart of an exanple of a bitstream decodi ng
process; Figure 12 is an exanple of a rotated block in
scan space show ng points of intersection between
current scanline and data clocks; Figure 13 is a

bl ock di agram an exanple of a discrete-tinme digital
PLL Figure 14 is a high-level block diagram an
exanpl e of a Mhemreader; 25 ®igure 15 is a schematic
si g@ viRawbDefaLayer exanpl e of a nedi a detection, inmage
sen and trans Figure 16 is a det ai | ed

ph?il c 'm\ﬁa?\ﬁe%'f'e'ga%%m et printhead IC with an

| NEL0hRkeah NAgeitsRN TR a seqiehdd WE Qegrhehts] Witlin h O@dved] thesk @w mdnbered

the ma;ggtﬁbu?gg Ao Aba fbrqg%m§%§ceamof Fi gure 16;

Is a schematic view of an exanple of an

aCl’aach Sl 1§m fagmcﬁ %{, nﬁ, Ls%n&%oaksan@a%m BuGordd @weselted by a

active

o e DO B S SRR i g
I C)iﬂs@giweqqnesierﬂb?fto%l@ Hioden THeglotksErotif efé F‘”‘?ﬁﬂ“ﬁ f"“’gséﬁ‘]fé‘ﬁ?s“ (@) it allows
d exéinsir&; opticil @lataes 2dlbe imst I@allg panisloviataiheg ther givballp for t@nnte«lawplaea ofl (b) it
t NEoRfd RRE Bflpdchaidd @ 6deAHREhmANE oliRigMaailadOr printing or
scanni ng a medi um passing through the sane transport

10 ne'ﬁﬁ%ctérm)f a%&ugnh g‘éﬁrlﬁdcggd M&m@ (ﬁt@egﬁtrmdmgte 4dd k@deds as Mnem space, as
p?{ns uﬂeé éi“dly S \él Eavg b na ?o)érgs %ugg l&f t?on m%%l\di]e%:c-ar%creasm bloc numbers

gur e C”Zlé Cross sect

t h@nﬁrth'e hléféé?wag% @H%‘F?”%"fg Krﬁ?"gwt@ wbin infjoagitey °&‘§‘§‘Eﬁ‘b P‘Wﬁmg @
f osett blovkl rowi Biee firatl blogkroff estreagtfiliows; the [t flogk of tRgreyiaps greage Rewrat i C
plan view of the printhead |IC of Figure 22; Figure 25

| STHre @ AL eiige-topddgeripantippiwbafeorebincle aad vprh blodsthasa npoiigrkgopigpn based on

15 of @f ﬁo%m%ﬁgngl 'ﬁﬁ ’actua.l]-&sﬂ!l:oh QB Boc @ alicvedito SENBMBL €A, /2 in cither or both
under si de. vi ew appl e of the priatheadl Cs;

1MENSIo! e spacm %pthtca on spe
F gure enmat’l C perspectlve vi ew of an
® g R S A B R eB80tuR v R e co
’ﬂag;?fgtaFogungllma-mums%acmgP t?ehxdluncbswn% é:gl ] ﬁ Z% m% g eee ge

> 7ot sogps Be actuptipesitipneot g Mpeg: agga iRt it < oy o gy Hom T
S epangis exiampd pecif. a pri nt head nozzle; Figure 32 is an
overvi ew of an exanple of the integrated circuit and
20 1 t Sesid A @adinu@nBovwkdbldch Beightrof Hi; n.e 0 affatienm dlived blprk wislh| o€ W mery Mnem
( Fgcghzlghl: JrQUld I Bneln SrePHkdE S, 4@ ni¥fberdh of B18E kPrs 6@ it Bldaber # of block

arra E%er@%émmgl ITé‘rme 3;'34 is an exanple of a shift

reg| eér arrange Figure 35 is an exanpl e of
connections to a single,cobum; Figure 36 is a

hi gh-1 evel bl ock dlagTatpgi;ﬁi exanpl e of a mMem
deadler, 20 Figure 37 ts™a High-1evel block diagram
of an exanple of a raw decoder; Figure 38 is a '

hi gh-1evel bl ock diagram of an exanple of a redundancy

25 degagler ; n= [ o

W, T8

The nominal height H,’ and actual width 7, of a block are then given by:

(EQ 3) s l%J o



Figure 39 is an exanple of a hole surrounded by eight

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

hi stogram of central value for all possible

nei ghbour hoods, for mark (black bar) and hole (gray
bars) with no blur, 25 Figure 41 is an exanple of a

hol e surrounded by eight black marks with a bl ur

radi us/ mark radius of 9/33; Figure 42 is an exanple

hi st ogram of central value for all possible

nei ghbour hoods, for mark (blaek bar) and hole (gray
bars) with a blur rag, /”Fﬁjtk radi us of 9/33; Figure

43 (gg4@an exanpl e of a *h sur r ounded by ei ght bl ack
marks with a blur radius/mark radius of 12/33; and,

30 Thd i Rigfhdr, 613 bR is@AdIR secribti 2sts0gr am of central val ue

for all possible nei ghbourhoods, for mark (black bar)
andhe dredeee (f ghe lpokin defijed \Riitkit 2 Garstian o dile gRaperfefried foze plpgk space, as
of ilthdEBn Figue 3. Nk T the Do DRSERINEF- BN @R inFRERERRIED to scale.
EXAVMPLES 1. | NTRODUCTI ON Mnemis a robust

5t Watoeli spRad 1iRalspa@hive Cedemetlael migios Tlve mrerchtolby 8 t@ndnwgmc block in

di Qirtaddl; aﬁ%%ha@&l@h%&bt@@iﬂeuﬁsyicé @B 8en vhctoBT,;dat a capacity
scales linearly with surface area. It fundanentally

su )ts read- o JLi@r 0 rread- 5 many
V\% appl | cat %b"}/ng{ﬁg%&@?ﬂ% udé@tﬁgﬁabl lity to
i ncorporates optional fault tolerance
to cope W t% real -worl d surface degradation. Mumis
S UTwithib ke bldcb BacH dak piedf thpteprithtibisg condipendinpintoibeichativs, izmighe aulue of the bit

0I an e&o&h By therl)keseﬁéé thabﬁﬁe &1 niaz@fatr 1 Bdhica) b[%@ﬁr@(gnbe\b@a Qz{rk encodes a onc bit;
%QLb%élgﬁeo ok nbod%'\!hezgﬁ% ﬁ{‘&% : enccg%]g mﬁ?ﬁd Saa 'A}B&%?e% gular
ex &ifpTagh losgtiog pag fofegf coraigie fog 8"" 8’F°“‘<§ Bﬁﬁi‘“‘ﬂfé"ﬁ‘ﬁ‘ﬂ’ﬁ lst"{ff‘ wyiin both x and y.
S U perdsinghisgabers prrrespondih eptionp withrieregying ¥ prerdiprtre widiprizepytiing 4 @ordinates,
Vh e defmin@ Piow Biideedind@r ef fi ci ent real -time decodi ng
during a linear scan of Miem encoded data. A conpact
15 Mhexn wacuoad heiphti A of e BRIrSdetivae® fraeBOkich iménsiess inl Sedfion 1156, The
anp ARk ARG bRAM MBRL Rubldlds.i s encoded on card nedia,
the decoder chip is typically coupled with a linear
| TRg8 Sgpsor and a card transport mechanism The
decoder then functions in real tinme as the card is
t r Fwdlodvit desthogy deskte scprinest ir) thepedirectignrigeingreset g Eppanlingy morelohlesprparallel to the
deg adar mapeiinines s @ibitsiqicade yt thwibbtlod thlalieahitaiadcedetection. The structure of the
20 antl&&%&ﬁomﬂy sﬁﬁdm%lail(ﬁ'ﬁlt degadedda d&&)ﬁ-toct&m:lt &dnY 1etiRtudes a

dzi'%rcni pxl{;]: sequent gﬂhe)(olp to ahoup tﬁe dt:cagj \% de? '} e scan n angd correct for 1t Support

fau &rant. atin t tol erant

o BEbi-FiEsfignat Sé@nmsdw B omitt PHPH%??B&W‘I ﬂ?f‘ ”a%rm %i onal

external nenory for tenporary storage of paraneter and

r eSgrrlgekit Jesignat 9 allow Frering ad Geretingse |W6Wéliah9v TR T YitB pegpect to the scan

| meigeiod Gl Saxtniud Fotafidhth. B ddcerminpdata spplevotld toldrimbes ingl @edsrae will as in the
25 de&%ﬁ?@s&fé?@uemgﬂ[ ﬁm&g prtha.@ ﬂﬁgm@w&r@én&@,nﬂe&m @R rmine

th a conplete reader.
ger"ﬁ%aﬁ Em“ %é%ﬁ%fcﬁ%"ﬂgmfp &(’ °?nhee°té°arl i er dot Card

de si gn, mhlch IS descrlbed i.n det in series of

ngﬁtPé‘&‘ COBET She AN PB4t S gty cﬁb‘&‘f“"fe& dt°i Bfg 2 rommtozer

| neiteittg: TS Abgy g sifptckient e aireee PrinTarlente & [Piscpocodes & one
" Deit @e abghees e liBedchdery za@ghani smin the formof ink dots

on cards", all other patents and pendi ng applications

30 ONTHe il 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



technol ogy are provided in the cross-references

section above. It differs fromdotCard in being

optimsed for efficient decoding. D fferences between
the two approaches are described in detail below 25

2. FORVAT A Mhem area encodes one or nore bitstreans

of data. These are nunbered sequentially from zero.

The bits within a bitstreamare al so nunbered
sequentially fromzero. As illustrated in Figure 1,
the_Nhen1enchin% has a physi #al |ayer, a raw data

| ayit codessapense i B0 0F18A0 W} B ipp Rijofeoge Sﬂﬂlﬁ%iﬁ TIOERQOLYLNP: éeat 19t cyclic
| ayert oidp beige pitescodzaaiirndsi Ths ezl dhvfiis ipifrg)is 40 units, The width 77, of the pilot is
t WaleilddaRa s iaRadaRpGaEh Y asich G/ of Hd¥8ta (MY §i6 Bbe Scodék 2.1.5).

| ayer inplenments the encoding scheme in a form

SUithedb Bitof Qe @@Eﬂc& ale sSR0S loMPxiBRknd; nﬂmmgg]ﬁstance This allows the

Sf agcj:cgdélttg m‘fgrgglgmmu %ﬂ?ﬁh ? Xe%&m? J}' &99% evecr?‘ 1% e g}estm%f; of%rrors The pilots are

undan eranc
cafl °\f§{?°§73 Coiokol o i b8 10 IR 515 LA 3?"? E?ﬁ“"‘““?ﬁ "1\9?‘? PEFeH ST F-"cﬂéh“’fﬂ’é’ prefix of
cafreEHogswheg enpeeciiidnbsieefidyl t - tol erant data | ayer or
i mplenment its owmn. 38 2.1 Raw Data Layer 2.1.1
Bi Prer thredeprdSdeie e pilof somenididhowd it ¥ tegiaration pigherhlarkt with reenawe th the scan.
I NBYde@ctisR N Geuelt at S@EiREE Soffsddfidobkhit néo HotedtisilydERER! y fodd@SBns for

10 ar Be ¥MITBRE Bke it S8 ehpid thc@iolgey:f tﬁJpﬁJﬂué%@heneIh]@ S Gbe Gftthe%aiu;ﬁd By

! SattLﬁ;?ﬁfgdo Je{e)cl:t thgpl.gg[ %Jrc% % IOQQG%L i!h da ECO! er g.F morﬁrlc::l;dusth géectqy%ﬂott

is represente two- di Mensi ona
biishrea thﬁ % fore represented by a sequence of
bl ocks. o i ncl udes sufficient structure to

| t
gejf:hg gfe% oA cf1 emgésn et%afkefgm)?'m%?aﬁg tl"%b a‘%% ?%“tk STeg et e clock track
st Pereesee glﬂbrf’g’sgaq% @ﬁlfeﬁ rabfag“’gféil‘?f@& Wﬁfr"ﬂ%@%‘kmﬁﬁf’ detprmine the

15 al rvwsresistratioppf heldock ¢ foovithin ¢ dvklepedod (o gruivatentiyer1 ni. The@DEItho allows
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P Ethie ddo@EHK defedidd @k fikelR Bpist@Hiod Bialle biokf 1@l 1o 4R 2 @RkdnbE ch%mod.
area; and (b) it provides the basis for appending a

Neme Béck Sdcit B biG s@fen® %t o'ﬂ:li Hoek IS & BRessivh Qud kRbrdinates. Back clock
SH&M&&H&&@QLﬂﬁm%B%ﬂ%@&S% és defined within a Cartesian

coordi nate spac erred to as Nhen1space as
"thStE%kggm:Q Fiqu % bl ock has
corres g 16catt Wan A KT hEELpEae AJI HEPEgs gyt allow the
bl et tﬁ Eﬂﬁ‘ﬁ%ﬁ“@lﬂy E’Ei’fera@sﬁ%aﬁh 15 BEkif thexiegintionin the yposifion of the biock
|ﬁ@méa%mm@xmew@ﬁumwamesmmm¢h|n i ncreasing y
coordi nates, thus defining a set of block rows. The
fi(E®6) bl ock of a st mpam-dokaws the | ast bl ock of the
previous stream if any. There is a nom na
edg®?t 0- edge spaci ng=Ab+Betaygen bl ocks, and each bl ock
has a nom nal position based on 15 the nom na
s aei hiye mipFem gacky sire. TS i diked felvsfdefinedoh Sebdle % 4 mals |t mindoupagmarker
V &ipyratipny It bppa fixed valdd)lefin@d in Teble2.t her or .bot h di nensi ons.
The spacing is application specific. There is a
N G lekaphost miarkeir MEOAMRISIIGE dhetR)tto pilét B alighel with Hd AR Bu%iimd B th 4o MR track,

t bR ﬂﬁ%ﬁmﬁgma}klar@ ar%ﬁmn@rrﬁﬁwﬁ@ fle ltaihﬁos?ggl@ Tﬁé gﬁt BS« &&?epassoczated
T% ée topupa t ].p qlﬁleg %Jgtheolgst EODJIHD c'\)/ﬂ’.% re s%atlcafn traﬁlﬁ, a.nﬁ&lgs o %F%lﬁrs are

scan 1s
i §°S’§i¥{ﬂ TFREXG P BirebirResimpi “?‘Udtﬂs"&ﬁ? ﬂ*@k“fa“aﬂ‘d%?eﬁﬁsﬁ‘ﬁe It 5 e gidt
b Pids Katdeeifl gt the wifith ¢4 tho data clockaradive(se Bestivn 2l Howed bl ock wi dt h

of Wb ., Miem area height of H , and a Mem area

wdth of W. , the nunber mof block rows and the

nunber n of bl ock



colums in the Itemarea are given by: Hm M (EQ) Hb
a.+tAb | Wn 25 (EQ@) n= L Wowa: +Ab The nom nal hei ght
Ho' and actual width WL, of a block are then given by:
Hy'= LIH J-Ab (EQ 3) m39 (EQXY4) W = L~mJ-eb The
actual height Ho of a block is derived in Section
2.1.6. The structure of the block is defined within a
Cartesian coordi nate space referred to as bl ock space,
as illustrated in Figure 3. Note that the various
bl ock conmponents shown in the*figure are no élodsgal € sunters
5 Bl oeikratiop serkersaprcploRiriskn hays & hiehHa PECFR @ s WA € and
[ OthehiirOBgistraRREyAckbEfere preduattrogithdpprt of the i3 S ater e o ot Blpgk with
| Miopth B MhnbireBdgis BOMfxini@sioaed| OCk space to Mhem space
translation vector Th,n: (EQ 5) Tén(il)=[4b+t (W+Ab),
AbElEHb+O0) , O 5 29 (3, R4, 2 1604 Whatikin t he bl ock each
da&a it of the segnent has a correspondi ng encoding .
5| oTRbdights evanchotrdy@od @ inuiseee funtbbrer dgte plocks) B i§ thepigigpR ¢isiqysF revired
t he LR ESIEINGEI ket 516 Ohasa fifeA vaoe &fined AtLlel20Cat | on.
The presence of a mark encodes a one bit; the absence
Of m18re MR KeaRREORESer 3f Z8HeR. AlalmininhitehdXdetods RQO ehilyndptect one marker and
| ocat i on cgll{'c%c%rranged on a regular rectangular grid.
Ea¥HF 6¢dt T on has i nt eger coordi nates and the spacing
of j ac ions is one unit in both x and vy.
In%?gagjf%ng*(?'%%nbers correspond to |locations with
10| MCHo G136 kdaGing/twEMOE Ehol e alwhgtitis e veripelisio of thrgjatierid, for the full height of
%gﬂé et @%ﬁcc\mk w&g&ﬁsisg efd sai;ﬁ& ozclcrcgﬁh’kg;sitﬂﬁﬂ an sg@ésumei y cddpdinates.
EMMD ! ck consis r(]] a sh rl ,tp t(p e,nI f5. ) tcl@ckgxré.(l,k ls?dofRains two alignment
derl vegk rom %he Sb‘f?o&E a?gﬁn%eocpoajéa& 128 Gl R 1es e Soparated from
I'd Ts always a-nultiple of

Thises sraiegpitee HrsrPasEt 3 HErd s e of .
8. eagh ohergndrdmahe cPpetick by @ felzpkding) St ipes oty "E}%g"&c%‘ﬁar‘f?&‘e‘l‘ f{pes n
15 t hflony théklutsiGtige ofeach blodg trackisi Ng a set of scanlines nore or
| ess parallel to the x axis. It therefore includes a
Pi b2k (hERQUEREE tidly atdhecgisotidnofrhetbBeliahd tanipitialplopd of the dyja@ddeia the pilot
def.8 GhibeQbn lwa'ED,% iS iU kddf 8 Qb clbdREom2e &ah?gko fhSnext. It thus obtains two
rotat| sy.nmet r.i ; RS A ompute the siope
Dot B Rl S s ot b ik e Lo o soe
dli ‘E poario 2 stuegle %léageé??é%g logprog “’e“at“l%‘bm‘f%“%&ﬁ‘a&?vm g0 use the slopo o
20 d ebogeiine txoupdhistite estima el the tlepn offherclopi ogsh ol I ek g afoirg ¢ pach eleck
I twagSupport for bi-directional scanning may be
omtted for applications which don't require it.
The decoder tracks the centre of each clock track by tracking the centre of the blank line between the two

alignment lines,

The width I, of each clock track is the width of a clock tick, alignment lines and spacing:
25 {EQ9 ) W.=W,+4

The width W, of a clock tick has a fixed value defined in Table 2.

Where the clock tracks ruz alongside registration track they have a greater width /7, to allow the decoder to
acquire and track the clocks before it acquires x registration via the registration track:

(EQ 10) W= | T, (L + $in O} 1+ B +A,
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The bl ock is designed to all ow scanning and decodi ng
even when slightly rotated with respect to the scan
direction, up to a maxinumrotation a. , to

accommodat e real -world tol erances in a reader as well
as in the 25 encoding itself (e.g. due to the

original printing process). The pilot therefore allows
the decoder to determne the actual rotation a of the .
bl ock with respect to the scan direction. The pil ot
consi sts of a binary sequenc® encoded at odd y

cadiedi Blegkdlompenent Spagfthg a ret urn-to-zero
representation. This allows it to be self-cl OCk}n -t blocks’
Tmeeres ©'siek baderdoun] the epfize Pegke afje [Mel} wifeoThis|fRRTgs sepRpien & a@’%‘%ﬁ%s o
A pRGind afdinkent hR@veabsenG® of a |ine encodes a zero bit.
38 The pilot sequence consists of a |lead-in which
A5550h $iloBis defhlated Bm itS RGO rgRtatic@gock yalblatied by a uni que
code sequence which allows recognition and -

r &gl5 i bl U3fer ara-lﬁ@ﬂléoc%ﬁgjc_taia BidoRNi wileSTua binflifuestoreediits dwedas
ones. e tom ol ; E R EkbitleRoding location.

1 fﬁ?fﬁfgﬁi%%eff?méﬁaem%cﬁd pﬂ%p F?]g%ﬁocog g e sequence ’s
110010001111010, i.e. a. left.cycl i i between
DOFFBRFERC il B bl B i Rl ock s b1y v
i ghosQ Togiptietion trackymbhs dea £ Yy B M8he pilot is defined
relative to the width of the data gDr'id and the width
ofThe tedad ikt kst o AR Seped X GBET B 2. 1.5). The two
pil ot code sequences are selected to maximse their
biEd#tY Harmmi ng di st ance, #TAFETH1BWS the 5 decoder to
ps&;%m maxi mum | i kel i hopd ,get.gction of the pilots

even in the presence of errors. The pilots are also

S aheRérMGleiheH, EmEDGid Gef thellga grid Magivii Py di st ance from
sequences which result froman arbitrary prefix of

one bits, e.g. such as wheng|gheéefed by the |ead-in.
Mg dyhe decoder detects the pilot sequence it knows
the y registration of the block wth respect to the
sqemi14) By detecting the Bil"t "sequence at two
different x offsets it obtains two potentially

diThé rew @nRtapycity G aMuem erpadredref sy 10 t he bl ock. From
these it can conpute the slope of the pilot |lines and
hence the initial slope gf_rh8Mdata grid. By

atkgppti ng to detect the il of at nmore than two

| ocations the decoder can nore robustly detect the
piivet the datp grifl holeht&e gthavptpayhcielhs A BR& S EHE B| ock contains a
registration track follow ng each pilot. Each
rggRe@rati on track consiBt#ofi a cl ock track

interspersed with.reqistratiaon ! Legyl.ar
ir??‘%‘?”ﬁ}‘g’flgﬁ""f%ﬁ%m%? tecgmser%flrtﬁe%r@\t/g{oﬁg&&egg er isgl de% ermine
the 15 gross x_ registrati f e plock, i.e. to
WERIR a cl ock et Fadmtbr @@Jﬁ&a’i‘ff%ﬁ% 1 unit). The
Cli@%sﬁoﬁﬂ&'ﬁh@ﬂo&o&"i@mu&ﬁr & 269N adoPmatet jegveade t he fine x
registration of the block, i.e. to within a fraction
of g@44! OCK perlgﬁiﬂr@ Gl pcl 4 Bagk apompe,ofF s of a
sequence of clocC ti cks positioned on successive odd x
C (¢ @i P the st botomddR) bittehcodinadugpier st gridds sEFGYY

l'ine, parallel to they axis. The registration markers
haee19 wi dt h W Paxrieh, anlYeddet 1 8-d8yd I5paci ng O

sufficiently large to .allow the 20.decodet
uﬁéﬁﬂ??i‘@ﬁ&f§¥ip‘t1e?5gdé{‘§2§m§??dn CYBRTFY é’g% i ?I‘(s r &é’\’f en if
the deviation in the x position of the block. fromits
nom nal x position is the maxi num al |l owed: (EQ 6)

W =AmtAa+Wmm (EQ 7) O = On + 46 + Afmm



Wmnis the mininummarker size. It has a fixed val ue
defined in Table 2. Al,,,i" is the mninmm marker 25
separation. It has a fixed value defined in Table 2.
The | eft-nost marker associated with the bottom pil ot
is aligned with the that colum of the registration
track, and the remaining narkers are positioned
relative to the | eft-nost marker. The ri ght- nost

mar ker associated wth the top pilot is aligned with
the last colum of the regist#ation track, and the

r eggaizmi Ng mar kers arRi)pésitijoied rel ative to the

ri ght-nost marker, The \qidthulf o) theenrgﬁrker track

i SFogRemplsimers e AP pATE PIOB P HER HFEER " 566t he data grid
and the width of the data _clock tracks (see Section

2 (EQ3§) 41 The regi st P&t T%0% markers and cl ock ticks
haye .8 hei ght H, sufjiehepy, i guarantee that the
decoder encounters the entire registration track

bef ore ring the start of the data grid, . even
3 fg'?he Pﬁ%ﬁ%ﬁ%% of the block with respect to the scan
di & @6k b B pstEont Wit inrEex doprdinptoa |4b Byseeied if Fg)* iHhesppipimpm rrfegf qavel to
angd #5309 Buli) dqfektdentreat T posib@] @bt nagiméy emottegualcio the espofifep circle
to.an integer. nupber of data clocks. H m,, is the

m

. GIrcums 2 . . L
m A M Stance required to allow an individual

marker to be detecte : s ¥R Hin¥Rd dBaided 1t BResed dbot of
Tab Fm@ ispualip A Per AP tcé‘gérye%%ﬁ q%%n@pﬁ&ﬁbmgm%f markers, At a
10 i PRI ‘P‘Pﬁé‘°&§%”6’ﬁselr‘“ﬁ“é‘88‘d°6ﬁ%°ﬂ&fé‘f &€t Bhe *nar ker - and
process its adjacent clock. 2.1.5 Dat,% Cltrgst%k'TtEw?g > b ied
Thé mkoke Repiead 98 megtd orSrdt ks ¢ FRRE VT SRIRE "al 6ng T he
t Warfase pitiogsh the srieael Shapteristiqeof ghe tumaryed; sgffacef thymagkipad fhy mpging system are
heigfitioRipecitc @ shbaakiypidsciovadbha edledirsamhite thom is tygioalif brgdband or
segUenes Rfmied Ock ticks positioned on successive odd y
coordi nates. Each clock tick consists of a short
' 15I Iﬁcgmplaora)rrgelnlat%!:s '_cgdetah)ﬁck)gnaﬁc_)sh §whitE§\§$be,Q.hM keai—iﬁﬁfék-ab&]r;ﬁ@ mark on a
contains two alignnment lines parallel to they axis,,
r UBHFHG™Fhe full height of the clock track The
alignment |ines, ar.e. separat r lacR Vlile vnmarked
f r ERelEhe® & SERRY %éssdﬁgm%eg%gsn% Trne %%hﬁ%?gﬁ g%ﬁo Lo
t hefears wpryired  pd shays e FEe 2prifed  PHRE * 58 ong " t he
out si de edge of each clock track chue c{eh. ggquuderea
k nBecelishresyo Mare smecepqaly fretr R4TBPFS BF 3 LB R Ahd t he:
initial slope of the data grid via the pilaqt .and.,. .
201 eYheprised eas 2 {§0f dkMemiqt prindne Y5t e gosiep Q@E%"ﬁ%ﬁ“ﬁ‘é&]?&f Segeof
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of L aC N SCaAN Al Gric BPE A BAiESE i1 can compute the
sl ope “of "the scanline and sanpl e each bit-encodi ng
| ocati S [ i ntersects. The decoder can use
th ‘gsl ?%%‘E‘g‘ﬁe’?ﬁg "é%g%:anl ine to update its estinate of
25t h@s &hARE alafe, hdiRock fuadie df o elSixa ta@r 8 Gihqenityt favft fidegait. Thig dault-tolerant

Ce@&flgergjds&g%t}h_glle&gg track The decoder tracks the
centre of each clock track by tracking the centre of

th e. RGREL o i intébdv) vidd daeSult tdiktehce, Each
it e 3&%1"4 R %%E%Ijr Biind WM intRlech ) BB 0 :

ck .is.t ; coding the
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symbol stream is interleaved according to 2n mterleave factor, Re

30 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



The width W , of a clock tick has a fixed val ue

defined in Table 2. Were the clock tracks run

al ongsi de registration track they have a greater wi dth

Wto allow the decoder to acquire and track the

cl ocks before it acquires x registration via the

registration track: (EQ 10) W.=F K (1 + sin amax)1+

4m +4y 30 42 2.1.6 Bl ock Component Spacing There is

a bl ank border around the entire block one unit w de.

Thi s ensures separation of adpacent blocks' pilots

an Gegtisbignmnedstwolds r@sreday arpdyvhemtirApitstreary) Thibensunes [htlafpt depimgerleaving all
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%?ﬁ)ﬁclahog §an %légsle gclmg:&g 9&&% aglmcnﬁ A ur Qﬁault tolerance. Both

oca gletllc any
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data grid is _even but th t of the dat C X
tr 3@% ustStheOSdﬂ (25l5,ﬁ.’g) B((‘ﬁDa é?de 6%{5&% é{ﬁcamrf%cgm?nﬁ ?’elemetry éiannel Coding,
 © GFERSY 18 G- Tofh Optpbar2ROZ eichii €0 QFaTeamgfing HPAciey of {ieymirplf Regcodeword.

hi gh. The non-data hei ght overhead Hn and wi dth

Ov @p Hiew the iAgodor gprdecofsiay epedisipitsirea(jt EGoY) the pterlesy faftyr pf the Bjsteepm and
( EQec dutiper \Wrsdd(ydMsi2the bitit@an0 toeMnavh thesh @t Qd1damd-iathecfivit-toleagt tiager Vidodes the
100f mlnhlé BBz b Kb o @Ws@ﬁ alBgside lite bitstrm (ke Skndg thé'kjparamgersl-cannot

Hb ben?ﬁt ‘A “i{%em é tol)erance of 'f;hga;;:fd;i E\gne;té th-gEJgsvwaﬁ% ?:? 6}% le{; Mulﬁple

G Ve i e st 4 g o ROy TS B R o g
t hdechkrgedeteit s eqyil vapn Alyynativelf prEiditighally-{he bitsteqam parqaretqrhgsn be Reed-Selomon
P O Sicdediftiegeidantibf te BiGtrda® utigstoiteg ke d- SR co®fwith i@ Fdutidsdcy.
gross registration marker is given by: 20 (EQ 17) Pfo
15= (heffoy 8 Qst colunnd of the (At gH@ d\AolrfldoR ard Jel asilihBr a@8ihg theitstrbin p@'ﬁmetcrs
th %dk&l% E‘I&!nl‘ ﬁekegi.hatrepga%ﬁ &%anfﬁfme% Q‘ﬁﬁit &@Q |h§éh[ @'ttl:!e ik c@i@rﬁﬂ(@ﬁe bitstream
IPS 1%b%’r§fgg|_ d as 8 F6Qnt m Jger F';fhtg b:tgtream size Js sgncgdéd als 32 l'}t unsigned integer. The CRC is
the 16-bit CRC defined by the CCITT (ITU, Interface between Data Terminal Equipment (DIE) and Data
Circuit-terminating Equipment (DCE) for terminals operating in the packet mode and connected to public
20  data networks by dedicated circuit, ITU-T X.25 (10/96)). Both the parameters and the CRC are encoded

most-significant byte and bit first, i.e. with the lowest bit number and y coordinate.

The encoded byte capacity £, of 8 Mnem area is givern by:

E = 223lman(Wd—2)J

(EQ 23) 255x 8

24 Summary of Parameters
25  Table 1, Table 2 and Table 3 summarise the variable, fixed and derived parameters which define the Mnem

format.

Table 1. Variable parameters

. parametar 7' ‘ description _ '

Qbpax faximum o, the rotation of the block in scan space.

Ay The nominal edge-fo-edge spacing between adjacent blocks,
nd twlce he maximum block misalignment.




The position Pdo of the first (i

.e. bottom | eft

)

bit-encoding location in the data grid is given by:

(EQL9) Pao=(xdo, Yao,

1)T=(W+2, H, +H +3, 1)T 25

The

position Pa of the bit-encoding |location in colum i

and rowJ of the data grid is given by. 43

(iM=P,9+ 1 Q OT For conpl eteness,

(EQ
the wdth

20) Pd
of the

pilots and the registration tracks are given hy.

(EQR1) Wa- Wb-2

(EQR2) W =W¥-2(67,

+2) 5 2.2 Ph
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and an near-infrared-absorptive mark on

a white surfacenmggmmahaﬁhaysln t he remai nder of thls

documen
whil e u“@mm”‘s@wﬁ’ac ap‘ea,s A & r"@f’@v‘f”i’»edwtci a“rad v
shown ag™ white.| The, abs&l‘gmum 4% 3 B&qgggspéﬁgbg@egpadjgcg{erred
to as a ho'e The real ﬁr@m%hen1space scal e
factor HRes the reat—spatiat—density of The
Mhem arpa. 20 Vihen “pri nfefstgifl a 1600 dpi Menj et
printin rhe desi gn n
di scl ospd #rr a jseri’es ow gy h?wﬁlﬁ%f%g%gnﬁﬁd nendihg
patent Applg catj ons, ||Sh§dwhﬂm&hﬁw&£oss references
above, Bnd Which i-s-deslcri-bed—i-r—rpre—detait—in
Secti on 9 me th eaeh HB{M'NN@(W the wigsrfrclioigion ere si ngl e
Menj et dot—R TS5 1600 perinch or 63 per mm and the
extent of each mark is at its allowed maxi rum 2.3 .
Faul t - Tol er ant D@%Q3hﬁyﬁapéﬁ&m&s descrlbed above, the
bl ock s of —t-he—fpaw-tat-atayer—T ST NMRETEN I
fault tblvemest: | Tesestinay) t - t of erant “@8%: | ayer” adds
data fa[iTT-}ol ef ange, MR DS RS §idmeaPdaaRRgistration
redundapcy “€odi hg and |h&e¢leaV|ng to provide data
faul t t pterance ch rsireamis |nterpreted as a
stream bf &wbit syﬁﬁ%lsﬂ?ﬁ?mfﬁmwg&?ggses of__encodi ng
During encqdi ng| t hg . Syfﬁiag.lcode%wc@@emoﬂﬂe vhart@s | eaved
accor di ale| 68 anlinterlehve factor —Reed-Selorph—oj
encoded| ang then mas Theheightoftheblock

' EQ3 [The nominal height of the block.

Hy EQ13 The helght of the data grid (aiways a multiple of 8).

H, EQ 11 (The height of the block overhead.




30 interleaved. This |l eaves the bitstreamin its
original state, but ensures nmaxi mum separati on between
synbols belonging to the sane Reed- Sol onon codewor d.
The interleave factor is chosen to match the nunber of
44 Reed- Sol onon codewords required to encode the
entire bitstream This ensures that after
de-interleaving all redundancy data appears appended
to the end of the original bitstream The origina
bitstreamis zero-padded to meke its size an integer
mul tiple of zthelcodgss (%maﬂg@g,@ﬁ@namt he codeword'|s
data ca arlfv\ An _application-can-cheose to—replicdte
a short blt&tre n1any " {netbeber e5biock e e M EreRCT €S e
faul t toterancer—Bothr—%the reptrcatiom and the

i ncreased interleaffhg [PFOFBRYET Q" T & %fice. Mrdm
uses the 8-bit (25%,233], GG A Ll vector.
Recommendatbns fo?‘ el e Lme tq%annp‘fac Codi n‘t':xecto CCSD$
101. 0- B{6, #rt ober e@P02}ms wadnit Bdbickas an

err or - cprreetHnayg—capactty—oft—16—synbols—per—codewotd.
To all oy t h& deCcodEr? t oWe@fbﬂ@f’C’a‘hd"é‘r‘r@%ded bi t st ream
it nmust [Know The T nierreav ctor of the brtstream
and the ndfer ofmc%de'ﬁ’ew'gm Hothe bitstream |n Mem

these are the sarreEQBThenfeaumg,ggmma,aaaa&r | ayer encoded

the 10|nusBer hnd-the-bize—of—the encoded—bitsireal
al ongsi ge the b tsﬁ%éarrﬁiewwfﬁeblogpwqfceedthese par anet er s
cannot penefit—tromthef toferance of the encoded

bi t stream Fhe bi t%otz}eaFﬁ‘iﬂg'i”’é'FFE"{' %%rs are replicated
mul tiple tinmes|ing@achklliefdkne distedsediC redundancy

Check ("Df‘\ cana_nce ir annonded to aach -&0PV—t6 -_'xlIOW

A P\/Ilu\zu T ATt Py U CAT 1

the defodédf. to| dervaet aﬂeyﬁf&%ﬂmwwfacwﬂﬁf&r natively o
addi tional Ty, the DI TSTréam paranet ers can be

Reed- Sol onon encoded i ndependently of the bitstream
usi.Ng PesBONGNLcOBREHM SOl onon code with nore _
redundancy. 15 The first and | ast colums of the data
gr3t ofRawdeta LEiepRécoding set asi de for encodi ng the

bit stream paraneters and their CRC. These are

r ed datmeibclasdesimpo teisqmel imte welirhokionf ijetusiperp s¢t pfscahiimpsgriate oxdfss parallel to
5t hee bRk, BurG@hdt) W is debigRd 0 bd iScrem@ANY debtidd¥a @ding bBly REOMEDeciSscdhlines.
161‘]:@ Idgcodw§ tﬁ&@o@e onl;t'@uugi tB %ﬁ@@s%@&anhﬁs Qed % oﬁlmage Sensor

e;fe %{L&&% t%:ﬁ éu ! nt < rwﬁc';[ to%ul%ere Src al‘rgse in n~ riﬁeq;at%crctﬁpm off-chip

TePRAPHal Eqw prent (DTE) and Data C rcwt term nating

Equi prent (DCE) for termnals operating in the packet

notentisgriiecoditgniPREe titerpoicd (hirdp & Mpgn grer i raleiifides sggRpiog. In a typical
10 d eglifig@itied a BlinenCith ts enchdfd bn Fhe XurB& of d1Bhi®6 IngdiumBarh s 4 faer or plastic sheet,

P PdPIcRlcB operiteh whilk@he (AR de bRt iRRGHAEost MMRGE imBde GERcf. | CaNt

byte and bit first, i.e. with the |owest bit nunber

aﬂﬁm&g@t@ﬂé@hdﬂ @ﬁy@equlgégﬁcr&{éﬁﬂ gcﬁldmz 24%3{&@ t&aﬁ@ﬁm ( V\% |a.tga§( thE-EioEegaé ?eclt;de area

A A ofll VEN DY m = m
g/gsg %b% e'%urrmalry of Paraneters 25 Tabl e 1, Table 2

an«g Jec? in %1 5 u I Sa%categc% eYr?ilr\k}L a(brlw?s Yof n bloc@e&%nﬁor‘ gxgr \c/)seagof scan

par arre ers for mat

15 vefrioditn e ﬁ%?eéﬁ?@ah@:f § " blﬁ%ﬁ%ﬁ*f i ol B "a”’éﬁ‘ﬂ“"ﬁ in the last row
Mengddreefre present- Festhergyere (heg eapprocessige i prersding fap-tydefigm sqaictian bottor-to-
top, this can manifest itself as the absence of leading blocks in the first row.




Ay The nom nal edge-to-edge spaci ng between adj acent

bl ocks: and Was the nmaxi mum bl ock m salignnent. 45

Am The nom nal m ni mum x spaci ng between t he edge of

the Mhem area and the edge of the scan, and the

maxi mum horizontal Miem area m salignnent. Ho max he

maxi mum hei ght of a block. H The height of the Mem
area. N he sanpling rate, i.e. the nomnal block space

to scan space tale factor. R The real space to Mem
space scale factor. Wwinu he maxi num w dth of a bl ock.
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regi strati rKers. .
gesplvﬁ o rﬁcan s%ice, Ewg O 18 ﬁ% I;Iloc C?ls%%v tmg.{g A %q'%t'h%egpetﬁfto scan

Ol\/héﬂﬁeasﬁ"’é‘él’a"e apglopspaproisrelyis rﬂaﬁi "Yd’f arfitEy aB‘-‘P?in"me EQ 3

15

20

25

he nom nal hei ght of the block. Hd EQ 13 he hei ght of
t h&brepgiont tiprdpemqni fogpesse Weottist acipsicgeddya@de.  Hb EQ 11 The
hei ght of the bl ock overhead.

Given a scan sampling rate N with respect to block space, the width W, of scan space is sufficient to image

the Moem area throughout the scan:

(EQ 24) W, = N Wy + 200, + 2 N Hy 8i0 Oy

The reader informs the decoder of the nominal scan-space position Gy, of the origin of Muem space. In some
applications this will be a fixed parameter, e,g. where the Mnem area has a fixed location relative to the edges
of a card medinm. In other applications the reader may wtilise additional information, such as additional target

structures encoded on the medium, to determine the origin dynamically.

The decoder uses the scan-space position &, of the origin of Mnem space to compute the nominal scan-space

position 6, of the origin of block space for the first block in each block column :
(EQ 25) Oy (1= Gap (), Yot 1)~ O + NTin(i, ©)
where Ty, 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 9, and 8, respectively, detecting a

clock peak in scan space involves detecting a transition across a 25 boundary:
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46 H, EQ 8 The height of the registration track. mEQ

1 he nunber of block rows In the Miern area. n EQ 2 he
nurmber of block colums in the Mhemarea. Tbm EQ 5

The bl ock space to Mhem space translation vector. W
EQ 4 e width of the block. Il < EQ9 The width of the
data dock track. Wl EQ 14 he wdth of the data grid.

W EQ 6 The width of a registration marker. W EQ 12
The width of the block overhead. W, EQ 21 he w dth of
the pllat. W EQ 22 he width+of the registration

track. WEQ 10 The w dtﬁﬁgiiall% e w de data clock tack.
3. | NG ALGORI THM 3. t2n “Dat a Layer Decoding A

Maem bl ock i s designed to be scanned in they

di (gn%%tplaag B dothotel its Hatlidndd s&-@ﬁﬁt digplboc B RO Sor fBinensi 2s !a;@&giate) is
padr%lJ etluotwp 5 the x axis. Furthernore, it is designed

t BEFfcrenental | y decodabl e using only the two npst
recent scanlines. The decgderskSahherefore only
required to buffer taresioshEtW-shoad,ifes (or three,
dedp@Ali ng on i mage sensor performance), and this in
turn makes it practical to buffer scanlines in on-chip
meviey rather than in off-chip nenory. Scanline

decodi ng makes it practical to decode a Mnemarea in

real tinme during scanni nged(d » =a9ft§3i cal 10

caobegurati on, a Mhemarea i s encoded on the surface

of a |l am nar nedi um such as a paper or plastic sheet,
anmle tehger deCOBBIG B imbdcodthio[dewode ihe ayretd pllotppe apddetect pilot
gl r g@t{ﬁﬂ;;i &r\bﬁ?ﬁ Rahsis e gitdt Bt&@crlodatr&&g@ozﬁﬁiaawrifgiﬂ feftratghant {betion @ of
ec r.on requir.es i : access to a
e e e B S B e Rl B B S ot s
Mhem area. As illustrated ip-Figure.-2- Y- . )
ereBBE R B PR B sl Goe D BL e f o RS R s tent
pur poses of scan 15 decoding, .this can be thought of

as it block columms of mabie;k_%’each. Not e t hat

tr@k#ng bl ocks in the last row' need not be present.
Furt hernore, when scan processing i s proceeding
top-to-bottom rather tham‘-‘kr@tlé%% o- top, this can
neERBGst itself as the absence’of |eading bl ocks in

the first row, 47 [ [ ' Sthe! M Bad-in line
scHRhP AE S PRE™ ébé‘g g‘fsj 0 g‘g"#‘ g‘%lgeseg g%hg%zi%e&g%q{%ﬁ? n bl ock
cobdmenghatenfiihe Mnem area. It maintains a state for

each columm, reflecting the state of the decodin o
all Ty geeird, s ube6 to fobpayttheclokapepr, diffgnse 8 WHY CRTWHI AT BT Wi
bepnish of e, S@RRd &rintodlisfateetibda & a0 ed Fsh.nY, Sof s 3i ngl e
scanline. The bl ock col um

§ = =
i

(EQ 31)

Since the frequency of all Mnem clocks is the same, 3 can be computed from any recently-measured data

clock phases, in either the x or y dimension.

3 is inversely proportional to the scale and rotation term X in the block space to scan space transform

developed in Section 5:



state machine is shown in Figure 5 and is described
bel ow. 5 The scan proceeds within a Cartesian

coordi nate space referred to as scan space, as
illustrated in Figure 6. An- X unit in scan space
corresponds to the spatial sanpling period ds of the

scanline, i.e. the horizontal pixel pitch of the
scanline. Ay unit in scan space corresponds to the
spatial sanpling period d, of the scan, i.e. the

vertical pitch of the scan. Thaese units are nomnally
equal As descri bed earl LgeJSco;ahe_Ibl ock is rotated by a
W ey 32y espect to scan space, up o a nmaxi numa,,.. The

block I1s also arbitrarily transl ated pe
Scafer i) sespuisn, hoSsaer SPERE Wh e BT SR P@%&E"é G G aad Qoo i
t hekepadi dielsatliedinbyiagly afer fiptarpiryenaf f i ne tr ansf orm
Throughout this docunment, scan-space quantities are
[ ndiv&aﬁeQﬂot Ipigcedting pdindl &, = G, xgehrta they g soesRprRftér it pogpisitiony as shown in
5W ?:B.u'sr ﬁé@ﬁ&?ﬁ JonnRL @G&anﬁﬁ&&@qor&nh;ﬁ x)Madite | of\ie n@ﬁmachralw of the left and
space_ s, s | oM & v18dk BRoe] 1 UMD @EIo scan
t he®"Ses dama%”% %)% gﬁ&g“v&&%%oigm gﬁ am e’?st The
reﬁ’é‘éfcﬂfﬁfﬁ?%“’%a"ag BYEP“SP *t he noni nal scan- space
position Omof the origin of Mhem space. In sone
applications this wit)-= B)oe+a—-ﬁ+@ed? Pparcaneter, e.d.
wh¢Eaes3t he Mhem area has a fi xed location relative to
the edges of a card nediu ther applications the
reader may utilise aﬁd%tqaogéﬂ’ ﬂ?m’atbﬁ@ﬁ such as
ad(ﬁct114bnal tar get structures encoded on the nedi um

10 th gnq]?@e rel,’rs]ol%?mes mgca% u{t r%XT{\]e@md Qa@l:lecll Dhes mmgﬁe ﬂ@ﬁﬁdﬁ&dﬂiﬁﬁ S

space posit f the origin of Miem space

to conpute the nomn e i, L Smwe
e gmﬂwwmspaaaae%«fu%e& by FRLPRRIALON, Eh

bI aiie vt Rapepofihg pifothefo Bine ¥ 6h (z0 = (xoa (1), Yob'
1) T-OmtNTm (i, O0) where Tbmis the bl ock space to Mem
sp&'@@BIransl ation vebtoseeffA®@d in EQ5. 3.1.1

Det ect n the bl oc oot o <det et r
p Fgf%the ci %zf,dt nommf% s%aF fpace pd coor%mag e?igtg{ GJ'.':I elf glwgdgt%at}aag&%m decode:

15(0F°mnmsé1}°°a?cfpﬁe?%?ﬁﬁ‘9<°l°°‘25 | ocations in the scan. At
each | ocation it uses a PLL to _|ock onto the clock
nfiygept in the pil oty = &t *samPEs  and accurml at es
p| ot bit values according to the cl oclﬁlhas t.h uﬂ%?()fmemde
pr Vefe s §dhs decpder chasgss topogaire e FLOf pt & dpgtiony VR naf
t heatacdicolskthqpiadkn togtinkd 1 dragk |ty dptﬂpleakqoeltbatsenetxrﬂé“% Wv‘hP"EFe*”e phase

Ina[?g@glmdwmﬁgsgm ng two adj acent scan-space sanpl es
yield clock phases 0, and Cb respectively, detecting a

20C| @LKicR@RKonlinuSE FRSPARS dheh Vicdy BSugtiet Be tubygper decoding stages. This
tr ansdd co%lﬂg% 1§t§rse§u02§oup Qﬂéasilaseame 48n GEQn@BI choBidktd slbek track, os
31 gﬁi‘fﬂaf‘égﬁeﬁgﬁfﬂ 4 Tl(e%%:g e:nuéms 'thcse m%mec%oaﬁelﬂtsqg %p%ﬁblc%?@&@ to scan space
i R L
(EQ 27) 8 - 2n -nod (O 21_)+ nod (E)b, 2n) 5 where:
3.1.2 Await and Detect Reg:stration rack
95  In the <await registration tracle> state the decoder skips scanlines until the current scanline lies within the .
registration track. It then entcrs‘the <detect registration frack> state.

In the <detect registration track> state the decader searches for one or more registration markers within the
registration track. Once it detects a good marker it computes the initial gross % 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



nod(0,p) = 0-) (EQ 28) LP J The decoder uses a
maxi mum | i kel i hood decoder to decode the accunul ated
pi |l ot sequence and detect pilot acquisition. Wen it
acquires the pilot at two locations it conputes the
initial y registration and rotation a of the block in
scan space. The decoder then enters the <await
registration track state. 10 Assunmi ng two scan-space
~pilot acquisition points of (xw y~1)T and (xs, Ya,|)T,
the block rotation a is givensbhy: tans = Y'n=Ya (EQ
29 yhe Rlock Xiflye degpdey tmaprrepeay this yrocess (npitiplages Wify differqh marketp achieve redundancy,
aC @.gitifde Hindd Rt Mafotitg voiak e ke sane cl ock phase 0 defi ned
to be 2nH, based on the first lead-in line having a
phassotihal 24d-spaddPpodition £ GIRE gibss redidiratio®mdd@afisigleentv@ kKnow t he
cl ock phase difference S which corresponds to one
scan-space unit. G vem -haspsy9:rsand 9, neasured at
r e&ht") scan- space IO%Ri ?}hs i )(and@f, S is given by:
55 ThiBwd orlt RumiblockYspaceidsitoh Pa ﬂIeE&nilI&lr SANENEN 9 6, Mo block origin,
Mhem cl ocks i's the sare, S°can be conputed From any

" CGAD oY s B IULE %6%%& Qage G O K1 DAS Euspdd g‘?oiox%ﬁl%f %gb%%ﬁénes the

is.inver proportiona

or I eNSI on. ] . or sel
sc&‘%‘é’“’“ ﬂ‘&f%f’é\"fj?"(%s%“é?%’i%gfrhm%ﬂéxbl ock space to scan

space transform devel pped .in Section 5: 49 X = Scosa
= b (EQ32) After pi+wﬁﬁenﬂthe decoder
coff®Mes the correct i el P AR f each w de data

Ol A Keoder 85 0 SOLT £200RALDG. L0, LG S a0 | De b mEdlalel V.,
af ter plilot acqui sition. VenTthe pri ot ““Processi ng
10,0F1 PQ = (sq, yg, if on the next scanline after
pil ot acquisition, as shown in 5 Figure 7, the )
d eRise B depodifiretathe ofgs af adnaty aiay groutingte yf IBFI pipallydarggr thag thegifing
z, seordigdfe yiofide matian (malventhe RQ # R ghe décoderpdiusks e detequprtk coondizgla by according to
W gkeplddabmiosd MEK&nd:r om t he scan- space position 6b of
the origin of block space, the bl ock space to scan
sp@&$gscal e and rot af/i-op+ berfPncand the bl ock rotation
a: . = xob+X +(YQ Yob)tem X (EQ 33) Z)+(3'y
15 - Yol ﬂlﬁlﬁsomé(l)ﬁkem'ﬁm@fhe dBboder’s estimate of the scan-space x coordinate x,of the right edge of

the marker, the decoder uses the clock adjacent to the marker to refine the estimate.

The decoder uses a PLI to lock onto and track the x registration clock, It initialises the phase of the PLL to
zero, and then iterates the PLL using successive scanline pixels, Assuming the phase of the clock is 6, ata
scan-space X coordinate x, some distance along the scanline from the x coordinate s at which the decoder

20 detected the right edge of the marker, the decoder refines the block-space x coordinate - using a correction
factor based on the difference between the expected and actual phase at x,:

xf = xp mod(8(%, ~ %7, ©) — mod(8,, =)
(EQ 40) | -

After determining x registration via the registration track, the decoder computes the correct initial phase for
¢ach narrow data clock PLL and its associated alignment PLL, ie. corresponding to the last scanline used to
25  acquire registration.

Given the registration processing point ;= (x;, Ji, 1)", the decoder computes the scan-space x coordinates x.;
and x, of the centres of the left and right data clocks from the scan-space position 5 of the origin of block
space, the block space to scan space scale and rotation ferm X, and the biock rotation a:



(EQ 34) 10 In the figure, solid lines indicate integer
coordi nates and dashed lines indicate fractional

coordi nates. Assunming the pilot processing point Pq
has a cl ock phase Og, the decoder first adjusts its

cl ock phase relative to the known phase of the pil ot
before using it: (EQ 35) 0q' =0, + nod (e9, 2rz)

G ven the desired nom nal scan-space x coordi nate x,,,
of the centre of a wide data clock, the decoder 15
conmput es the correct phase ew!for the cl ock: (EQ 35)
Ow = Q' - (i g-xw) 8t ang, Net ex¥has, _ifydhbe decoder chooses
to@@onuire the pilot at X | dcat’i ons which lie within

t he bounds of the wide data clocks, then it can
continue to track thg,@iaatbax(omegz@sr(at—jntbhﬁasarre X
Io{fﬁdZDns with only the phase “ adjustnent indi cat ed

by EQ 35. 20 The decoder. contl n cks t t. WO
daf SPIEIeSE RES PP OGBS R 415 SL0p e ey %S gagPacex
Thtogrdingieredt (refesaire cTsrapitiich o detoder FOWP‘éﬁS %Wtﬂ#ﬂsb%f"fﬁe °E9f1c
each scanline with the centre of each data clock

straeks) as descri bed®iT-SEcthBH%. The decoder uses
these intersection points to conpute the block space
t oAlhouirhasp sives arcteympriatiprrdigs thrapefpetdhisspepiicdtion.rin tSalecpdetjpplanentation it
anglaytbe con@eisit b Eympbphes) vasesandyt @ hpf cxad Gitst @Bd et8ert fo Gadicd e@tid@ly or
t hﬁ!pﬁj:@lg@ rdghiRf K cyclodmils ar@ atEE Lecadd Bhey BBtk sRODNE bilaPhabeRbts.
Track In the <await registration track> state the
degpgenwakhdDes&Rbaianes until the current scanline
lies within the registration track It then enters the

10 <dig the c4waif daigt stertgtdpoodyr skipsaeilinesgitl thecurrgnfycanlipe integd@ts the data area. It then
I egiess the abdo@Rati-ls@L k> state the decoder searches for one
or nore registration markers within the registration
t ra Gk <deR@Re slate ledeadr SitedptGOREbdd Bl BdtEFomiedch GaBgEt@slnt.he
initial gross x registration of the block in scan
SPAG&eh twb bitsheRjattseRta SolbhSnay hove ladjkﬁ&ﬁt Ah@dibgN@athsGL Kock space, the
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regi stration of the bl ock The decoder may rep
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Pfofdecod®in dgpr fos she @it Shalig ihodecod vikis lback dafag-olgrm/ietam Bad:computes the
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20 G T S BB S I oS wf%er at a

scan-space x coordinate xh it conputes the

cqeqagpondi ng mar ker’«PddeX By *&ol ving for integer i in

EQ 37: (EQ 38) i - LN(df+W) (1+sina)+O s The decoder

u ske sontphfe therepeiidingtes piachebredpenticelungs pfigoeding fpeatieny teaecpder adds the column

bli@eltecspas & thé coaipidoniRtpevioot cofin’t frenddish@tionisi ng 10 EQ

17. Since the decoder detects the edge of a nmarker at
(g gﬁordl nate yf wWighdButypcally Iarger than the

st} ng y

25  If the bit index changes fom one column to the next, then the decoder also adds (or subtracts) the row

increment vector d:



coordi nate yf of the marker (as given by EQ 17), the
decoder adjusts the detected x coordi nate xf according

to the block rotation a and y offset: (EQ@9) x!

=xf +(yJ-yf)tana 15 Since there is sone uncertainty in

the decoder's estimate of the scan-space x coordinate

;f of the right edge of the marker, the decoder uses

the clock adjacent to the marker to refine the

estimate. The decoder uses a PLL to |ock onto and

track the x registration clock2lt inpitialises the

phagg «pf the PLL to 26ubs Fand.ifiensderates the PLL

usi ng successive scanline pixels. Assum ng the phase

of If iheintederpoion of thpixebyt cogrdinag o Eli-bipareding Jocationopatthan it poogrdinate y; of the
SOondrdis&hiak)ge al ong the scanli.ne fromthe x coordi nate

xf at which the decoder 20 detected the right edge of
the(Egg.; ker, the decoder ref+4ies the bl ock-space x
coordifate xf usi ng a correction factor based on the

i fihed 1R RERIDRILMWRE he bBcaB ¥R E the addtsp@ihg I by RSy @terpolating the
X, - valdd® gi(é(cgrreﬁ%;ding foﬁ‘)pixéls Meqérrcﬂt)and I?é*t sc;mlixgm fe. &E&r%gél V:J]Jes Voo, Vols
After doletterm ning it registration via the registration
trati 1"ié decoder conputes the correct initial phase

for., each. narrow data, cliock PLL and,its, assqciated

ol ATHR: Lo (e 8 e e Lo e K Get ' geanlY ne
used to 25 acquire registration. Gven the

regea#®at i on processi’hg "ot 1): the decoder
conputes the scan-space x coordinates and;,, of the
10cenE@e® of the |eft ahd'rigHt-8%ta cl ocks fromthe
scan- space position o ogﬁéhe origin of block - space,

t hdE@BBCck space to scdan"dfHee™scal e and rotation

:_(eifg;?( @%goggogﬁagtg’s )(t,) lﬁ%% lﬂ(_"ﬁ_ ghf? %@t{o%a?paﬁsgof theic%%%gﬁsgm{)%g'? 1;|i-xel coordinates:
Z)+(Ys-Yab)tan a' (EQ 42).Assum ng the registration
pr 68®8%i ng poi nt P. Fas“al¥értical clock phase 0,, and
gi ven the desired scan: sgﬁc? X coordinate x', of the
celff@®) of a data cl oCk, f hé- decoder conputes the

s, vitined 1985 b e ditiditen VR o o
i n PPEIPENS SFhPEEJhEER St AF SOSBEE°f FeE bR, bf-fiepding locations by
deetdaiern 1 #ei nevery stimgrand 4 v detimipr dyery edumpevbicle has a digferent block-space y
C O Atiinge B R @ecisal. B&Susd the iyiglrebl@k roladn fis-congielin], thiéindcinum alBdl-space

C ORUERE fetwkdd adjAGH BRSas@HRL drinbdo¥e. OF T nPlicitly as
required. Half-cycle units are attractive because they

20UN bt - HinS HAE GratibbleliuA oo RARE Bit Wik fsSided b scbwisies WRHe Walues of
angei o&r?nd its Qlangeabit-eQnyJinn n}arrl]cse <z?1vva| %? da]t € aﬁae ! hg't in th
deCTUer "ERPPE S EARTIHEE IR T RS Eeh PRRCCSLRH P Yjlaos in the scan
i nfhé"F“:?’éﬁ ot 315%@116)51 a u.ﬁ{c@ggd npufii-lgvp] g¢fue is temporarily recorded. This is resolved into

a bit value once the subsequent bit values are known.
Figure 8§ shows a flowchart of the data decoding process.

25 Secticn 12 shows the distribution of imaged grayscale values for a central bit-encoding location for ail
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

ZeT10,

Potential sources of image blur include motion blur, defocus blur, and intrinsic imaging blur. Motion blur

30 typically ocours in the scan direction if the encoded medium is scanned while in continuous motion.



enters the <decode data> state. In the <decode data>

state the decoder attenpts to decode bit data from

each successive scan line. Although two bits in

adj acent "data col unmms nmay have adj acent bit-encoding

| ocations in block space, the decoder nmay decode

these bits fromdifferent scanlines since scanlines

are not in general parallel to the x axis 15 in block

space. The decoder therefore maintains a current bit

index J for each data columm,sswhich identifies the )
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conputes the coordi tesar fo he L o oS £
bi PoRsHOE e H P BT 4 gﬁ‘e 5 e m‘hﬁ Jai ngl?g%%mhj% r;}an ancé‘:: rg:::i;

255 pthe dlotkgn seBIHR PACETY ¢ t°c°6ﬁ‘&ﬁf’e18‘=§ “t e gL
S Ulpaetitaauiich eafouybiodk sfséettc sememeimagvats Germede eppr%mﬁdgﬁhc mext, the decoder re-
computes the transform (and its corresponding delias) for each scanline of each block, as described in Section

5.

3.2 Fault-Tolerant Data Layer Decoding

30  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 bitstreamn until the aumber of raw blocks is exhausted.



adding an x delta for every colum and a y delta for
every columm which has a different bl ock-space y
coordinate to its predecessor. Because the maxi num

bl ock rotation is constrained, the maxi mum bl ock-space

y delta between adjacent colums is plus or m nus one.

20 Correct thresholding of the grayscale value v to
obtain the bit value is aided by know edge of the

val ues of neighbouring bits, since bit-encodi ng marks
are allowed to overlap. Sincessubsequent bit values in

t hefhgdssian of Hi Ymatdicodar igptudes pRipnal hardwarp spripérifr] these degpding fnctions. However,
UN-sha@SBY, W8 Glot Mdlitell tol 18 Y@bormdBin k@ tin® i@ Rainag,itley cab @0t @@ tmed by
Thige .S resolved into a bit value once the subsequent

bit values are known. Figure 8 shows a flowchart of

t he, gdat gecggglg%rggnpgr dg&; 25 Section 12 shows the

di stribution of 1 mged grayscal e values for a central

Di tasemebel dager) 0 @atfiubnlefao datalayer thp Gssindlag cciinman ek Sncodes the

Of JheloereR b@eiR SR OEHA, BBk EkBny S of WREE DI Ur
i ncreases, the separ ation between the range of

DOMISM@ héé&l%g Pl 36 Wit Gt FroR Bikcle BikEhs L€ oA arf of external

possl!ncprbebfﬁxlsSEPHITef;O?BRhGenJ%LgQ%:‘BI%Q a h0| e decreases to
zero entral sources of 1Tmage blur include notion

B: ulfu;}ir p§§1 ogér redu UI‘ tlecc%.md ]:nl;ltrs;tlre?na Ith% décg@xq: Cf.@gse\sbtlhe%tstrc%};a}a Qer data
e ncwraiiyip abltaa'm g?°§ %"E%ﬁ ﬁé"&“ﬁmﬁ"f“éw"f"n'”‘& 8"ﬁ‘tdF’ﬁf3i>‘B%ﬁ*“"ﬁB’t“f"8’i‘1m which
53 hasA 299H ERY, pri i eres e et Iéggopcgblq‘,h‘ﬂwpzp@pnattbe gbtajped then the decoder signals an
We letror GOMWRA: §:@dnl. B plot¥B Gistidgn B Bird ONMTENt This al l ows a
nom nal threshold separating the mark and hol e ranges
to3ke codcbdymibseehm | f blur is well-controlled, then
this single threshold allows accurate decod| ng. To
de &pviggioptHechP grod PiseRyR der Ahdsroguctmpuirsshepresrordes ?H‘"?V offjoed-Solomon

15t heodbvwyrdesi Wha blogks. Asdesdribeg earlfenthe tuinpep aflqesippeds egpats the interleave factor.

i ntroduced above and below the first. 5 Once the
d e 0lxdiedoder wtsen pidied e@atdr tregeiiate the ndieaiespfintrdehvadksymbots witlgregcodeword,
t h elﬁ)ermg B 8RR NRIES ad iQeadsifl cgiBwd H mQftorfsDbbinory ¥id idiiErleave it as

&IPJ Iﬁﬂueg ggée golm&%aer (CTels &%@ @Jd.;vmg iy ég&a{%t@g\?om back
onk ﬁ’bf’ﬁ“ﬁ% Jyols, daLK g2y, D quolis Light oray, ©

blts p ut Once a given output bit's eight
Onel ghbo{ﬁ"‘g EBiAggéﬁg'fSabl e, the decoder uses a
maxi mum | i kel i hood decoder to  decode the correc%
valifeteier ey Tk & fif5) BP et Serasot 4 SHERYSore stass. This
on fogludes gomputing &3 htsfsadtion pairt ofiedsh weelinpfithyiacentry of cfch fafg ek trppkqy |
and white) are used. Note also that bit values from
t h&heprarspico v eridinatens e igbaionpant & sigply @appordivag gtyhoseepting. §imgfarly, the
Si BlgHkc@adsix taordhtt/& he intagectvh Bdind iy KigpIBthadroaminate nf tSelodkiraR 12,
typical thresholds mght be 0.125, 0.25 and 0.5
2571 eSiRaiEbdeMBes ¥ PLIT RS cackVith oBbok Tifeblovd shade ¥ erdiahyervaltit Diemeaivg @oint is
of rgljggio,;ﬂq@,gﬁ,[,asg,g fGloUade | Magi ng system and m ght be -
generated dynam cally based on the range of val ues
observed during processing gf the pilot, registration
%%b% clock 15 tracks &fd;data. The decoder buffers
)cput for each colum to allow it to perform

ef Bisgd ﬁ@ﬁecmr Hqu@ts LRERE Nl UQSibddOn s&¥IES 1Ak JBED Y scad-dpace x
US E3rafdh ao &R e'stérﬁg:gvn gfrtget dgt;; clgc% Wil Eg%wesc}npn% (?n & )1‘31% m%ggcgcﬁltf with the

ad Fess tor um as require bas
30 U‘E:W‘r?ﬁi‘ﬂﬂ&?"d‘hi':@?°ﬁﬁﬁt‘°ﬁﬁrnber row number and word si ze.



As described earlier, the decoder is able to detect
fromthe pilot when block space is 180 degrees rotated
with 20 respect to scan space, i.e. when bl ocks are

bei ng scanned fromtop to bottomrather than from
bottomto top. Wen this is the case the decoder
reverses the bit order of output words, and the

address generator generates output addresses in

reverse order. After raw data decoding is conpleted,

the decoder noves the raw dat& in external menory so

t hatqds s begi nning is prdperilysari gned. Depending on

the characteristics of the reader, both the spati al

s afpre frpdpoqdes piaets *ofsistaies: byerA Plrie maohke Jligpment jingtpf gph narpyy data clock
t hehehlig@dar FLN igplabntssip svgreateripg/travidng yer ith godye immunity. The decoder computes
NORe Lcm%em chdrdiSite bffthe iR Reckidd BEAR FronBthd BRGNE Bt SgimebrPRNIS PO t .
Since the transformwhich transfornms bl ock space to

5S CANGSRRE SrlitBYch iR Mook 1R RENt B dofdfited B albhhk ALK the fubBses of

decoder re- t the tran its. .
co g?ce &% 5 Feno‘% 8%%#?%%)&0‘? or Scéug%eﬁg tge(r:‘g;r%’ ﬁ%%’%ﬂﬁggc 5 RO oo ke
as °fdé’§fé‘|°iﬂ’6%’ﬁﬁg1° e GRCtoPOT 2ok newgcantings S foodgrpraips 37 Alignpeny Pl L across
L athe fwo Bedk Geks, ing) o8Ok iDesls orspagdigfto ¢ bhese fliginee of phopt 8F errene-aphbtiglf clock
| ayews: consi sts of two repeated steps: decodi ng of
bitstream paraneters, followed by decodi ng of the
correspondi ng bitstream ;Asishown in Figure 9, these

jpar ggsgpeated for each encoded bitstreamuntil the

- nunmber of raw bl ocks is exhausted. 54 The design of
t heheivR i the phets didfervncs cpresiporfdg to s B EeE Wi HQPAMAr e support
for these decodi ng functions. However, since they are
noBefurecigraing tejalignmets BLlp e feenderapics the dlaglgy initid! phgse Gy) Foopifye final phase 6; of
S Canfidviag, scehlRe wdsanto adc@ot firahe peprdkipptehe 8l ddyse difadntonvad &r the estimated
3. ﬁlasl-en%ﬁ%@ orSisdarihd BAHR nBALuSIBE Bi6ck roRtidd%: descri bed
earlier, in the fault-tolerant data |ayer the first

15 an&PI gst col um of egchebbeckn®ncodes the paraneters
of "B pitstreamwith a CRC, replicated as many tinmes
aSyr W thdximlih block Refida 39, iSeal) lnin A8 AeoslBgutich @ baempidfed.
wites data fromthese colums to a contiguous area of
eXf1fg ddRAr profIB TR MigWhbhe @1 4 180p BRPRRtEM @s dede@AA h BRrioHB) H0m 61 bcBuline to
ar%a.extl n preparation for redundancy decodi ng each
bitstream the decoder processes the bitstream
oo PR 2 PRSI B e 91,0000, 00 oo

20 1 pgkogeyspad trads k pogtingiein 2adiphase Aupaf therfirst psglissed toppsl R and

ignores the rest. |If a good bitstream size cannot be
obthafepiedf therfistpligaent s bas g defned sHgprgrtgbasgfo ofgs i or for t hat
stream The process is shown in Figure 10. 3.2.2
Deeadn Bitstream Havi ng BbT&i ned a good bitstream
si ze, the decoder conputes the correspondi ng nunber of
Reklcogisiob e lads tps g bred 4wl PRATRFn S efcTom, e it of the clock track
destgdogedcear| i er, the nunber of codewords equals the
interl eave factor. The decoder uses an address
generator to gener ate;;@, addrépses of interl eaved

25 SY@EReHs within a cocféwor ;, atlowing it to interleave
each codeword as it. reads the codeword from external
menory and de-interleave it as it wites it back. It
uses a Reed- Sol onon decoder to decode the codeword,
aride tacoyal symispaees cpoyiinate epchbtharenge ¢f ghe Rrst alignment line is given by:



to external nmenory if it contains corrected errors.
The process is shown in Figure 11. 20 4. TRACK DATA
CLOCKS The decoder continuously tracks the two data
cl ocks throughout the subsequent decodi ng stages. This
i ncl udes conputing the intersection point of each
scanline wth the centre of each data clock track The
scan-space y coordinate of the intersection point is
sinply they coordinate of the scanline. Simlarly, the
bl ock- space x coordinate of thie intersection point is
sinply the x coordlnqte;ﬁ Gi-hBo)cl ock track. 25 The
deqedsy) uses a PLL to'track &ach data clock. The
bl ock- space y coordinate of the intersection point is
pr e theisbigatnt R iyvadstep pifiglrelpwithgpet A Ecop gtk doiety gty miceer
Befsan-@ade h @odiegod ef theefopitel es x regi stration, as
described in Section 3.1.2, it predicts t he scan- space
X (ﬁgaﬁdinate z' of tie Umtt@bdection of the data clock
Wi t e new scanline fromthe intersection x with the
530aﬂmﬁwémuﬁm$ganline and the block rotation a: 55 (EQ
54) X' = z(1 + sins) Once the decoder acquires X

géag fation, it usesya Phtso-tdack the alignnent

8f each narrow data clock The al i gnment PLL

I nrdlmmm&-sﬁ& 26 LR ERnd hite 6 bf 1Rk PEel GRY ¥ Qpddts thi ali3MheB@LL on a

gl sEaXline Elg ?ecgﬁce%%s he QP HJLC@ 2 comtdgtﬁc 5_5& 9 1RGSR ofthe data clock with
coor nateé o ntersecti on p0|nt fromthe phase of

t hée SPgive e kTt phese A REDHEUR P B B%F| i er, each data

clock's two alignnent |ines are separated by a bl ank

line. For the purposes=aﬂ—£§%30king the centre of the
10dafe@ @ ock from one scanline to the next, the

o RIS A5 B S el B e
d e e Gutesrintinolation fasiar iea &t fIpodishBhipPuEmPloe fhe daia clgohBLL {fjghe maxinum
Cl 06k rdtdti@kS,, is dmalf therOhe@ixellst L] Xt SseddirEck @800 tahi imdgpotating &ljacent pixels.
phase di stance of about 3x or one-and-a-half clock

CY QIn@Ste dcder iBtates the hinkdnQ1 D) stakts aSixath@E-@acBdibtgcd oA 1 MRS coordinate

15 gl fotf thel bt % éhg %EBM@Q&Q Jo&dugﬁ%f c@t@x@&" the Qﬂ@&cy&hrlges @ré@;ne scanline
Cobﬂggex{ ﬁu’gxﬂg dec ex;a usg%e{.m %lpﬁ‘ gﬂcmﬁ ; té’[ll;[,accorlalfa%yéle boy E

ase

se 0 adjusted to

ount® ITO%F( sf’hggﬁﬁ%” gﬁ%@l‘@ﬂéﬁa‘phase di f f erence,
and for the estinmated %Ease error between one oo and
scaTf 8RS SRR e BRTE SRS ¢ 1B BT OR RPBERY P ot o 2 #
( E&=88¥yn.6/ = e, +6(k+sina) |If the nmaxi mum bl ock
rotation a. is small, then the effect of block

201 offlpthpriypntab @ vegizal sempling yateh gnoaed. o Fegualgéaidisviatipns ddissepelige period

t heavaliiegmBRte aPdpbratbnslofa fhad ibtbroRilion @6 Rl o tlea®retieadtind bed
in Section 6) fromone scanline to the next. To
I Nifiratl k15 0s drdifed Bbdk@ne e PLL | Medi ately after the
acqui sition of x registration, the decoder conputes
t h& block space, let the two data clock fracks intersect the current scanline at P, and Py




20 integer scan-space x coordi nate xro and phase O ' of
the first pixel used to update the PLL. The centre of
the first alignnent |line has a defined alignnment phase
8,0 of zero: (EQ 57) ern = 0 The centre of the data
clock track has a fixed alignnent phase B,, derived
fromthe wwdth of the clock track and a clock tick:
25 (EQ 58) The fractional scan-space x coordi nate X, 0
of the centre of the first alignnent [ine is given by:
56 (&&-el'e (EQ59) zro x~ S Since the alignment PLL
IS gggﬁt ed wth pixelps=wti)13'nt eger x coordi nates, the
ded conputes the integer scan-space Xx coordinate
i 10 of the first pix IgQﬁ? @p) Xro = Lxl 0o+0.5J 5 and
hed€®%4)ts phase 0,0 ?EQ 61y Oro = Of 0+s(Xro -in) G ven
t he, AL SPAGE s 5207 di nate xi and phase 01 of the
final pixe se {’o'update the alignment PLL on a

gi ven scanline, the decoder gonputes the scan-space X
cogealsmat e x' of theft aferstction of the data cl ock
with the scanline fromthe known phase Bt, of the
scentd s 0f the clock fraélerid (EQ 62) For the purpose
of updating the data clock PLL, the decoder

i Ntwberpois te emorfifie oftfexetent segiflinel x' J and LI'J+ 1, using a

linear interpolation factor x' - LI.], to produce the
I NPt rasfnpY elaingblich @ad @t scackoeik PLL. | f the maxi mum
bl ock rotation a,,,1, is small, then the pixel at Lx'J

adj acent pixels. \Wgn fhe r iterates the
alignment PLL, it start$°a fixed’scan-space distance
frg@&Mme i nteger coordi ale 18 oH the centre of the
data clock. |f the.int e%er coordi nate of centre of the
daf i s geRe R M gue St SR &1 canl i ne  to the next,
then the decoder adjusts the injtial phase of the

105 Tyt = rys MEebrarRyeys ©i% 8 Shy S 5. BLOCK SPACE
TO SCAN SPACE TRANSFORM The general affine transform
r eleatdsng bl ock spaceftoMsban space is conposed of a
scale, a rotation and a translation. 20 The
hori zontal and vertigal bk g dyt €9 are assuned to
be equal . Actual devjatd 0BSadx Ry, ynl i ne period
have |little effect sj;mcel all operations other than
infs&eﬁbl ation are relative to the current scanline.

. Fi érZ% 12 shows a rofatedsflfacksshiy, Scan space. In
bl )space, | et the two data clock tracks intersect
the Gy rent scanlineraty, Pssangd sly,57

can be used directly rather tha Ji nt er pol ati ng
deco

15  Define orthogonal x and y displacement vectors in block space:

_ T
(EQ 72) dx - [ls 0, 0]

(EQT3) = 10,1,01"

Transform into scan space:



(EQ 63) Pa = (xa Ym1T (EQ64) Pb = (xb,Yb, 1)T and
correspondingly in scan space: (EQ 65) P. = (xnm¥r 1)T
5 (EQ 66) Pb = (Xm" 1)T where;, is they coordinate
of the current scanline. The transform M el ating bl ock
space to a scan space is; Scosa Ssina TF M= -Ssina
Scosa 7, (EQ67) 0 01 where Sis the scale factor
and a is the block rotation. 10 Transform ng a known
point allows us to solve for T. and T,: (EQ 68) Pa =
M Pa xJ Scosaxa+Ssi naya+T, =3 Ssinaxa+i cosaya+Ty (EQ
69)EeqFR’0) TT = ia- SeosMxé- Ssinaya (EQ 71) Ty = ya +
Ssin axa - Scos aya 15 Define orthogonal x and y
di §%é?s3enent vect or sdj amdkock space: (EQ 72) ds = |
1T (EQ 73) dy = [0, 1, O Transforminto scan
space 56 (EQ 74) dd_[jy‘!,sad%u(aE@?S) dr = M- dr (EQ
76)( = [ Scosa, -Ssiha, O EQ 77) dy = [ Ssina,
Scosa O]T 5 As shmgn_ [Sn F ]r12 let: (EQ 78) d =
xy{5@77( EQ 79) e = ya-*¥6 ? JZ = dZ+el (EQ 81) f

5 shawn in Flgure Tp ?et

(EQ 78) 4 Rp=%q
(EQ79) &= Y=
(EQ Bo) f = d2+€2
(EQ81) 7= %5
10 Them:

stno = &

(EQ 82) . f
d

COSQL = =

(EQ 83) f

15

And the scale factor § relating block space to scan space is:

_f
§=1
(EQ 84) f
Hence;

-y
(EQ 85) f !

i <[l o]
{EQ 86) ’ [f f ]

Define the bit-encoding location of the bit of the i* data column:



5

10

15

20

25

30

sins=e (EQ 82) f Cosaf (EQ 83) And the scale factor

S relating block space to scan space is: 15 (EQ 84) f
Hence: r ds = [f, e, T (EQ85) f f dYy =[fe, L, O

(EQ 86) f f Define the bit-encoding |ocation of they'

" bit of the imdata colum: 59 (EQ 87) Pd(i,j) =
Pdo+(i,j,0)T (EQ88) PX(i,j) =M Pd(i,j) Its
scan-space transform can be deconposed as foll ows:
Pd(i,j) = M Pdo+tM (i, 0, O)r+M[O]j O]T (EQ 89) 5

(EQ 90) Pd(4j) = M Pdo+ idz#fdy This final formis
su{Eéah l e for incremeRfidl £ Yot&nfiti ng Pd for successive
col'udm's, since i increases by one for each successive
col um*s',5 and j changesuby- & rExdmum of one for each
sut&P¥si ve colunm. 6. CLOCKING AND PLLS Phase- | ocked

| ORAS-HRL kSR tL vitRREpvaEdfaet y to | ock onto the

pilot, lock onto the horizontal registration 10

clock, track the vartj.cal, gataoflaeks)ond track the
velEQisgal data c%&%@s'ya%? gﬁ?r[téntogl i ng? T of the

clocks have the same;period, and, the |argest source of

cl @meof r equency vari‘dtton i s®thé Totation of the

bl ock in scan space. The PLLsS e theref S LA L8y

t oTRiR B s Syiapla Py Y%%ﬁ“ﬁ*g’a? St g wtep b By cuo tor
pr eporctaspeiunp.andy phanseiyEmasi g ﬁé”ﬁfﬁﬁﬁ%’?ﬁswc@?}ﬂ’m'

rotation. The two primary purposes of the PLLs are (a)

t 06.supSLESEINEANRPLVR| y | ow f requency noi se due to
surface 15 damage and contami nation; and (t‘% to track .
t hehesooekgons PLE @ pied @astae ek putht Pty et é’?rfz%ﬁ"’[ SR eten
f Oklock, @3RMPIeicalkld® clbcBs, nh GackiBeyartijabigta gfcks! Hignmen Hien

transport nmechanics, and w thout exact know edge of

bl 8%l the ObcRd Ha@Nhe s gerBE addehe 1Rkt fowreafitiock frapeney yhriaton frdlyy rapgion of
te'THL ﬁ%iﬁlﬁi sdaf Epfwl%.fﬁt@ F]%ﬂs mewef&m@iirggct: aphvhe maasrevls amallTiwle Sigge which s
ypi ca el I - etween sanpling rate

an °P§‘3‘r’f%l¥°et£ers%%°§ u |’8%9 gcgtogaﬁ(bui ven data rate. At one
eX'11:[‘1;{\3e'mnc‘)‘:"p’ri1r|:e|1rr-3,l7I lp&rglaoge!s & tgel PLE P !a)eé mggresg Rﬁﬁvely 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 soale,

Different strategies may be employed for effectively imaging a Mnem area. Thesc 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.
In 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, dug 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 geuerally, it is useful to band-limit the input signal to a PLL to



20 i mage can be taken at close to the Nyquist rate of

the image. At the other extrene, bi-level sanples of

the i mage can be taken at a correspondi ngly higher

rate. Because of the potentially high density of a

Mhem data grid, it i.s nore practical to perform

mul ti-level Nyquist-rate sanpling. The possibility of
surface contam nati on and damage notivates the use of

a PLL which is resistant to mssing pulses. This in

turn notivates the use of a | evel -sensitive phase

d e tteecfieeypncy mshefinterdfelPeatiozen edegen v b AL ghapsidgfesisr it gy also be necessary
detieedbdad the diuticNygpOF B4 indueshreples WELY evaBbleyhdmitganby, © Get@dliseythe jagplitude
at Je@ashesai.ce the frequency of the data grid. Since

the various clocks' ticks are defined on odd

co %%Qﬁﬂﬁﬁage Eelil;@: v&amhm aﬁafo@gld%ﬁ@éénvlc&r @bc aﬁc?aﬁﬁgmfl fdface implies
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i magli-levedsgnls. el enent. However, due to the sharp edges

of the clock ticks, frequencies above 30 the clock

f r fuencipcIUL shiddatyuniadbd A Phledesgumbich lags quigklpis gherefore Hdgiell, yince this
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the anplitude of the input signal. The use of an

151 Mgge smEHaE-Tde DRyitaPLON- boar d anal og-to-di gi t al
converter (ADC) and a digital interface inplies
PL Eigwt 1315boss 1 grienioaireti o adficre-ioraipia PLL itk 4firskgrérn loe’tﬁlf?f aéfsemd for
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quiRtrRefsytheDE cprhpopeptf of) he phdie détqctotioutptianterhesh pripr (akifoyeh fhis 1ttty dunction is
Si ometifes felf@md by Qlsephr@@dwipfis filGr, Boiediivtd fof &@fble i Abrmovitch, D., Phase-

MOLANMAE LS 4 Bithor 8RB TS, ﬁ?c@e@§é |o£t§etA%enc£Jt%nﬂ-$§é‘onf&fenc@2002} Qe loop

OB R A T LR e
23| e@aa.rgﬂsﬁoc& gﬁh 1{1}? {efew ggn?l Pheretthsrifsebencnormnd phase tBh@“ the oscillator maich the
P e frdq@indyRnN @ piafe 4 dTahe REcleftt sigkiOK PRl clociDi $11 thelimpliRR@BOIWitR Bhriod T,

ap&&5§3mnghﬁgﬂbnltlally unl ocked registration clock -
PLL, although the registration clock is typically not

as r t. The pilot and
re%?%@?gﬁﬁgﬁkgﬁgb(Q%ﬁﬁgk%%ﬁ?gggg with the data clock
and alignnment PLLs which are both initially |ocked.
For simlar reasons it is possible to use different

| oop filter paraneters for these various PLIs. 15 6.1
Discrete-Tine Digital PLL Figure 13 shows the generic
structure of a discrete-tine digital PLL with a
first-order loop filter, described for exanple in
Best, R E., Phase-Locked Loops, Design, Sinulation,
and Applications, Fifth Edition, McGaw Hi |l 2003.
The digital phase detector 700 generates an out put
signal ad which is proportional to the phase

di fference Be between the phase O0f of the input
reference signal u, and the phase 02 of the oscillator
out put 20 signal u2. The digital loop filter 701
suppresses i nput signal noise manifest in the phase
det ector output, and




extracts the DC conponent of the phase detector output
as the phase error (although this latter function is
sonetines perfornmed by a separate | ow pass filter, as
descri bed for exanple in Abranovitch, D., Phase-
Locked Loops: A Control Centric Tutorial, Proceedings
of the Anerican Control Conference 2002). The | oop
filter output ufprovides the control input to the
digital oscillator 702, pulling it fromits central
frequency oo 25 towards |ock vth the reference
si gealer) Wher e t hedPreflfernegeieri-and»phase 02 of the
oscillator match the frequency m and phase 0, of the
refeqesce si gnalL*fhe PrL 13 edPked«By )t he sanpling
clock with period T,, obtained fromthe ADC 703. For
eaqbabfput sanpl & 10 )87t Hee PEEADY: updat ed as
follows: 61 (EQ 91) ad(n) F KdPhaseDetector (ul(n),
u2(@Rdey (EQ2) ufli)L &G 21) +boud(n) +bl ud(n-1) .
(EQ 93) 02(n + 1) F 02(n). + (00 + Kou/(n))T, (EQ 94)
12((pa9d) <- COS t2(h<¥)) 5 (EQS5) ud(n-1)Fud(n)
(EQ 96) u/(n- 1) <-- u/(n) (EQ 97) 02(n) F 020z + 1)
(EEO8) u2(n) FU2tHrD<ére Kd and Ka represents the
phase detector apd oscillator gains respectively. 10
Thae®®M st - or der 728‘6ﬁef(f’l+f)er paraneters a,, bo and b,
are calculated to provide the desired PLL performance
i n(EQ# presence™8? HEIEE as described for exanple in
Best, RE., Phase-Locked Loops, Design, Sinulation, and
Ap PR eStreSnerrosets fop phadqiptPigrs oy AR orie2003. For
Mhem decoder PLLs the oscillator phase 88 is .
100 IBOFEPosh PP e PEFBFER 2 Btkh 8P T dnRaids the depipf FLggyrognance in
= @2 rieyed & n@se3s Rivalse bDatmepistin Bast, INB prewédvied Lobbre Disiap Gtnulation, and
S| gn@itatiars, FianEbivel) MpGthw-gillgoal u2 are nodel |l ed as
follows: (EQ 100) u,(n) = Asin(o,x+ el) (EQ 101)
- U2 FéMném B8k 2 X thOddillatoV¥BRE & is prdfbri{ohafo JEbR padé displddelnent s: The
si mpl est phase detector is a nultiplier. The product
of r:tcfb%) reference signale,44, and oscillator signal u2
haé a DC | evel which is proportional to the sine of
15t he.zphamasedietebmmoppratiet ween them (EQ 103)
fu, (n)u2(n)dn x sin(o, x-02x+01-02) When the PLL is
f r Ekqireysigralvpakuet sl Fepdilett 8t equency o, and

oscil'l ator frequency 02 are the sane, and
u (ny = Adsin{ox+86;)

(EQ 100)
(EQ 101) uy(n) = cos{w,x+8;)
where:

20 (EQ102) x = nT,

The simplest phase detector is a muitiplier. The product of the reference signal u; and oscillator signal w; has
a DC level which is proportional to the sine of the phase difference between them:

(EQ 103) fu;(n)uz(n)dn « sin(ox-@,x+8;—-8,)

When the PLL is frequency locked, the reference frequency ®; and oscillator frequency o, are the same, and

25  the DC level is proportional to the sine of the phase error &, alone:



25 the DC level is proportional to the sine of the
phase error 0 alone: 62 (EQ 104) jut(n)u2(n)dn "
sin(0OL-02) = sin(0e) For small phase errors the sine
of the phase error approxi mates the phase error
itself, and this is the basis for the linearised
nodel of the PLL: (EQLO5) ud=Kdsn(Ce)->KdCe as 0Oe->0 5
When the PLL is not frequency | ocked, then the
di fference between the reference frequency rat and
oscillator frequency 0)2 contributes to the phase
error, pulling t I.) |.at of _bQuay: | ock A nore
ec grppucal squargm@d%sg%n?{‘a?%\ﬁa{ugﬁ%ften used pl ace
of a sinusoidal oscillator in conjunction with a _
ru Ferisipillipape epdritbesing of s @haprrorror RPREIEAES e P iishh 2o this s the basis for
C O ip bt madel o hePLEOUr | er series expansi on of the
square wave is proportional to the desired cosine
te?ﬁwg)nd hi ghersfKegpiene Y.fc enpontnt s are el i m nated
by e loop 10 filter. However, for close to
5Ny GuiénStePLOE Bot Saigdyildagd, itat dsliffe@ncPbetwern tiehef@en®ifenueai ad ald oscillator
0S %&q};én@tmggon@ﬁll{e; { [hg&aQ §'Io£ g thJ(Jgﬁlaﬂnm.s Q&I ector
benetits fromthe availability of both in-phase | and
quadr at ure. ' il i Blatbr DR un@iBhwith o
N S R e e
e 40 0 A 00 S e
12 (evy is ?IOP,PE’(’W) to the depjted ORI e ZJ)d mgb@@qi@g)cowﬁ.) arécliminated by the loop
10Si fkerrBuwentD, for Nbshiio Npdulstytatd sardingaitds, GREL vilhe siphddskoscilietpraerfopys better.
to conpute the instantaneous sine of the phase error,
WhirRphdsOdeteGdrhtokfits fpltamevalibiligre batpippiexi /nat psiatura sighedssier both the
€r [@lends luiBoi i ASIBPSuRE: above) 1 (EQ 110) Q12-11Q@ = A
(01-02) = ASWe) 20 In general, when the phase
det ect or outputs a sighalscRiQposiional to the sine of
théEQpWQse error, the effective phase detector gain
,'_is_proportional pamtheesi-namef,xthe phase error,
whiFH8i ni ni shes to zero as the phase error
lsap@ég@g)hes i ts maxi nyo efulog = Kdiw, &= &g Sm(6e) (EQ 111)
ee | arger phase errors, we are therefore notivated
to(r%qragute t he phaseggnr-osn(dizrent|y. When the phase
25"det €ctor conputes the phase error directly, the
ef faGlinwes 6a e piEe B&Ehios cogmierhe instantanchespied daghase frrop Ridgd dor small
er Lk errors@bphoRiihd Ghe PR Crrdr AR @k ntbiASRe)! OCK The phase
detector can conpute the phase error directly as
follows: 63 (EQ 112) :QudR+ikikis]-5) Acas(edl- 02) =A
co P Qu12-11Q@ = Asin(0.) - ten(se) '
20  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 ginc of the phase error, which diminishes to zero as the phase

error approaches its maximum of £

K =K, sine(ee)

(EQ 111} e

For larger phase errors, we are therefore motivated to compute the phase error directly. When the phase
25  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:



(EQL13) Q @+1112 Acos(0,) (EQ 114) atan(tan(0,)) = B
~ Since in-phase and quadrature signals are generally
not directly available for the reference input, a
Hi |l bert 5 transformer can be used to generate one
fromthe other (see for exanple Best, R E.
Phase- Locked Loops, Design, Sinulation, and
Applications, Fifth Edition, MG awH Il 2003, and
Stein, J.Y., Digital Signal Processing,
Wl ey- JnterSC|ence 2000). Sinte the freguency range
of (ehedvhem PLLs is Hhghtih cdrstralhedos®-) sinpler n/2
delay filter may al so be used. Nhny ot her phase
det ector approaches #h&-péssitité? i pepydi ng
i nteaps) at i on- based d€edili orf*Bf)zero crossings, 10
and i nterpol ati on-based detection of peaks, the design
of (ebirsh has been di $1E8Ed’ TH- a series of Granted
Pat ent s and pendi ng patent applications listed in the
cr OF& Peipe Ay feadstug Bl aro goneri AtpimetX RE{ b T He R ropkg riop ptf peffilbert
Jurpsieer @f bened darncan docdeo dd ether (esthrgrample Best, R.Ea FBaameked Loops,
t h&feszga, .ﬁrﬂﬂadonbaﬁ eglpiMeS) HRAEREE, MEGAY-BIN PR k@ GeinP AL DRiral Signal

l i %ﬂt}g WF&@%&Q rZO@S sl 'he E@]E&cy%&%ﬂtﬁe Mlg PlL.,qu y constramed a
card's Miem area |1 ne by

cans

15 %ﬂﬁ'?ﬁzyggiﬁﬁé$°§§%%des the scan data in real tlne

durj ng .t he scan. ure 14_shows a hi gh-|evel bl ock

di AGPRHE 'F“eé‘e‘T\?Héﬁ‘??rPag":iH’éerp°ss“i"ﬁé“°lf‘%“§ CrEsFPoTlRlis i fegectiy of zero crossings,
10j. o iriggpolstparbasyd detegtiont of prals by desian 8 whigin baschaen ditelestst i exges of Granted

IVh 8sentl @0 odldine pareidptications lisees pattie yrosh ofrel@a@eed data, and a

host controller. The reader's inmaging system consists

of 7i | | LREADER ABCHITEEPWRELO and a |inear inage sensor

711. The reader's nedia transport system consists of

duadr tapehos dehdeChddeSodef JadigR R A aBunled BAS e Hascd by medikmis transported

O]Eagt athﬂ@- 1&3@5‘&1&9 |aJ c@:rstant %Qed %th%ltlﬁaggéﬂsg‘ séaﬂlsstl@ ;r& pﬁne}ﬁlaﬁa lgnlé]%r line,

me t.e ener t s. scanl i ne clock ul ses
15¢ 9@ et P
?ﬁe(gura ?Eﬁso ? é%scﬁg E5EH control the

ex r . e, sens r and t he speed of the
? 43“618%&%%3%‘{?‘.%% JReE sy Wd@&ﬂ FHBY Freigging system, a
s e%@?“ B ﬁ'feﬁate&é’&‘ﬁﬂ’ %eF‘id‘F'ﬁﬁméﬁ mefp f%@s&ﬂ?dldﬂe and T hgst controller.
ﬁgsure period is pre-configured in the imge
Frdersipreasw rrmconER ofilimiasion Hds A6 apidineaninsay sgendi dhagders
a thedipdrhnspit gypien coysiyis ofrval sudid detrerss 700nand i1 @andpbrl didr N BBt OWEthe controiler
20 L Eddetd ol inbehtin € thieadddi@ Betddibrs, lif 3o @ ROSIAE BocR BilidkOEhk thedration of the scan

D%aagm&omeé&m o}mmgsge&gf%ﬂdtﬂp%edmet srdecoded raw

data to external nenory 715. After the scan is

Y OﬂQJ s@lﬂﬁe clJch;ﬁIséjs%ga@s% a@&gtlsg R%Lémﬁcqglgﬁon Qgﬂ‘%cmme ede}?‘prc;st% period is

decodi to. correct t
AREP oit PVery RS S B G R e despis P TB T et genal which
oVttt ?éd’ifFFd’é’ﬁé‘?“ ’d’é@é&’ﬂﬁb““‘@ﬁé‘”%é@%&?eﬂ%f orms the host
control ler of decoding conpletion via an interrupt (if

25 o rRaptedhy yoan fag desader 2t prijies dpcodep v diyeexterse) et 718 AR e boan igcomplete
d eiz:Gichedsr loadlly serfsr@giedtdancy d3@ing\b t@kct @B atthdtgy RN iBhe host
t hButbIRSTis L@y iObinRlaudiRdtcoliipe decoded data from
external nmenory for application- specific use. 64 The
h O deoln Info&ls kh@ﬁost%ﬁ:ﬁﬂhrg)@&eﬁrﬁmﬁgﬁﬂ'lﬁgﬂ e ﬂtt:rru&:»n& engﬁegp gfe[:nauvely the

Vi Brd i noff a o OAE uration registers. Configuration
paraneters 1 nc ﬁ varlable paraneters defined in

- 30 T%g!aredecg'ding comp)%e(m the gost controller reaasg e dsec%yeﬁ garta ﬁ?oé%)cc)tgrll:ljag r?lengfyrférgghcahon

specific use.



and decodi ng options. Allowabl e paraneter ranges are
decoder-specific. 7.1 Data Rates 5 G ven a real -space
transport speed v, in the direction nornmal to the
scanl i ne, the approxi mate bl ock-space transport speed
vmis given by: (EQ 115) vm= v, R where Ris the
real -space to bl ock-space scale factor. The
bl ock-space data rate rd (in bits per second) is then
given by: 10 (EQ 116) rd = Wit' mwhere W is the
bl ock-space width of the Miensarea. This is the rate
at Tahlog ortrbiler ciguyd @peratiervé fha tleoaierfyfata set af afiguratighyggisters. Configuration
I € RErBSRR tndind: AR vawd page:td @bMed i THle Dok watanthé fvege saecahare period
AN B ditons RIREY pathbibel- Rl AM-LEQMisNg. The
scan- space transporf speed v,. (in scaulines per
seeqnd) plisrdlven by: 15 (EQ 117) v, N where Nis the
sanpling rate. The scan-space data rate r, (in sanples
5p e IGIeeL Bakehpce itrBns@it wreed vhiy the difkion AidhBa) toridé svahling, ehe WRroxiinge Bldvlespace
SCaRlsdoR Gedth, Ot Medd5Q 24) . 20 This is the rate at which
t he decoder consunes sanples fromthe i mage sensor,
and_represents the ayerage date rate between the
[ I=g%"@ensor and the decoder during the scan. Assum ng
t N1 QOCOHEL.LSHPBBSp & B XLHUM Sscan data rate r,, the
reader can adjust the transport speed v, for a given
SCaf, pWhlkbdde MY: rale @, (S B bed fedonF RunbdldenslDi s 1 NPl i €S
different static settings for readers configured for
different nedia w dthss wand different dynam c settings

, 10: =3 ¥8ers whi ch support nultiple nedia widths. 25
Th@nd® Mg AbMRotiataed widibile {thefBred., , ., fOr a Miem area
hei ght Hmis given by: 65 Hmtscan - V. (EQ 119) V.
Thirgs %ﬁf‘ra@% HRLHe bl QR Bit Ldngs, %g kepreded:s M:het(a%ﬁ@cl H Mictbetween the
scan data rate) requi 0 provide a particul ar
degﬁc?dg eyét%néaﬁ}mt |rﬁ§gmg7r.£v§£mg§ghani cal Considerations 5
Sc transport . only.conmen nce t.he two nedi a
de?{]éeécfa%%w %ﬂsﬁm T 35%1% SUeTy es&grt% %%n?) e B esence of a
card. This mnimsesg the initial rotation of the

15caffR 1*@nd mini m ses pProgressive rotation due to
colwiucim%o esbu?""%?en the card and the internal side

wal'Ts ‘ot "t he tranhsport path.

‘The scan-space data rate 7, (in samples per second) is given by:

rav

5, = Wi,

i}

(EQ 118)

where W, is the scanline width (EQ 24).

20  This is the rate at which the decoder 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 F., the reader can adjust the iransport 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 Hme 4, for 8 Mnem area height H,, is given by:



As shown Figure 15, if the inmage sensor is placed

close to the transport roller 717, then it nmay al so be
used for detection of the nmedia 718 as it noves in a
transport direction, as shown by the arrow 719. This

has the 10 additional advantage of allow ng different
nmedia widths to be detected. If the transport roller

is sprung, e.g. to conply with different nedia

t hi cknesses, then placing the i mage sensor close to

the roller also mnimses thesrequired depth of field.
The reader nay optiopal L ¥=i ncorporate a notion sersor,
sugly A) a texture di spl acenent sensor, as descri bed

for exanple in Gordon, G, Seeing eye nouse for a

C o itz be vy St compute WE viRaitydd hois ity flatagate} Bguirgdig provids = gartfegjey desired
I t scardtbnel 0 synchroni se scanning with the actual notion

of the medium 7.3 Inmagi ng Consi derations The

DY 20N - MadaiRicdakaaktioapace blur radius b, is a

function of the transport speed vm and the exposure

St i fesn fragsport quiRpyEEaRps 5P the txppedia AdeatpmpipRyangousty defetithfpresence of a card.
al Iroyveidmisds de hitig peetie ofsbegurd, prahinipgsedymegressygndiatign b (g collisguietysgen the
bf aedachated sk dls therhpBtd.8g 20 optics, the exposure
time is then bounded as follows: (EQ 121) el+ b" 5

b mshovtn}igg:é 1D Fes inhgc_ sknbefds B c1fe 1Y the Wanspsit REL71Y, B0 RnbyQUEE used

o Lge%cn% e lait ﬂ§%sht§;oa9aq%9pomﬁm&as aShAE bgém Brow 719, This has the

ock-sSpace unit, the exposure tipe'is a bounded by

10; 1, rtdipog) evenaged lloying fiffesent pediagpdiRioPpdetecttdne  scanline ti me:

te< I N 25 (EQ 123) V. Vs In practice, to allow inmage

seff&pFoirabglentPrag o4 BaSwPD St R Farmedt B ie horgligns the tmake sesor

as deseric g robroaliy ginfreised thrgeakingd depieefifiihige  sensor, the

exposure tinme i s bounded by the scanline tine less the

I eHerwpdst mayjoptionafly inco@@ate » mafjgn gensory spch af FEytupedisplacerpemtisensor, as described

( EQ ckadlp)e inkld@BLG.[ SecingSye tnbr@e forrvRg@uaen8 US atraNumda 640,080, to allow it
15" af, Syl RiscS AR, G8h tRGEmBHRRAEhe mefiim di SCUSSEd in Section

6, the reader uses the imaging systemto perform

My §i - Rl diMsistrstiond @t € sanpling of 5 the Miem area.

The sanpling rate Nis therefore nornmally chosen

b eThaeetiva-Rdugad Hlo@-spade bler e Ak 2ifinftion &8¢ fan@GOPectn A Fxposure time £,

Li near CCD | mage Sensor Performance Specification,

Reggosibgn 0, COctober 3, 20084 s an exanple of a linear

i mage sensor suitable for imaging a Mhemarea with a
d afsspmihg A gipimgem allowed block-space blur radius bug, and @ blur radius by associated with the imaging

20 optics, the exposure time is then bounded as follows:

(EQ 121) bt by S by,
t, = & < bmax"bf
(EQ 122) Ve 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 V times the scanline time:

L

Vi

t, <

Ik

25 (EQ123)

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 loss the read-out time #:



R of 1600 per inch, as -supported by Menjet-based
printers described in nore detail in Section 9 bel ow
It has a width of 8800 pixels, each 7mwi de, giving a
sanpling rate N of approximately 2.3, and supporting a
scan 10 wwdth W up to approximately 62mm 7.4
Encodi ng and Printing Considerations Wen the reader

is part of a device which is also capable of printing
Mhem areas, it can be useful to conmbine the Miem
encodi ng and decodi ng functios@s in a single integrated
encoder/ decoder. Encoplqg is the inverse process of

de bRAd. It consists’ofra redundancy encodi ng phase,
following by a raw 15 data encoding phase. The raw ,
data encodi ng phase psg¢fylly takes place in real tine
dufgay@s)printing, to etsiminate the need for buffer
menory for the rendered Mnem area i mage. As noted

el Sewhdte magsemir farecediet B (e RTnesd-and therefore
requires bl ock-space uniformty, at |east |ocally.
Thisdispassed ig Paqtion 6 ¢ha epdergisea the i ByFED 1 PIrpm mahideve] Nyapies spopping of

51 each@temiasa. PR kdmplaf rag Nokeheie DS nonhllgdhosersbeapalide. of

printing Miemareas, it can also be useful to conbine
207THe i@ ddk IKNEBY ] S500BK]Ened EuED ICCA kgt Besop Périatrama QpebifthiOn, Revision 0,

S I B&Jba-lz, %@gsraas,sgpxed)@yﬁnea% imagh Igén@r aumefor ﬁn?g@:@ by QS RS GRAUSRa density
LM.T ac

U s ?ft IW er m& ;Ts suéug:{te gay ﬁemj%t %aswﬁrm%e{s d cnbed m morf':: cp tmI in Eecho}{% &:[ow ¥t has

Sl

Bt O n'gels eRAN ide @%é&n@%twteﬁ@awamwa&%ﬁdﬁqsuppfrﬁ’éa scan

10| | w7, vp magreoxiseig@mmadds only a small overhead to the

printhead silicon, and device packagi ng and handl i ng
COB4 S EnepdinhhexCRrintiag Gonki@tbratibels Sect i on 8 describes a
Menjet printhead with an inte ated row of active

pi e EHE P&t of fdsrigs D B SRR rEe Mo FiFol oo gpmbine
s ethq Nngm grfodige e geendinpitetiont i 2 vngld inpevrd iervefeyiiatodent

applications, including US G anted Patent 6302528

e rinpodingiglth® iFyesy mitss G deceding digotsistiof jp efungpndy qpcpdipg phase, following by a raw

15 menahditb&giphaseATlc ot hrenatipeniss vallly ykendicay rap{hel @aiglpmg to

O NpiidfieSine nbel BHVAR: MRS &he REOV MBH ackimdzh €
cross-references secti on above. Several

hlmaot&:%w&e hnlin 4B Eckink YeBurbN aEihere bR SdqlidsblockMphot thirsHRN, dPast locally.
adgpt ed umacomggr atlon with a Menjet printhead are
described In a sefr e§ of patent applications USSN

4015 0 A 0 B B AR 0 e

20 1 0% ipyegg senspjaatopypthernte s el infperiop dﬁ%%rTa*afsyﬁ%@ﬂbmw the two

25

30

[ rﬁeﬁquthawg sigilpr fapyphobop &by aprysefufiy dotldeatey in thelhpshidpricesinppgrintingaind shponing
dicgd dhd td faRd MG QaBport, thelIReatl Rrh@istoSor @fds ailiyl 2 @hiN@#rhead to the printhead

ARy GRH deR SactlaPnglabll had B8 st e e@’éeﬁvﬁﬁ%_ded in the _
cross-references section above he sanpling rate N s

2. 5 !’19 4
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S G@kogisgy laic p@Edet yo th ctols-reftinéene@iomibea. Setetal Highrehaitmndcarle Ipite! designs
s umamatyse efd%ﬁ&j folttbdatidn KA o 13EMGL: Whnltdo@arORG 0ol £ Shries BBVt applications
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Cope

opti ona t tole
5’/7'@ WO aEPe o8 %?éf%?%em o b o
Shmaggisenigb Vi et Fqmerigreet hedpthile ofi o gfber w’@ﬁlﬂbﬁrl& e gges g8 PRGdea iy the
[ mwss@f@hc@s skoride auc The rgiplaua raie Wisi2& ingigh aadog@empihbwoe  Or

fluorescent ink, Mem encoded data nay be superi nposed
on visible text and col our graphics. This all ows,



for exanple, a digital negative of a photograph to be

i nvi si bly superinposed on a colour print of the

phot ograph. 10 Wien a Mhemreader is part of a device
which is capable of printing Mnemareas, it is useful

to conbine the linear imge sensor and the printhead
into a single integrated device. This is efficacious
because the two devices have a simlar formfactor,

they are usefully co-located in the host device since
printing and scanning can sh&e the sane nedi a
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The |1 C exposes a nunber of status and configuration
registers via a | owspeed serial (LSS) |ink These

allow image capture and printing paraneters to be
configured and status information to be read back by

an external controlling device. 10 8.2 Linear |nage
Sensor The linear inage sensor consists of an away of
CMCS active pixel sensors (APSs) 604. Each pi xel

sensor may utilise a typical APS circuit as shown in
Figure 18 and di scussed furthet below. For sinplicity
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5 multiplier to allowit to flexibly generate the

pi xel clock fromthe master clock. The |inear inmage
sensor operates under the control of a pixel timng

and control block 611. Its configuration registers
all ow a nunber of inmage capture paraneters to be set,

i ncluding the master clock nmultiplier, the exposure
time, and the analog offset and gain. It typically
operates at the pixel clock rate or sone integer

mul tiple thereof. 10 The pi xeks control block is
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pr ecj si on i xel contr asser
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pi xel  control block supports two capture nodes. In
automatic node the entire reset-expose-read cycle

capture is triggered by an external |ine

synchroni sation signal (LsyncL). In manual node each

step in the
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capture cycle is triggered separately by its
correspondi ng signal. Figure 18 shows a typical CMOS
active pixel sensor, where M is the reset transistor,

MB is the output 5 transistor, and M4 is the

rowsel ect transistor. Figure 19 shows a typical CMOS
shuttered active pixel sensor, where the shuttering
function is provided by the transfer transistor M.
Charge retention is provided by the parasitic

capaci tance at storage node Xwm represented by Cs.
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shown to the right of the pixel sensor and nozzle

arrays in Figure 17, they are physically laid out in

the area below the pixel sensor and nozzle arrays

when a linking design is desired. Since both the pixe
sensor array and nozzle array is displaced in the

overl ap region between two segnents, hardware or
software in the external controlling device mnust

of fset input imge data and output print data in 5

the overlap region according %0 the known transport
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of LCPin the nold direction is nmuch | ess than that
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the printhead 1C 74. The saggi ng may cause a gap
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each of the etched channels 77. Qobviously, this
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mcrons in dianmeter. Hence th  above
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requires a certain amount of nonmentumto overcone

surface tension forces, in order to break off. As ink
1011 is drawn fromthe nozzle 1003 by the coll apse of

t he bubble 1012, the dianeter of the neck 15 1019
reduces thereby reducing the ampunt of total surface
tensi on holding the drop, so that the nonmentum of
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the drop as it is ejected out of the nozzle is

sufficient to allow the drop to break off. Wen the

drop 1016 breaks off, cavitation forces are caused as
reflected by the arrows 1020, as the bubble 1012
col |l apses to the point of collapse 1017. It will be
noted that there are no solid surfaces in the vicinity

of the point of collapse 1017 on which the cavitation
can have an effect. 20 9.5 Control Circuitry The
printhead integrated circuitss$t74 (see Figure 22) may
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he prlnt

di ¥crrledep P datphralres: co;nﬁta&ﬁngfdedata @l “F a%dq% gven ¢ afa VT.[UC337 for each of the six
NOZe it regdtee. Gaiuma I 2B0icludes e ol e Fripe PA3 o é‘b@’a‘ﬁfé g Fba‘gfre“"f %o and
25T | pufeviaind ValOBE frddy thedriekselizshif @ogistor98 Y, @hichlapgupplied @Rt tp 2 multiplexer
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90 peed Tink he nozzl e control |ogi-c. 902
is“@@ﬁﬁﬁ@ﬁred to send serial data to the nozzl e arny

core for printing, via a link 907, which S% P o%i 4 oven dot
t h@ash efitnogsfandavendippios PYoP S bRABEEGT o= PR E~FRUPESIHe

300D @kchek P40 BrER43irfeaiveiat | on about the nozzle array core
901 is communi cated back to the nozzle control logic
90 2acH i 128N@0 ltksodiaict ot 908, formi pritvelivdlye dethjls sl usipyoelh P46 {5 shywrgin more
on f:he §§ FrhdiBihard S RAGLRE fip-hép th-thecelﬂﬂEeZ)htﬁtt K Goyp vEGI9ES, which
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up to 6 color channels, each of which is represented
by a correspondi ng dot shift register 913. As shown in
Figure 34, the firelselect shift register 912 includes
forward path fire shift register 930, a reverse
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path fire shift register 931 and a sel ect shift

regi ster 932. Each dot shift register 913 includes an

odd dot shift 15 register 933 and an even dot shift

regi ster 934. The odd and even dot shift registers 933

and 934 are connected at one end such that data is

cl ocked through the odd shift register 933 in one

direction, then through the even shift register 934

in the reverse direction. The output of all but the

final even dot shift registertis fed to one input of

a DR bile). @xels GRS fromThi ytppt afflinflop P46 irfdetsh G2 upe FESPLYE 2 pegative pulse

seh&RleeH¥r.a signal (corescan) during post-

production testing. In normal operation, the corescan
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03@loadrd e:@Bmingsll erpemto Y8249 ue 939 from the reverse

fire shift register 931, which are supplied as_ inpu S\ to the

t 0Orge thuidate fspadsst o theGutel) 942 TS el Y 9 Pulie e S E PTh el © &

94T gite SO bilidg @holigget thenosiltomivtt & Y pfiink o0 gath ljteh 944t contains a logic

se] ect shift register 932. Wen the select value is

zero, the odd fire value is output, and when the

S hﬁ&énalé’@e%ﬁndzﬁec%&iaretshﬁnaaz\éeﬁmé Poll@ingwblk:ue i s out put.

Each of the odd and even data val ues 936 and 937 is

provi ded as an input to corresponding odd and even dot

30 latches 942 and 943 respectively, Each dot latch

an |tsa500|atedg t{%valueforma unit cell. The
S YD . . . .
plf%ﬁiel S o?"’eémﬂnlt ceTQJIP 544 is shown in nore detail in

ure 35, The dot | A2 niaS type flip-flop
1lgt acceﬁ“lp‘g the ou “g%’t?gtg?nt%geatwanval ue 936, which
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F
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i5 held by a D-type fl]p-flI Q[ ng an el enent
of %t he od)d(’“tf%t shi ??tpullrigplas‘sfnerm%égm%sgeé Figure 34). Theg
dpta input to the §lLip-flop 946 is i ffam Lhe
ottt of "8 pr evi o%héé’gq’%ﬁ%ﬁ o g’sfaﬁug@%ogg g%cshi Ft
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pgi ster 35 (unless the el e t under consideration is
w’gy‘?ﬂrrst g erent F‘f?mfaﬁl _?ﬁd?gtgcaf'sgéeggtrgﬁe (?Sn whi ch case

s input is the 62 _Dot|[x].val . i s clocked
Bm t he GBttput of P‘F‘i"l?”p"-e‘{‘df%%”@sﬁ%g%’ﬁ o‘Z‘)[z)gltt{'gﬁtréch 942 upon
r eeetpt—oft—a—regatrve putSe provided on LsyncL. The
output of latch 942 is provided as one of the inputs
to a three-input AND %ate 945. Ot her inlgu S Lo the. e ocurent
AN stpa én Fpys 35 hesfing $easlsty arePyisd a1 2 €aeroainf PRES "6t o “oF = 70 o
NMUdotuin) @ Xt colBifind Rlpwingiobpan, @od3adn) ThirfeFreges Hig Frsent frmpp by greading it

20S| 9RB&cotmDs Rime-dbRd finbh.Ng time of a nozzle is

controlled by the pul se profile signal Pr, and can be,
f 0%y Q% ARRL S b BT HRAE the Tafouk RlOegistils Ore HULGHIL thia editodiment, and are

vol tage copdition Al i kORI i B LR RE Mtegrated
(i i "ras_ee%t)f/]lggelmgn aﬁ%&mgﬁsc%%ﬁk?ﬁésfggfgﬁm £hodi nent ) .
Thisuieagipesinespddsyies apdia ﬁtFee%ﬁ?l Vel consl stent amount

of ink is efficiently ejected from each nozzle as it

is fired. In the enbodi nent described, the profile

signal Pr is the sanme for each dot shift register,

whi ch provi des a bal ance between conpl exity, cost and
performance. However, in other 10 enbodi nents, the Pr
signal can be applied globally (ie, is the sane for

all nozzles), or can be individually



tailored to each unit cell or even to each nozzle.

Once the data is loaded into the latch 942, the fire
enabl e Fr and pul se profile Pr signals are applied to
the AND gate 945, conbining to the trigger the nozzle
to eject a dot of ink for each latch 942 that contains

a logic 15 The signals for each nozzle channel are
summari zed in the following table: Nane Direction
Description D Input Input dot pattern to shift

register bit Q Qutput Qutput sflot pattern from shift
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second at the higher-speeds. Such an arrangenent

provides a printer that is capable of printing a given

area of nedia at speeds not previously attainable

wi th conventional printers. 10. DECODER ARCH TECTURE

20 A desire to mnimse clock speed and power

consunption notivates a dedi cated decoder design.

Conversely, a desire to minimse conplexity notivates

an ALU based decoder design. Various conprom ses

between these two extremes exist, such as a hybrid

d e&h@aﬂm kot bloICie] @shigbeo blbek saty ot cbviarHbectesd pliegpiagyy or additionally to
%gglgﬂgcmﬂﬁ%@g}&egoﬂ%&der can al so be used to

i mpl'enment a single-chip product, i.e. in the absence

of Bdhlse eﬁugc@li lec@ N@hiicR RSE 106 @Rfdme] Jla&;cl,ock\m.lshatt Ha t;;ﬂb_ﬂnvely to provide

executin ro uct .a a bt dRteiSr S

r e3GeF™ a% GELodar %A‘g%%%%?i& Alfg?gr natively the

decoder isS inc ude clock speed r, of a dedicated

5 appFimeg ey SR pgrbélésmf’r’ & efet;(f é!%lf%t% ed ci ?Vglhﬁ&gﬁez AS s&) or

sy&tam on-a-chip (SoC). This is discussed in Section

10 2. EQ 116 gives the rate rd at which the decoder

d (E@ggpl ates and resol veéf-“ﬁftlval ues. Since the

ecoder processes every scan rd.a .
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hi ghefoyldigncdbbciyingmbatet or N. r ra' =rdN=N (EQ 126)

30 The two nost denmandi ng tasks perforned by the

_10desiadler sarieseCdoatd ivilyCkiloguetroieaditec et g, i fegainde of this
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at tE%daverage data rates rd and rd descri bed above.
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| ow frequency, data clock PLLs can be used
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th%"f“’é’?eglgemtege??rﬁée%ﬁ?w& mim val ue for the clock speed
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oeK S) dFﬁe? ecoder
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o er ctolild edr. Dya
descr | Es ergh daev?ragascan dgtg &8¢% Qﬁﬁﬁngﬁlighﬁ lh%%ecg‘{ speed 7. by

254 e 7PEHY e3|%n can be used to produce a
hy@P?fdf%’@éfsijﬁQl?ﬁl 6 shows a high-level block
di agram of the decoder 714 in the context of
r e dging the jopn the spyidecsqes 721 dyeodss spag ﬂettathT lrygmp afg deco GI(? raw Iﬁjtaetca external
deeeaey 715 2d s menad ingerfice@dndancy decoder 722. The

controller controls the external _
If the decoder is configured to perform redundancy decoding, then after the scan is complete the controller

30  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.



15 peripherals in synchrony with the raw decoder
during the first raw decodi ng phase, and controls the
redundancy decoder during the optional second
redundancy decodi ng phase. During the scan the
controller generates the line clock, and fromthe line
cl ock derives the control signals which control the
illumnation LEDs 710, the inmage sensor 711, and the
transport notor 713 via the general - purpose 110
interface GPIO 723, as well as the internal raw
d eﬁéﬂd&roaerg donfiged ¥ Bemgletice sontRd: omrorplitipnethen pliex dsposipy igfgmpicto the
co%ouer %?&@hlﬁ}’coﬁmﬁ& $ia Wil S@BRI7eS from the image

via an inmage sensor interface 724 into an

I n@u Eecoder HPCLJ%J 185 cofifoRer Mt 1dAGrrile IRGE0 SEMYERon foRsdoeh- 708 hd read access

eco emrt m?:;bnt ains three input |ine
bLFPft%‘rsésg‘“%’isrr"ag‘&?"’tS%‘Fnae{%s etvveen t hem on successi ve

lines. On an € rayl; crm%amb%ﬁ& Modek §30 khich
5 t FirEohieRe? F‘Ff’gﬁél %E’ i *a%% e&lz ! s 1 d:xes the blo:k
b Uifablemegts taqs@ter;erhﬁ@defcebadm EV“‘FH% s Pl %‘8%3 R -

t hexerr@iadinetid meoysisapratihonkbittk SuR3 e i n Sect ion 7.3,

the image sensor read-out rate r, is 25 generally "

hi g @fockt daads 130 @seaw emaifE.LS&%ain aefeite dpe il @nd poquire g iEiﬁk the,registration

t u&&l}g' 1Busiila gl;l;@ BecddBk A 1 dOk 16070 eledks 6d 1B kssiptedentignment lifgsy It gges 2 data
a%ﬁo%?r Z Jékgo gene ts %m!r & Eho ﬂ:&@onﬂ{ﬂ&jto E@palsgeza)ld thrksbidld uR@solvdd@it values. It

€eco €3 { Ecold¥in flusher 740
| i yes2 blé’ﬁsdl"nggt“’%mdté%g i r"%‘ﬁf 65 atug%? geﬁ gg‘ta %c?d auk&@ renor y ?

716 fustyiemived vt FYsiafrEpd BERY 76 | f t he decoder i's

configured to performredundancy decodin e'r_lr qfhg&’exesthe

t heheStockiedodsr 193 pplemdts the Hee dShFrie cigpritmgiee ng‘ﬁ o

I egetREANGYin hemA dRtoryRBridd wisiehd o dptedih gd? C'H’@Ef Blﬂ‘ikr:rrae clock
15 Th%ong%énaOL%%}h HREROBE wlzadas ki Btk Gt @ soaf HOMresidne basd lon the two

menor 1 and wites corrected data back to external

meffBry™ 85 |If the decoder is configured to interrupt

the host cont L toRE R o6 in SOEOE Hdfertes
i S'{‘%g}ﬁ)’fsétsgha{e%and m‘?l{l oselcﬁp% 'g"‘t“& 03 ?;Phﬁ& (g;%aé[sﬁte 731 or current clock
c opnt thediLf- gpte ¥fitby aP&WP‘}aﬁ £ %‘ik’r‘f‘fﬁfmf%? face 72 ecoder
prosd®des the host controller wt h read-write access to
configuration registers 728 and read access u:':# §1a3t f;gdms

201 e GieSitai®dsy 28 implementy e wesokied hitfpafire glaggithp degoribe
s h aWsoam i Te7 lieanehal BdnoGlessotiageg wmwmﬁﬂmml%wﬂ*&é@dﬁf@?‘ block, and
It wﬁtgs%:@éorﬂe% bt viilla&@ ke dee@dmnm Bhéuplt butfen3B ewmiatdswitalthe curent
stat e chi nﬁuon Fﬁﬁ %ushmg‘? dex{ergal §@L§Jﬂl % da% d(loodepﬁﬁ 1sbiGhe Bl Gléce to scan

pr BRELLEREROLEAAT e, i nde % e
| n sgaqqﬁrg:pfwa genﬁrétm &e Eagfg%re chffr%tca%%%% %encléatgc 90% mat t)%gcg s Z;lns Jand dat

25 nbit aeorting Idchensbl ock decoder 730 uses a shar ed PLL 732
to acquire the pilot and acquire and track the
I e Qhesidsatm gomratoyp Oimhisnenty the alperilen dysciledR oWt oder 733 to
track the data clocks and their associated ali
| | mRbit rekdiver F3Eigplamegtathebit rb@utideaotier deyaipd rté%@@ﬁé?g‘tfé”‘m bit values
CaRgCal Srui reoiehs R buded bl A obim fuffir exsquiethdatith theyprnt block
t hreshol d unresolved bit values. It uses a bit
r €50] Nifin 139 7H el B EE A eEhernOST0] & Eeflerdiithe otttk adsess for cgeinylata columa, as

unr es l Vegectton% l\.é yegrﬁ JytdchLifgSrs @naﬁe@l thbd The fcl)lﬂﬁhﬁﬁhm?\ﬁﬁ% bitstreamn
?HJ raw g%ﬁvvords to external nenory

715“MFH@°W‘R‘°G§W&§’F““? "FPipfenent s the data cl ock
tracking al gorithm described in Section 4. It indexes
the clock state 734 in internal nenory associ ated
with the current data clock within the current bl ock
The clock 15 decoder uses a transform generator 735
to generate the bl ock space to scan space transform
based on the two



data cl ocks. The PLL 732 is shared and nul ti - purpose.
It inplenments a digital PLL as described in Section 6.
It operates on the PLL state of the appropriate
cl ock, maintained as part of the current block state
731 or current clock state 734. 20 The data decoder
736 inplenents the unresol ved bit decoding al gorithm
describhed in Section 3.1.3. It indexes the colum
state 737 in internal nmenory associated with the
current colum wthin the curgent block, and wites
UNEE80% VS ek 4igh-1ove bibeR Siadren of iheredudance iesodsiolt epppinsAiPEHCHr deder 750
out éﬂtextrat:‘fge é &Feantj ) ‘%ﬁ@%ﬁg&# ﬁ; eg- uuc(tdg gajaﬁcti;‘;aﬁig ffdta bltsbt:gclkcoder 752
clamm raw data.
Th@mﬁétr‘c'i"%%’ﬂg?mfé%a “ﬁéhés&ﬁm&gf ogchl%&g%ace to scan
space transf or m_gener at & th S ELA Ofceencoded
7 3Bhotperarpish & pr el ‘?ﬁ“@l"%oor a% P gescf%eguqnc%g&mgg? CRO o
5 c abitlicea premet Fath frqm &iHEd &F?P@fﬁ %t‘f%tih? B SR (3058555 i e
geng opbrate TS td gl ioprerttsalif remetbrg¥ | t hm descri bed 1 n
Section 5. The bit resolver 739 inplenents the bit
I eBQk b hamotdt] dgrodet 150 Abtzthe Satid bityeralm prrnSigwetiy sigpplshe pitsgeam dgooder 752 to
resolyY &S E'ﬂle PAVEZTRNL:2o) bmmait;l hécsuextmmﬁlghe?gme 4hdogthah dersbed v;:etcm 3.2.2.
CUL T &Y oG r&'”Pl Iy 0 560 Ml eadbRbtf o ot oy Bfkhe distributed
0 WO creave
{tﬁsei ahc e BP SO agI regun&njj a[g] %e!e&’@olﬂ)%(m ch%Qer %§ foR0rfH errors
loadaﬂéaé@f@‘éqfé#ﬁ‘t%‘?’“ ‘fsﬁ P GeRerate % address,. . .
f o tzardrwetdtend € e, de- &seﬂeswf Hede P”F*Bé‘a”‘f‘% ‘%’e ik s
3. feadons.| f redundancy decoding is enabl ed, then the
columm flusher wites bitstream paraneter colum data
t OTR iS@PRdE at4enbdetienimad: 75Peirpray adifosaeme@er 75 Wyig gsoegigs the distribuled
shg%@ad@esgggcggagﬁg,\g@,lmbm ock di agram of the redundancy
decoder. It contains a paraneter decoder 750 which
1seXtrteadgto§er Il e SR R BRI otbu ihtor ERGmein B omon ceode

ramet e 948 of rx, RO SolMdl Dkyoder v3.0, 14
PIP%?:Y}%&@‘?PPM%CSBQ £ e@b@% %Vgitﬁgb 3‘?’ ggﬁiﬁe Reeg ISoI onon

redﬂiﬂﬁ’d’&%y data associated with the raw data. The
paranet er decoder_ 750 i nplenents the al gorithm
ded®f i JetgmphiesoptEsiMa8s 2. 1. It reads CRC encoded 5
bl l;‘tﬁ%liﬁ il A6 ¥hBr AFRRRIBYit fahfiesVihesize z of
tn? ‘%wsg%et% a{:%lﬁ%% It ugges alﬁbadCRC generator 751

20t oc"gj’é*’ﬁ@ ‘éf%(’e‘ R to allowit to detect valid par amet er
data. Once the paraneter decader 750 obtains valid
bi i 128am parameters, it %7 5 als the bitstream decoder
752 to correct errors.in w da b
de Ebdistoder 55 4 i adeprpy opf ‘e’f"“éﬁ(F 5t i E%“ ““SQ""’% ‘%?’Q‘%g ﬁﬁ{?ﬂ:u;:rd
Se eAdihomiteSto Bxinal mernprytfg@gmaanc?ﬁta’émﬁ geiohy By bt © '17"%4’“?“ T
I NRkkigaMesivediyr i Ng read-out from external nenory 715,
the distributed 10 raw data of each codeword and its
as?&gjlzg)t ed redundancy data; @.eed- Sol onon decoder 753

corfect errors in the codeword; and a codeword

de Thitedich Ma virs b Gordsvedwii vhiess, Goh represtrted by arvip-Tiareiep: RfeR oo™
its distributed |ocations. The interleaver 754 and
de-Thd i@ bike@ AMRS decb@Bs Bbras wemany, igdidhe biod st frdierboo £V B5
whi ch generates the distributed byte addresses of
codeword synbols. 15 The glecdderw+my.utilise
of fEQ@ME shel f functional blocks as required. For
ex3gR! epecbif dontipuRi®N decoder bl ocks which support
CCSDS codes are widely available, such as Xilin

30Re atle Balomprve Befisngéss a‘ggld@lonef@m orit may be included as a block in a Jarger ASIC or

SaC.




March 2002. 10.1 Internal Menory Estinmates The decoder
uses three scanline buffers to buffer inage sensor

i nput. Assuming 8-bit sanples, the size z, of 20 each
scan buffer is given by: (EQ 128) z, The decoder uses

a word-wi dth output buffer per data columm to buffer
resol ved output bits pending word- width wites to
external nmenory. Assum ng an out put word size of w

bits, the size z, of the output buffer is

apprOX|nater given by: 25 (BQ 129) Zo = WNg The

d 66 G@ioned kalier, Be fidoaioramal Wodyermicdy GPoferd iy dts eiftupeie decjdg g sciety of
I BBeS SRFh RGO Vhe AecddibPpabinbersiidly i@ be fpedallycharttignrd Ot mipble defffjevalues.
total size z, of the decoder's internal nenory,

i %@Ju' hr}ﬂz koD 6ot BdcBis schisble b QAT MbdR: sBE e ibarb)iecodilg GibS Glpok speed

oy - for Q0 Qb RoR Bre Bhlted 6)8ts maxim
dea?:%p(? ZLLe co%%mg %&Q[g‘g a st alr‘f% al or?e ASItC lE)i(?tslt -

5 n’d’if’clﬁ%""’qaﬁ% "lfﬁ%?f““d’éf"“ﬁ e('Ssck | n a larger ASICor SoC
87 As nmentioned earlier, QS ¥? 4 from the decod
R AeSEA s Tt W Bt > P PRy § b e o et
v aitsdlfed thet b decofignie prsity errpbad it diffeie iudler mPRery #6€ odi ng
paranmeters nmay al so be statically configured with
sui tabl e default values. Although the design of the
decoder is scalable in terns of nedia size and shape,
decoding tinme, clock speed and power consunption, the
capabilities of a particular decoder inplenentation
are limted by its maxi num 5 clock speed and the size
of its internal buffers. To be designed as a re-usable
bl ock, the decoder's internal buffer nmenory is best
separated fromthe decoder itself so that the decoder
is easily re-used with different buffer nmenory sizes.
88 - 77. SAVPLE MNEM CONFI GURATIONS 17.1 3.5" x 2.5"

Pl aying Card Table 4. Variable paraneters ~ paranete(.
Val ue descrlptlgh amax 2 degrees Maximum a, the
rotation of the block In scan space. Ab 0 he nomi na
edge-t o- edge spaci ng between adj acent bl ocks, and

twi ce the maxi mum bl ock m salignment. Am 100 1 nmm
rounded up to 100 dots he nomi nal m ni mum x spaci ng
bet ween t he edge of the




lnem area and the edge of the scan, and the maxi mum
hori zontal Miem area m salignnment. Hb - 1080 he

maxi mum hei ght of a bl ock. Hm 5400 '3.5" |ess 0.05
border rounded up to 100 dots the height of the Miem
area. N 3 he sanpling rate, Le. the nom nal bl ock
space to scan space tale factor. R 1600 / Inch he
real space to Mhem space scale factor. Wm 760 The
maxi mum wi dth of a block. W 3800 .5 I|ess 0.05
border rounded up to 100 dots s he width of the Miem
areg. VsafthRu\h dShrRar@pgport speed. w 18 he width
of external nemory wites. 89 11.2 Printed Using
Menjlgt J.8ibi 5" PlayBgCadt ed deri ved paraneters paraneter
equation val ue descriptiaon 4 EQ 7 120 he

edge-t a- edge spaciHy* E%F%%‘W’“efaﬁ acent registration
mar ker s. &mmEQ 15 aauikl\/B he raw capa%&:wqaof the l\/hem
area. EfE FO—23—1-8hBhetencoted—capacityof—t-he~ivhen
area. hb E@:16 16‘733r9"fhei“ﬂ¥f@'wgﬁ‘tem@*f°"?*Pé'%!"@ewpa% EQ |13
944 The fherght—of tne dat T d al wa mottTpre—af
8). Hh EQ 1% 129 he’hei ﬁ | eqopiaedpes ﬁé ,,&,\2&?‘1‘?&3 ok H,

EQS 21 Tha hor dht of +hao raru cfrutlnr\l frar-/ mEQ] 5

LELA Y2 II\/I \.’IIL \v | LB A>3
The nurmher #&f bl ockfﬂwow%nmwurtdﬁ@wn@m area. n EQ2 -5

he number of bl ¢ck colu

1S e Vhem ar EQ|4
760 he Wi dth of [the bl of elereﬂ&'F"' @Gﬁﬁfﬂ?"ﬁagm J\E%eof

the data grid. W EQ 6 po@naMemghadidioneft a regi stratilon
mar ker . V\prMEQ 12 18, he i df N Qhn b D] OCKk overhead.
H, 5400 '3.5" less 0.05" border rounded up o 100 dots
The height of the Mnem area.
N 3 [The sampling rate, i.e. the nominal block space to scan space
cale factor.
R 1600 /inch  [The real space to Mnem space scale factor.
Brnes 760 [The maximum width of a blogk.
W 3800 2.5" less 0.05" border rounded up to 100 dots
The width of the Mnem area.
v, 2inches/s [The transport speed.
w ’ 16 The width of external memary writes.




W EQ 21 758 The width of the pilot W EQ 22 540 he
width of the registration track. yys EQ4 13130 The
Wdth of ascanline. W EQ 10 108 The width of the w de
data clock track. EQ 127 12MHz he decoder cl ock
speed. ar EQ 130 21KB Internal nenory requirenments. 90
11. 3 6"x4"Photo Table 6. Vari abl e paraneters paraneter
val ue description amax 2 degrees. maxi mum a, the
rotation of the block In scan space. Dy 0 he nomi nal
edge-t o- edge spacing betweensadj acent bl ocks, and

na bl ock m sal i gnment pm 100 1 nm
r\c/)l}dlu%g éedeus"igo E%L'g] dots he nom nal m nimum x spaci ng
bet ween the edge of the 1nem area and the edge of the
scan, and the maxi mum %tlelﬂ ineQ ntal Nhem area

1 H ara meters

mi sal i gnment . i gAY 3P f-hei ght_of a bl ock.
H 9400 ,,Jra@.agr i Qé.af.mho gemus ou ﬁded up dia@ripl@O dots the
hei ght hertarea N3 | 19, e]iw .
t he noHp' nats bl ock ¥8pace t ¥scally %ﬁm bR f’actor R
16001 linch theireal space-to-Mem-space——seate—factgr.
Vbm 775 the mxi e W dt fvef ihekﬂ”eﬁeﬁ%““fw MBREE Nes
0. 05" horder-+dunded—up—to—106dots—the wdtihof the
Mhem arjea.Ev, 2 | Ffes|/ kBM?heTTBF’ﬁﬂ§’ﬁ?BW°f§‘5é‘éeﬂ’.“iN 16
t he w gth—oef—externdal lermr%/ D Hock. 1T 4 Printed
Usi ng Nenj® Tabl E2%. Sel &€ ed“&@?jgf’ &8 Bar amet er s
par amsg mEequa |o[ri1%1var e gescr "ggeig%meéfa EQ 7 120 he
edge-tQg-e spac 5 bet ween  |aiways a mulliple of 8).

Hy EQMN 128 iThe height of the block overhead.

H, ;EQ 8 21 IThe helght of the registration track.

m EQ1 § IThe number of block rows In the Mnem area.

n EQ2 - 5§ [The number of block columns in the Maem

red.

w, EQ4 760 [The width of the block.

Wy EQ 14 742 iThe width of the data grid,

W EQS 120 The width of a registration marker.

W, EQ12 18 The width of the block overhead.

w, EQ 21 758 The width of the pilot.

W, EQ 22 540 [The width of the registration track,

7, EQ24 13130 {Tho width of a scantine.

7, EQ10 108 The width of the wide data clock track.

Fy EQ 127 12MHz The decader clack speed.

z, EQ 130 21KB Internal memory requirements.




dj acent

capacity of the Mem area.
capacity of the Mem area.
Hd EQ 13 1040 he

the blo

always a nultiple of 8).

bl ock o

regi stration track.
In the Mhem ar ea.

regi stration markers.

ck.

ver head.

H, EQ
rn

n EQ2 8

E. EQ 23 5.2MB he encode
Hh EQ 16 1173 a hei ght
hei ght of the data grid
EQ 11 133 a height of t
he hei ght of the
8 he nunber of block ro
The nunber of bl ock -

Hn
8 23
EQ 1

D. EQ 15 6. 0MB he raw

d
of

he

WS

colums in the Mhem area, W EQ 4 775 he width of the

blusk. EX¥"'Phdtche Wi dt h of the data cl ock track.

ﬂafb &gae R et

14 757

of a reqgistratio

bl ock o

he w dth

Wi

d. W EQ 6 120 he wi
01? 18 he width of

EQ
dt h
t he

va&h@ad

1 773 he Wi ddshuptof "t he pllot

W

EQ 22 5
24 2117

9 J IIC VVI

0 Heaewi d

& Teg STrarion Track. vy,
a [ PR RSB he wi

EQ
dt h

of the
((mnin

Widedat
um Yeca

ﬁaﬁ@ae

Est %theglg t blt':ks

IpckE igdnadh. KB nt e

[ non(z:lnal' ed e-[o

mal

menory
Bi t - Enc
bi t - end
bi t - enq
di anet e

1 Uqul T UI
odi fg Va
oding |a
oding | a
r_shown

cations
is the 1

12- Efl—eu f—Btur—on
gl r°3§‘°dé‘h‘6§ﬁ&d°’én enpty

YRGS RnarinGhiH x sFeblng bdRddA Bhb KAG of the
fenpneareg pft the edgs pf foegdan: aTEHE MEFRYTK
A AT WHER Thi

arrange
nei ghbo

meny, yie
uri ng_me

| dsifshe
rks on t

M Shmeaser =66t ect  of
he jmaged grayscale value

t he cen
Fi gure
expl ore

trag bit
39 are n
d in sub

- eng@di
ot blurr
seguent

HJtesk QB@brdeObundedsip @ fv@dogar ks i n
ed. The effect of blur is
Tf’?‘ﬁ'ﬂ'ltoélge " Plre 40 shows a

hi st ogr
bi t - encg

amgf th
oding | d

e i maged
cation f

h‘h%@y’@ =1} eeme\ﬁarlfnhl QocOdhacd thkean At
fscAfe fagtdr|

possi bl e nei ghbouri ng

ral

mar k ar
both a

Ngemner
cenfral

L %60&/%? |

for
ho

apsence

ace tQ Mnen space sca% factQI ur,

ar) an a centrm

ljhelg rf(aF s

(gray b
hi st ogrjam

argh. Fd
o] ele

r the pu
k space

e Al SORRUL I NG t he .
is supersanpled at 23:1. Th

i mged
t he sup
square

gra#scm

er sanpl g
centred

e Vghue
d i mage
on the ¢

i 100 dsSordeQiERLLLLE oY aver agi ng
wi thin a bl ock-space unit
“Iéemjdfh aflthe B’ipq‘n_area.

Yy

2inches/s

The fransport speed.

w

16

The widih of external memory wriles.




encodi ng | ocati on.
box filter.

arrangenent of Figure 20 with increasing anmounts of

bl ur.

i maged grayscal e value of the centra

| ocation for all

arrangenents,
15 As shown in the histograns,

bl ur.

possi b

le neig

bi t - encodi ng
hbouri ng mark

as i mage bl ur

Blur is conmputed using a | ow pass
Figure 41 and Figure 43 show the

Figure 42 and Figure 44 show histograns of the

conmputed with correspondi ng anounts of

i ncreases the separation betweien the range of possible
idenNg a mark _and the range of possible

Va1 Prineb Ui

val ues representing a hol e decreases to zero.

The fi

di stinct nodes i rfablink Sqtgledderived pamagietess di st ri buti ons

ve

correspgn the Tive posSsi bl e[.eombi nar ons of  map ks
at thep Dj aranrang‘?! rilnﬂ'aqonr,atl %Lq direct ] \Vi Jar‘i‘n gcent to fhe
central [bitaencodi rag7| ocat i1mn. vaedgaoagesﬁab}gbatween

di agonalll y- adj a¢ent bi t { encodi ngeFgéttitemgishave a much
smal l er |[effgct. |20 . Rel gf,; 0n rd
Desi gn 13}% Ravy dg%g Lavéﬁh%henggg%?%gﬁﬁ%g%gj%ﬁ
decoupl ¢s ki ock] detegti pn Rl y%@@ade%t:éﬁa%bf%mﬁeﬁagm

bl ock xlregistration using a pilat . sequence for

bl ock det edti on| ansh1y rpgi star at fme fejght & mebloa.

mul ti - r eselytieh—regi-stFati-on—track—+tor—x
registratidh. |h &dfhpari sBP wi frhbedidef Gaatelong

t wo- di mensional [ targets| this approacifed? e
decodi ng amg i s; nocat r edunaant [ m2Big@ade do@bldada. 13. 2
Faul t - Tplerant—fayerThe Miem flault-tolerant. | ayer |
uses CRCs d&h repli@Hted bi?streanwpawanwwewnﬂata to

al | ow pprameter-decodi bef-orie—Reet--Sol-oron
decodi ng. This [al | '®is opti rfal iﬁf@?W@@Vﬂﬁ@”wﬁMmmW%
vari abl - 'engthr oi I stré&ams, and oS Im_situ
Reed- So| onon decoding (jsee belqmﬁ“m%@ & RARB R Minem

f aul t - t pterant— ayer—dSeSsS—Sst+gt fHeantty—tess
Reed- So| omfn r gdurffdncy) (18@6ve%§ﬁ@°@6@@kthan

dot Car d—ThrsTncreasey data density —and—srnpttfi+es
decoding. 93 13. FBecddi nd Al cTG?‘Y“?‘ﬁ'r‘F‘F"FHé“'Nﬁ%m
decodi ng a orlthgbglrrersm;ro he dgot card decodimg
al goritlhmih sdveral wdys, all ?ﬁ”ﬂMﬁmﬁﬁmgFe al so
applicabl ezt o dot G@rd cecogdng.mJng Niem.al gorithm
uses sdanline decodinglrather printline &eco I ng.
Scanl i ne degodijngegt r act sigdat amddhm orPe fb@WRLe1 NG a
scanline—while printliine decoding extracts data hy
traver gi ng#a pri nek2ine,| i .7 bymmwsw&bm@ all of the
scanl i nes—the—print-+negintersects—Seanli-ne—decodi{ng
al | ows |t he#ivnem aEg¥ri tt hm%o o;T@wﬂ@éfhwiestshwtackoff chip
buf f er img—for—fawscantdata,—signt-ftecantty—reduecing
external nénory rEYHi r emefif’s aﬂUWW%ﬁﬁWVmbandMAdth
Print| ine gecodin requrres ananourt externa
nmenory [proportional ™t o|t hé®max Tﬁﬁ%*?ﬁ?ﬁ?#ﬁﬁ“ﬂ?“the

bl ock fof smill [ és gre of the meqia
widh (Lhis can HSTHgyEe aRRC 17??2m'"§’“9’“ FE" o1 THe bl dck
width Wth,10 songadditi gpal ﬂ,ggépggmggqum exity).

For the nmedia width of [2.2 inches and maxi mim bl ock
rotation of 1 degree assunmed in the original dotCard

st udy,

t he design of which has been disclosed in a
series of Ganted



Pat ents and pendi ng patent applications listed in the
cross references above, printline decoding requires
about 2MB of tenporary scan nenory. For a nedia width
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CLAIMS

I. A surface having disposed therein or thereon printed marks, the surface including:

a data portion in which first printed marks are disposed, the first printed marks representing
encoded data and disposed in a grid arrangement; andan alignment data portion arranged outside of the data
portion and corresponding to the data portion, the alignment data portion including a registration portion in
which are disposed second printed marks adapted to partially identify a grid location of one or more first
printed marks, a data clock ﬁonion in which are disposed third printed marks adapted to partially identify a
grid location of one or more first printed marks, and a pilot portion in which are disposed fourth printed

marks adapted to identify the data portion and the alignment data portion.

2 The surface according to claim I, wherein the grid arrangement is a 2-dimensional substantially

rectangular grid.

3. The surface according to claim 2, wherein the second printed marks identify a grid location of one

or more first printed marks along a first axis of the grid arrangement.

4. The surface according to claim 3, wherein the third printed markslidentify a grid location of one or

more first printed marks along a second axis of the grid arrangement, the second axis perpendicular to the

first axis.

5. The surface according to claim 2, wherein the registration portion is disposed adjacent to and

along two parallel sides of the grid.

6. The surface according to claim 2, wherein the data clock portion is disposed adjacent to and along

two paraliel sides of the grid.

7. The surface according to claim 5, wherein the pilot portion is disposed adjacent to the registration
portion.
8. The surface according to claim 3, wherein the registration portion includes a number of markers

indicative of a gross position of the first printed marks along the first axis, and a clock track indicative of a

fine position of the first printed marks along the first axis.

9. The surface according to claim 4, wherein the data clock portion includes at least two clock tracks

indicative of a position of the first printed marks along the second axis, and two alignment lines for each
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clock track, the two alignment lines respectively indicative of the position of each clock track along the

first axis.

10. The surface according to claim 1, wherein the data portion and the alignment data portion form a

data block, and further wherein the surface comprises a plurality of data blocks.

11. The surface according to claim 10, wherein the encoded data is encoded using parameter data, and
each data block encodes at least some of the parameter data, and further wherein the parameter data has one
or more properties selected from the group consisting of: being indicative of a size of the encoded data,
being indicative of an interleave factor, and encoded fault-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 paraméters and a checksum.

12, A surface according to claim 1, wherein the encoded data is encoded using multiple interleaved

codewords to fault-tolerantly encode data.

13. A surface according to claim 1, wherein the fourth printed marks are encoded fault-tolerantly.

4. The surface according to claim 1, wherein the fourth printed marks form a set of paraliel lincs.

15. The surface according to claim 14, wherein the fourth printed marks encode a binary pilot
sequence.

16. The surface according to claim 15, wherein the pilot sequence is at least one of: 11¢101100800011

and 110010001111010.



