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An example of a prior art device is shown in Fig 1A. Thisis a schematlc block diagram of a print head 1aand a

control system 2a for the print head 1a. As can be seen, the control system 2a has & printer driver component 3a and a
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microprocessor/microcontroller 4a that are separate from each other. This allows the microprocessor/microcontroller 4a

to be provided as a standard component that is then pre-programmed to carry out specific tasks.
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to be provided as a standard conponent that is then pre-programmed to carry
out specific tasks. ~ WD 03/013858 PCT/ AU0O2/ 00920 2 It4ollows that it is
counter-intuitive for a mcrocontroller to be provided that incorporates
printer intweobzmaesssr driver circuitry, since this would preaavbh@b2o he

m crocontrol l er woul d have to be manufZactured to suit a specified task.

Appl i cant has, however, conceived the present invention in an attenpt to
sinplify conmponent requirenents for an imge printing control system
Applicant believes that it is advantageous to have such a purpose-built
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i ncl udi ngentréfler. Agvragerergliesip what fs kRowp 5 af"fytems epiebip-¢ Aficragpnyrollep 58 prpipaly inflyde Be v g y
| ow. A t yibwiad cofpoaén@eontrol | er has bit mani pul ation instructions, easy and
direct acce Jo; output) data, and quick and efficient
i nterrupt p?%gte(ésggtlla{n%%cgﬁ}?@%g{é ntrollers are a "one-chip solution" which
reduces par tRMGHHPT AR MIBE yn costs. The fact that a microcontroller is
i n the for mEFROM/PROMGFOM Ehesaple Rtoprerpieable Read Paliiemeur e of controlling devices
to take pl aogsihmdfRerssi Ngl e integrated circuit fabrication process. SUMVARY
OF THE 'NVE'\tEQe%'\.'ma“a‘%For ding to a first aspect of the invention, there is
provi ded an 1Tmage printing apparatus that conprises a print head for
printing i mdgesptegi@lies ni crocontroll er that conprises a wafer subst rate,;
processor ci r anadvinygd df adcrocatrgbs isttiaghyeuly weludingehefratiess sperifis & thegtskeéconypl), st head
interfac el%iivaﬁw.t & Ypitad@leroboitrdPQDhstohe @106 ifsherws ety arﬁ!db&idﬁ(&is(ﬁ) EGhpitsutput)
connect ed between . processor cirteuitr t, on :
head i nt &PP&WEvEs ?"é ?‘?"E’ntﬁ’é‘iptrfgmc%scs)“ﬁ& ﬁgclﬂorcséng&tlegsr}%aacﬁgicgé%oggoncgﬂm%ﬁﬁy%gﬁaﬁ%dﬁm
bet ween tahidepignestssBe facteher wmiprpgoprolieés it Wefom o A sinalfehin 2loys de prputapt A Fpggine
Ci I cui t 1 Viedidaah takeSpladé i 6 kifleAntégrapecitchiefaipicatiat prbvead i nterface circuitry and is
connected to the processor circuitry so that the processor circuitry can
comuni cate with devices other than the print head via a bus. According to
a second SAPLRY Of THIRENVERTEN i on, there is provided an i mage printing
appar at us t hatAcooing td adiess aspecypd theinygnidim| thefrris pievidedBdAMAERMRITURESPRAAES BT EIWEYS of an
integrated cCiLgmithead APPrinftih8; m@Cchni que and which includes a plurality of
nozzl e arrangenents .zl e arrangenent defining a mcro
el ectronechaniaénéclroc%\(}llﬁgéﬂfﬁgﬁé%s capabl e of being actuated to eject ink
from a nozzl e chanb®Herd¥s¥¥e nozzl e arrangenent; and a microcontroller that
corrpri ses a waf erpreesos tircaitrghat is positioned on the wafer substrate;

print head interface circuitry that is positioned on the wafer substrate and is connected between the

processor circuitry and the print head, the print head interface circuitry being configured to facilitate
communication between the processor circuitry and the print head; and
bus interface circuitry that is discrete from the print head interface circuitry and is connected to the
processor circuitry so that the processor circuitry can communicate with devices other than the print head via a bus.
According to a second aspect of the invention, there is provided an image printing apparatus that comprises
a page width print head that is the product of an integrated circuit fabrication technique and which includes a
plurality of nozzle arrangements, each nozzle arrangement defining a micro electromechanical device that is capable of
being actuated to eject ink from a nozzle chamber of the nozzle arrangement; and
a microcontroller that comprises
a wafer substrate;
processor circuitry that is positioned on the wafer substrate;




processor circuitry that is positioned on the wafer substrate; WO 03/013858
PCT/ AU02/ 00920 3 print head interface circuitry that is positioned on the
waf er substrate and is connected between the processor circuitry and the
print headwo beoipsssnt head interface circuitry bei ng confpgoaeok/doszo
facilitate comuni cation between the Jrocessor circuitry and the print
head; and bus interface circuitry that is discrete fromthe print head
interface circuitry and is connected to the processor circuitry so that
the processor circuitry can conmuni cate with devices other than the print
head via a bus. AGf 6dadlinRgadt Girdity Mhbtridposis@ersn bf wifdgubstaeant is cnmpecehveen de
provided a mp?cfc&&? Q&Ju?\glagﬁ tlfeognntaﬁkad rmegﬁmp Haﬁ'tlﬁt&ﬂcea@@tﬁﬁ'yageﬂéwom@red to facilitate
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posi ti oned orF°’E“I’1‘é“°9\‘z!§.’f‘Bﬁ‘weﬁ‘UB"spW‘Z’ist"écmthyla?ﬁme%’éaea A%rface circuitry that is
posi tioned on the twaiherfacs citvsitry et & disprele fram dio pring bl iterfise pisaily WA S PrERE 56
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t hat the proceaspdbsaid;cuitry can communi cate with devices other than the

print head v'aoc@ssdpuﬁm&mmwmaa&n%msmtedescrI bed, by way of example,
with reference to t
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Not Wi t hs e Geut ¥nd@He Pt nda@bris t hat nmay fall within the scope of the

present | nvenhx}g?nte’rfac@ &L%Ehgtqs 515@{::%08 fhe tpxml(:r' hea!l H&éﬁ&&& l:]f?:mmy\%nh ks chQWte@% hgResiped,

by way of exa g? %q, gavm ngs in
whi ch: Fictpuitry sojthat ‘EFSPEGF?S‘F’&%FC‘&W cﬂYCP‘E‘a‘f?CH%W(?‘éV“ESc?H’ﬁ‘tﬂPaﬂ % "B@&Br dance with
t he pref er r edTiendyendoniemiy, descitied) by Wak of dximplst withtrefegenee tg th epEpRngingdrevines- dhessgrcifien of

a prior e bR B dkripth sRIRRAELBE ddBstruek bsJimitidg in SnydvapEd RdRatue: obhio semely.agr am
of the main Artcam el ectronic conponents; Fig. 3 is a schematic bl ock

di agram of the Artcam Central Processor; Fig. 3(a) illustrates the VLIW
Vect or PERSERESCRIFTIONPETHEPRAWINGSi g. 4 j|lustrates the Processing Unit in
nore detail; Rotgithstondink oy Sthet fokresshat g falvithirliBBcdpaof the preserd &tveaiidn; prefepdformgof the

Il 1ustrat %@nubx{\@ll @’ b@heg&llﬁedl Y wiyHr S(axgﬁg d?rfy |w1th refetefoe tofhel a!:ctnﬂlﬁ\ﬂyﬁr@hﬁﬁnés bewnichit bl ock

in more ustrat er.s ck in nore detail;
Fig. 9 ilHgbiphse ‘?’T‘iﬂn ‘&P”Bescg‘lﬁ%“ﬁﬁf' A Pcéw@’etﬁcé] rﬁfe“EE (gOduTﬁt illustrates the
Cr osshbar Fig. i itheirates elesheaiatic; blop} diperam of alpmr%W&P%mﬁﬁ@mF“éad process block in
nore det add, 2xsaergnaucLBcﬂd;a@ursbfrt&tr@ﬁAhaﬁhere@axdc pmpeess bl ock in nore detail;

IFI Igustlfaltﬂé% ‘?%.gcgeﬁng%&o;lfdo A + Eslmldeﬁ{mﬂ&lcgg%k in nore detail; Fig. 14

e a n npre detail; Fig. 15 illustrates the
mul ti ply g YRRty &Y & %ﬁrFr°°°T§?‘¢“m°i“’6i°‘f“f | ustrates the 1/0 address
gener at orFigk tloskatés the Aroressing Ghitin inpre detail;

Fig. 5 illustrates the ALU 188 in more detail;

Fig. 6 illustrates the In block in more detail;

Fig. 7 illustrates the Out block in more detail;

Fig. 8 illustrates the Registers block in more detail;

Fig. 9 illustrates the Crossbarl in more detail;

Fig. 10 illustrates the Crossbai2 in more detail;

Fig, 11 illustrates the read process block in more detail;

Fig. 12 illustrates the read process block in more detail;

Fig. 13 illustrates the barrel shifter block in more detail;

Fig. 14 illustrates the adder/logic block in more detail;

Fig. 15 illustrates the multiply block in more detail;

Fig. 16 illustrates the /O address generator block in more detail;



WO 03/013858 PCT/ AU02/00920 4 Fig. 17 illustrates a pixel storage format;

Fig. 18 illustrates a sequential read iterator process; Fig. 19
illustrates a box read iterator process; Fig. 20 illustrates a box wite
iterator prweoess3sssi g. 21 illustrates the vertical strip peadvozevm
iterator process; Fig. 22 illustratessthe vertical strip read/wite
iterator process; Fig. 23 illustrates the generate sequential process;
Fig. 24 illustrates the generate sequential process; Fig. 25 illustrates
the generate vertical strip process; Fig. 26 illustrates the generate

verti cal Fi?,tﬁm&trms@gie@mmgeﬁ@;; 27 illustrates a pixel data configuration;
Fig. 28 LllLustrates a pixel sing process; Fig. 29 illustrates a
schemat i fg't%%jf(?)hésf{ge iaéea'?ear?]h(%%“fr&ge&@?egsbl ay controller; Fig. 30 illustrates the
CCD i magBed? Yeshneabr*snd i Poss j | | ustrates the storage format for a

| ogi cal Figaglistrhtésg box3itelitedattiptocdt es t he i nternal inmage nmenory storage

T ormat ; FiEiZQillusﬁécsitﬂelvmrsai ﬁ%/&rlﬂﬁteﬁal@ﬁ%es@yr am d storage format; Fi g. 34
illustrates a I s of sanmpling an Artcard; Fig. 35

es atinme line o tcﬁe, {eotces )
i |1 ust r afig<2 phates st s mB e ‘&t“ﬁ BEPLE™ Fig. 36 illustrates the process of
readi ng Eisr2dilsstretel thagenerae epquepiakproesss j | | ustrates a flow chart of the steps
necessar yighoindaaade gaeradeheiaiocesdri g. 38 illustrates an enl argenment of the
left hang ﬁ?ﬁlﬁ!u&t%fme%%lgxia@%nﬁal@tﬁﬁ196'%&9.; Fig. 39 illustrates a single target
i on; [

for det ecflg , I g. ustrates the nmethod utilised to detect targets;
Fig. 41 Fqg-lzégP%“é‘FSg?gf‘ﬁ’é‘eﬁ"étlcﬂétﬂp%‘f“sé’al cul ating the distance between two
t ar get s; Fighl7 glustrdids aipixbldat qonfigargtionshe process of centroid drift; Fig. 43 shows
one for meQfss GRMbEQIpHelpRksR plodlt] €, Fig. 44 illustrates the centroid
updati ng_prqcess: Fig. 45 Ll ustr a processing | ookup table
utili sedF@ﬁgﬁlﬁsém Sraé?hg?art.%éocgdl ' ﬂ}oﬁ@%ﬁﬁla??ﬁ%h&% illustrates the process of
unscr anbFigrf§ illagopiestheC CPamage orpigition 7 j | | ustrates a magni fied view of a series
of dots; Figh1glustds the stotagd foraibtds a tofianl ichagea sur f ace of a dot card; Fig. 49
i1 ust ra?g%z%ﬁ&%@ﬁéiﬁé%h%a Rembrpyddgt fota; @ singl e databl ock; Fig. 50

S

illustrates a singl e datablock:; Fiq. 51 and Fig. 52 illustrate magnified
vi ews of Pﬁoaﬁt‘lluﬁ‘i‘i@%"flm?gﬁB"’r"ﬂ%‘{s&oﬁ?eo{rﬁ‘%of Fig. 50; Fig. 53 illustrates a

si ngl e t &regdtillustates pdimg fiee,of §5¢ mocessof sqmplingsn Akeprdis t he target structure of a
dat abl oclgig, Fsii@stralbind shjetsgingling @aestshe positional rel ationship of targets

relative F&g%G?lngqu{ thecdroqgégé)flpegdit(g%gcita%eﬁnafd; a data region;

Fig. 37 illustrates a flow chart of the steps necessary to decode an Artcard;

Fig. 38 illustrates an enlargement of the left hand comer of a single Artcard;

Fig. 39 illustrates a single target for detection;

Fig. 40 illustrates the method utilised to detect targets;

Fig. 41 illustrates the method of calculating the distance between two targets;

Fig. 42 illustrates the process of centroid drift;

Fig. 43 shows one form of centroid lookup table;

Fig. 44 illustrates the centrolid updating process; .

Fig. 45 illustrates a delta processing lookup table utilised in the preferred embodiment;
PFig. 46 illustrates the process of unscrambling Artcard data;

Fig. 47 illustrates a magnified view of a series of dots;

Fig. 48 illustrates the data surface of a dot card;

Fig. 49 illustrates schematically the layout of a single datablock;

Fig. 50 illustrates a single datablock;

Fig. 51 and Fig. 52 illustrate magnified views of portions of the datablock of Fig. 50;
Fig. 53 illustrates a single target structure;

Fig. 54 illustrates the target structure of a datablock;

Fig. 55 illustrates the positional relationship of targets relative to border clocking regions of a data region;



WO 03/013858 PCT/ AU02/00920 5 Fig. 56 illustrates the orientation colums
of a datablock; Fig. 57 illustrates the array of dots of a databl ock; Fig.
58 illustrates schematically the structure of data for Reed-Sol onon

encodi ng; WO 0e/013%8i | | ustrates an exanpl e Reed- Sol onon eneouiawgz/o00020g. 60
illustrates the Reed- Sol onon encodi ng rocess; Fig. 61 illustrates the

| ayout of encoded data within a datablock; Fig. 62 illustrates the sanpling
process in sanpling an alternative Artcard; Fig. 63 illustrates, in
exaggerated form an exanple of sanpling a rotated alternative Artcard;

Fig. 64 pblsustsrats@k ofidigricn calinid 6@ dgmblaess; Fig. 65 illustrates the likely

scanni ngFidiS%IB&iquttgegpa of o&%@dé&%&@i ng process; Fig. 66 illustrates the
rel ati onslﬁ'i _between 5,rodba ility of s n? I errors and Reed- Sol onon bl ock
errors; F‘F-isg‘.““Wesis‘fhf’rﬂf'élfa?l’étf"’esg“%"fq?ﬁﬁ/f‘ﬁﬁg '§°1‘8?°“f‘ﬁ% "§ecodi ng process; Fig. 68
i |1 ust r afigs9 aluprtceesenpd Rekd-Somproncodingagr am of t he decodi ng process; Fig. 69
I 1T ust r ageSo ibfrakidledbdi@Wondn@RSdidgRot@g 0di ng; Fig. 70 illustrates the reading
process LN i 'C?dedgaé L Iudsa&gl& es the process of detection of the

re detail: Fi ,
start of F‘érgfgll“st“étfsﬁl}fﬁ‘iy‘?}‘é"fﬁ? card"in hore detail: Fig. 72 illustrates the
ext ract i Big- 63flluiyptes thtamplipgpeeessin samplinggyralergbe 41tfad i g, 73 |l ustrates the

segnment akigN iIRHAEKIS Sxaptbrated Br@Clhaniedmblhef soh@l@dirawtpd preoatiys drtcardiFi 9. 74 il |l ustrates

the decog NG RLACERIcaltfingploleli Ng targets in nore detail; Fig. 75
illustrat é's t he dat a strucﬁﬁ%e.ﬁ utilized in |ocating targets; Fig. 76
i 11 ust r afB<ds fratesied by seopipgisiPyiRe A TR B°F % 77 illustrates an

enl ar ged Figoi6illugmatesse rejatigushipbtwsenprobgblliysf syabol eigrs e RedSORRIPRICRE eEMY bor der

regi on; glgi 6 illuffred ol flow Stlaft BtRFechdd pREs@cessi ng steps in decoding a bit image;
Fig. 79 il rat.e dar afl.ow steps.dRndegodi ng a bit image; Fig. 80
illust rathé’séé?lhse"%‘ésea}Eo%%ﬁ%lﬁ%nog a‘ér?o_cess o?‘ n?ﬁe preferred enbodi nent; Fig. 81
i |l ust ratFtSsﬁ9(9H§raFﬁPerﬁa‘6ff°wiSﬁﬁl“la‘ﬁfﬁﬂf‘gati on of the convolver; Fig. 82

i || ust r atFis70allusaratd reptiingmocpss boes detail; Fi g. 83 il lustrates the conpositing

gf fC_elSS: P[{Z-g!.ﬁ-mu%éteé thél ﬂrb%%sg @h&&udnﬁmers@.@waamcﬁ?wmﬁm inf@repatAlc€SS i N nore .
etail; _Fig., i | l'ustrates . .the proce: f warping using a warp map; Fig.
86 ill usthgaﬁé@s aﬁ%tl‘?/%ﬁﬁt‘imﬁ@ BFQqu?ﬁ%%IPmﬁ% e(taa‘li_lbol ation process; Fig. 87

i || ust r atFées73tilkuerasy thesemmsntayon mpras utdizad éihederMgPopsssy. 88 il lustrates the basic
span cal @ AtilentehOR@8iag proctsgof fikBngitddets Bitmortdesl; one f or m of det ai |

i mpl ementgat 4sGfoffes hd B MRAReCRliAHN RldRrRi0cess; Fig. 90 illustrates the
process of readi ngﬁéﬂ?ﬁgﬁﬁ%{iam d levels; Fig. 91 illustrates using the

pyrani d tFigedlustEe REEFPS ation; Fig. 92 illustrates the
hi st ogr arfig®lilluewte wrenipeed ewion of apgplocigusiraipg g oggnak apdPe T BEGF ¢ r ansf orm
Process; Fpig, 78 illustrates the processing steps in decoding a bit image;

PFig. 79 illustrates the dataflow steps in decoding a bit image;

Fig. 80 illustrates the descrambling process of the preferred embodiment;

Fig. 81 illustrates one form of implementation of the convolver;

Fig,. 82 illustrates a convolution process;

Fig. 83 illustrates the compositing process;

Fig. 84 illustrates the regular compositing process in more detail;

Fig. 85 illustrates the process of warping using a warp map;

Fig. 86 illustrates the warping bi-linear interpolation process;

Fig. 87 illustrates the process of span calculation;

Fig, 88 illustrates the basic span calculation process;

Fig. 89 illustrates one form of detail implementation of the span calculation process;

Fig. 90 illustrates the process of reading image pyramid levels;

Fig. 91 illustrates using the pyramid table for bilinear interpolation;

Fig. 92 illustrates the histogram collection process;

Fig. 93 illustrates the color transform process;



WO 03/013858 PCT/ AU02/00920 6 Fig. 94 illustrates the col or conversion

process; Fig. 95 illustrates the color space conversion process in nore
detail; Fig. 96 illustrates the process of calculating an input

coordi nat e;WwOBI/@3887 il lustrates the process of conpositi BgTMUNMBedback;
Fig. 98 illustrates the generalized scaling process; Fig. 99 illustrates
the scale in X scaling process; Fig. 100 illustrates the scale in Y
scaling process; Fig. 101 illustrates the tessellation process; Fig. 102
illustrates the sub-pixel translation process; Fig. 103 illustrates the

CONPOSi t ki) 94 iQLE 8 colortodversibfighocdeds] ust rat es the process of conpositing with
feedbapkl'n%g& iqﬁsﬁjf%geli(%o%%?‘]le{g(ﬁgeg%bjg&smm@hof tiling wwth color fromthe

i nput i nagée; ustrates the process of tiling with feedback;

Fi g. 107Fi$-l91"‘H‘éstr‘i““éfhég“"ieﬁ@fcﬁ‘f’%%@g‘“B‘f“"t‘”id}“F‘f‘lg with texture replacenent; Fig.
108 i | | ugg.paillesatds e ppres obesposifingtwith feedfackyi t h col or from t he i nput i mage;

Fi g. 108gj loh #Stk@ e SenlrhiBedRla@z@d&ssdf tiling with color fromthe input image;
Fig. 109_|I lH]St r at.es thgi Qa?.oc%%esss,of applying a texture w thout feedback;
Fig. 1107 UFps sl R FHPREE  of applying a texture with feedback: Fig.
111 i || uBigApfikustrachibe s9aleie ¥ S8lingProgedsi at i on of CCD pixels; Fig. 112 illustrates
t he proceg3oQfiusihl @6 ednatoh poceef G een subpixels; Fig. 113 illustrates the
process f \jnheEROk2LL R Rhafblifoctlbpi xel s; Fig. 114 illustrates the
process of [ nterpolation of Red subpixels; Fig. 115 illustrates the process

of CCD pF%edP? PyiEas BoteTPTPE RITHh 0 degree rotation for odd pixel |ines;
Fi g. 116Figlib4ititstrates heprodess ofspropositng wish fed®ek: pi xel interpolation with 0 degree
rot at i ongfzQbs iB1EHks B Hdess bf tif@Swith cdfir Gom thdifput inkgest r at es t he process of col or

conversign to. L ol or " 118 illustrates the process of
cal cul at ?‘cgrllt()éc))#lus%?eaﬁlep'%esgsgﬂ@ﬁggwlhﬁe%gct rates the inplenentation of the
cal cul at FignObilustzies e prcesyay ling i ke Teplpgement 1 50 j | | ustrates the process of

Nor mal c&lgcio$ istéstrodn thwprbdass af tiingwpthoelgy frof theyinpul kgej | | ustrat es t he process of

i 11 um natg,0g Mk bid bo@R oMilihd ik et oEm WeRpu friag@; 122 il lustrates the process
of illum nat%ﬁn cal cul ation wth a bund map,in more detail; Fig. 123

i 11 ust r at®s!0f TR GE BeE™s SFPRUEE [T AT 0N o Using a directional |ight; Fig.
124 i || u$ter 40 Bustratds dhe prosesebapplyine asapetitdesdi®of L using a Omi 1ights and
spot | i ghtrgg; 11Fingstratch 2 plotebsofibtidvh e°CODEel:or m of i npl enent ati on of cal cul ation
of L usi [ : t pixeldtl 9. 126 illustrates the process
of cal culr}%tﬁ%%ﬁgwﬁg@eﬁgﬁﬁﬁ?&%ﬁ{fg&gﬁP ]127 illustrates the process of

cal cul at iFf'Eg“?%éStrNe.slt_heaﬁ‘fessr?F‘Bﬂ‘B o3 of H%%“@"*&é't ail; Fig. 128 illustrates the
process «ig UalllowhsttienycessobinRpajatigodf Ressyiifelt: Fig. 129 illustrates the
process G G8limith@itieRBedftecdd MhetbpdMiaia digre atice fdetiaixé jines;Fi g. 130

T Tustr atl:,legg 1 1r6 Hl%str%gstthec rﬁ}égcgsl o?@leﬁvlepiHLrﬁél Ju&ﬂm&'ﬁ Bé&eg roftl £ EePghleSines;

Fig. 117 illustrates the process of color conversion to Lab color space;

Fig. 118 illustrates the process of calculation of INX;

Fig. 119 illustrates the implementation of the calculation of 1X in more detail;

Fig. 120 illustrates the process of Normal calculation with a bump map;

Fig. 121 illustrates the process of illumination calculation with a bump map;

Fig. 122 illustrates the process of illumination calculation with a bump map in more detail;
Fig. 123 illustrates the process of calculation of L using a directional light;

Fig. 124 illustrates the process of calculation of L using a Omni lights and spotlights;

Fig. 125 illustrates one form of implementation of calculation of L using a Ommi lights and spotlights;
Fig. 126 illustrates the process of calculating the N.L dot product;

Fig. 127 illustrates the process of calculating the N.L dot product in more detail;

Fig. 128 illustrates the process of calculating the R.V dot product;

Fig. 129 illustrates the process of calculating the R.V dot product in more detail;

Fig. 130 illustrates the attenuation calculation inputs and outputs;



WO 03/013858 PCT/ AU02/00920 7 Fig. 131 illustrates an actual

i npl ementation of attenuation calculation; Fig. 132 illustrates an graph
of the cone factor; Fig. 133 illustrates the process of penunbra

cal cul ati orwOPB3/@385834 illustrates the angles utilised in pemaubz/@920
calculation; Fig. 135 illustrates the’inputs and outputs to penunbra
calculation; Fig. 136 illustrates an actual inplenentation of penunbra
calculation; Fig. 137 illustrates the inputs and outputs to amnbi ent
calculation; Fig. 138 illustrates an actual inplenmentation of anbient

cal cul at @131 indtais anh 31 imblerdditatiod baSenadlioralewldibn; | NPl enent ati on of diffuse
cal cul at L.on., ...Fi el Mst g a4-eS the inputs and outputs to a diffuse
1-716.21?2 111u|s:t.|ra%§ an%}% dlf H‘: %

cal cul at _ ustrat'es an actual inplenentation of a diffuse
cal cul at Figri33 illystyaips the progess piiperambragaldaiphie | nput s and out puts to a specul ar
cal cul at Fign34 ilistrages thd ahBesiulilisersit peatmdbs calgvladant ual i npl enent ati on of a specul ar

cal cul at ggnss s td ighisishd MSld BhBSukhi@euiai@dyt S and outputs to a specul ar
calculati o 145 il]u n%rag‘agctuféllﬁ%' i npl ementati on of a specul ar
actual i

on. . Flg 14 strates a
cal cul at F‘é’ﬁ,% ‘E‘Is‘é“?“ A 'I’qp‘ﬁ’g?ntaé%“é’gpﬂéuﬁ i mpl ement ati on of an anbi ent
only cal Eil13k iflustetes thiFingpts and/pptpt 1 gebientgeledationhe process overvi ew of |ight
cal cul at kgn3s iftis@hes #thSual infpléminkatiin@Sandienteat@niine i | | umi nati on cal cul ation for a
single infind: i e El guen 149 iilsb st rates an exanple illum nation
cal cul at ?3&%%‘%“%%%?%%‘%%? m!sﬁgg?f(f:%e&c?%ﬁg&dt a bunp map; Fig. 150
i || ust r af@s4Qiflusieaes hpirentsapg "Wi“?f&f‘?‘g‘ﬁc‘é‘g'lﬂ%‘ﬁ'i"ati on for an Omi Iight source
Wi th a bRigp4hiptratdagpetud Sbleinpritatiantof pdiffuse calpplaismanpl e i | | umi nati on cal cul ati on
for a Spefyufitstdids B fnpEQkd GPutido b kpedifar dAlcdpio®® map; Fig. 152 illustrates the

process gf, GPRIMLAG Bl R bl BBlGnAN | MBOE Wi th an associ at ed

bunp- map; |ig. _ rates t ogi cal [ ayout of a single print head;
Fi g. 154 Figi i Byspaies die npysendquipyfs o g e Bf @by j nt head interface: Fig. 155
i || ustr atrgsi4s et acess ingplementationt of ospecotfr cgculaidy; | nage; Fig. 156 illustrates

the for mafy @f in@Amis%Elern fplelSatdRbd PhrQBbibEYRalculaltbg. 157 illustrates the
ditherin rat.es the process of generating an 8 bit

process; Fig. 158 il ust .

dot out p%tg; 14912—1\“5‘.“6‘5f’%@‘g?efsl"ffg’fe%?klégstcgc_uﬁéornspect ive view of the card reader;
Fi g. 160 Fig} 148 dlustreies emexampledagiingipe eplgiatiod et snely dfige gt WuFey reader; Fig. 161
i 11 ust r atrgs14giliGstrd @n diimpid ilittination tdtelathin foc@rihnt lghid@rcy witog a bbepi| | ustrates a
perspect LY Vo xR idnHerich Qe @R e RO 1188 winfdbBmp A3 111 ustrates a
first expl ocieél perrssgectl ve Vi ew of thﬁo pLi rl1t ]rggtl I 'cewFlogt.ab164 illustrates a
second exi# BHEries AL e hEmgioa g I FE %ﬁlml osfflfr; Eo 2 B4R | | ustrates a
three di rEnkP dinhtesvlic pweesof applpingd teingleSrolieh oneorsp imgge vith an a5pqiatad bymprmaniand pri nt
head in tde:sh tskiine Bogicfd labdii df Nghekafidt Rdadige al so in accordance with the
i nvention; Fi 6 il . : e di nensional, sectional view of the

rfﬁ . I:Sé & tr;h?slhg isuéu-ctlu.% éf&%‘:%;nﬁ ﬁela@mlte%ee

pri nt car'qgrl qgs 0 : " 164C shows a three di nensional,
expl oded Fig Biilptretesiie Poresf roRir oL LAY EST Fig. 164A;

Fig. 156 illustrates the format of a pixel of the printed image;

Fig. 157 illustrates the dithering process;

Fig. 158 illustrates the process of generating an 8 bit dot output;

Fig. 159 illustrates a perspective view of the card reader;

Fig, 160 illustrates an exploded perspective of a card reader;

Fig. 161 illustrates a close up view of the Artcard reader,

Fig. 162 illustrates a perspective view of the print roll and print head;

Fig. 163 illustrates a first exploded perspective view of the print roll;

Fig, 164 illustrates a second exploded perspective view of the print roll;

Fig. 164A illustrates a three dimensional view of another embodiment of the print roll and print head in the form of a
printing cartridge also in accordance with the invention;

Fig. 164B illustrates a three dimensional, sectional view of the print cartridge of Fig. 164A,
Fig. 164C shows a three dimensional, exploded view of the print cartridge of Fig. 164A;



WO 03/013858 PCT/ AU02/ 00920 8 Fig 164D shows a three di nensional, expl oded
view of an ink cartridge formng part of the print cartridge of Fig 164A,
Fig. 164E shows a three dinensional view of an air filter of the print
cartridge o¥OP¥u3ssk64A; Fig. 165 illustrates the print rolPcTAwbie92d cati on

chip; Fig. 166 illustrates an enlargedview of the print roll
authentication chip; Fig. 167 illustrates a single authentication chip
data protocol; Fig. 168 illustrates a dual authentication chip data
protocol; Fig. 169 illustrates a first presence only protocol; Fig. 170

i 11 ustr atige4B sipREAREL diticR SRR CeRplQAEY WewfF @l eokidge fobrhigy pard of dhe prink casddpedf Eg 1@At hi r d
data protocol.. Fi 172 il r ULt datasBE 9f@col ; Fig. 173 is a
schemat i %fg'g?‘!gé}i‘(c’wa?tgrﬁer%‘%n%%nalgghﬁﬁ#%gllérpogr?%d LFS%%; %i g. 174 is a schematic
bl ock di BigrighHlusrates he rybRil pubeRtieiofgipii | ter; Fig. 175 is a schematic bl ock

di agr am Bik.146Himstiamerp enlarghe viex ¢fithe prink oth@henticfiprehipi1 76 i | | ustrates an oversi zed

NMOS tr apgi gt iflsirakh Snglehuftfentichdol &g dah BSodole taking of multiple XORs fromthe
Tanper De; eg%_ Li ne 'a?tp 17&3 |$I&éstr%§fs how t he Tanper Lines cover the
noi se geRBrSt P pdgiapipsplicatiopetle REBEOL | ystrates the normal form of FET

i mpl emenFiatlpitusteges gfistpgepndepplymeiecali es t he nodified formof FET

i npl enenkgli®iNustdes b Reonppresbes dng@roetddodi nent;  Fig. 181 illustrates a

schemati ¢, QHﬁﬁ&uﬂégﬁkﬁﬁaﬁowwﬂe authentication chip;, Fig. 182 illustrates an
exanpl e rré'rmr map; Fig. 183 jllustrates an exanple of the constants nenory
map; Fi §& 11BMusirytgs g fopthideraprotagql ey appl e of the RAM nenory map; Fig. 185

i 11 ustr aFiesl7aina ekeangibipcioliagin of aElaxnt priedhigtS: vari abl es nenory nap; Fig. 186
ilhl UStrﬁ-tf’@.sﬂﬁi@afﬁmlbﬁ&d@ﬁagﬁﬁefalaoaﬁihﬁtﬁ?ﬁmﬁy program m%'moryf rraﬁ; gig- 187
shows the data fl|ow. : : n conponents of the State

Machi ne; ?fglciilf}g f.sa %@g\%cﬁg’\%s&ﬁﬂgE{f%tr_egﬁ%rlgg%%n\rﬁ&r el ati onshi p between conponents
of the | F® Thilpstragspyyoversized n¥D$ fpasisfo5t os a schematic bl ock di agram of the

Ar i t hnet iFig. 70Gisoatdshtiic taking dFingltipld Q0Rsifrbih the Tanperdstechlinchemat i ¢ bl ock di agr am of

E)lhe EPLf li'?{}il‘llth ill!llfsi{jges hclg:thi:e Tkl ééﬁ&{s%vﬁsqeﬂoiﬁ%gxﬁﬁ&tcir&liuﬁ:c OCE diPagr am OfCOt he ROS _

ock o - Fig. a bl ock di agram of the Program Counter Unit;
Fig. 193 Figsﬁ%lﬁbsl”g?ﬂg‘eagga}o%&ﬁTfnﬁ{é%mf\?%ﬁ%lry Unit; Fi g. . 104 shows a schematic
bl ock di &igr @Prilipstyptestthisaodified fos of FEE implemenstion|ghihe prefermpd ebodinent: shows a schemati ¢

bl ock di &gl smifisattestsSenbiid KicRtiddrrintof thddugjentichim clipows a schemati ¢ bl ock di agram

for the JSRGEN Lini atidnemb as NOWs @ schemati ¢ bl ock diagramfor the
DBRGEN U‘r%léf ; IEUB.Stmie&S l;sh N l?aa%chemati c bl ock diagramfor the LDKGEN Unit;

| oWws

Fig. 199 F@h%&‘“ﬁg{%‘éﬁa‘ﬁ‘ﬁﬁlﬁ CIRFOBERS WP SR for the RPLGEN Unit; Fig. 200
shows a dighShdlbstretesish exekpleht igRaYhoemary mate  VARGEN Uni t .

Fig. 185 illustrates an example of the Flash memory variables memory map;

Fig. 186 illustrates an example of the Flash memory program memory map;

Fig. 187 shows the data flow and relationship between components of the State Machine;

Fig. 188 shows the data flow and relationship between components of the /O Unit.

Fig. 189 illustrates a schematic block diagram of the Arithmetic Logic Unit;

Fig. 190 illustrates a schematic block diagram of the RPL unit;

Fig. 191 illustrates a schematic block diagram of the ROR block of the ALU;

Fig. 192 is a block diagram of the Program Counter Unit;

Fig. 193 is a block diagram of the Memory Unit;

Fig. 194 shows a schematic block diagram for the Address Generator Unit;

Fig. 195 shows a schematic block diagram for the JSIGEN Unit;

Fig. 196 shows a schematic block diagram for the JSRGEN Unit.

Fig. 197 shows a schematic block diagram for the DBRGEN Unit;

Fig. 198 shows a schematic block diagram for the LDKGEN Unit;

Fig. 199 shows a schematic block diagram for the RPLGEN Unit;

Fig. 200 shows a schematic block diagram for the VARGEN Unit.



WD 03/ 013858 PCT/ AU02/ 00920 9 Fig. 201 shows a schematic bl ock diagram for
the CLRGEN Unit. Fig. 202 shows a schematic bl ock diagramfor the BI TGEN
Unit. Fig. 203 sets out the information stored on the print roll

aut henti catwons/elssss; Fig. 204 illustrates the data storedcwniaubi/ontche
Artcam aut hori zation chip; Fig. 205 i¢lustrates the process of print head
pul se characterization; Fig. 206 is an expl oded perspective, in section, of
the print head ink supply nechanism Fig. 207 is a bottom perspective of
the ink head supply unit; Fig. 208 is a bottom side sectional view of the

i nk headplgupnh@wsu&h&naucHt'dclgdlagﬁa%r'thscmammnmer spective of the ink head supply
uni b F S 8o 3 scﬂer&at?oﬂom%tﬂ%m&thwﬁamm@w of the ink head supply unit;

Fig. 211 tes a ectlve view of mal | portion of the print

head; Ff§ 20321‘2”1‘1“?‘&@%“? é@’eq‘g‘“ﬁﬁnr%S?BF%‘é‘&“ﬁ‘b bective of the print head
unit; Fi gig 224iBusirdtes the dateatord withint tpphrisanchethquigatioprdies | ve vi ew of the internal

portl OnSF@fzoﬁnus@Jth maﬁb&@w@,heasm\%ﬂagmgnmo@arts flattened out; Fig. 214
|11 ust ragﬁépé’j‘is an cigpgo(aergﬁgrlsp{e% grse% on,lo ?r&nyﬂezﬁ\ﬁd\{kglgf}%ggcﬁinﬁ&ler nal pOI’tI ons of an

Artcam c 215 illustrates a
first toﬁlg§%ﬁéﬂ‘r?é‘?ﬂslﬁéaeﬁ‘i“’%f“*Pl“&\h?aé)fupﬁlﬁl@“’l nternal portions of an Artcam
camera, $ieos ngbotuiesiqeadtical asw oféR Ok s@disupply wain Art cam Fig. 216 illustrates a

second t @p 454 (e ;&g@gggd\é%k\% o wnlhe i nternal portions of an Artcam
caner a, @u | m@%s ‘ p;@;fu in an Artcam Fig. 217 illustrates a

second tgiﬁ 2%?‘Elgm‘bséqﬁé%é%?l|"\7‘?§°f\?feﬁlg?§$s“? We™nt ernal portions of an Artcam
caner a, Sis@M iHgtratds e pasngctivs vigw of agmallpadep of the Rt bt camy Fig. 218 il lustrates
t he backirp@ipistidn a@éxpladea)&'ﬁsbﬁsazéﬁkmrpmheadﬁltl Fig. 219 illustrates the

correspopdiy gm%%g;'g ' (RG] vl ilG fﬂ&% [ fdreibs m&%tm@éﬂ%ﬁoﬁm@ma fkd fragenga%t

i mages; or m rint read
consuner F ‘gF% fyillustyases a Pclt‘P‘ﬂé‘f‘erP&“fPé‘éf‘V"d"el‘”&f/‘B‘ilfte p°f“ﬁ’(‘-§° eﬁaﬁﬁ?ﬁ‘(}ﬁqﬁ @iﬂf"é%
the overatd Artcam application; Fig. 222 illust rat es a layout of the

sof t war e/FQaergjiﬂ@sﬁﬁes HRAUbRRE &fsp&ﬂ@wm AteMRARSBARE of aArftam &%&a,lsﬂolﬂﬂﬂhé Rias a
| ayout of softvvar e/ hardwar e nodul es of the |Inage Processi ng Manager;

t
Fig. 224 ?nyﬁ% a 88 a | ayout of the software/ hardware nodul es of the
Printer Kigrfa¢@lpstraigsip speong wg sidepprepagtiveicof the intgrabrpftiogsiof i Eca GRSt g Al @ Mo
nodul es eficaediead Avage Processi ng Manager; Fig. 226 illustrates a | ayout of

the sof t yargs h@s[rgéé’gge@onmg BheSersRdiivd V& ofthd ifte BRYof anfAktEhm chrdefa, dhbvirkSlep@l &S a

perspectlve I ew, ly i n section, of an alternative formof printroll;
Fig. 228 asedn e |de expl oded perspective view of the print roll of Fi g.
227; Fi g Fiegi®illpsiyates the paglipe poftigneof epopibaerhans 'Pler spect i ve view of a single

pri ntrol IFig. 219 iﬁhs@atesﬂﬁ@orieﬁ)mamgﬁoﬁplnﬁgéexdmmmﬂ@ﬁmioueftevliriamgmpaﬁagds;y in section,

of the c & o . ns ons 231 is a second expl oded
per spect ?{?2€@g\§/vh§? fo@r& ftpnﬁ e %Iéh e?}na onafitel) DESCRI PTI ON OF

e core rtlono introll
PREFERRED 8D esFRp R 1AVt WEN@@‘”FH’? ‘?d@lf‘s["ﬁihe ‘g’ﬁ‘%}bAem BEELFng canera system
const r uc k2R ilvarase tadand gie witivigetahlwarpmaiileyof eiCamato ddiagrsnt i s as WO 03/ 013858
PCT/ AU02/ f&oﬁg Qlustrates a layout of the software/hardware modules of the Image Processing Manager;

Fig. 224 illustrates a layout of the software/hardware modules of the Printer Manager;

Fig. 225 illustrates a layout of the software/hardware modules of the Image Processing Manager;
Fig. 226 illustrates a layout of the software/hardware modules of the File Manager;

Fig. 227 illustrates a perspective view, partly in section, of an alternative form of printroll;

Fig. 228 is a left side exploded perspective view of the print roll of Fig. 227;

Fig. 229 is a right side exploded perspective view of a single printroll; .

Fig. 230 is an exploded perspective view, partly in section, of the core portion of the printroll; and

Fig. 231 is a second exploded perspective view of the core portion of the printroll.

DESCRIPTION OF PREFERRED AND OTHER EMBODIMENTS
The digital image processing camera system constructed in accordance with the preferred embodiment is as



10 illustrated in Fig. 1, The canera unit 1 includes neans for the
insertion of an integral print roll (not shown). The canera wunit 1 can

i nclude an area i mage sensor 2 which sensors an inmage 3 for captured by the
canera. Optwoosmdibsss t he second area image sensor can be pcomivoe@ioo al so

i mge the scene 3 and to optionally previde for the production of

st ereographic output effects. The canmera 1 can include an optional col or
display 5 for the display of the inage being sensed by the sensor 2. \Wen
a sinple image is being displayed on the display 5, the button 6 can be
depr ess egusiRa 4 fid. NOTHe Bardefd @nifdr ihditie GhednfMBYB: ifhertithef amgntegiat Wit rolbiot stoen)c Srrmangerauni t
1. A ser| dnftTc Ognalgua Eug a?éa 1m%§£ s%ls& 2%&%}%&55&&%g?§for cA%[u}eﬁ QSI’ EESameh. @%ﬁ&mf khe seedhd RE4E

surface €nco e ot

di st or t elesFeRoREn FAFTHE “éPP "‘é’ﬁ?”éeéf‘m“‘p’ralﬂdcf%pgﬂ’a@yr°f’ e fgripetp ré’gurc%"Q% Sp"f phlg?g’ card
9 is insgkited in an Artcard reader 10 in the side of canmera 1 and, upon
insertion, regilhgal B %ﬁ;&% oﬂusmga%loﬁdlspiaﬁs BELCiGhPE R ndghbeing eneatRheTBINer  as

the di S:T%F‘t i.on a e%% éerug ayf:c{1 ont léa % é)JundA‘r6 cﬁlqarege gsseci_tl@s(]ﬁﬁ'gim o rﬂiﬁ@-ﬂrﬁ oQf

this si ce a |cu r ef ect

pr.o
can i nsebeing oyt ‘E)‘fther?m?yﬁ upif i c"a%@ °§°a’id*h f‘eEF"’taﬁ% ‘%’”f‘ EaPEE 2 e a“i?i’ Ahy a°ﬁ?‘\°‘1df
but t on 1@fotnftidnaiEonahethersuifa:, @hbtaih Aeimhgaeigerted by tsnattivulan effertproducedow the dparich Aty

di stort eg?carldbri)sglgse e%gaﬁ gﬁcaﬁfl-l;mer Gf@lgg'{ e SigdUf ‘cime(:!! 1 GRMuBA RQribi) fekuisla o@tgﬂx‘d rT:t?ﬁEye af

ot her contr ol

t1on 15
O O i coryie ke LB AR oF R B R Eo B Pl
pri nt out ssed igdrace@mset wishing wipexuras papicilan effet odnfinsegtrone off many é&‘mﬂﬁ finfg e t‘\”"a‘d feadef 10 and
Addi ti on %ll%ttﬂ'l§ l;) %&%cn@& tﬂéi%agfa @ fellithnSin & MtesP@Mdif INMior e dn@d 1rb1¥e CHP switch 17.
Turni ng now t an Sso 1nclu§e aldllulln e§% o@i&lx%gltrgl b&%n% fngdd\ﬁof?w a Qifnplt b@D output

i nternal har %fm"{lhe caner i nt e

around apispley 11i:falrfhe@éhl?}f°<§l“f°ﬁ’|‘aBYfé‘§‘§B?“°‘h‘ﬁ‘il‘td‘“€ thespuyobes ¢f p“?i?“fsé%@rﬁ“ gﬁ er‘fnﬂ Pr “Hpg 8'%% 50r
31 The Atdn@@nic Atditiondlly, diffrere a.spr fordilts n wepritelicd preily sVighét i ons that formthe

“heart” of t hﬁm%ﬁé%&&@ﬁg-rb %elAg?lltéﬁ]ateh § schdMfa@f VeFwaB lnY intehkR hQ BRI o the SShed uGOINThEX

hi gh speed %@ Em on C ICg‘gj |I|;su|m1t1§t tqndard cell design with sone
full cué"feﬁ'ﬁHhFIé‘@’ed s groqnggﬁwﬁagh & PO R 50 on a 0. 25 micron CMOS
process \Aittan QemtmhFradessot He density and speed required, along with a
reasonably sl |artghinerembigRocessb®1 fraviagst ma@yBncpon® thatdest tlbyhe'arhef OBl ThadCRIdds 1.

Cont r ol a”P' ﬂ gl %ﬁcn% s ar&o@prlex lg\% s&&fe@MbS?@QQn S rUtﬂ?smgAtax%Qd ﬁl@é’s@@ﬁﬁlﬁk&h&full
version 8F the A t enso J} Wi & d%u gdcond
opt i onal C?SWOM%WQPdﬁeF%a??FW0&&&’%"5&@?%‘?%‘“}3%@&“@ eef%%m PSR

i mge senboywitergpensaimabdieargaef or matti ng, and i nmage enhancerrent. 3. I\/brmry
interface andTﬁ%ﬂ@Qﬂ%ﬂlﬁedtme@Amlydestore 33. 4. Interface, control, and

anal og to digjtal troYanfl alélngtlo% ftﬁglarﬁing g?sgrgorr eads Eterlzdsdaﬁ@{;erssog@fgﬁ Aﬁ:@'?eﬁﬁ{es R

which is provide romt e; t cards
Extract i g igpecseer Wﬁwcﬁﬂtbﬁ*ﬂ“‘tﬁi‘%a‘f@éﬂrﬁﬂs%éb?flg@f°t’ if £°<5|S‘%Fr?&°°%‘“h°§8°éfed Artcard
i mge. 6. Reetl- Sol oammagesensarcond@tsaoh rafomating awidnszeehingmenst t he Artcard

encoded data. ;The ﬁé&%%ﬁ&lfae%h&{dfnﬁﬁ‘agen@iﬁttotamﬁmorﬂt&rmrd 9 includes information on
how to process an J r’@gﬁt Wgtrol};‘lalg ag*’:;l°(§%b&gh$ conversi‘?o%t San NS r@&ﬂ&‘ﬁne%ﬂm&gﬁ&néom%ch is

di storted surface? formation is in t formof a
script, rrewvididderthe cendingiofxian e theArcgdy® script”. The Vark script is utilised
by an interprgter BxtHtféndgthavh Mitdard tdueroA@R diilizet and preoddismrat! mgedesi red ef f ect .

7. Interpret a%' on @t §oﬁb§m¥é}!o}<de§&{oﬁ md c&x@ctf%rh& VAR foofbd dfta. TRE Lk CuiRge éIFRYE

pr ocessin erations as s

vari ous 6 Linglydes “tf%au&é%lg?w P Prgcﬁg %%Ege g Broé{xce tL(e eﬁ"?c(s dlgglaégl%n 21991% El&!}l’leb %.gace of
Artcard chd Aresrd B 7This inf@matiGisin the Formh ofg swtgmqn@fml@w@ apic ek sEPL ™ e Ya&f S°Tph§ wifed
operati Orbg(alt mlarpxgddﬂnlmlnﬁﬁ withéh b W CP OF to pbdicelbttdbsirdigifof phot ogr aphs 8 WO 03/ 013858

PCT/ AU02/ 009 2 Interpretation of the Vark script on the Artcard 9.
8. Performing image processing operations as specified by the Vark script.
9. Controlling various motors for the papet transport 36, zoom lens 38, autofocus 39 and Artcard driver 37.

10. Controlling a guillotine actuator 40 for the operation of a guillotine 41 for the cutting of photographs 8



11 fromprint roll 42. 11. Half-toning of the inmage data for printing. 12.
Providing the print data to a print-head 44 at the appropriate tinmes. 13.
Controlling the print head 44. 14. Controlling the ink pressure feed to
print head wido3/0188s8 Controlling optional flash unit 56. 1ctReeghoe and
acting on various sensors in the caneria, including canmera orientation
sensor 46, autofocus 47 and Artcard insertion sensor 49. 17. Reading and
acting on the user interface buttons 6, 13, 14. 18. Controlling the status
di splay 15. 19. Providing viewfinder and preview i mges to the col or

di spl ay Remgfdrof@ntrol of the system power consunption, including the ACP
power consunpgion circuit 51. 21. Providing external
communi cat i on 52Htahc%m O%G aeqqgf%rrs%% nput er s aquI ng part USB). 22.

Readi ng and stori ﬁ@"lﬁlﬁﬂ“bf’rﬂﬁattdi‘tb‘ﬁanﬁ't'@aWP‘tﬁelaﬁ’P&P’i‘ Ymehut henti cation chip 53.
23. Readi ng apd stoeduomag theptinhe@dd. on in a canmera aut hentication chip 54. 24.

Communi cat i ng;,wi t by 1@31119£Lé18€}%sm@¥ewto ywheard 57 for text nodification.
Quartz cryst a‘l 3\

yartz cr a is used as a frequency reference for
the system cl'éck cﬂ%“%lt“f’?e”g @Péﬁ%ls?jck is very high, the ACP 31 includes a
phase | ocked 16o0p Readamdeqtmm arious epnios éryteRpRsTe IPREIING EBRIMETA ARSI AU MABIHT he
crystal fartdBgetidansdndyg Area inmge sensor 2 The area inmage sensor 2

converts an 10e L Diohhbia Qﬂt&m@m&@ﬁﬁtncal signal. It can either

be a charge couple or an active pixel sensor (APS)CM3S inmage
sector. At pr&sentorlias PN normal Iy have a higher image quality,
however, ther®.i s Pouidingvi¢viipdenand previbenimedgesprtbavplowlispler i ng i n CMOS | magers.

CMOS i magers @y e @Mﬁfﬁfﬂl@iykt&n&WQ@&EL&QtI&nQnCQ&n@M@N& @hduyiptheaoed mhxfagbﬂxent
CCD s have spmller pixel areas, and be able to incorporate drive circuitry

and si gnéi’lr ‘b100e55| ng. They can al so be nmade in CMOS Tabs, which are

transiti oni ng2k o Fpovidipgexsma! conmmpjeasions Spto e AR BIFUEEs et U er fabs, and
econoni cs nay22n0t Rehding wdatot Mmfeanasibroma friptig Bl afiteehation thérsef ore, the di fference

in fabri calt i 93? C%Ldu&%d‘éﬁﬁ’d’é i tiSn ;A RGmEMMRedibBERRiS 54.S | |t kel thC(E)) i ncrease,
progressively favarin en a is
probably the Best @ %%t‘“gfﬂga“ﬂ&{°&ﬂzﬁ¥“n%¥gearﬁ7f(f”e% g‘%j%f‘g Suitable results
with a 1®@adeystd 3000 area i nage sensor. However, snaller sensors, such as
750 x 500, w k'quﬁ?cr?&iimlalﬁﬁs&l & 0 freqiALYreferencdden tBe sys'iEhﬂ:loéi( t/c alsysemlcleckss we Ihiﬂ_lv tﬁeye
to imge A%%@?xn?ludte%}ms%% k9drfo ét&@cﬂ cifthifto inbrEHse %&hugl{a%cn% gheh @l crgs@iygras. This is

because nman ontali ned on Artcards 9 process the image in
such a mdgmagmwo obscure the | ack of resolution. For exanple, if the inmage
i s di storAr@dndsesessin?ul ate the effect of being converted to an

i npres si oni st ipge aE@-lerhtgé dagkor 2 @Wex%Qh' {nGEe thidBg @s kRS Mtdle&ﬂcaﬁsﬁﬂalb& cahSeidr Wl afchirge
mnimal eff Elevmeo @E%por an 2‘ ve g‘é)el gexs'nso%c @E’ngbg nnaLe%Wtor rﬁ&%l it Avgﬁblé A HOW a

vmlltyplce%’f Vi e no I mege- war p ch produc bigh

di st or t edighsidmage qu%lhﬁwemréhererﬁ FiFreptly, paeh éavlﬁlf’@?“téf°“?‘ﬁ%m&ﬂ\4qsﬁ’8agffﬁa§‘é %‘31553“ are

passport epémhl@s:)gectetde« belsubstantplodegs ithay CETY ¢ havasnalia mizel rrpspind de fbisrto acdmazpts drive

relief E&é@QmE Tk P C A BOSAGE InRBIOSRLE) whibH AdCitabbitRfing6 €N @iers. \WOD's are

03/ 013858us£ﬁéu’161\t m%[ wafer fabs, and economics may not allow a conversion to 12" fabs. Therefore, the difference in
fabrication cost between CCD's and CMOS imagers is likely to increase, progressively favoring CMOS imagers. However,
at present, a CCD is probably the best option.

The Artcam unit will produce suitable results with a 1,500 x 1,000 area image sensor. However, smaller sensors,
such as 750 x 500, will be adequate for many markets. The Artcam is less sensitive to image sensor resolution than are
conventional digital cameras. This is because many of the styles contained on Artcards 9 process the image insuch away as
to obscure the lack of resolution. For example, if the image is distorted to simulate the effect of being converted to an
impressionistic painting, low source image resolution can be used with minimal effect. Further examples for which low
resolution input images will typically not be noticed include image warps which produce high distorted images, multiple
miniature copies of the of the image (eg. passport photos), textural processing such as bump mapping for a base relief metal

look, and photo-compositing into structured scenes.



12 This tolerance of |ow resolution inmage sensors may be a significant
factor in reducing the manufacturing cost of an Artcamunit 1 canera. An
Artcamwith a | ow cost 750 x 500 i mage sensor will often produce superior
results towoopaissssnti onal digital camera with a nmuch nor eceuensioxe 1, 500
x 1,000 i mage sensor. Optional stereoseopic 3D i mage sensor 4 The 3D
versions of the Artcamunit 1 have an additional inage sensor 4, for

st ereoscopi c operation. This image sensor is identical to the main inage
sensor. The circuitry to drive the optional inage sensor nmay be included as
a standard paGholehcelbhewr MRt hdge Brkort Maybetkippiicanticoeinenicag thawsifgnrigosst of an
Alternat| nélmt ?cér CRANG GreadRuifl & 18\9@35% x%@(ﬂrmgﬁ gn@é'“ﬁf‘@gn prodabeSsupefid? trds @ 1o | |

reduce the uring cost of a nain 5 sr n | e sensor Artcam Print
rol | aut PP@YPE“P&%P‘FBW”BW‘?‘r‘thBB‘“‘i&“E’f?ﬁTpF“SBﬁ 5?9 S?fded in each print roll
Bdmisheensbudnct i ons of the bar code, optical sensor and

wh eel and | %@é @ﬁrs%gm % ARJamQIuhﬁ{avef 28 bdRioRf im&e3 B3AkoA4, frdr béFtostidpid GerBidi ThA Smage

Advanced Phot g | mcartridges. The au . an
pr ovi desseﬁ?ﬁérdenf‘ég? E’F ’8?“ ‘migc P Trf FrAT BreHaP tt'omg%aﬁes?&‘%r i h‘hlpd @A\NEQ W
mechani cedtlofthed(EP cip 1 te eficsinasaaal desigr ot Aogeely. p gparese 3DAﬂfﬂ@rPéiP ﬁ%“ﬁbdeﬂ%‘Eﬂ EP
l'engt h i Bgiocwil keide thexGf Loy b offtingifsre@S0kltenonirnedn.  Aut hent i cati on

| nf or mat bg{gmhgut@&%;{g s |5§1f err or cI one print roll copies. The authentication
chip 53

aut hent i cat i ofySTedghip %?riﬂm%“f? i ﬁ‘i:'%pémtl @H‘?n@‘ syCB‘P Frcglﬁc\[,\@@e {'}?%??S ?’q'?etb COd? @Qa] *Ri’So
i ncl uded aidsvheeh argASsY A3t serser owdtherigins of camesa filrp prits fuphees AdvaReedFhe M BpreRs Skt GaideR: ey
cannot be acgRERMicHs @.(i)tajsc)’provlaﬁslofh'&rfhﬁ&d 44 The Artcamunit 1 can utilize

any col or pl‘l{'lt te[%hnm 9@)5%&’}/%&@3” 1 iR ksl me M&M}nddpg d@%&d@&nﬂ@’\@l{s’ fast

enough, high’enou %Storaﬁ oW enou COSt , is conpatible with
the print rol%. Re”ifé‘\}a&h‘tg“ﬁ‘?“?lﬂtgmﬁ@éﬂ’gn'@ﬁ“?‘fte‘ @ghs'if%l&ti% cally discussed
herei nafter. Fhe speeitifdiodtforamsn opretehentiriokclparintrebdriar e: | mage

typeBi -1 evel , ndi{RQlRen &;gls%ﬁws 1@@@@?%@&@@ Resal 128 biO R 160@ention Ry and 510 ead

| engt h' Page Prjnt speed? sec daitKi b
pressure %d?fpgra&&"f“g‘ia&c(“ﬁg‘fm T ""ilh flnct oorlr1 “ c?‘n Bgl(smpmﬁhg?%idﬁaggﬂl%nt rol | er
depends upeseddiestit ype of ink jet print head 44 incorporated in the Artcam
For some phimmegspf ink jet, the use of an ink pressure controller can be

elimnated, ag,t 34 el %QM%oio% frﬁﬁ ERboYogy \%dﬂ‘i&%&ﬁ%nb@h RiwRfcah fewer, @sth:ﬁdugh

LRSS OF i o o o 58 el B o BB B b

t r ansducaeliscuss@t feminafior. i nt heads may require an ultrasonic transducer to cause
regul ar oscil Ir@tsbeaﬁ&ndnmof&rlaﬁucjenleadpreessure typically at frequencies around

100KHz. I n t he—ease—the—Achk eoftos—the—f+egtency phase and anplitude

of these osci|llP3eiPns  Paper | Blexsh dihered o, o Fhe paper transport notor

2
36 noves the [CABBr from wit hin (YR ReESLOPGr 45 odct the print head at a

I‘CD

relatively ddeseuion rate The |36904Pi 36 i s a winiadure notor geared down to
an appropri at|Prisyhesddengty drj ve r/dPaeewidth,@0mm) npye t e paper. WO 03/013858
PCT/ AUO2/ 0094 @rint speed 2 seconds per photo

Optional ink pressure Controller (not shown)

The function of the ink pressure controller depends upon the type of ink jet print head 44 incorporated in the
Artcam. For some types of ink jet, the use of an ink pressure controller can be eliminated, as the ink pressure is simply
atmospheric pressure. Other types of print head require a regulated positive ink pressure. In this case, the in pressure
controller consists of a pump and pressure transducer.

Other print heads may require an ultrasonic transducer to cause regular oscillations in the ink pressure, typically at
frequencies around 100KHz. In the case, the ACP 31 controls the frequency phase and amplitude of these oscillations.
Paper transport motor 36

The paper transport motor 36 moves the paper from within the print roll 42 past the print head at a relatively

constant rate. The motor 36 is a miniature motor geared down to an appropriate speed to drive rollers which move the paper.



13 A high quality notor and mechanical gears are required to achi eve high

i mage quality, as nmechanical runble or other vibrations will affect the
printed dot row spacing. Paper transport notor driver 60 The notor driver
60 is a snavdopiwesgit which anplifies the digital notor ceornavbeognal s
fromthe APC 31 to levels suitable fas driving the notor 36. Paper pul
sensor A paper pull sensor 50 detects a user's attenpt to pull a photo from
the canmera unit during the printing process. The APC 31 reads this sensor
50, and activates the guillotine 41 if the condition occurs. The paper pul
sensor 5§ hlg§ quaht? mobal ab8ich Qeattlededuintd (CaBE Bightriage quilinohspiieciadical mmidperoditi on.

Were the user t ut forcefully during printing, the print
mechani s‘r’#%ﬁ"sw'lpaﬁgcwh?pmpﬁopﬁggpmm (in extrene cases) be damaged. Since it

is accepW@t the “pod' froma Polaroid type canera before it
is fully ejecmesotortifier 0ud singl dvags whicheamplifies thé digitel' motopconks! fignilsfromec\PE P bip &evelst hey
are unl [ kel ¥, RiReedoRrsknt ed instructions not to pull the paper. The
Artcam preFerabI restarts the photo print process after the guillotine 41
has cut ﬁ‘?%”l‘ﬂ%t‘ﬁ%& after pull sensing. The pull sensor can be inplenented
as a strain guapage psioense S0 deteets auserzgitempt i B PE@f@é‘rt“e&@F“é@d’M frgnehegating Piedsti c
flag m'l‘ﬂéh’\P‘CS’:lQéﬁzis'tﬂQieﬁtdr 30Yand ifivate® the) pdilotideall ifaBeCkuidition srctrd) €Thp aqpe pulbisensorebO is
rollers gﬂf racll.I npaﬁeotgé ca}n§ra H)blljclfg&roo?h@oﬂeﬁtoﬁ eWeﬂewluﬁmW%b cr'oﬁt forcefully during

reconmen Ion tor ot i ne actuato
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sensor SQnm&yt@ggedF)ﬁ%@gls.me]'mn@wpmtmphpae actuator 40 is a small circuit which

anplifies a tg’gx Alﬁc%tnlp% er[aﬁyére%anylhel{ﬂg)tg%%l prgcgsgﬁ%xltﬂgmﬁﬁgé A8l cﬁtt}l@{ﬁp@m pull Eﬁ%l red

by the actua ram siora

t he Artcam unFhe pullaensgs gandefimpleaspiedts 4 SHAIN SRYgRseRsPy ‘ﬁPsa?ﬁﬁp“ EnSOT e & 5’?1{%&“%#1“\/& k
scri pt s. wiialikdef@tebypiewedué tidt odewremgy ehe papa ders silerglienthepaperjerdielp Eeeilattr inplegieniaitnip e d
for the ALLGARLRKLLwEREN Artcard 9 contains one Vark script, and thereby
defines gne 1 nmage processing styl e Preferably, the VARK | anguage is highly
i mage pr@%’l‘@l‘ge—@g%#fl c. By bei hi ghly i mage processing specjfic &he
anount of st oFteg@ersuitiaynesdate 40 ist act“ﬁ%f wiyish capspsshe gpllqtipst Z'Pél"g’e Bipg either at the en
subst ant iogd ghitogi#t] iG@eh thepeet fifensot @ a@@s@. Wi t h whi ch new prograns can be

created, incl Jﬁlxg P%nﬁ&m @(Sjm ?Jnl(aﬁ Gy wrch m?;lhﬁé? a%&i‘lﬁﬁﬁe@&ﬁkl@ig‘xfy frdnlY6d DRSKR the level

Preferably uage includes facilities for handling nmany inage
processi r‘iﬁl“‘feﬂle’Bﬁa "tincl udi ng i mage warping via a warp map, convol ution,
col or | ogkpid tables, posterizing an inege, adding noise to an inage, image

enhancenment f irlcta@tasu9 1%@1% 5tk ag® k@t el UkErtcdaY ki Mhs hatdd previbuslg tra rograniyAinow Foad | ON
ed ge det eg{;!ﬁf{ére‘pts l\}tar% isa r%;awe: 1'1;{1‘%% pr&caJs:H%ﬁL&@&%é eglﬂmwy ﬁelel)ng]iror t§eOM‘{chel§nt QMH@@S

text, fac tion a n attributes, fonts, including
three di r?é‘ﬁ%‘lsefﬁé’lafkﬁ%‘?ft”§dth%i??éﬂ“ﬁ?%?‘ﬁ“%fﬁ}’“ﬁ‘iﬁﬂ%l“é&l ty pre-rendered icons.
Further det ai Psfe@tly, tht NORE fregueet isizhtp fmagetpevcoyiing leperifian i heies hishly énegsypercsingpegitic,
cont ai nedp @bt & ﬁgrtléé 'iegux"@ﬂ@t@rc thB ¥etald dnltte 2irdGe dait@ntlRRIGURE Fuflen Hit EaskGlits which new

defined by th clu
C? e;? g d od'rmélie)ﬁlgt ¢ ff& Clmc u919g nganéed Eevc\{,s al Ils%%ﬁb%taxgglly%cghsEJ ?%%éﬁﬁlm%gugg@r}n | gﬁt

di st ri butfacitestes h@@lﬁé@%%ﬁf@@éﬂ%&&ﬂf“ﬁ’éﬂ“‘“w imagh BRI A P TP ?W&‘“‘E&Fa @’gﬂ“’be
provi ded tals,@¥seAprgan inlabe sititgproisexy art inage, dbdgeanantelert filtersraintnig glgdrithwns, YARKite g idt |

st O,[ ed 8% RarBl Qﬁé detteétw;) fage n@Jg. ﬁl\tﬂﬁnaﬁ@lr\fb light dobreek) Eb\lxﬁp ﬁﬁbs akkt, b idiebtRdfi Wnd object
captured | ut i st e aner Yy g Is of
di st ri but%HetRR ”t“f%‘i/?f fogts Q‘Fé %F?g?’“e‘g?“ag%%%f" SRETY QP exnﬁ?{e {JI%GR/% 0% %gﬂi‘ g%aés °
PCT/ AUO2/ B)®&8ion of the Vark language interpreter are contained hereinafter.

Hence, by utilizing the language constructs as defined by the created language, new affects on arbitrary images can

be created and constructed for inexpensive storage on Artcard and subsequent distribution to camera owners. Further, on
one surface of the card can be provided an example illustrating the effect that a particular VARK script, stored on the other

surface of the card, will have on an arbitrary captured image.
By wtilizing such a system, camera technology can be distributed without a great fear of obsolescence in that,



14 provided a VARK interpreter is incorporated in the canera device, a

devi ce i ndependent scenario is provided whereby the underlying technol ogy
can be conpletely varied over tine. Further, the VARK scripts can be

updat ed as wews/fisgssers are created and distributed i n anPCIAUPBI®LNE
manner, such as via sinple cards for dard reading. The Artcard 9 is a piece
of thin white plastic with the sane format as a credit card (86mm | ong by
54mMm wide). The Artcard is printed on both sides using a high resol ution
ink jet printer. The inkjet printer technology is assunmed to be the sane
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data array onTHeRAacafilihaamendor 34 cofvertssiabibehentididpuicasd dag inpaatpéidcmigel signdle ds with thefatee
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of 20m pixel sensor I near 1 nmage sensor is in a special
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LED over the card.usi ection facets. 2.
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the |inediRffff§e sensor 34 at a rel atrvely constant rate. As it may not be
cost effecti v&hdoperdtiorods thel drtcand rerdsrieexppived fusthephereinaliishani cal conponents in the
Artcard rﬁag@readertn{a%rﬁotor 37 is a standard mniature notor geared down to
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PCT/ AU02/ QiiR&8 motor geared down to an appropriate speed to drive a pair of rollers which move the Artcard 9. The speed
variations, rumble, and other vibrations will affect the raw image data as circuitry within the APC 31 includes extensive



15 conpensation for these effects to reliably read the Artcard data. The
notor 37 is driven in reverse when the Artcard is to be ejected. Artcard
notor driver 61 The Artcard notor driver 61 is a small circuit which
anplifies tweoslogsdsal notor control signals fromthe APC tTtawo2bere! s
suitable for driving the notor 37. Card Insertion sensor 49 The card
insertion sensor 49 is an optical sensor which detects the presence of a
card as it is being inserted in the card reader 34. Upon a signal from
this sensor 49, the APC 31 initiates the card reading process, including

the aC_tiycﬂ&;&nﬁhﬂonqgrthegelaﬁect_e\fotr&iﬁﬂyd'paﬂﬁﬁd@d’ardm.OI' 37. Card effect button 16 A
card eject bu@%@&m%ﬂs&@? 'B\re\lrc)rsg'}a%n%ﬁg%a@%téﬁ%jeéfe%?r to eject the current

Artcard, so t ano rtc can inserted. The APC 31 detects the
pressi ngAngadmeerdsiyerlon  and reverses the Artcard reader nmotor 37 to eject
the card. CarThe st ustoi dfigkr 6lds asmalbifrcull whigl ahphfteathe digital maioccantolsighds fiom the AByI 1ded
to si gnal,,dNQulSErarifss dendd®y, status of the Artcard reading process. This
can be a_ standard bi-color (red/green) LED. Wen the card is successfully
read, antHEHEHRFEEGity has been verified, the LED |ights up green
continual | y. The carcimsertienrsensird? is andptiapl sensgs avhict; dgigcty theprepenegif acard gs ll"égfng frpertecjpthe
camer a i gard¥eie BL drphd Aaihabroin this Mnsbr a8 HRAHC BY inietés adatdadaying tidoss intlinkng o wevatigueppl y
vol tage i,s,less. th e forward voltage drop of the greed LED, and the
LED wi | | Ithr"lo .Sﬁ%imﬁ e{‘%&?rhﬁt his case, red LEDs can be used, or the LED can be
power ed CpAgepttytiopdét age punp which al so powers other circuits in the Artcam
whi ch requi r eA birdder buval 16 4@ 1) S dsedvhi the BRAMj@BheRurrepedricasd. iie thianofieiisteardypan & v
of | mage ;RLeE e8SAreg) edtiemt ﬁessiﬁgt&?ﬂl&ﬁﬂ&[ aid fdietstsithe Aficall rddity he& 30 ejsdem®da. 33.
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The camera authentication chip 54 is identical to the print roll authentication chip 53, except that it has different

information stored in it. The camera authentication chip 54 has three main purposes:

L. To provide a secure means of comparing authentication codes with the print roll authentication chip;
2, To provide storage for manufacturing information, such as the serial number of the camera;
3. To provide a small amount of non-volatile memory for storage of user information.

Displays

The Artcam includes an optional color display 5 and small status display 15. Lowest cost consumer cameras may
include a color image display, such as a small TFT LCD 5 similar to those found on some digital cameras and camcorders.
The color display 5 is a major cost element of these versions of Artcam, and the display 5 plus back light are 2 major power
consumption drain,

Status display 15



16 The status display 15 is a small passive segnent based LCD, simlar to
those currently provided on silver halide and digital caneras. Its main
function is to show the nunber of prints remaining in the print roll 42 and
i cons for weobpussssst andard canera features, such as fl ashkpcanadohedotery
status. Color display 5 The color dispbay 5 is a full notion inmage display
whi ch operates as a viewfinder, as a verification of the imge to be
printed, and as a user interface display. The cost of the display 5 is
approximately proportional to its area, so |large displays (say 4"
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t he zoom Awwehant nsprinclifie gnuabiethagiedblt0smbA Rihes.zoom not or driver 62 is a

smal | ci r gathsbendMMiz B anpl i fies the di gital nmotor control signals fromthe

APC 31 to Ie\zﬁcamﬁ)cs plsg ‘;o g} ng, the notor. Communj cati ons The ACP
31 contains a universar sertae Buke e!%‘&mqnhlﬁ%r%%mfezameﬁtﬁweééwwan
with persEPﬁfaPmE&H‘fﬁLtﬁdé’f@hcaNewasmchaﬂmt cam nodel s are intended to include the
USB connegitgfocus wats3 the silicon area required for a USB circuit 52 is
smal |, so the e tio

Keyboar d 5] ﬁho?srs{ogg%@m&mr azsy d ] i1 nef A ANdaLS: cgq%glrsg% AB&hrc
for custoﬁl 8"“ R RS Fros by the Artcard Any text appearing in an
Artcard | femerierd be editable, even if it is in a conplex netallic 3D font.
The m ni at ur e TkeybBR A6k 38 kdGeh HERSM Bor el iPank biReTIR HBRADMIBREE m&@ea&eﬁ aShSPL2Y

the origi &%ﬁr&t@%gmve%' %ogndmeg%mg The keyboard may be a standard

accessory contains a Serial communications circuit for
transfer r@?ﬁ-’-’ﬂ%—%—?—@ and fromthe mniature keyboard. Power Supply The
Artcam unit usészoen ipatbridevey624:8: smBeqiratchihiaigantpBiies thé &igtalNictof ebffroD Hnhl Ot thd AFCS 1 oS
ei ther a @Mshiihti@ieRhe mothe. 5 V AA al kaline cells, or other battery
arrangeneql . Power Management Unit 51 WD 03/013858 PCT/ AU02/ 00920

The ACP 31 contains a universal serial bus (USB) iuterface 52 for communication with personal computers. Not
all Artcam models are intended to include the USB connector. However, the silicon area required for a USB circuit 52 is
small, so the interface can be included in the standard ACP.

Optional Keyboard 57

The Artcam unit may include an optional miniature keyboard 57 for custornizing text specified by the Artcard.
Any text appearing in an Artcard image may be editable, even if it is in a complex metallic 3D font. The miniature keyboard
includes a single line alphanumeric LCD to display the original text and edited text. The keyboard may be a standard

accessory.

The ACP 31 contains a serial communications circuit for transferring data to and from the miniature keyboard.
Power Supply

The Artcam unit uses a battery 48. Depending upon the Artcam options, this is either a 3V Lithium cell, 1.5 V AA
alkaline cells, or other battery arrangement,
Power Management Unit 51



17 Power consunption is an inportant design constraint in the Artcam It is
desirable that either standard canera batteries (such as 3V lithium
batters) or standard AA or AAA alkaline cells can be used. Wile the
el ectroni c wonpi,sssty of the Artcamunit is dranatically poT@uezomban 35mm
phot ographi ¢ canmeras, the power consunigti on need not be comensurately
hi gher. Power in the Artcam can be carefully nmanaged with all units being
turned of f when not in use. The nobst significant current drains are the ACP
31, the area inage sensors 2,4, the printer 44 various notors, the flash
unit 56, and theerepisunghialis S\Ging¥tantldesip diystrdint chak Artagn. \it is BesieaBle fhagealet standard camera
separ at el Y;yeriks (sd%g:s) 3y litili_u& g&?t@ljs)%%aﬁﬂrd%ﬂ Opwdmé@%e u?e@dWﬁH BELEEonR Qon;lpie%%é’of
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uni t _56 C@ﬂwl@@onﬁspﬁﬁ.pﬂﬂ&iarq m ni ature electronic flash for consuner caneras.
Oreryien of e O thliles b Ll B GRS, SRR SRR Bl R RRERA Ry
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ig. 3 illustrates the 0

cam Central Processor (ACP) 31 in more detail. The Artcam Central Processor provides all of

the processing power for Artcam. It is designed for a 0.25 micron CMOS process, with approximately 1.5 million
transistors and an area of around 50 mm® The ACP 31 is a complex design, but design effort can be reduced by the use
of datapath compilation techniques, macrocells, and IP cores. The ACP 31 contains:

A RISC CPU core 72

A 4 way parallel VLIW Vector Processor 74

A Direct RAMbus interface 81

A CMOS image sensor interface 83

A CMOS linear image sensor interface 88

A USB serial interface 52

An infrared keyboard interface 55

A numeric LCD interface 84, and

A color TFT LCD interface 88

A 4Mbyte Flash memory 70 for program storage 70



18 The RISC CPU, Direct RAMous interface 81, CMOS sensor interface 83 and
USB serial interface 52 can be vendor supplied cores. The ACP 31 is
intended to run at a clock speed of 200 MHz on 3V externally and 1.5V

i nt ernal | y wo 03/mi3gssnm ze power consunption. The CPU core neeadssvombog2d 0 run
at 100 MHz. The followi ng two bl ock dil&grans give tw views of the ACP 31:
A view of the ACP 31 in isolation An exanple Artcam show ng a hi gh-1evel
view of the ACP 31 connected to the rest of the Artcam hardware. | nage
Access As stated previously, the DRAM Interface 81 is responsible for
interfacing between other client portions of the ACP chip and the RAMBUS
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manufacturers, without requiring to license or port the CPU core. This device independence avoids the chip vendor
lock-in such as has occurred in the PC market with Intel. The CPU operates at 100 MFz, with a single cycle time of
10ns. It must be fast enough to run the Vark interpreter, although the VLIW Vector Processor 74 is responsible for most
of the time-critical operations.

PROGRAM CACHE 72

Although the program code is stored in on-chip Flash memory 70, it is unlikely that well packed Flash memory 70 will
be able to operate at the 10ns cycle time required by the CPU. Consequently a small cache is required for good



the chapter entitled Programcache 72. DATA CACHE 76 A snual| data cache 76
is required for good performance. This requirenent is nostly due to the use
of a RAMous DRAM which can provi de high-speed data in bursts, but is

i nefficientwbosnissssgl e byte accesses. The CPU has access POTAUOIEIZY Y
caching systemthat allows flexible ndfii pul ati on of CPU data cache 76

sizes. A mnimmof 16 cache lines (512 bytes) is recommended for good

per f ormance. CPU MEMORY MODEL An Artcamlis CPU nenory nodel consists of a
32MB area. It consists of 8MB of physical RDRAM off-chip in the base nodel
of Art canperfasininke. b c@he Bihe®oF 3R Bytes eidoh dr@suffioivB, farfa tapd bf-5Ctyfes. MBI PEEKAM cablee2 & definediin 4 VB
FI ash nermgagapépengﬁgd@g?raﬁgfh@; for programstorage, and finally a 4MB
address ace ma{) o the various registers and controls of the ACP 31.
The en, for an Artcamis as follows: ContentsSize Base Artcam
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addr ess |(§12|bﬁtest) éec?%‘?‘d_ft%g‘lﬁ}ﬁp“t‘faﬁ‘f@@?' and hence can be satisfied from DRAM
and the OMiMEMOACMEDEES. | n npst cases the DRAMwill only be 8 MB, but 16 MB
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r equest edmeneonmp penfor innrkdneis AGolbys:t he CPU Menory Decoder 68. Fl ash nenory
70 The ACP 31 contains a 4Moyte Flash nenory 70 for storing the Artcam
program It is enauisaged that Elash nenory 70 wll have.denser packing
coefficients tHdemtemsked ROM and allows for great ebiz€ | exjbbility for
testing canera tepm D e. The downside of the FRMBh ngnory 70 is the
access tinme, wiBstndedsDRAN i kely to be fast enough fosMBhe 00 MHz operating
speed (| Ons cy(lPegtainmenorpfon AR 31GRElash Aekhas10) Pr ogr am| kNSt r uct i on cache 77

t her ef ore act s |®sseivkior eRibBioh spgrad@iemgen t he CPU andmMshe sl ower Fl ash
menory 70. Prodrapscaghas «hd mbnsymipbedt@che 1S requi i egmf or |good CPU
performance. THimsefveul renent 1s due to the slow spgg@d Fl dsh nenory 70

whi ch stores tHedfgogram code.” 16 cache T1nes of 3Z3PMEES leach are
sufficient, for—a totar or m—mpmgmms%s

PCT/ AU02/ 0092 20, cac The data used by CPU
progr ans ggtm Qtfof“ﬁardwa qute‘i?; %e Sls °use 9’“¥8‘% 2@ and if the address is in

DRAM t hr ough t h&b§éhie e ﬂadﬂda%tla@ﬁé oyer, 16-¥Raange prdhence mbegttistpfgon RRANEmY theg
oper at e i ndependentIba cache T6his most cases the DRAM will only be 8 MB, but 16 MB is allocated to cater for a
higher memory model Artcams.

If bit 24 is set, and bit 23 is clear, then the address represents the Flash memory 70 4Mbyte range and is
satisfied by the Program cache 72.
Ifbit 24 = 1 and bit 23 = 1, the address is translated into an access over the low speed bus to the requested
component in the AC by the CPU Memory Decoder 68.
Flash memory 70
The ACP 31 contains a 4Mbyte Flash memory 70 for storing the Artcam program. It is envisaged that Flash memory 70
will have denser packing coefficients than masked ROM, and allows for greater flexibility for testing camera program
code. The downside of the Flash memory 70 is the access time, which is unlikely to be fast enough for the 100 MHz
operating speed (10ns cycle time) of the CPU. A fast Program Instruction cache 77 therefore acts as the interface
between the CPU and the slower Flash memory 70.
Program cache 72
A small cache is required for good CPU performance. This requirement is due to the slow speed Flash memory 70
which stores the Program code. 16 cache lines of 32 bytes each are sufficient, for a total of 512 bytes. The Program



VLI W Vector Processor 74. If the data requirenments are |low for a given
process, it can consequently operate conpletely out of cache. Finally, the
Program cache 72 can be read as data by the CPU rather than purely as
program i nswouy0i3ssss. This allows tables, mcrocode for PoF/AVLWRLIC to be
| oaded fromthe Flash nenory 70. Addrédses with bit 24 set and bit 23 clear
are satisfied fromthe Program cache 72. CPU Menory Decoder 68 The CPU
Menory Decoder 68 is a sinple decoder for satisfying CPU data accesses. The
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DRAM ORGANIZATION
The DRAM organization for a base model (8MB RDRAM) Artcam is as follows:

Contents Size
Program scratch RAM 0.50 MB
Artcard data 1.00 MB
Photo Image, captured from CMOS Sensor 0.50 MB
Print Image (compressed) 2.25 MB
1 Channel of expanded Photo Image 1.50 MB
1 Image Pyramid of single channel 1.00 MB
Intermediate Image Processing 1.25 MB
TOTAL 8 MB




menory, and thus not require conpression of the Print Inmage. In addition,
with nore nenory a larger part of the final imge can be worked on at
once, potentially giving a speed i nprovenent. Note that ejecting or

i nserting amodsnicessd | nval i dates the 5.5MB area hol di ng t reTRUDDO0920age, 1
channel of expanded photo image, and2the i mage pyram d. This space may be
safely used by the Artcard Interface for decoding the Artcard data. Data
cache 76 The ACP 31 contains a dedicated CPU instruction cache 77 and a
general data cache 76. The Data cache 76 handles all DRAM requests (reads
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Unit 178, and there are 4 Processing Units in the VLI WVector Processor 74.
The total nunber of buses is therefore 8 ) In any given cycle, in addition
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KEYBOARD INTERFACE 65

This is a standard low-speed serial port, which is connected to the internal chip low speed bus, thereby allowing the
CPU to control it. It is designed to be optionally connected to a keyboard to allow simple data input to customize prints,
AUTHENTICATION CHIP SERIAL INTERFACES 64

These are 2 standard low-speed serial ports, which are connected to the internal chip low speed bus, thereby allowing
the CPU to control them. The reason for having 2 ports is to connect to both the on-camera Authentication chip, and to
the print-roll Authentication chip using separate lines. Only using 1 line may make it possible for a clone print-roll
manufacturer to design a chip which, instead of generating an authentication code, tricks the camera into using the code

generated by the authentication chip in the camera.



Artcard stepper notorQut4 Zoom stepper notorQut4 Guillotine notorQutl Fl ash
triggerQutl Status LCD segnent driversQut7 Status LCD common driversQut4
Artcard illumnation LEDOut1 Artcard status LED (red/green)In2 Artcard
sensorlnl Ruo®es/opsdsl sensorlnl Orientation sensorln2 Butt easiavd2/dégicAL36
VLI W I nput and Qutput FIFGs 78, 79 The3VLI W I nput and Qutput FIFGCs are 8
bit wide FIFGs used for comruni cati ng between processes and the VLTW
Vector Processor 74. Both FIFGs are under the control of the VLI W Vector
Processor 74, but can be cleared and queried (e.g. for status) etc by the
CPU. VLIWINPUT FIFO 78 A client wites 8-bit data to the VLIWInput FIFO
78 in ordﬁa;ﬂlglgltgggeé%t he data processed by the VLIW Vector Processor 74.
Clients i cIu Lnterface, Artcard Interface, and CPU.
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har d wor kparad integf¥@npl € of the use of a client's use of the VLIWInput FIFO
78 is the Image Sensor Interface (ISI 83). The ISI 83 takes data fromthe
| mage Sensor .and writes it to the FIFQO A VLIWprocess takes it fromthe

Fl FQ, transflwont into the correct i\maaiodata flopmgat, and witing it
out to DRAM | Fpe nhisportBRpdaaaadres nuch singlet as a resqult. VLIIW QUTPUT FI FO
79 The VLI W Vagdafrsteppeanssor 74 wites 8-{lpyt data tof 4 he VLTW Qut put FI FO
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color conve[ ing to the print
head requirehSRERIOFOT DY 5o L oads the difhered formtted 8-bit data from
the VL1W CQut p ‘E“&El-ﬁg—lg—andﬂs-i-mpw_pa&sejmf on to thfe Print |Head external
to the ACP 3l The—RHL 62 hecanes much <iTRAMer as g 3esult. |VLI W Vect or

Processor 74 To achieve the high processing requirenents of Artcam the ACP
31 contains a VLIW(Very Long Instruction Wrd) Vector Processor. The VLIW

prOCGSSOfVﬂIWI@u&G&O@utﬂF(bQQnid cal Processi ng Uni ts (PU e.g 178) working in
paral l el ,pp, 178 can erform

rosshar, it ch ach PU e.
four 8-bilt Wﬁl cat%gut%n:68 are? rt“”%f N "sﬁ%lé °t°|“6’ﬁr§°am{gﬁ?t}§eé“ rocesses and the

Vector Processor 74. Both FIFOs are un er the control of the VLIW Vector Processor 74, but can be cleared and
queried (e.g. for status) etc by the CPU.,

VLIW INPUT FIFO 78

A client writes 8-bit data to the VLIW Input FIFO 78 in order to have the data processed by the VLIW Vector Processor
74. Clients inclade the Image Sensor Interface, Artcard Interface, and CPU. Each of these processes is able to offload
processing by simply writing the data to the FIFO, and letting the VLIW Vector Processor 74 do all the hard work. An
example of the use of a client's use of the VLIW Input FIFO 78 is the Image Sensor Interface (ISI 83). The ISI 83 takes
data from the Image Sensor and writes it to the FIFO, A VLIW process takes it from the FIFO, transforming it into the
correct image data format, and writing it out to DRAM. The ISI 83 becomes much 51mpler as a result,

VLIW QurpuT FIFO 79

The VLIW Vector Processor 74 writes 8-bit data to the VLIW Output FIFO 79 where clients can read it. Clients include
the Print Head Interface and the CPU. Both of these clients is able to offload processing by simply reading the already
processed data from the FIFO, and letting the VLIW Vector Processor 74 do all the hard work. The CPU can also be
interrupted whenever data is placed into the VLIW Output FIFO 79, allowing it to only process the data as it becomes
‘available rather than polling the FIFO continuously. An example of the use of a client’s use of the VLIW Output FIFO



32-bit additions, 1/0 processing, and various |ogical operations in each
cycle. The PUs e.g 178 are m crocoded, and each has two Address Cenerators
189, 190 to allow full use of available cycles for data processing. The
four PUs e.W003UB8%re normally synchroni zed to provi de a tPCIIXU09/00920
interacting VLI Wprocessor. C ocking a4 200 Mz, the VLIW Vector Processor

74 runs at 12 Gops (12 billion operations per second). Instructions are
tuned for imge processing functions such as warping, artistic brushing,
conpl ex synthetic illumnation, color transfornms, inmage filtering, and
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Hardware design complexity is reduced



Status Qut put3 Branching (m crocode control)11 In8 Qut6 Registers7 ReadlO
Wite6 Barrel Shifterl12 Adder/Logical 14 Miultiply/lnterpolatel9 TOTAL96 Wth
128 instruction words, the total mcrocode RAM 196 per PU e.g 178 is 12,288
bits, or 1.veéBs/esssst|y. Since the VLIWVector Processor PéToansomtes of 4
identical PUs e.g 178 this equates to 2§, 144 bytes, exactly 6KB. Sone of the
bits in a mcrocode word are directly used as control bits, while others
are decoded. See the various unit descriptions that detail the
interpretation of each of the bits of the m crocode word. Synchronization
Bet ween PUs e. g H#&8vazaihis Ribced dye th flBucti@ins amflsxi®t 4 bit Synchroni zati on

Regi ster 197. |t glgyaf %%m‘z’&cﬁgno{&pg@%ﬁﬁl%@ﬂmmmﬁgbE“Sm er&né%ﬁgéﬁ%& siicop

t oget her, and has one he correspondi n e.q.
that are functi off*fg" é@v lareiwcf?gw%ﬁ (e uEst of PRGERRIAIS 10 Ff“gpéﬁ“\e"“’é‘l"s ‘gﬁf@”ﬁbs
e.g 178 were funBunctiopaliygands addedsd Mgk @iapiaweksvithaaipachén haideareldesignmimier oni zat i on
Regi ster 197s giwadlehidapve all 4 bits set. If there were two asynchronous

processe haye .2 its
set in tﬁreh? E?Pl%?ggl nugrbc%d 1%&4 &I;] i:onIr(%/\fi)nIggaflé{'}lfl fggr%rlgsv%rdl‘gﬁth eac ?lﬁa 1ts w1

and the offHemay \‘}\Bh%‘ﬁ‘l’cﬂde Sﬁ%ﬁ?@“ﬂ‘ﬁb“d%’ﬁ'éﬂml? °B‘?“tpsj “sge‘t7 B HStﬁdh‘é‘i‘“’rm@V’Wé H‘Plﬁnl zat| on
Regi ster 197s (correspondl ng to themsel ves). The Synchroni zation Register

197 is used in two PLQ1CFTg a given process in
-?@é%-&—a-eppu ng and Starting
+-rg—the—m-dqrocode RAM 196 and

synchrony Suspend o

Processes The CPU e AS+bl-e-f-o+—

| oadi ng the execut firdt instructlion (usually 0). Wen
the CPU starts exer;]tﬂl_Lug_ni_c.LQcoda,_i_t_ba?Ln.s_aJ_Ltm speci fied address. WO
03/ 013858 PCT/ At i OpP¥0920 26 Execution m_crocaodgq only occurs when all
the bits of the SypRaEktemi zation Register|{797 are aldo set in the Common
Synchroni zati on RepgReader 197, The CPU thelefore setd up all the PUs e, g 178
and then starts or|®Wtieps processes with B single wlite to the Conmon
Synchroni zat i on RepBastlehiftdrd7. Thi s synchfni zati on _dchene allows nultiple
processes to be rupsddaflogie@ynchr onously oni4t he PUs e.lg 178, being stopped
and started as profassggnepblhter than one[BU e. g 178 |at a tine. Suspending
Execution within aj Ryrgess In a given cypdee, a PU e]g 178 may need to read
fromor wite to a FIFO ((based on the opcode of The current mcrocode

instructi @ﬁ) 128 lngtrugtgﬁwg lisF Qz fordl nﬁgp%%a I@[ﬂd Re Fe@?@ E %%6155 R! ox]c 1%5(5 §ﬁ&lyaﬁxﬁ% lhg e

request, %ues cannao et ed
t her ef or e Zhi 4% é?t‘fr Pf°f°§5 s{ispuigprdtasd Pyi)"n% 1B phisequgiistp 644 Qytes'lel"i@“@j?p St Beess
si gnal s fhitgimaglidrocgdelgord are dire¢FRsed peroftbhity abile others ak Hecodad SdelUs vaiogs uiit Bscrifitives
Synchr oni g tdif e R@gHredi6N of 3R ofit® viNNDREmMMotdde k€ 4 SuspendProcess
Synchronization Between PUs e.g 178
Each PU e.g 178 contains a 4 bit Synchronization Register 197. It is a mask used to determine which PUs e.g 178 work

ﬂ

together, and has one bit set for each of the corresponding PUs e.g 178 that are functioning as a single process. For
example, if all of the PUs e.g 178 were functioning as a single process, each of the 4 Synchronization Register 197s
would have all 4 bits set. If there were two asynchronous processes of 2 PUs e.g 178 each, two of the PUs e.g 178
would have 2 bits set in their Synchronization Register 197s (corresponding to themselves), and the other two would

have the other 2 bits set in their Synchronization Register 197s (corresponding to themselves).

The Synchronization Register 197 is used in two basic ways:
Stopping and starting a given process in synchrony
Suspending execution within a process
Stopping and Starting Processes
The CPU is responsible for loading the microcode RAM 196 and loading the execution address for the first instruction
(usually 0). When the CPU starts executing microcode, it begins at the specified address.



bits, and if the result is non-zero, none of the PUe.g 178 s register
WiteEnables or FIFO strobes will be set. Consequently none of the PUs e.g
178 that formthe sane process group as the PU e.g 178 that was unable to
conplete iweosarsksswi || have their registers or FIFGCs updacaduweoioeg t hat
cycle. This sinple technique keeps a giéven process group in

synchroni zati on. Each subsequent cycle the PUe.g 178 s state machine w |
attenpt to re-execute the mcrocode instruction at the sane address, and
will continue to do so until successful. O course the Conmon
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co- wor ker S8 B3 G Bwlgff"ézﬁé"ﬂ PR Pdue to data not being ready for
reading or witing. Control and Branching During each cycle, each of the
four basi Thii sgRbkoniABch sERMEANLRS iniiplepidtdssSs tovbd ririnfig & ydchdomdusly ok h8 PBs el1ts, 863 stofpaad,
Adder/LogLrEl’st zstgtogés%/f/ taﬁtiﬁﬂap%e@’bgiglﬁqgatﬁ?e”el Shifter) produces two status
bits: a Zero

g{ I ndi cati ng whether the result of the
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unit 11= R@&di@tanmmmrmﬁ&ba@mBﬂﬁ&nM/ AU02/ 00920 27 10 = Zero flag | =

Negative fl ag é’gﬁ@ﬂgB\A{nEﬂ‘Hgn the ALU 188, the 2- bit Sel ect Processor Bl ock
value is gecode I.nt Oh];ﬂh’e enabl e bit

n its,

sent to each proc éles’g?)cr unlf?urBﬁsm mﬁlﬁ '%ﬁaelcuéap umts Hg ?‘é‘ﬁéé)g (F??& Zero or
Negat i ve) Apdr ‘§é‘@%PP?Yﬁt“6P‘&4‘q ang Regel Shftso) P@@F%I“Yﬁ SF‘PE‘S Wﬁi a@ﬂ“’@?& angl sNeggiveag out put
ont 0 t he stlidtivgwHeihér the wesult dBthesyefaiion guridg thiricyrleMar @ 6galize. Esvh byclebhe@f tgos&matus bits is
cont ai ns @hoZen By rBtcrE’Jo@Qﬁs@’G@ttQQ%%ﬁtpu( fém thd R g QTR stanlgblﬁléfﬂ’eﬁm e. gni'7§55 mPH;@) are
addr ess bej ng exe E% Ng ma}% gt %&) am execut | cq nﬁg | ng from
addr ess NCTRMEHA0 &% bt @ommen gty eaister gty Dyrpe thﬁ%e"‘r‘fé“s& 4 @’ % tf@F can
however , QPI%OBM@O fiomdhg Canmensieatus ResisigniODsjapdbraneh tpypngthes Ficragods a@tefsfdaqe@mt on the
| ocat i on, vaeof the @S bit.a Status bit fromthe Conmon

Status bit

Each PU e.g 178's ALU 188 contains a number of input and calculation units, Each unit produces 2 status bits —a
negative flag and a zet'o flag. One of these status bits is output from the PU e.g 178 when a particular unit asserts the
value on the 1-bit tri-state status bit bus. The single status bit is output from the PU e.g 178, and then combined with the
other PU e.g 178 status bits to update the Common Status Register 200, The microcode for determining the output
status bit takes the following form:

# Bits Description

2 Select unit whose status bit is to be output
00 = Adder unit

01 = Multiply/Logic unit

10 = Barrel Shift unit

11 = Reader unit




Status Regi ster 200 and branch. The m crocode for determ ning the next
execution address takes the following form # BitsDescription

00=NOP( PC=PC+1) 201
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Branch if status bit clear
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Fig. 5 illustrates the ALU 188 in more detail. Inside the ALU 188 are a number of specialized processing blocks,
controlled by a microcode program. The specialized processing blocks include:
Read Block 202, for accepting data from the input FIFOs
Write Block 203, for sending data out via the output FIFOs

Adder/Logical block 204, for addition & subtraction, comparisons and logical operations

Muitiply/Interpolate block 205, for multiple types of interpolations and multiply/accumulates
Barrel Shift black 206, for shifting data as required

In block 207, for accepting data from the external crossbar switch 183
Out block 208, for sending data to the external crossbar switch 183
Registers block 215, for holding data in temporary storage

Four specialized 32 bit registers hold the results of the 4 main processing blocks:
M register 209 holds the result of the Multiply/Interpolate block
L register 209 holds the result of the Adder/Logic block
S register 209 holds the result of the Barrel Shifter block
R register 209 holds the result of the Read Block 202



1= Load Inl fromcrossbar 3Select Input 1 fromexternal crossbar 10=NCP 1 =
Load I n2 fromcrossbar 3Sel ect Input 2 fromexternal crossbar 8TOTAL Qut
208 Conplenmenting In is Qut 208. The Qut block is illustrated in nore
detail in Rvgo3/@i3s8ut contains two registers, Qut, and QOwcz/athpbdeof which
are output to the external crossbar eash cycle for use by other PUs e.g
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four spechalfzed 32-bit registers to hoId the results of the 4 main

processi N bh,la@i@lﬂ%suatléé 15 9@@5@&%&&% qpra%d fnE8M hdcepPdataliBB the external crossbar. The
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Mul tiply/lnter ter 209
ol ds t he PR BT e st Rt Hr e it o Haigs iy drone TR el
of the Ba#?@iputIhihe gxtsmaligrogrbae swih kségT@WOC@GQk%@P tpfowirgfomesul t of t he Read

Bl ock 202 The CPU hagd O esdibtio oS 10 (NESE TEgrSIerp, and other units can
sel ect themas inputs—via , ' ' i S necessary to

del ay an operation [for ong (o re cycles. The Registprs bl ock contains
four 32-bit registgrs :’?r;oi\égﬁgaé] gLty —vat abl es during

processi ng. Each cycte—one “re-aﬁ—-be—u-pdat ed, while all the
regi sters are out [ 'osrgs use via Crosgbarl 213 (which also

includes In,, In2, e—cPH access to these
registers. The dat ad--oaded o -gPe R 0N BUamatqosher, caistel can be one of Do -
D3 (selected from Crgﬁccbar'TOJW’\ SR8l Sl R (sel ected from
Crossbar2 214), one of 2 progr amabl e constants, or the fixed values 0 or
1. The R@gp@ters block 215 is illustrated in nore detail in Fig. 8 The
M cr ocodecdn@lembmgy 15 {s@ub208. akESut IO isfimistha@dinh@re ctkilh Fig. 7308 S4AEHE fwlo Rigisterd, oL mHOP

1 = Load Sﬁz%o%l{[ of Which are output to the external crossbar each cycle for use by other PUs e.g 178. The Write unit is also
able to write one of Out, or Out, to one of the output FIFOs attached to the ALU 188. Finally, both registers are
available as inputs to Crossbarl 213, which therefore makes the register values available as inputs to other units within

the ALU 188. Each cycle either of the two registers can be updated according to microcode selection. The data loaded
into the specified register can be one of Dg — D3 (selected from Crossbarl 213) one of M, L, S, and R (selected from
Crossbar2 214), one of 2 programmable constants, or the fixed values 0 or 1. The microcode for Out takes the

following form:
# Bits Description
1 0=NOP
1 =TLoad Register
1 Select Register to load [Out; or Out;]
Select input [In;,In,;,Out;,Out;,Do.Dy,D5,D3,M,L,S,R K K5,0,1]
6 TOTAL

Local Registers and Data Transfers within ALU 188

As noted previously, the ALU 188 contains four specialized 32-bit registers to hold the results of the 4 main processing
blocks:
M register 209 holds the result of the Multiply/Interpolate block



2Sel ect Register to |load [Do - D3] 4Sel ect input

[Inl,In2, Q&xlI,OX2 DO D,,02, D3, ML, S, R K1, K2,0,1) 7TOTAL Crossbhar] 213
Crossbarl 213 is illustrated in nore detail in Fig. 9. Crossbarl 213 is
used to selwots/dresw i nputs In,, In2, CQut,, Qut2, Do- D3.7 poatAL0b/e0920 €
generated from Crossbarl 213: 3 to thaMultiply/Interpolate Unit, 2 to the
Adder Unit, 1 to the Registers unit and 1 to the Qut unit. The control
signals for Crossbarl 213 conme fromthe various units that use the

Crossbar inputs. There is no specific mcrocode that is separate for
Crossbar|l 213. CrLegsta0@holid de fSuhsttbasdder@ddcbl@ki | | ustrated in nore detail in

Fi g. 10. Crossbar 2 214 -b&nokis Rdreluf ol 61 shik@Bholine general ALU 188 registers
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e.g 178 t Fl FO

5. 100, Phgr dierdly Eusurd i i & np GRS PR et
FI FO 187. ThesptBilsFCs |aeerigtiocal to the PU e.g 178. There is also a
mechani sm for fyansterp=pgpdata to and from external processes|in the form
of a common VL) W I nput 1=Ebﬁ(§eg{§erand a comon VLI W Qut put FIFO 19, shared
between al | ALUs. The [¥LLVRdRRUS 10418, B put FTFGCs are only 8 hits w de,

and are used fpr printigBek: inpik I g Out S@ALHHH.D, b ,L@L%hﬁi,ﬁ( fg data jo the CPU
etc. The | ocal [Fnpur ct%ﬂ,il]tp Nt e{)?g ¥60rts V}\J%EQ_RW_ The Read

process bl ock 20Z2—of~FrT- rl's—regpmrm—e—ﬁm—up'd'aﬁ'rrg—rh?ﬂtu 188's R

regi ster Ogba ng;éch represents the external input data to a VLIW

m cr ocode o) Each cycle the Read Unit is able to read fromeither

the co nno@fosawlds?/ i9iisweed i lPequ setad) 2 3 § Lossbard 247119 uped rgsiaet frrp meytsAg., g Owsi, O8h), Dor
one of twp,. 1@eak ark paetitedTlon@Bossbd 6213 116 Jhe Mﬁmagz/fnbipblawaﬂuuetd:& /gemefigl &de and

then all Ige"glstpéﬁtﬁt ancplf to Eht' Bﬁt uxq{atlﬂe éoﬂiﬁi &g@lﬂ&fo%r&%l?ﬁ ctog @1 &lg ﬁﬁts %Q 35e thIhe

process can seen 1 n ﬁ% e m crocod escr| I'n the
C

fol | owi ng rf’sélﬁ‘f RN ‘qcﬂ‘&"i’cﬂqeé‘}aﬁf PR TR tosPrl Ebne b| t patterns are
del i ber at @bsypbachddden to aid decoding. # BitsDescription 200 = NOP 01 = Read

from VLI Wfrlad@lﬁbﬁtmf‘k fnQurdid il Bors adn@ atkid. 1 Tdskua0aha iRlsEd detedibrom tR@AEla1fall 01734 Os@ks
FIFO 2 1|_9V£ uq:g!s%:] ?e‘?(%&tedt} o¥nl§_1 a%s arl §13($ %?n 8&@19]*[“1 tép@latg USIIE 2§o t}%r)\dgé%?pg)
= 16 blts(o i (Brea 3 it as unsi gneéd
(pad with *D‘}egli‘e’”"’l"raédalt "o e, Pt il Teicpjiel enads oy ERewA o ipres fromerarivg? PiGHY Bt 1) r
Crossbar inputs, There is no specific microcode that is separate for Crossbar2 214,
Data Transfers Between PUs e.g 178 and DRAM or External Processes
Returning to Fig. 4, PUs e.g 178 share data with each other directly via the external crossbar. They also transfer data to
and from external processes as well as DRAM. Each PU e.g 178 has 2 /O Address Generators 189, 190 for transferring
data to and from DRAM. A PU e.g 178 can send data to DRAM via an I/O Address Generator’'s Output FIFO e.g. 186,
or accept data from DRAM via an /O Address Generator’s Input FIFO 187. These FIFOs are local to the PU e.g 178.
There is also a mechanism for transferring data to and from external processes in the form of a common VLIW Input
FIFO 78 and a common VLIW Output FIFO 79, shared between all ALUs. The VLIW Input and Output FIFOs are
only 8 bits wide, and are used for printing, Artcard reading, transferring data to the CPU etc. The local Input and Output
FIFOs are 16 bits wide.
Read
The Read process block 202 of Fig. 5 is responsible for updating the ALU 188's R register 209, which represents the

external input data to a VLIW microcoded process. Each cycle the Read Unit is able to read from either the common
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one of the two local Qutput FIFGCs each cycle. Note that since only 1 FIFO
Is witten to in a given cycle, only one 16-bit value is output to al
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Write

The Write process block is able to write to either the common VLIW Output FIFO 79 or one of the two local OQutput
FIFOs each cycle. Note that since only 1 FIFO is written to in a given cycle, only one 16-bit value is output to ali
FIFOs, with the low 8 bits going to the VLIW Output FIFQO 79. The microcode controls which of the FIFOs gates in the
value. The process of data selection can be seen in more detail in Fig. 12. The source values Out, and Out; come from
the Out block. They are simply two registers. The microcode for Write takes the following form:

# Bits
12

Description

00 = NOP

01 = Write VLIW Output FIFO 79
10 = Write local Output FIFO 1

11 = Write local Output FIFO 2
Select Qutput Value [Out, or Out;]
Select part of Output Value to write (32 bits = 4 bytes ABCD)
000 =0D

001 =0D

010=0B

011 =0A

100=CD

101 =BC

110=AB

111=0

TOTAL




necessary), and output to the ALU 188's S register 209. The m crocode for
the Barrel Shift process block is described in the following table. Note
that the interpretations of sone bit patterns are deliberately chosen to
ai d decodi ngo o3oBgsssDescri pti on 3000 = NOP 001 = Shift Lefrrwozoogred) 010
= Reserved 011 = Shift Left (signed) B®0 = Shift right (unsigned, no
roundi ng) 101 = Shift right (unsigned, with rounding) 110 = Shift right
(signed, no rounding) 111 = Shift right (signed, with roundi ng) 2Sel ect
Input to barrel shift: 00 = Multiply/Interpolate result 01 =M 10 =
Adder/ Logi c r eotdbiiatidnkFlockd? bits to shift 1Ceiling of 255 1Fl oor of 0
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Barr el Shl fterj#mnad danschifids be shifted left 2 places without jheeding to
be latched intpsthe Lipesgtgder 209 first. The output fromthe der can

al so be nmade ayail abl g obp:éhli}ﬁ_efmlnhigd@&)y unit for a nultiply-accupul ate
operation. The| m crocqdg £ Rkedche Adder/Logic process block is described in
the follow ng |able. -Ih)@lighﬁfﬂ[cﬂr(?ﬁ,@§i ons of sone bit patterns e

deli berately FEhosen tjo aid decoding. Mcrocode bit interpretatjon for
Adder/ Logic unjt WO 03/19d-388imCldsphdd 26 QRA2G 32 # BitsDescriptjon 40000 =
A+B (carry in F 0) 00QLor- AdBighCadsfedediwithroufid®lgy Y out of previ ous| operation)
0010 = A+B+1 (garry in 130 43nifkhesignedidroldangr ements A) 0100 = A-B-1 (carry
in = 0) 111 = Shift right (signed, with rounding)
2 Select Input to barrel shift:
00 = Multiply/Interpolate result
01=M
10 = Adder/Logic result
11=L
15 # bits to shift
1 Ceiling of 255
1 Floor of 0 (signed data)
12 TOTAL
Adder/Logic 204

The Adder/Logic process block is shown in more detail in Fig. 14 and is designed for simple 32-bit addition/subtraction,
comparisons, and logical operations. In a single cycle a single addition, comparison, or logical operation can be
performed, with the result stored in the ALU 188’s L register 209. There are two primary operands, A and B, which are
selected from either of the two crossbars or from the 4 constant registers. One crossbar selection allows the results of the
previous cycle’s arithmetic operation to be used while the second provides access to operands previously calculated by
this or another ALU 188. The CPU is the only unit that has write access to the four constants (K;-Ks). In cases where
an operation such as (A+B) x 4 is desired, the direct output from the adder can be used as input to the Barre] Shifter, and
can thus be shifted left 2 places without needing to be latched into the L register 209 first. The output from the adder
can also be made available to the multiply unit for a multiply-accumulate operation. The microcode for the
Adder/Logic process block is described in the following table. The interpretations of some bit patterns are deliberately

chosen to aid decoding. Microcode bit interpretation for Adder/Logic unit



0101 = A-B (carry in = carry out of previous operation) 0110 = A-B (carry
in =1) 0111 = A-1 (decrenents A) 1000 = NOP 1001 = ABS(A-B) 1010 = M N(A,
B) 1011 = MAX(A, B) 1100 = A AND B (both A & B can be inverted, see bel ow)
1101 = A ORvBo§/i38ss A & B can be inverted, see bel ow) 111@cT/aoXM@edB (both
A & B can be inverted, see below) 111B2= A (A can be inverted, see bel ow)
11 f logical operation: 0=A=A 1 = A=NOT(A) If Adder operation: 0 = Ais
unsigned 1 = Ais signed 1If |ogical operation: O=B=B 1= B=NOT(B) |f Adder
operation O = Bis unsigned 1 = B is signed 4Sel ect A
[1nl,1n2, Qut Z, D0 | Beddhininh - M L, 5, R KL, KZ, K3, | 4oelect B

[1n1,In2, Qutlpoote oo, o ’
rpolate 2 —Uﬁ imép

Mul tiply/lnt =)é Pgt%glg&ogstogergfoﬁcess bl ogk is shown in

more detail ijn Fig. 14 0@1’36 K er pol ator|] units that
~ /1 I

are capabl e perforr _fzgtﬁ?la(ﬁf:é vl gual 8 x 8 interpolates fder cycle, or
can be conbi T

ed to pen orma single x 16 multiply. This gilves the

57a0;

possibility tjo perfor My tAoB | i nS%) i nt erpol ations, a singlg bi-Ilinear
i nterpol ation, or hal f _ % c 1 near dotlt L al ata'uS’n in a single cycle.
The result of] the inter %Ia}\éos ar _pu |pp|rca I'sS stored ijn the ALU
188's M regifster 209. %] Fcf%c I}ll\éRtngl mary operands, A and B, which are
sel ected fronp any of th ener regirsters in the ALU 188 or |[from four

pr ogr ammabl e [const ant g lb%%rgg to the Multiply/lnterpol ate prlocess bl ock.
Each interpolfator bl ogk /013858 PCT/ AU02/ 00920 33 functijons as a
sinple 8 bit Jinterpol atgy [ ué = A+ (B-Af] or as a sinplgd 8 x 8
multiply [resjult = A 4 %0 ﬁ% n )the operation is interpolatign, A and B
are treated four 8 r A0 thru A3 (A0 is the | ow orlder byte),
and BO thru |BS3. Agen gen an Fgen are responsible for ordgring the

i nputs to the I nterpol qi&_% B&gm L b be ch%tsg&etgf oper atli on bei ng
ion

performed. Foy exanpl 6’11 oAp@I{ Lagggi ve}tJE! sgg Q each of the 4
val ues must be mul tiplii hel § ebelb resul t summed, while
a 16 x 16 bit] multipli q@it |_qp(A &q)lélm(lgédfs%gel WACT ors to be 0. Thg m crocode
for 1 If logical operation:

0= A=A

1 = A=NOT(A)

If Adder operation:

0= A is unsigned

1 =A is signed

1 If logical operation:
0=B=B
1=B=NOT(B)

If Adder operation
0 =B is unsigned
1 =B is signed

4 Select A [In,,Iny,Outy,Out;,Dy,Dy,D4,D3,M,L,S, R, K1, K5,K;3,K4]
4 Select B [In,,lnz,Outl,Outg,Do,Dj,Dz,Dg,M,L,S,R,Kl,Kz,K3,K4]
14 TOTAL

Multiply/Interpolate 205

The Multiply/Interpolate process block is shown in more detail in Fig. 15 and is a set of four 8 x 8 interpolator units that
are capable of performing four individual 8 x 8 interpolates per cycle, or can be combined to perform a single 16 x 16
multiply. This gives the possibility to perform up to 4 linear interpolations, a single bi-linear interpolation, or half of a
tri-linear interpolation in a single cycle. The result of the interpolations or multiplication is stored in the ALU 188’s M
register 209. There are two primary operands, A and B, which are selected from any of the general registers in the ALU
188 or from four programmable constants internal to the Multiply/Interpolate process block. Each interpolator block



t he Adder/Logic process block is described in the following table. Note
that the interpretations of sone bit patterns are deliberately chosen to
ai d decoding. # BitsDescription 40000 = (Alo * Blo) + V 0001 = (A0 * BO) +
(Al * Bl) +wbo080mess( At 0*B10)-V 0011=V-(Alo*' B10) 0100 = I micarsuobedeer A0, BO
by fO 0101 = Interpolate AO,BO by fo, 31,B1 by f1 0110 = Interpol ate A0, BO
by f0, A1,Bl1 by f1, A2,B2 by f2 0111 = Interpolate AO0,BO by f0, Al,Bl by
f1, A2,B2 by f2, A3,B3 by f3 1000 = Interpolate 16 bits stage 1 [M= Al0 *
flol 1001 = Interpolate 16 bits stage 2 [M= M+ (Alo * f10)] 1010 =

Tri - | i neafundtitvs ey (3EdpRisdit Mteipplator [Ebutugen 1B AYEAQE OshAdié dxPRiliph/ ekl = ALOR IWEken the

Tri -1 1 neagpeadbn &l i, O AL L =
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by f compnerion bakgReTooATTon KRR ABTOB} bilikar IntempoliER, ehdaf the ¢ vapyes must be multiplicd by a
[1n1, 1 n2, &xércht adidr &, thQes subed XohilVha L6 :S16Mit KebisifiRatiBselfifreARFhcREst to 18 0. The microcode for

[In1,1n2, : . I |.e V
| 2. G ERse it ey Tl i i ol e ol S Bl
si gned 1THeHbefately chisend aidfeepdinar eat v as signed If Inte : 4Sel ect basis for f
[1nl,In2, Qutl, Dugig, D ,|Dkschiiolk3, KL, K2, K3, K4, XX, X, X] 15eT'ect rnterpol ation f
generation frofyPL OF [l SEIJIGTpreted as # tracrionar prrs 1t f If
P'=0, f is ranpe O..23%04@RhESE4LIN0 )y % 2Reserved 19TOTAL WO 034013858
PCT/ AU02/ 00920{ 34 Thg sayRad«Blfsyare used for the selection of and f,
al though the | pst 4 OFtobﬂnﬁvjo(?lfo logon't general ly make sense as f ] val ues.
Interpolating pWith a flactor of 1 or 0 is pointless, and the previ gus

nul tiplicationfor currlepdoJigstdide AB, WY i kely to be a neaningful yalue for
f. | 0101 = Interpolate Ag,Bo by fo, Ay,B; by f;

0110 = Interpalate Ag,Bg by fy, A1,B; by fy, A;,B2 by f;

011l = Interpolate Ao.Bo by fo, A] ,Bl by fl, Az,Bz by fg, A3,B3 by f3
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1000 = Interpolate 16 bits stage 1 [M = A g * f}o]

1001 = Interpolate 16 bits stage 2 [M =M + (Aq * f10)]

1010 = Tri-linear interpolate A by f stage 1 [M=Ayfo+A f1+A 5 +Asf]
1011 = Tri-linear interpolate A by f stage 2 [M=M+Afo+A | +Axf+Asf3]

1100 = Bi-linear interpolate A by f stage 1 [M=Agf;+A,fi]
1101 = Bi-linear interpolate A by f stage 2 [M=M+A,fy+A;f;]
1110 = Bi-linear interpolate A by f complete [M=Afo+A,fi+Af+AsM]
1111 = NOP
Select A [In, ,Inz_,Outl ,Outy,D0,01,0,, D3, M,L,S R K{,K;,K3,K4]
Select B [In,,In,,Outy,Outy,Dy,D;,D5,D3,M,L,S R, K;,K7,K3,K4l

Select V [Iny,Ing,Outy,0uty, Do, D1,05,D3,K 1, K5, K3, K4, Adder result,M,0,1]
Treat A as signed
Treat B as signed
Treat V as signed

=N
-t

—t
=
—
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E

Select basis for £ [Iny,Iny,Out;,Outs,Do,D1,02,D3,K1,K2,K3, K4 X, X, X, X]
Select interpolation f generation from Py or P,

P, is interpreted as # fractional bits in f

If P;=0, f is range 0..255 representing 0..1

Reserved

19 TOTAL
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| / O ADDRESS GENERATORS 189, 190 The 1/0 Address Generators are shown in
nore detail in Fig. 16. A VLI Wprocess does not access DRAM directly.
Access is via 2 1/O Address Generators 189, 190, each with its own | nput
and CQut put WwObE»013858PU e. g 178 reads data from one of two plcaaal2/boput
FIFGs, and wites data to one of two Isdcal Qutput FIFOs. Each 1/0 Address
CGenerator is responsible for reading data from DRAM and placing it into
its Input FIFO where it can be read by the PUe.g 178, and .is responsible
for taking the data fromits Qutput FIFO (placed there by the PU e.g 178)
and wri t i Tig sdnte 4bids afaRAd¥ifor Tha eelectioh Of VAshd ¥, @ifiBuglofia Rkta bitfons for BdoS't helINAGKA kR as
responsi bj,ged ﬂremaaﬂgwaf@cgm geld i esw?a e o mulf cat%ﬂ% Euteatl Llﬂy@m%nsibe
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Conti nueOA wite to this register continues the 1/0 CGenerator fromthe

current setup. Counters are not reset, and FIFOs are not cleared. A wite
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Go 0 A write to this register restarts the counters according to the current
setup. For example, if the /O Generator is a Read Iterator, and the
Iterator is currently halfway through the image, a write to Go will cause
the reading to begin at the start of the image again, While the /O
Generator is performing, the Active bit of the Status register will be set.
Halt 0 A write to this register stops any current activity and clears the Active
bit of the Status register. If the Active bit is already cleared, writing to
this register has no effect.

Cantinue 0 A write to this register continues the I/O Generator from the current
setup. Counters are not reset, and FIFOs are not cleared. A write to this
register while the I/O Generator is active has no effect.
ClearFIFOsOnGo 1 0=Don’t clear FIFOs on a write to the Go bit.

1 = Do clear FIFOs on a write to the Go bit.




Status 8 Status flags The Status register has the foll ow ng val ues Regi ster
Name# bitsDescription Activel0 = Currently inactive 1 = Currently active
Reserved7 | Caching Several registers are used to control the caching
mechani sm WwWp®anigisng whi ch cache group to use for inputspcauitp®et c.

See the section on the Data cache 76 fir nore information about cache
groups. Regi ster Nane# bitsDescription CacheG ou 14Defi nes cache group to
read data from CacheG oup24Defi nes which cache group to wite data to, and
in the case of the I nagePyram dLookup I/ O node, defines the cache to use
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Read Image Iterators read through an image in a specific order, placing the pixel data into the local Input FIFQ, Every

time a client reads a pixel from the Input FIFO, the Read Iterator places the next pixel from the image (via the Data
cache 76) into the FIFO.

Write Image Iterators write pixels in a specific order to write out the entire image. Clients write pixels to the Output
FIFO that is in turn read by the Write Image Iterator and written to DRAM via the Data cache 76.

Typically a VLIW process will have its input tied to a Read Iterator, and output tied to a corresponding Write Iterator.
From the PU ¢.g 178 microcode program’s perspective, the FIFO is the effective interface to DRAM. The actual method
of carrying out the storage (apart from the logical ordering of the data) is not of concern. Although the FIFO is
perceived to be effectively unlimited in length, in practice the FIFO is of limited length, and there can be delays storing
and retrieving data, especially if several memory accesses are competing. A variety of Image Iterators exist to cope with
the most common addressing requirements of image processing algorithms. In most cases there is a corresponding Write

Iterator for each Read Iterator. The different Iterators are listed in the following table:

Read Iterators Write Iterators
Sequential Read Sequential Write
Box Read -




36 Vertical Strip Read Vertical Strip Wite The 4 bit Address Mde Regi ster
Is used to determne the Iterator type: | Bit #Address Mbde 30 = This
addressing node is an lterator 2 to Olterator Mdde 001 = Sequenti al

| terator OMWon3/BEss read only] 100 = Vertical Strip renai mcrgatorboopatt er ns
are reserved The Access Specific regi s¥ers are used as follows: Register
NanmeLocal NaneDescri pti on AccessS ecificFla &Flags used for reading and
writing AccessSpecific2XBoxSi zeDeterm nes the size in X of Box Read. Valid
val ues are 3,5, and7. AccessSpeC|f|c3YBoxS| zeDetermnes the size in Y of Box
Read. Valid val ues af® i R 7 - 3 oxOF f set OF f set bet ween
one pixel center and R ' R y. Usual value is 1, but
ot her useful val ues I‘S?ﬁ‘aBOX Read for nmore details. The

Fl ags regféd @P%’ﬁ&%%ﬁ%’ffé@ﬂe?lfﬁsf‘iméﬂff?’éﬂe ARG BB of flags used to

determine factors afggegti ng Adaees;m@ﬂl ng and witing of |[data. The Fl ags
regi ster has the fol[EOW Ng CRIRRS . ZE SCrijption

ReadEnabl elRead dat f,{JPM DM ibde DRAM [not valid
for Box node] PassX}Pass X (doh X6l den@i frfiat € back to In gt FlI FO PassYlPass Y
(row) ordinate back|to I nputoLEG deg@pdf = Do not |oop #hrough data | =
Loop through data Rg¢servedlfliWysy.h& kot es on ReadEnablje and Wit eEnabl e:
When ReadEnable is iet thel‘r‘;,{lgn,@(ggf,%sageg;@rpator 3s a Read lterator,
and therefore reads tThe rmmEgE 11T a pa 5 pt'aci ng the pixels

into the Fl F en WiteE blels set the I/OAddress Cener at or
acts as ajﬂ‘ﬂ%lcfeg*fcgi;é?\é\g?’rsaéwaedtaﬁgﬁ Whre wites the image in a particul ar
order, taki hBegsheNgheel s f I DiBedlNaneOD@eHptibd FO. When bot h ReadEnabl d§ and

Wit eEnabl e| aécgssHedisic, t he 1/ Omalggldr es sm@eﬁheﬁa,trg;dinggmsvri]a:,% a Read Iterdtor and

as a Wite k&c@s&%g&lffc, readl Ngedsike! PpédihifestdGizd i RWE Bdx REde) vaBdehlubdatel 1|NQ
pi xel s fronjthe tput FIFQ Pixel s|{3arsedonly witten after they hgve been

acts

read - i.e.|nbesSpbdgifice |t er af vBoxSikd | | DedtRines@R sizein Y oF BdxiRedd. Ydn@vakesaet
3,5,and 7.
AccessSpecific, BoxOffset Offset between one pixel center and the next during a
Box Read only.

Usual value is 1, but other useful values include 2, 4, 8...
See Box Read for more details.

The Flags register (AccessSpecific;) contains a number of flags used to determine factors affecting the reading and
writing of data. The Flags register has the following composition:

Label #bits Description
ReadEnable 1 Read data from DRAM
WriteEnable 1 Write data to DRAM [not valid for Box mode]
PassX 1 Pass X (pixel) ordinate back to Input FIFO
PassY 1 Pass Y (row) ordinate back to Input FIFO
Loop 1 0 = Do not loop through data
1 = Loop through data
Reserved 11 Must be 0
tes o adEnable iteEnable:

‘When ReadEnable is set, the I/O Address Generator acts as a Read Iterator, and therefore reads the image
in a particular order, placing the pixels into the Input FIFO.

When WriteEnable is set, the I/O Address Generator acts as a Write Iterator, and therefore writes the
image in a particular order, taking the pixels from the Output FIFO.

When both ReadEnable and WriteEnable are set, the /O Address Generator acts as a Read Iterator and as
a Write Iterator, reading pixels into the Input FIFO, and writing pixels from the Output FIFO. Pixels
are only written after they have been read — i.e. the Write Iterator will never go faster than the Read



WO 03/ 013858 PCT/ AUO2/ 00920 37 lterator. Wienever this node is used, care
shoul d be taken to ensure bal ance between in and out processing by the
VLIW m crocode. Note that separate cache groups can be specified on reads
and witeswbywsbpsssi ng different values in CacheG oupl andcTaahe®@oup?.

Not es on PassX and PassY: If PassX and7PassY are both set, the Y ordinate
is placed into the Input FIFO before the X ordinate. PassX and PassY are
only intended to be set when the ReadEnable bit is clear. Instead of
passing the ordinates to the address generator, the ordinates are placed
directly into the IIrpuwt Wheder thiflmedets wednateai®uld dchdanoensars bildneybetareen imragdy ed
fromthe FIFO |f dcssa?@me%ﬁv hniclosods Rbte thztn@pmv&bme@mﬂrcﬁlr& EPdiied BANSAS Bat hat

it bal ances reads of .o wites to the

Qut put FIFO, as vvrl“frg? °1‘dlmg§%|“3}“6“&“8w8ffb %P%%%E%E&‘%a es (see note on
ReadEnabl| Boteyouilage spdi@aefdb| e above). Notes on Loop: If the Loop bit is set,
reads Wi |1 recomppasR atPads PhrabdiFlets@d Y ordihad it fRved intd 06 Enpit FIFDASTork @A R dAGhate.
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|/ O addressing no W at
WiteEnabl e set cré%?ﬁ@ab&%\vtlt?@ﬁblwbw&bw of the | ast N pi er s. This can be
used wi t hNot@wnBynchr onous process that reads the data fromthe w ndow. The
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A process that performs an operation on each pixel of an image independently would typically use a Sequential Read

Iterator to obtain pixels, and a Sequential Write Iterator to write the new pixel values to their corresponding locations
within the destination image. Such a process is shown in Fig, 18.

In most cases, the source and destination images are different, and are represented by 2 /O Address Generators 189,
190. However it can be valid to have the source image and destination image to be the same, since a given input pixel is

not read more than once. In that case, then the same Iterator can be used for both input and output, with both the
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appropriately. For maxi numefficiency, 2 different cache groups shoul d be
used - one for reading and the other for witing. If data is being created
by a VLIW pwoeessssso be witten via a Sequential Wite | treratioe/posehe PassX
and PassY flags can be used to generat3 coordi nates that are then passed
down the Input FIFO The VLIWprocess can use these coordi nates and create
the output data appropriately. Box Read Iterator The Box Read Iterator is
used to present pixels in an order nost useful for perform ng operations
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fol | ow t hgre®amR oipuX Blagenél@the linesdtiOdT GiRdls 204 tifl axCthén afVafs RMHle@ekt IS (rhth thhn

(vertical sobtd PabEaftkac B SARESLEE: GOk S RYLOHERH SR oRlchd e M Ll L1
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1l etc f or pixglsy It pap ﬁ'é’sb°8‘f° cgsq hat fhﬁ‘ﬁ{:iémwﬂ FRAsk’ ﬁ?r'i’é‘r% ‘“3*? inppy PB‘S‘S 6‘?’”‘ aSICPleé“S’F“c&' Rel s
32 to 63 which dasaéhe feadegorerns khe piofeesing order] and/ibe wiite &l be syinehrqpizedieys efoliparythenante pixel order.

exactly 32heramsleok ﬁxe\rylp@eeme& R irfplyl (%@@195@ RAaY, or dkfbbrerBitoPht (V@ LStrip Whied) Rehel kRO €

are pres e?l}i der ,sqplxefgla?o% %Pm?nc d{}tﬂp plxels E') éfofrfme &.?c pre I fltws ofJ %%I%{gea Ehl%rfd pn%ep 35 Eo%? ?f2 1.

process th
have a walredf P“ﬁ%ié%)‘i" fefiliapiLate. ﬁﬂlt‘%é‘Pﬁl &“6‘6?1(9‘?‘?1 EE?’é?ay 194 by ety ﬁ2 B’éﬂsp‘f’t‘ﬂe I‘bihsi éﬂse only
coor di nat ee adutal pinelsl inchedroape g Spréskrged iongapetted artnge. Tis yotbess igitcondiinke. 20 thi s

mappi ng, %rbdeswdaﬁamly aS/crﬂE!t@@tﬁi %Qﬁ&m&)@uﬂ%{&ﬂﬁamf@ &Ixﬁﬂp&ng%ﬁpﬂa kdoRfigteON
t he 'random acc np

03/ 013858 gllge-f\? S f’ﬁ{fg?%nat%{é woul mpltlt image gxels accor%mg to?hls mapping, and o <|ere|3nce is

determined by having sufficient cache lines on the ‘random-access’ reader for the input image. The coordinates will

access the



typically be generated by setting the PassX and PassY flags on the
Vertical Stri pWite Iterator, as shown in the process overviewillustrated
in Fig. 22. It is not nmeaningful to pair a Wite Iterator with a Sequenti al
Read |t eratwo ogo138ssBox read lterator, but a Vertical - Stri pcT)iuot/eookd er at or
does give significant inprovenents in 3erformance when there is a non
trivial mapping between input and output coordinates. It can be neani ngful
to pair a Vertical Strip Read Iterator and Vertical Strip Wite Iterator.
In this case it is possible to assign both to a single ALU 188 if i nput
and out pudpidalgebg @ergtédeby kditthg Sha FdsX and PRE(YTaghion 8t B&tia@ISeipWeaE Ubrit@hs stawih i lte PREess

| terator . guishiRgthiefgwhth PassX and PassY flags set. The Vertical Strip

Read/W|te |terator. pre i xels to ut Fl and accepts out put
oixel s f BT &anwﬁs&mﬁ%sﬁeﬁwmﬁfqa?n&g Beal Oy obg bieagarong o VBT on
t he wri t eWrite Hesaler dees give siznifippatimprexguentsan meripringricerehen Hére 2 a gadivizl hippiesbemagnhinphior
good perf@asmp@mdlﬂ'ml e |/ O Addressi ng Mbdes It is often necessary to

lp?gb Iugev t éég §E eam éfﬂﬁ ?Ral]l' ‘% tlcz?[ Igtl’l ieag Rerator a%le‘)ertylc;l.(_gg{) %/'n{c Iter tOI‘ flj'] tl{elsrs,'cgse ﬂgs d)gsglg gio
into the ”@i!ﬁ“ﬁ?ﬂ‘ ‘°PIS‘P@" Aﬁ‘hw If/“@tAEPcPP'@%*ém"@ﬁ@r‘haﬁW If qeerﬁmqﬁqs ere eeswefs a futheg Iterator
i ndex/ es, mis0e k®d with Fald X atliFaRY 8P se0 [lici \Rttied] §irip Read/ Wrieieinsprdsdae pixaok e ingp Fira| ues
in the | nelﬂ&'ﬁccéf_nﬂs E@ut ﬁfelssﬁ'daslﬁWﬁﬂ&’mopﬁﬂﬁﬁﬁ%@pﬂgmpyyteg 81 o¥knt chﬁvln ke Qhite. IJch angD and

3D t abl es are s rte 6f2 CL'{}F 51 ﬁ des targeted at interpolation.
To reduce™ onﬁ‘f‘é |“? hORE VTR 5qu°§ PETE%S t he i ndex val ues are treated
as fixed- poi ntMMﬁ&AccessSpem fic registers defining the fixed

poi nt  aniis bffee heésaryao Mbkug falued it stam&xauhdabﬁaagep Fadlerh AadreskifEindd@tpRgiad thipor t i on of
the i ndexg,Ratiay, teq.rmnﬁa # e {29 IhE!O&%ﬁHmE RErEb e u&mesgéenérﬁ&%gn grocesses
set re ata | s

Character|stjcs In 1 xel ter 1S |

assumed t h ° BV IR ‘fj’d'&ﬁ.?é‘a fRPToRTafT Ly and felgiRs theylq e‘b‘é?n"alﬁ"ﬁ |1ryh%@wsﬂ%9 forsgbseangns (| or
2 bytes) pesssiggplyshedIBYdiont. The 4 bit Address Mbde Register is used to

det er m neip, tigd b Gbiks\iRSuppd3icd, wﬁmm&xﬁ&%xo&@g@ct&ﬂat fmterpdlatSn. ngéﬁtﬁcscﬁin Qut{]'&q}% VLW

Table 1/0 0] = r-fg i he 010 =
DRAM El E Ochéhi%c% tgﬂ%gx valu%sdarc[?t%tgdcag E:BQ ?on# Rumq:errs a\ivtlttel Qiichsgpf(ilflr’% erc s%rs ?:tg&mg_th?gxg%?o\}'lé d
110 = 3D PHeripeFhithdis thpyld Yejtppied a9 thegintqger PPWﬁ‘g‘é thpypdatnPeje omrgle are epfected dermssaf the
speci f i C geregpl BlagrCharaaegisticRe gtstie@ixelDNelsrerbgine-als Maoreiiihe dasDessamedod be@dntiguous within a
Access Spegw fahdoaldnf®e 8566 orh Eﬁgéneif Afa elbBAH TR BN !\’Iothngte?‘%%seQ & d@t\‘.\‘mﬁn@ r
nore i nf oEenﬁg an. AccessS ecific2Fract X8Nunber of fractional bits in

i ndex AccessSpeci fjc3Fract Y8Nunber of fractional bi ts in Y index
AccessSpeci f i c4Fr agsiZBBNunbgradakssMogct i onal bits in Z i ndex WO 03/013858
PCT/ AU02/ 00920 40j 3 1 = This addressing mode is Table I/O
2t00 000 = 1D Direct Lookup

001 = 1D Interpolate (linear)

010 = DRAM FIFO

011 = Reserved

100 = 2D Interpolate (bi-linear)
101 = Reserved

110 = 3D Interpolate (tri-linear)
111 = Image Pyramid Lookup

The access specific registers are:

| Register Name LocalName #bits Description
AccessSpecific, Flags 8 General flags for reading and writing.
See below for more information.
AccessSpecific, FractX 8 Number of fractional bits in X index
AccessSpecific, FractY 8 Number of fractional bits in Y index
AccessSpecific, FractZ 8 Number of fractional bits in Z index




(low 8 bits / next 12 or 24 bits)) ZOfset 12 or 24 See bel ow Fract X,
FractyY, and FractZ are used to generate addresses based on indexes, and
interpret the format of the index in terms of significant bits and

i nt eger/ fr 2WOi0ynEBS8CcOoNponent s. The vari ous paranet ers ar e pomiavogledoened as
required by the nunber of dinensions 40n the table being indexed. A 1D
table only needs FractX, a 2D table requires FractX and FractY. Each
Fract _ val ue consists of the nunber of fractional bits in the corresponding
i ndex. For exanple, an X index may be in the format 5:3. This would

i ndi cate $BWE Sits Plext IDLBCT zomddd 3 O] o : _ refore
be set to|Bis)A sinple | D|lookup ¢ uj4d have the format 8:0, i.e. no
fracti onal  conponent at all. Fract X woul erefore be 0. ZOtset Ts only

requir ed lt“rQJtX %Q?t{{ QFJ(NRtZaapecLsetdgcé%%m%Qd&éé% tg.%(eti Er?l%&%,al’lﬂht@fﬁu@tr tl?elf?r&!it%ﬂﬁe mcle;( I S

describ secti o
(Access Sp@%‘ﬂs P‘i S@P‘f‘“&%’ﬁ’t 2l fpéseeyfrpgtiopglepmpopentsy Tﬁ'g%"“% BAAmEtSTS s Py ?Ff“?’fg asf’%ﬂ&‘(% rb}é the
af f ect i ngnuribe of direcagions (p ti{cagdly being ivieed. alPagblewnly haedsdyactdf a 2adble. reqlilee Frhdgn@ FractY.

regi ster Basrdd E{/altle@o}xsmﬁ‘oﬂge rﬁﬂ@@ﬁia&tkﬁmblts E@&%bxﬁ@oﬁ&@%ﬁ&r ¥ E)Jaﬁ%g/‘, an X index may be

ReadEnabl g Enab|

for 1D di rtlahc?(’rTatggtI% W q‘%na%%zgwf’(‘f °fm§gefila?d Sg’gicgfrfmm IBC%BY’?MJ E : ‘{:?ééeé?g\?e‘QSI\/Ust
be 0 Wt hsmﬂél%lwmiﬂ@)wvwe fotmat 810D coporfeagtional eppyipeppnt atiath FRXIVoR | fieteforg bq 0. ZQHiee

1/ 0 nodesis oily yquiedi@oD tookupash tikgs on awbChiffRRht intaifrétdtioniOlt is dh@befatullyhend3pasdnabl e

bit will Q&uﬁﬁ&m@nﬁi‘e I“lt-{k@ re st.‘ext(gggs%lsc?ﬁc 'c&nta%&ﬁumgﬁ ofla 'éedftocH‘ete@rléxle falc{glgg@tﬁgﬁa

ot her than rect 0
only, V\he?ﬂ@m@?@‘?‘ﬁ&rﬁﬁﬁﬁ%‘flﬁﬁﬁdﬁm Tge Fé”éf reRifig has s & WW‘P@E‘E&’SF@ bit is clear
Wite only, where the ReadEnable bit is clear and the WiteEnable bit is

cl ear ReaW Erpiea1eT eDeg.c%Hmﬁeda i pl e bits
are set Th:IRdiEfplb S ar [ JEeTT nL{BﬁAMII tre—4+b-—bBrrect—tooktp section
bel ow. ThejDRANMTHO nvd-e—s‘u‘p-pqg@s—eﬁ —\A-t ead—ode{ where
bot h ReadH o e—t-hel-W---eHR mpqatwmmmﬁ”ﬁ“df“@g“emw‘“pi s—debcribed in
the DRAM F P8%%ction bel ow. ho“gtﬂttdét%l ze flag determ nes whethef the size

of each dafa—=elerents the *15"]'65’1 4 g or 16 bits—Onl y—the-twp data
S| Zes are :%%Wdi C\r‘l 291 Jhi t ol F\bep can bhe created dn DI fhﬁr nf 2 V\ays

dependi ng on the requi rements of the process: Reading from2 16-bit tables
si nul t aneWitkhyexepntibn eBhbliDPirees Lodirep an@BRAM FIFP il §atilesl/Qorandvsenly supportirdading, ridmgy i S an
i ssue, bubrithigThérdiee €lé ReadinaRiba 91 ba fet 510 TS WhiteBGbIE bit wiPb A (&S5 VERBRY GilePhs &,
190, and &gg}gdegz?lpiﬁmeg %E%P%upéoﬁ% oty readabl e by the CPU as a 32-bit

entity. Rea roma ¥ ce and conbining the result. This is
conveni ent since REFHI%IY'I’]‘F‘E)'B‘P(%F}B@“%"I‘?%%%{a“dé#%"l’fé‘iﬁgﬁled’ltfsfﬁb‘f"ent i ndexes nust be
generated and paSgiechbnlynthere thh 8ediEnaietpt is dlealindba WiiePrable 6tis dkat ur es Di r ect

Lookup Read-Modify-Write, where both ReadEnable and the WriteEnable bits are set
The different modes are described in the 1D Direct Lookup section below. The DRAM FIFO mode supports only 1

mode:

Write-Read mode, where both ReadEnable and the WriteEnable bits are set
This mode is described in the DRAM FIFO section below. The DataSize flag determines whether the size of each data
elements of the table is 8 or 16 bits. Only the two data sizes are supported. 32 bit elements can be created in either of 2
ways depending on the requirements of the process:

Reading from 2 16-bit tables simultaneously and combining the result. This is convenient if timing is an
issue, but has the disadvantage of consuming 2 I/O Address Generators 189, 190, and each 32-bit
element is not readable by the CPU as a 32-bit entity.

Reading from a 16-bit table twice and combining the result. This is convenient since only 1 lookup is
used, although different indexes must be generated and passed into the lookup.

1 Dimensional Structures

Direct Lookup



WO 03/013858 PCT/ AU02/ 00920 41 A direct lookup is a sinple indexing into a
1 di nensional | ookup table, dients can choose between 3 access nodes by
setting appropriate bits in the Flags register: Read only Wite only

Read- Modi f ywows/ssfRead Only A client passes the fixed-poi mPCTIAUWEH0920 i nt 0
the Qutput FIFO, and the 8 or 16-bit vl ue at Table[Int(X)] is returned in
the Input FIFO The fractional conponent of the index is conpletely
ignored. If the index is out of bounds, the DuplicateEdge flag determ nes
whet her the edge pixel or ConstantPixel is returned. The address generation
IS strai ghitebtddolngprich siniple ildatiaSitz €l dimdbicaltlagupdabi Clgnts oén tiosk betweend 3 @debsiniogd by
right Fr a;;gt1 B?g,r ateggqlntgmag,ggwg, is added to the table's base address

| mageSt art. I% I|ﬂze in |cates 16 bits, X is barrel-shifted right FractX
bits, and the re P Yhifted left 1 bit (bitO becomes 0) is added to the
tabl e' s base addMedepnlymageStart. The 8 or 16-bit data value at the

resul tant addr esRedddopingwad i nto the I nput FIFO Address generation takes 1
cycl e, anlgead%rﬁfansferri ng the requested data fromthe cache to t he Qut put

FI FO al so es 1 cycle (assum ng a cache hit) assune we are
| ooki ng upCHFEPETESS e ’“’31’%6‘“‘8‘% H“S‘)%FQB‘P% FIFQrray @"* %%{éﬁb‘é‘ﬁ’(“WT?béeﬂi'@‘)b‘F fegimedif g

t he i ndexthe IgpubFTEQ: The fractidnal xeuboypat ofithe sk ivmempirtelygndred. Ritmditddk is¢voefbelmdsethed,  and

Dat aSi ze ﬂupnémgdgeﬂdgaaaﬁﬁ\xs wiiSthd? 8 &R6pikePor CORah B W Rrur® TBhdatessobidBionds Dits,
then add the re: Ld|t shifted | eft IE)I'[ to ImageStart. Wite (g)nly A client

passes t he Fixe oi nt index Xlnto the Qutput FIFO followed by the 8 or
16-bit val ue t hatfDaeSigegndiratesgyits, Xdnpagre)- sltﬂi%f-‘éﬂzféﬁe@rwwad theresakt s afded tthe fide’s sl e

A conpl ete transf eraddreskmgattai ni num of 2 cycles. 1 cycle for address
generation, and ¥}pafa¥ied 1ﬁ'deaQs ltﬁ'i)ﬁ’s'qﬁﬁs%ﬁrrei ﬂﬁte&i@gth?f*ricm taxnﬁheFésElthtfth IM(b1£5h6r e

can be an arbltrar en_a LI\/Vprocess placing the
index into the FIF %?ﬁ‘&sogfsﬁ‘%f‘htﬁﬁ?ﬁgl \S/QPF fsf)h’B Wl tten into the FIFO
Addr ess gEIeE PlEbh Aatagiglueist he reppltant prdress dy piacegdngo thesiniREFHO. Gkdipss gengration kakes 1 cysistaadid
of the dafaaséaign ragsted data @io the CaciRASESiiput BTP@alsdadkes 1fcfcstufhg @cdciblt). FbFO i S

witten t dat a
iteen tRahieufld e alde @bs%eaqgﬁa%%aghfme%fa%&agﬁnhg@léa@bg@eﬁ}m@gﬁ L
client pa@@%g"“‘f fremat ¢t R dErasBt HRvlq B et BRaiat b Whefen exiesipsses) ey ‘°%E:I we ﬂ‘éf‘ r£¥}"(j"r

16- bi t vabitgahentdd T kebwi] shifted(1oQ) [ bititsImagebtarr.ned in  the I nput FIFO The next

val ue pl awadohpt o the Qutput FIFOis then wi tten to Tabl e[l nt(X)]

repl aci ng, Elngt p%’%l tﬂgﬁxeg ?cgmt mQQ& mto gw Oi:lt?l}t H=g ?c?l ee g or lér tr)]te vfaﬁetﬂas g be ernl?eﬁ g)sthseI ng

| oop then, om a ocat
and writ e@eq‘fted eptign in ﬁtﬁ@blﬁv“eeo@wﬂe transfer takes 2 mininpum i cyc@e h@ielaf% addidetERngration saphi
i ndex Retyue o truafetie data @rbm tha BIFE to DRXAM. Therecad He@n arbitr@yriiRbaneitycled\bdrbeen 4 YLIWACKk t O

the tabl eydd @s@blﬁ‘md %e%eﬁﬂ@ﬁk 312 m{d%ﬁg{\é’iﬁé vtaxﬁe &m&k&:&xﬂ% fﬁe @E@'Ad@n@sts g&aé&%cchrpl

fl
rom  bUEE T bR pocRone ecsof oo e e i g e, e o g IO s

i gnor in g Viiften pgle frasgLf @apqg@ss is outside the table range, the data is removed from the FIFO but not written to

DRAM.
Read-Modify-Write ,
A client passes the fixed-point index X into the Output FIFO, and the 8 or 16-bit value at Table[Int(X)] is returned in
the Input FIFO. The next value placed into the Output FIFO is then written to Table[Int(X)], replacing the value that
had been returned earlier. The general processing loop then, is that a process reads from a location, modifies the value,
and writes it back. The overall time is 4 cycles:

Generate address from index

Return value from table

Modify value in some way

Write it back to the table
There is no specific read/write mode where a client passes in a flag saying *read from X” or “write to X", Clients can

simulate a “read from X by writing the original value, and a “write to X' by simply ignoring the returned value.



WD 03/ 013858 PCT/ AUO2/ 00920 42 However such use of the node is not

encour aged since each action consunes a mninmumof 3 cycles (the nodify is
not required) and 2 data accesses instead of 1 access as provided by the
speci fic RewOoan383 i te nodes. InteMdlate table This is tlreTsaURI@0 a
Direct Lookup in Read node except that42two val ues are returned for a given
fi xed-point index X instead of one. The values returned are Table[Int(X)],
and Table[Int(X)+1]. If either index is out of bounds the DuplicateEdge
flag determ nes whet her the edge pixel or ConstantPixel is returned.

Addr ess gedwevediutiDie dof the i iS@t@coBged Bhde @b aclig@kidines WintniuinRE3 QRGP iy & hat
Lhe secongyAdeLas Sul SecikiThtcla AIGLESS plodiach bPhe e ARREAUIRIORA, OF 16 DIt

dat a. Transferrl ng the requested data t he Qutput Fl FO takes 2 cycles
(assum ngl“-'ém%% hit), although two 8- b|t values may actually be returned
from t he Bésdtibe same & hBirstihokug in Resrendexespt thehitwg valiepygt retu@LibriatgivéndixedponDRIBVKF| FO
A speci al inkas6r ofdf TIR vileaftuvied dreTaliblik@) 28d Table@nt@RAMtEktrGhdet & ot 5f vainiaRe
necessaryy,

associ at ed&g?gﬁ%gﬂ&\ﬁ&ﬁms%ﬁiﬁhkgg ;egz |Cgﬁr?i£§t&ée l 15% “i'n )?Q mPFgAMS%PQM?eﬁ

t he t abl ePirepdpokyp iwitthe %XEFP?%éhadﬁswed atqresgds sigply ﬁdqrﬁsslv\égf Zdlmgndéwan or lébll\éqawo and
read fr onTradsferrihgtpertquestel @tats the Dutput FIRA sikds P eyclod (rgumigzndactd hith, h‘i&lozsgatm 8-bit &gueemy

FIFO 2 c&umty@mtu&aﬁwumséﬁe@illema@ésscaagorms@me 1008kt Ons in the sinul ated
FIFQ an JDOto DRAM as needed. Cients need to set both ReadEnabl e and
Wit eEnab T ts in the Flags regi ster. An exanpl e use of a DRAMFIFO is

keepi ng aAEﬂc‘?’l‘ijF”ée 9f p reed/ it 1Roplje in§ DRASREFQ Y igjeften meissaty it heyeasimpylaigd BFQ ofiagivew i t t en
bef ore peetassd DRAMEQ ko®iated\Sactied) &ith & DRAM IFIFOPJSERIS Sot Ga&Sex i ik he ablk, ibit&xitet he

pr evi ous Jo 'th@ @utﬁut Ysﬁ*bUQf i §as oﬁé ern& @\é @ﬁo ﬁdqggd tfrgrﬁ thE n%lpFlFaqgif it &/xglttﬁ o!hérgl% o§ thgﬁlnge i's

pl aced i nt L o, . ﬂ 18 vious |lin process

t he next ]I‘”f"f'? Y- §c§°‘f“8 éeeaém Pt an%lﬂ‘&’“iﬂﬂf“b‘ﬂi e ERAe R h a‘ﬂt“ﬁ@’rw BW%r age,

t he Qut puteeded. F@@WH@ISE@(’W@EMC find WriteE@ble dissdubelldeyresibter e is effectively no
acc |e|s S dehbetanipliusd di b RN FOFOGE ke&ingﬂlﬂglﬂ]inelﬁﬁorﬁ #T@oxﬁe@%lﬁej THe kit ﬂlﬁﬂ% Writle® be¥dRd Y)
small - s e, pur p

> Di mensi Ig%ce%lnge%lp Ryth eralP%H)cLsts %E thro\ﬁéﬂ% h%: Qg r%vI ogsn l(;i ure 1es é mtthc%léFg a8$
suppor t ed®s B¢ @““‘d’i RlaCEda{%t%@c BIFO gis 1I"’6 i e a'F‘é"“é%Bé’é‘tné’G PPGFS%@ nsz@ b@é Sedpng wr

bi -1 i near input ytl evtpsinmtch @Fh otlar Sypewga the Ditpdt FIROattould el@hys pe fhiR Sors@yedntly thgpd iement ed.
Bi - Li near efeiodtiid a&bsls 8eldg It Ghis@fnd bIOBHIPNIds S VBRI ETAYh §sQry Bhan L 'ssl}@@xr 4pyres, but that

i nt er pol f .data rr%.][e:ZDtable G ven fixed-point X and
coor di na’f\;éésu%?’ f?atthe%"posco;t%f Jout put FIFOin the order Y, X, 4 vaI ues are

returned Za‘F"t"éi”o’f“bB’k’lﬁfa The values (in order) are: Table[Int(X), Int(Y)]
Tabl e[ | ntBEdgkud nt (Y)] Table[Int(X), Int(Y)+1] Table[Int(X)+1, Int(Y)+1]
The or derA@fim\!x@x'okhﬂﬁre&%Hl‘b%@t s%p&%@ SEnb@allQ%&tof ﬁﬁﬁ&cﬁps %Ecﬁeﬁ?oeoe an{]&lfssefi {%?biﬁlirﬁ%gr I'S

8-bit, 2 ]\I{tg yes are rﬁ’t{l z ‘W§ ) cle over cyc oW 0O
byte bei ng PA% P4 Rl Phnea Iiokipdms e TpPlgged data i's 16 b|t the 4 val ues are
returned Mes, 1 entry per cycle. Address generatlon t akes 2

cycl es. Tims kind 6bokapChetesdan or bilRear MBQHlatloY df daatréed 2050M1d. EReh ffx&ﬂfﬂnt b Er@Qt Y bits

bei ng nuléobrﬁiué; 140 R NEB e
second cyc e sth:(~Jp We thlﬁl %‘gawrﬂ%g 'RBX{ E?a%ﬂg%@%%ﬁ%ﬁt%ﬂlgggﬁ fSA]ﬁ@?fr 0920
Table[Int(X), Int(Y))
Table[Int(X)+1, Int(Y)]
Table[Int(X), Int(Y)+1]
Table[Int(X)+1, Int(Y)+1]

The order of values returned gives the best cache coherence, If the data is 8-bit, 2 values are returned each cycle over 2

cycles with the low order byte being the first data element. If the data is 16-bit, the 4 values are returned in 4 cycles, 1
entry per cycle. Address generation takes 2 cycles. The first cycle has the index (Y) barrel-shifted right FractY bits
being multiplied by RowOffset, with the result added to ImageStart. The second cycle shifts the X index right by FractX



43 bits, and then either the result (in the case of 8 bit data) or the
result shifted left 1 bit (in the case of 16 bit data) is added to the
result fromthe first cycle, This gives us address Adr = address of

Tabl e[ I nt (RyQ 0B/t3g3) | : Adr = InmageStart + ShiftRi ght(Y, FraatA)ez/o®@enc fset)
+ ShiftRight(X, FractX) We keep a copyof Adr in AdrAdd for use fetching
subsequent entries. If the data is 8 bits, the timng is 2 cycles of
address generation, followed by 2 cycles of data being returned (2 table
entries per cycle). If the data is 16 bits, the timng is 2 cycles of

addr ess gﬁm endalieh either tHe@dshlOmaiEh cliy ofB bt Yad) exSheaésulchhifted lkfel tidin the edsenf i@t detd) iexdded y
per cycl h ss cal cul ation
for 8 an thgh&ltfﬂg‘hthg%%%z%?@éﬁé%&%ﬁ%t ied(()hlrz’irg &ﬂ? Ii;lgr%(}e(%i gﬁ?ﬁg 2 X 8-bit data
entries froffadr 1A4ES2Adr + RowOFfset 2< re arin next | ookup>

Cycl eCaI cul ati on whil e f 8hifghghifl) Flact)*Rewpffse dat a entry from Adr 1Adr =Adr +2
2Adr = Adrd d + RowOr f sesnifddgltsAsbeck? 4<preparing next | ookup> In both
cases, “"@e]IeL C%pygﬁgdr&@%”@gms %éhl&%ﬁgq%{&aecan overlap the insertion of

the X i ndex int ctive timng can be as |ow as 1
cycle for addres¥ et Bpisghe timingds 2yl of addrespgengratipn foljowgd Py cvglgs of 4aia being
generation of i ndexesgned(%atik estiesper cediebad of the results, then there is no
effective addr esﬁ'&ﬁ@ﬂ@l’é%ﬂlt@%ettlhmﬁlszaﬁgs SthGurestabRratiah, mm&wmmdmadb@rg t he
appropriate rate (ZGmmedg S cﬂecsc er set). 3 Dinensional Lookup Direct
Lookup Since all cases ]T 15 ups are expected to be accessed for
tri-1 i neafhe foHevargrotbiss 1hewhemb°d§bvéérpsaralcvlmon|qu heandi6 bisBR &S’ have been

inpl enented. The first is a strai ghtforvvard Iookup table vvhlle t he second

IS for trI-I|||COl| TPl CT U: Oll.l LI} flulrr 1 v |||Dl\¢ |||u Tll || Iear |Ookup
This type of& alcyal H s m . yﬁesé‘gﬁ’!"% bl or

conver si on | e XY pl ane
of the dat th row
containing RowQffset bytes 1p pgnst circunstances,. assumng contiguous

pl anes, one| &f¥lep| ane Calchihtidpevhilafetchdigdi x(hbit datRovifromedr byt es aft ¢r  anot her.

Rat her than| assune qradcahaulate this offset, the software via fhe CPU nust
provide it |2 the farasoAdraldtZobdtiset ZOF fset register. In this form of

| ookup, given 3 i xeguponrdts2l ndexes in the order Z, Y, X, 8 values are
returned infgprder Tr@@aﬁﬁﬁehmw table: WO 037013858 PCT/ AUD2/ 00920 44
Table[Int (X)), TNt(Y), Tnt(Z)] TaplelTnt(X) L, Tnt(Y), Tnt(Z)]

In both cases, the first cycle of address generation can overlap the insertion of the X index into the FIFO, so the
effective timing can be as low as 1 cycle for address generation, and 4 cycles of return data. If the generation of indexes
is 2 steps ahead of the results, then there is no effective address generation time, and the data is simply produced at the

appropriate rate (2 or 4 cycles per set).

3 Dimensional Lookup

Direct Lookup

Since all cases of 2D lookups are expected to be accessed for tri-linear interpolation, .two special tri-linear lookups have
been implemented. The first is a straightforward lookup table, while the second is for tri-linear interpolation from an
Image Pyramid.

Tri-linear lookup

This type of lookup is useful for 3D tables of data, such as color conversion tables. The standard image parameters
define a single XY plane of the data —i.e. each plane consists of ImageHeight rows, each row containing RowOffset
bytes. In most circumstances, assuming contiguous planes, one XY plane will be ImageHeight x RowOffset bytes after
another. Rather than assume or calculate this offset, the software via the CPU must provide it in the form of a 12-bit
ZOffset register. In this form of lookup, given 3 fixed-point indexes in the order Z, Y, X, 8 values are returned in order
from the lookup table:



Table[Int(X), Int(Y)+1, Int(Z2)] Table[Ilnt(X)+1, Int(Y)+1, Int(2)]
Table[Int(X), Int(Y), Int(2)+1] Table[lnt(X)+1, Int(Y), Int(2Z) +1]
Table[Int(X), Int(Y)+1l, Int(2)+1] Table[lInt(X)+1, Int(Y)+1l, Int(Z2) +1] The
order of vawoesoressurned gi ves the best cache coherence. IdcTiAw®2080@ i S
8-bit, 2 values are returned each cycl® over 4 cycles with the | ow order
byte being the first data elenent. If the data is 16-bit, the 4 values are
returned in 8 cycles, 1 entry per cycle. Address generation takes 3
cycles. The first cycle has the index (Z) barrel-shifted right FractZ bits
bei ng mul ti pli ed Ty, B2nHhiz)7f f set and added to I nageStart. The second
cycle has the in ifted right FractY bits being nultiplied
by RowX f set, ?ﬁﬁ%t[lﬁt&)ﬁupﬂﬁ(wkm@g d to the result of the previous cycle.
The second cycl eT“éﬁ[ﬁ“‘PPslmﬂ?él %‘(?)hdex right by FractX bits, and then either
the result (in tA®lflage+bin@)HiltZdat a) or the result shifted left 1 bit
(in the case of IGduid@id)miB+1qdded to the result fromthe second cycle.

This gives us ad %h?e@gs] gwgi?"gi gls of Table[Int(X), Int(Y), Int(2)]: Adr

= ImageStart + ( * ZOfset) + (ShiftRight(Y, FractY)*
RowCf fset) + ShiTthiedrghynt0+Einger¥) V‘é keep a copy of Adr in Adrad for use
f et chi ng subsequ@utie[laurt)ri, &s(Y)Hl fint{Zwe]l data is 8 bits, the timng is 2 cycles

?f blad dr ets'ishe 9RNSF AlulsQBurnda @M:smgt Qdhe &6, BShe Qita i @B@-Z bﬁdepﬂe refuBtd il @ﬂle@?er 4
aple entri.es

S
addr ess’ g@HEM™ tﬁehf)}?w °fd8ﬁ%‘8\t)\?é?§ trﬁ&sh a@ﬁ@’f’e’é’g Iftj?)}fe dﬁ%\'ts gs %tetlh?\ Va'lu? Seafegu}?tﬁr%eﬂ "(nycgeﬁ’t ry
per cycl e9ntr9nnecwlblAdéwsra@e@wPMSéSY@h@W firsheyclerhas Ko e f(2) Rerep-taified vt FragiZity on
for 8 andvek@mbitipliedlitre 131 ECfisef@YCA BTl IRk A, TH3 sabbidlc@lehattiehidag Y 2barel Shiftddigidat a

?—n}QE)iNeO‘S f ];lér%?:w lrﬁg Eeal.rlgg;%ﬁ[upl—ed %‘gﬂ&ow'bftﬁg)ng Ih§1%£ult gd%gtft fﬁe égﬁtg’ tge pTev%g %&ee’i”he"éé%‘g{d cycleAd r

|
F OO o s ks b o B pen s Tl wﬁwm Y5l B el i 1 i
3Adr =Adr +n the/dge of 1Adit @ity isagdidd ©Okbe resultZigf the sgcong Aydle—TAH Bives uyNOIES /AJ=38E &s of
PCT/ AUO2/ S8RRAx). 4 y®Adz)= AdrA d + RowO fset 7Adr=Adr+2 8< re arin next

| ookup> Adr= ImageStart
+ (ShiftRight(Z, FractZ) * ZOffset)
+ (ShiftRight(Y, FractY)* RowOffset)
+ ShiftRight(X, FractX)
We keep a copy of Adr in AdrOld for use fetching subsequent entries. .
If the data is 8 bits, the timing is 2 cycles of address generation, followed by 2 cycles of data being
returned (2 table entries per cycle).
If the data is 16 bits, the timing is 2 cycles of address generation, followed by 4 cycles of data being
returned (1 entry per cycle)

The following 2 tables show the method of address calculation for 8 and 16 bit data sizes:

Cycle Calculation while fetching 2 x 8-bit data entries from Adr
1 Adr = Adr + RowOffset

2 Adr = AdrQld + ZOffset

3 Adr = Adr + RowOffset

4 <preparing next lookup>

Cycle Calculation while fetching ! x 16-bit data entries from Adr
1 Adr=Adr+2

2 Adr = AdrOld + RowOffset

3 Adr=Adr+2

4 Adr, AdrOld =AdrQld + Zoffset

5 Adr=Adr+2




In both cases, the cycles of address generation can overlap the insertion
of the indexes into the FIFO, so the effective timng for a single one-off
| ookup can be as low as | cycle for address generation, and 4 cycles of
return dat avolobotses generation of indexes is 2 steps aheadTofuotb®@2e esul ts,
then there is no effective address gemsration tinme, and the data is sinply
produced at the appropriate rate (4 or 8 cycles per set). Imge Pyramd
Lookup During brushing, tiling, and warping it is necessary to conpute the
average color of a parti cular area in an image. Rather than calculate the

val ue for[Each ared gk VaRoid abielICL 1 ONS _NBKE USE Of an rmage pyranid.
The deSCI’I%)II onang, FORRITACT T ON of an Tmage pyrama 15 detaitedl in the
section lth mteTTTat ép}églgilﬁ‘ %MWWWW of this
docunent . =—Hrs—sectrom og-cmﬁcanned—m-ﬁﬂ—a-ﬂfet-hud—cf—ad-dw—essi-ng—gi ven
pixels in the pyramd in terns of 3 fixed- point indexes ordered: |evel

(2), Y, aHGmB("a“Nd'E"éwﬂeﬁaftadqfﬁhﬂjée’W‘a?ﬁvﬁflaP S‘B}Pffﬂ‘%%fé‘?fﬁ%‘%"e@"‘ﬁﬂl"'F@Qtsathéfffei“l"és

so the Datﬂra&‘afmasmﬁlbag off drokp gl be isddwyas il gpale Fop alidregiptnemtios pets dytlesaf etgm dof. Ifzhe Y,
and X, Tijre@lnl SMaBSs i$2 @épm.laaa ofthredul HnMRHE it BerddV addR R UEEnefalidi@e, add 1R dith €I

t [Int(X | at [Int(X)+ I nt J, | |
?nt E Z)n ( phb?’?(‘éfggtmeﬁpﬁ({pf‘%m f‘tr?%%v;lﬁ-sf% séeevgl I[ n'?( (Z)) The BI g(ll) at sve
[ I nt (X) +| ImagePyramiilookup | evel Int(Z) The pixel at [Int(X), Int(Y)], |evel
I nt (Z) +1 Dudagbriwshiag kilirt anfl WwitpifX) isdecesdatyto c¥hjuse the@velge doldt ¢f £ patticularkle@infa dhage. Rather
[ I nt ( X) t!l-lg}ltcgltnaﬂ tile’ vgllu@f\&eekchlmrég éléh Tl;lese fmt?onplhﬁfc?tl.lse @ttan Ha%ﬁtp?m'ﬁ ]Thc Jleggngtmu 3'1';!1]

| evel Int( 2 I xel 5. afe returned X and
X+1 entri®8 “B%‘ﬂ%?fﬁ'é‘&“ iPYPBid s deipiledin Hdspuen o IP‘“P%”*‘%“(:F&F‘@& "(‘9(’ DW ‘“‘8’6”6?86 F‘H&‘E’
was (10. 4of tdsploqument.[Tdis fectiontis cancgrped itk a megitod pliadddessinggiveh tinsts in(tie@yrami@ In terspsiof 3 fixe@) |
( I10 13) hmfdméeiés,ordarsa 1eva\(1Y, éhd XC N6t dlhtrmaagepjraiuabaksﬂ ARmEsBDit dad dnlied; RUGDataSize
clients

conat ant | DyvspRd! g%@.%“%%& 5%, ¥ SRS Rl ol B LR B sofhe v
registers (only tH%P"Pb‘WIﬁ(’%ﬂT‘@')]a @U%d) V\hen the I mage Pyranmid has been
construct ed, therTgepis! algpl B Dvel infZf r om | evel 0 coordinates to level Z
coordi nates. The rmagl,t;pgl Iht@()qht(mj,ly 1ev&1@1t(2hl ft the X or Y coordinate right by

Z bits. This nus L1 ion t he nunber of blts al ready shifted
to retrieve thetrh%%lxeggﬂm %ﬂ ng) lcVe]hh“&&oor dinate (i.e. shifting right

Fract X and Fract \Thtﬁl’fegatflﬁifx)%tﬁﬁldlwllﬂﬁ@lﬂnat es respecti veI y). To find the
| mageSt art and Rawifese {intgatumiYaneva ngizyen | evel of the image pyram d, the

24-bit ZO f set rﬁgl;nggpm,éIhlagg]qéd%@gllnter to a Level Information Table.
The table is an eac resenting a given level of the

:
pyram d, order edarﬂ‘il °E‘§}3Ptoﬁﬂn{%§)“]éﬁéﬂn ord consists of a 16-bit offset
ZOf f set  f Frsipielagierspagdas 4 p16bit quiries,| with Elandgf+1 erties goynbiaed hiflo( Bot exgppple if e sqgledd. Y)
addr ess asoldnnewasGlol| 125) @é flrtth@ixamﬁﬁm w18 baA b, 1pX @ 5.emt (10, 1D Ask (& B2 Wiheh a

ZRowCX f se&ooxdeEte {?\%p%} tt{eQ’Mfa ran , @ q’ﬁ\tze cf?JmeBl{lﬁg éﬁgldgphm%g Te %far&ox%taéglgrset

of 0, and enera I ster

si nply po?’aﬁ‘l"’ §1afh6Dt‘F}l|‘éa"°rEﬁﬁ° "“‘éﬁ aﬂﬁgﬁmft??ﬁ) TeBPITE (‘Zb“?é‘é“t“\?&?’ﬁ‘é“étm‘é‘? ‘Bﬁ‘é‘ﬁ&e PNlarb‘f'
t he t abl ehasbrowdodstieedatbiaeicla timple happigefimdeve! Otcoprdmars i levél & cafdinetet. Theenehordig@Bihar t
of level Nsgfimt !star v Eeagﬁaatwghamzims ThembBos@hde mtmlﬁba ko tge riumbeemmmad}\éhmtd b he

table CO”Iie@ e@?he er por Y}q of ﬁ)ggoordl%lxty F e. shltlrtm l r?gﬁt%]fac& and ractYSthf f?V\ﬁla‘m% UJ.'I na!e ng on t he

CPU nust se usi n 1's a ressi ng node.
The actu aT°SP&"(§]‘(ﬁl3és"§° f@‘é H’éF"ét*‘E‘fSE?ﬁ a‘?démt‘jaffﬂe‘i vRlacforpesiven Ipvgl 05‘1‘& {PepeyRpid ef-ait ZOtTset
descri pt i cgisterWs@34 ObRBHB 2 PEI/ B0 DHROThe dble Ryicdredf ksoaxdbachTépkesoating a given

Oper at i ONfyebtsile@irata oS 1A mber. B felokd SRk 65 a 160 6E:&)z0tsefdn 188 Start to that

level of the pyramid (64-byte aligned address as lower 6 bits of the offset are not present), and a 12 bit ZRowOffset for

ul‘%‘*’

that level. Element 0 of the table would contain a ZOffset of 0, and a ZRowOffset equal to the general register
RowOffset, as it simply points to the full sized image. The ZOffset value at element N of the table should be added to
ImageStart to yield the effective ImageStart of level N of the image pyramid. The RowOffset value in element N of the
table contains the RowOffset value for level N. The software running on the CPU must set up the table appropriately

before using this addressing mode. The actual address generation is outlined here in a cycle by cycle description:



ZInt = ShiftRght(Z, FractZ 1ZOfsetZadrZAdr += 2 Yint = ShiftRi ght(Y,
FractY) 2ZRow(r fset ZAdrZAdr += 2 Yint = ShiftRight(Yint, ZlInt) Adr =
ZOfset + Ima eStart 3ZO fset ZAdr ZAdr += 2 Adr += ZrowOffset * Yint XInt =
Shi ft Ri ght (W0 obome38X) 4ZAdr ZAdr Adr += Shift Ri ght (XI nt, ZI mOr/aiokboed +=
ShiftR ht(Xint, 1) 5FI FOAdr Adr += ZroCOf fset ZOfset += |InageStart

6FI FOAdr Adr = (ZAdr * ShiftRight(Yint,1)) + ZOfset 7FI FOAdr Adr += Zadr
8FI FOAdr< Cycle 0 for next retrieval > The address generation as descri bed
can be achieved using a single Barrel Shifter, 2 adders, and a single 16x16
mul tiply/ §O0_ONT U] yga&! O N0 |26mP! LS] A Lhough sone cycl es have 2 ghifts,
they are x Yer t he ﬁa;rre shisfdresy al VIBFTOPEAOShe  out put of the Barlrel
Shifter i §oused Tt I NES) |Qf tNhe SAAE L shifiRight®@) FracizfPgOG&AN be hard wired.
The folloW ng intprnal registers apg J@guihetrafAdr, Adr, Zint, fYlnt,
XInt, ZRo TSEU, [ 28 2T nagefart. iX'cﬁ _jnt registers only need tjo be 8

bits maxigum whi|e the otférs can u@,lf ndd Fbds. Since this gccess
met hod onlry~Teads g STTD kro-—rnﬂger“py'ra'mﬁ'sm tq
CacheG oup? i g&%kfe? i dress Table (vija ZAdr).

IS usg Kup t he E_
CacheGrou&l is uped for |qokups to %o'ffE’E'?Qﬁm {mqmd itself (vig Adr). The
address t iji TS é{ﬂlﬁld 22 'h}ri €S =PERUT Y si ze),
each of 4|bytes. erefore or 4 ‘ggﬁ Zfokvagsset;sﬁ |d be allocated to
CacheG oup2, whilge as nmany |cache §Sh@f&1@9§§h shoul d be al ljocated to
CacheG oupt— %Inﬂ set data—fassum ng

that Cycl|é 8I;:d ‘{:irg bbcver ;I D E%l th t £
P 201%@&-% 'ﬂ,%t 15 e next regquest's
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COORDI NAT S—USHNGA-HAACT mﬁ PRECE - A frat—arie | i nked
to Wite I[Cerators Fgwi r; Hhe—X aga’;“zmiw ht.(X u@ ot L‘?‘e ettHent pi xel
bei ng proq dssed—{HFBart ofl A%he p“)éw*::z??" ppe-H-re—-Parti-etH-a+—pr ocessi ng
n‘ay al so rngnrl i a n| ac 1& ihe 1 Or 4trip\;4?,1 o VoYY M ETa0 ) hgi ng

processed. |n nost cases t he PassX and PassY flags should be sufficient to
conpl et el Yhegédmey sueatior ds desaiovictirhe pobisved uHRBACIREY BarrplfShifteredraddersy and &gingleil 16
r equi r eneptisply/Add enifylding 04 R, Alitiduet %@9@01&&&eb@nﬂ!&$ﬁ@ are LiftRr thedbrfidthid vin@i.ecad) be

d
: Pag?e 2\\( ﬁtpfg(g tl}e ‘ém%?émf% 1€ é%mb n]:le?for the ﬁﬁfP 9 ﬁt, gréeln%e ga?m%g‘trhegigl%owﬂ? 1n§lﬁ1 lIYP \6;\h en

a process pEpipEREy %@drp"fdk éﬁ‘é Y “h%’é&ﬁ%ﬂﬁsﬁlm%@mﬁs‘%ﬁ:@ﬁ Fat TP n pgd to be 8
Sequent i abitsmesisiurh, twhiletheaithess Can beyepne4etits. rdfjicghix @kess meghod ondyrreatls frogp, 4nH dovs WUWIitt © a
Sequent i almaWﬂy;aﬁmé e Ezéchwraupz i 8 tb st]tu9we B Jﬁyﬁ&ﬁ%’idr@s@@abﬁ?wé%@ daéhe@:@ﬁb@‘ isat e

X, Y coord nate e
03/ 013858" 1233592 @:gﬁ@c p)ﬂafm:!;ﬁ sl? é{) OI’ ﬁ"ﬂ% atddresg table 18 arf)ungg\ﬂge(r)lgﬁl %(depgdm% on’original
| mageW dt Hnaggsizedeachof & s Taereiore derd cwh&:l@esahquldlbﬁﬁlg@w gtJachefiroued. svhiler?év@mﬁlt% t he

Y lines as possible should be allocated to CacheGroupl. The timing is 8 cycles for returning a set of data, assuming that
Cycle 8 and Cycle O overlap in operation - i.e. the next request’s Cycle 0 occurs during Cycle 8. This is acceptable
since Cycle 0 has no memory access, and Cycle 8 has no specific operations,

GENERATION OF COORDINATES USING VLIW VECTOR PROCESSOR 74
Some functions that are linked to Write Iterators require the X and/or Y coordinates of the current pixel being processed
in part of the processing pipeline. Particular processing may also need to take place at the end of each row, or column
being processed. In most cases, the PassX and PassY flags should be sufficient to completely generate all coordinates.
However, if there are special requirements, the following functions can be used. The calculation can be spread over a
number of ALUs, for a single cycle generation, or be in a single ALT 188 for a multi-cycle generation.

Generate Sequential [X, Y1
When a process is processing pixels in sequential order according to the Sequential Read Iterator (or generating pixels
and writing them out to a Sequential Write Iterator), the following process can be used to generate X, Y coordinates

instead of PassX/PassY flags as shown in Fig. 23.



ordinate. The actual process is illustrated in Fig. 24, where the foll ow ng
constants are set by software: ConstantValue K, | mageWdth K2l ma eHei ht
(optional) The following registers are used to hold tenporary vari abl es:
Vari abl eValwe oilegssd (starts at 0 each line) Reg2Y (starts patr/ALo2/d0920
requirenents are sumari zed as fol | owst? Requi renent s*++RKLUI terators

CGeneral 03/421/ 200 TOTALO03/421/ 200 Generate Vertical Strip I X Yl Wen a
process is processing pixels in order to wite themto a Vertical Strip
Wite Iterator, and for sone reason cannot use the PassX PassY flags, the
process arhekdotdinstt peatr@al counts bp 1§ TmagEVieta i thzeX dibad, sbdongadmede WidH, pix¥s QOOteds hakes.
The Coorgalﬁﬁtﬂle%ﬂpﬂ}&&% 111%&1'3@(51}{1"@%%@&#19&51&11'1 QW &'éé&b‘yEbﬁtvE}@ X ordinate,
and once per |npgalidth pixels. locronents i ¢ ordi nate. The actual
process is illugEensipned jn Fieue 26 where the folll owi ng constants are set by
sof tware: Const gBi Val ue Ki1pmnageWNidiageW dt h K31 ma |eHei ht The fol | owi ng
registers are ugkgd to hol d| Inegstieigtatoptiondly | abl es: |Vari abl eVal ue Reg, Start X
(starts at 0, and is increnmented by 32 once per vertical strip) Re 92X

Reg3ENdX 13 kdbiiRy risteraredtd 1o ho1d keRpér@RAILRE Dy 32 to a maxi mum of | mageW dt h)
once per vertic are summari zed as foll ows:
Requi r enment s* ++RKtriable er at gf ¥elu€pner al 044300 TOTAIJ044300 WO 03/ 013858

PCT/ AU02/ 00920 1 CXl [stattd aotiepclilingt occur _dnce per vertical strip (2

addi tions, one pReghi ch hasYé&umrtse@®oci ated M N) _dre not included in the
general timng statistics because they are not really part of the per pixel

timng. I-me@q@;emgrm;%sgﬂmﬂmdsfgmwpe taken into account for the programm ng

of the m -a-lhf-ﬁmct:er‘ !..:_ge—Se-nse-F—l-m-i-;"ace (rsl
83) The | ire } 8 oK t akidd dat Berdterm t he MO | mage

Sensor andemeftes it audi | abl ¥ fon2storldfe i DRAM The |inmge sehsor has an
aspect r AT0FAbf _3: 2 Wi%hh al¥4piddl rdd@l uti®n ot2750 x 500 sanpl es,
yi el ding 375K (8

Generate Vertical Strip [X. Y1

When a process is processing pixels in order to write them to a Vertical Strip Write Iterator, and for some reason cannot

use the PassX/PassY flags, the process as illustrated in Fig. 25 can be used to generate X, Y coordinates. The
coordinate generator simply counts up to ImageWidth in the X ordinate, and once per ImageWidth pixels increments the

Y ordinate. The actual process is illustrated in Fig. 26, where the following constants are set by software:

Constant Value

[ :e 32
K ImageWidth
K; ImageHeight

The following registers are used to hold temporary variables:

Variable Value

| Reg; StartX (starts at 0, and is incremented by 32 once per vertical strip)

Regy X

Regs EndX (starts at 32 and is incremented by 32 to a maximum of ImageWidth) once
per vertical strip)

| Reg, Y

The requirements are summarized as follows:

Reguirements *+ |+ {R | K | LU | Iterators
General 0 4 0
TOTAL 0 4 14 |3 [0 0

N
w
(@)




bits per pixel). Each 2x2 pi xel block has the configuration as shown in
Fig. 27. The ISI 83 is a state machine that sends control information to
the I mage Sensor, including frame sync pul ses and pi xel clock pulses in
order to rewdoshssisnage. Pixels are read fromthe i nage ®ersan2/ench pl aced
into the VLIWInput FIFO 78. The VLIW48s then able to process and/or store
the pixels. This is illustrated further in Fig. 28. The ISI 83 is used in
conjunction with a VLIWprogram that stores the sensed Photo Imge in
DRAM Processing occurs in 2 steps: A small VLI Wprogramreads the pixels
from t he Tht falulatvas thiat dck-@ Snck bee vartical stHR@NHAtoas, Bne SEWHiLB Misiagihssodihted MIN) dré @it dtl@kd in The
Phot o | Mag.deR ddRMalistics bRl @t RE) R0t rgagﬁpa? bt Belfer FRAIBRSHACRPHG D ked § vl &0

orientati,on of the canera vtx%gn.the E? ot 0 .\I\@S taken.” If the'rotation is O
degr ees, ‘?tﬁ%cﬁ°“§‘tf‘3§‘°fr°ﬁ§‘}"81f‘%/° icEeode PEMEREEGE fRENE out to the final Photo
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Sync Generation, where the display image is to be taken from (in DRAM via the Data cache 76 via a specific Cache

Group), and whether the TFT should be active or not (via TFT Enable) at the moment. The CPU can write to these



|l mage Data Formats As stated previously, the DRAM Interface 81 is

responsi ble for interfacing between other client portions of the ACP chip
and the RAMBUS DRAM I n effect, each nodule within the DRAM Interface is an
addr ess ger®paB/013858There are three | ogical types of inmageearaiopudsas ed by
the ACP. They are: -CCD Inmage, which 49s the Input |nage captured fromthe
CCD. -Internal Inage format - the Image format utilised internally by the
Artcam device. Print Inmage - the Qutput Image format printed by the Artcam
These images are typically different in color space, resolution, and the
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i mge for ﬁf:fg’”pf‘“fa% n’g"ﬁlc‘ﬁm{% not ed t hat the ACP 31 makes no assunptions about
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tiling an

A CCD Image as stored in DRAM has consecutive pixels with a given line contiguous in memory. Each line is
stored one after the other. The image sensor Interface 83 is responsible for taking data from the CCD and storing it in the
DRAM correctly oriented. Thus a CCD image with rotation 0 degrees has its first line G, R, G, R, G, R... and its second line
as B, G, B, G, B, G.... If the CCD image should be portrait, rotated 90 degrees, the first line will be R, G, R,G,R, Gand
the second line G, B, G, B, G, B...etc.

Pixels are stored in an interleaved fashion since all color components are required in order to convert to the internal
image format,

It should be noted that the ACP 31 makes no assumptions about the CCD pixel format, since the actual CCDs for
imaging may vary from Artcam to Artcam, and over time. All processing that takes place via the hardware is controlled by
major microcode in an attempt to extend the usefulness of the ACP 31.

Internal Image Qrganization

Internal images typically consist of a number of channels. Vark images can include, but are not limited to:



The VLI W processor 74 requires inmages to be organized in a planar
configuration. Thus a Lab inmage would be stored as 3 separate bl ocks of
menory:. one block for the L channel, one block for the a channel, and one
bl ock for tweobogkannel Wthin each channel bl ock, pixels pafrgaaust/ooed
contiguously for a given row (plus som® optional padding bytes), and rows
are stored one after the other. Turning to Fig. 31 there is illustrated an
exanple formof storage of a |ogical inage 100. The logical imge 100 is
stored in a planar fashion having L 101, a 102 and b 103 col or conponents
stored one aftigs another. Alternatively, the |ogical inmge 100 can be
stored in a cgﬁn@r essed format having an unconpressed L conponent 101 and
conpressed A B conponents 105, 106. Turning to Fig. 32, the pixels of
for linen 110 Iave stored together before the pixels of for line and n +
1(111). Wth ¢he image being stored in contiguous nenory within a single
channel. In the 8VMB-nenory nodel, the final Print Inmage after all
processing is finished, needs to be conpressed in the chrom nance

channel s. Congr eméb @nespdnd plagmppientaf the Lab heier srades isamatiprhangel (used foncompatignghand A ds a
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told to treat c;;]pﬁockigpdgggcmnge@mghrom nance channels as conpressed. The PRI NT
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an o I na 1000 th correspon I'ng 1 nmage
pyr am d | é“’%"ﬁ?ﬁ‘%m mat el y' /zNI B. An image pyranid is constructed by a
speci fi c GiphnafelOmepdization, and is used as a paraneter to other Vark functions.

Clip images stored on Artcards have no explicit support by the ACP 31. Software is responsible for taking any

images from the current Artcard and organizing the data into a form known by the ACP. If images are stored compressed on
an Artcard, software is responsible for decompressing them, as there is no specific hardware support for decompression of
Artcard images.

Image Pyramid Organization
During brushing, tiling, and warping processes utilised to manipulate an image it is often necessary to compute the



F inX~ge Organi zation The entire processed inage is required at the sanme
time in order to print it. However the Print |Inmage output can conprise a
CWY dithered image and is only a transient inage format, used within the
Print | magewbuwsot3sssnal ity. However, it should be noted t hat/Amob/od20
conversion wll need to take place framthe internal col or space to the
print color space. In addition, color conversion can be tuned to be
different for different print rolls in the canera with different ink
characteristics e.g. Sepia output can be acconplished by using a specific
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i mge. Pixels If [ea § I "Tnear sensor "and placedinto t VL

| nput FI F@m?’g”“ K WEWPW"I“ then able to process and/or store the pixels.
The Al haSeclaspaesa few regi sters: Regi ster NanmeDescription NunPi xel sThe

nunber of pi xeisaotéd@rcaoﬁ@m&eaxeis&dwspécaﬁ&amemeaﬂo&)m aﬁgl&_ﬁbﬁffe%ﬁtiuﬂigedﬁéa

Interface's St Reg| P| xel r enal ni in
t he current IljﬁgekrLI c |ngr_c1]§°° “6???6 iigﬁ?"&?@f‘%ﬁ%ﬂ&% ﬁmgé{ LR TR P
this regi Sraperberyeep SCIPfpgerma) and gringgpolopsmiress canni ng, and | oads al | registers
with 0. ScanAGUDIRGB to this register with a non-zero value sets the

Scanni ng bit QqQfddeprStatus regi ster, and causes the Artcard Interface Scan
cycle to start, AéMQte to this register with O stops the scanni ng process
and clears thé "B&Mhing bit in the Status regi ster. The Scan cycl e causes
the Al to trarfémeringe et spaqesontspcafom hppR Hallowensor to the VLIW I nput FIFO
78, produci ng -biffererPCem| tdHe Q@K inSiffeiad bageras

-Different inks (in different print rolls over time) to be used in the same camera

-Separation of CCD selection from ACP design path
-A well defined internal color space for accurate color processing

Artcard Interface 87

The Artcard Interface (Al) takes data from the linear image Sensor while an Artcard is passing under it, and makes that
data available for storage in DRAM. The image sensor produces 11,000 8-bit samples per scanline, sampling the
Artcard at 4800 dpi. The Al is a state machine that sends contro! information to the linear sensor, including LineSync
pulses and PixelClock pulses in order to read the image. Pixels are read from the linear sensor and placed into the
VLIW Input FIFO 78. The VLIW is then able to process and/or store the pixels. The Al has only a few registers:

| _Register Name Description
NumPixels The number of pixels in a sensor line (approx 11,000)
Status The Print Head Interface’s Status Register
PixelsRemaining The number of bytes remaining in the current line
Actions




appropriately. Upon conpletion of NunPi xels bytes, a LineSync pulse is
given and the Scan cycle restarts. The Pixel sRemai ning register holds the
nunber of pixels remaining to be read on the current scanline, Note that

t he CPU shouDd®@3/e138s8r t he VLI W Input FIFO 78 before initiatPcmaataz@oan. The
Status register has bit interpretatidds as follows: Bit

NanmeBi t sDescri ption Scanningllf set, the Al is currently scanning, with the
nunber of pixels remaining to be transferred fromthe current |ine recorded
in PixelsRenmaining. If clear, the Al is not currently scanning, so is not
transferglnag:t pi xel's to t1@MJ@A&H@QH&:&JSF}SM&&OPAHé‘c%ﬂg hi&hdace |(Al) 87
The Artcard Interface (Al jegiflets withor esponsi bl e for taking an Artcarld i mage
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card, and converts the b| BcapungpitintheiSiamueregitee ori gi nal data, corredting read

errors. Wth no Artcard P inserted, the inage printed froman Artjcamis
sinply tHe sensed Photo Me&ne}'c@awgﬂthg tb any um%amambmthngorprocessi ng
routines.| The Artcard 9 [&# nm 1 %Cl%kﬁglg%l e to rodify a
phot o beflore printing it 6 °m ° '%Yfes' SEPYIPHE " |speci fi c
Artcard 4 into an Artcam °a user |s a e to defl ne conpl ex image |processing
to be_ pgr f or med on the Dth el Hfin rygsgepho'l'h?then nerog? !wﬁ"s%&f nmgtotbe Phot o
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pr ocessecl““ie‘il?re t“%‘i”élfﬂffa‘f’% vvay When the user presses the button to eject an
Artcard, [ammeMent 1 S| Plsaced Deldrigie €vent queue mar ntal ned by Tne joper ating

system rGRERP 0N TNe A T ORI R I A oot Ao W M&%‘E’mt s
processed (for@exarrple afterrexﬁahmg@tmﬁmﬁf . :‘}til;éxtl}gﬁ 5iic e

foll owi nd things occur: |f |PhesRensifiggt Artcard is valid, then thg Print

| mage is |marked as ijhvalid aﬂuiarahe',ﬁnmasxsenﬁtsadaﬁlag:da'isx&\/ﬁﬂifeﬂi@pﬂ&lac ed in the
event qudue. \Wen t eventl tq tke B IpudIROV8pr ocessed it will perfgrmthe
standard i nage processing operations on the Photo Imge to produce the
Print Image. The notor is started to eject the Artcard and a tinme-specific

' St op- Mot Qfera ENARL :{Alfmadded to the event queue. WO 03/013858 PCT/ AU02/ 00920
53 Inserting When a user inserts an Artcard 9, the Artcard

Sensor 49 det g-get Agteqr Inferizes (AD ST, etpppsiblaforsyigng anphyteard jmage flom dhe Afioard Reades 3, prdecedting
i nser t i ngtian the Aggingldatel(uiuplye Ve ckripte SrecificallynthAl Bhaecepy dgrials ot tieArtcMil@mndr BRar@cpnt

|( s proc esﬁ-gﬁtte@ﬁh@fbft Pdterh PrinBbg n G, rar;d VGt GhUB;E Iﬁﬁ!ﬁn nﬁ{; Ih@ﬁ'fggal lasta, EBP:ECK %ﬁ@éro}s nval hd
as oppose r in tcar
nmotor 37 is s?‘gtrhtq (g ar)j ? nsenF!Fm o Enn}fgﬁc ar db‘m"f'ﬁs Sml’? ytﬂgé?*“ffg};lﬁ’f"é‘?ﬁg canegup by any
i nst ruct eoqeE “Paéwcsﬁﬁlég Tptings JEheArRrd 9 ahe peapshy Mhielesreasecabln b madifya phots befprepriating it

from t he ot Byt sinpicmined @serting nspevific S@iard3 o adl &fte@d faSset i gbleltd defifd adnipRx imagdd blodttsRgoON
be performed on the Photo Image.

With no Artcard inserted the Photo Image is processed in a standard way to create the Print Image. When a single Artcard 9
is inserted into the Artcam, that Artcard’s effect is applied to the Photo Image to generate the Print Image.
When the Artcard 9 is removed (ejected), the printed image reverts to the Photo Image processed in a standard way. When
the user presses the button to eject an Artcard, an event is placed in the event queue maintained by the operating system
running on the Artcam Central Processor 31. When the event is processed (for example after the current Print has occurred),
the following things occur:

If the current Artcard is valid, then the Print Image is marked as invalid and a ‘Process Standard’ event is placed in
the event queue. When the event is eventually processed it will perform the standard image processing operations on the

Photo Image to produce the Print Image.

The motor is started to eject the Artcard and a time-specific ‘Stop-Motor' Event is added to the event queue.



the card, and corrects errors in the detected bit pattern, producing a
valid Artcard data block in DRAM Reading Data fromthe Artcard CCD -
General Considerations As illustrated in Fig. 34, the Data Card reading
process haswé ophmssss operated while the pixel data is readchraumhbder card.
The phases are as follows: Phase 1. Des3ect data area on Artcard Phase 2.
Detect bit pattern fromArtcard based on CCD pixels, and wite as bytes.
Phase 3. Descranble and XOR the byte-pattern Phase 4. Decode data

(Reed- Sol onon decode) As illustrated in Fig. 35, the Artcard 9 nust be
sanpl ed amsetiepsisntatd doubl e the printed resolution to satisfy Nyquist's

Theorem I'n prag] | & inkehts dnSnbifis! tﬁJArIch RAGR Geredtl it ﬁou@lngﬁl&&cﬁﬁtﬁs i Jaé'kbf%ware

Preferab the 230 e ution of

bt ed e S e, SRS e St A e B P e IR g e dot
Thus if the r &bodument Avisardis marked agipvalid{asg@ppdsed fosnoed00 dpi, and the resol uti on of
the sensor 34 ThépidiRike dRlaskedB@RLAISI Ng a 50mm CCD i mage sensor results in
9450 pixels p require 2l\/B of dot data (at 9

pi xel s per dot Arﬁgh%pﬁﬂms eggp%%adﬁr{\/%%/ 9450 = 15,978 colums =

appr oxi mat el y WH@I‘“%‘I“:&%&‘“SW@"E’d‘iﬁi’@wcf’da dot is not exactly aligned

w th the sanplThevyte@TDietfizesAnomesy sigaasdromts Artdatdik@hngr lingaGeED j4sietdnalie biapadad pried dn  be

sensed Ovﬁécaﬁ atBeoRdet BlorsA Bdefedoibik paaéé roﬁanﬁrvalm%&amck%m ghtly war ped

due to he@ dn%g s! |cgm%¥_rigntgce“m3 to, say 1 degree) due to

di fferenc =t reader, and can have slight

di fferences i rhsfllagratedinFig 3f.ahedateGasd reaging proress heaf Phores onerated e werixeldiatpis repdfgom the
reader n@tdOThePiases db@I@ow1anges Wil | cause columms of data fromthe card

not to be reagpas; corregg&pﬂ{al}gaoq\%&mns of p| xel data. As illustrated in
Fig. 36, al%aegreer ot at can cause the pixels froma

col utm on the Y to bBet?Cé%\t(fatﬁg‘f’ﬁ‘?’ﬁ?‘ﬁ‘la@b”?ftf’i'gggp‘i"é‘*ﬁ“&ﬁﬁ“ﬁﬁﬁ&“ Finally, the
Artcard 9 shodhaehe reaBesiambde apddFothette-patternount of tinme with respect to the
human oper at ofphasddle dat Beco®Rath RedA6lbfnbddodeover s nost of the Artcard

surface, so t IAQ}lﬂ%atgé) N g 35! 318 %ﬂ&lrdggxe tlae%?c? attlcgsz&st Q&bf‘ %\E ]i?rfal {eg nesoﬁll{io%ﬁo sgtﬁfi}\lf q(t)ust §

reading tine
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data. Th eaPPIPWtQJYdGWOi cplamusr{ef ceuse if rrrct émotgeetly aanedith the pappling CSP e wort prd mogs Hktiyng
can be 4 disetishapadot yil keaknsdfiover G pReDiredk4da) 131.pi xel s  per byte) to DRAM i s
reduced by us 'A%%&:@% fe slléhﬁ}e\%rpecl due B ndal cﬂxﬁa%e, Wagﬁtgr tédup %nsa)pf’ﬁe &} duf)tg SerlrloDRin

the 4 banks can Gs’ overT at ency
Foduced SRUEPRE Arpakenrad i S R AT B Ri Rt o DS
Thus WO 087ty 33 858: cluames AU@@#E@@‘@@@ of d@afranttie caril wppto berked s corespapding eolumngyif pinghdata. As
colum’ s flatrfedFidRNM degrestothtidhin thd ARRI 9 3a8 YauRfihe HRGs fAMAICARRN 08 thDAREMe Bbhdbs pixels
Decodi ng &Bsﬁ%éc%ﬁﬁuﬂ A si npl e I ook at the data sizes shows the inpossi bili ty
of fitting the process into MB of menory 33 if the entire Artcard

pi xel data (14‘6’“@3”% WC@%%WNB‘? *te “‘ia%mrﬁ %&S&’aﬂgﬂ“&“%ﬁfélmaf”ﬂawec&g the R qsrateryige data

| i near COmB tBAricxd dogspt mostad the fidard syrg@sso Arping dvacerny @bk lingredod the Awrartl Hatedmelf, SCBYing
decodi ng mﬁe&hgseahdsm&qua&mammr&mngbi t map process shoul d take place in

real - tine (V\hth Encta:rc? ?hoFlAEé ISR ddxr ?5 sccon«%(r’ﬁx\c/ t]ﬂrle gl? fﬁﬁl? colugngseof |P1Ixei? &3 dnutg%%D € re. d@oin tl%nd

t hese pr OCESSE {% Or es
avai | abl eSCRAfdhH %PFF"N' kec%?rﬁéﬂ 091“%* Per prsnp {Taegplorg thrdims pgilable (reagionppojuppp is ARG Esecqrits
any expandé@sl74soRixe] darmggnebe lveitan metse DRAMAdNE chlumi laten tive\wompletely independently from any processes

that are reading the pixel data,

The time to write one column of data (9450/2 bytes since the reading can be 4 bits per pixe! giving 2 x 4 bit pixels
per byte) to DRAM is reduced by using 8 cache lines. If 4 lines were written out at one time, the 4 banks can be written to
independently, and thus overlap latency reduced. Thus the 4725 bytes can be written in 11,840ns (4725/128 * 320ns). Thus



Artcard 9 can contain directions for creating a new i mage based on the
currently captured Photo Image. The old Print Image is invalid, and the
area hol di ng expanded Photo I mage data and i mage pyramd is invalid,

| eavi ng norwowberssSVB t hat can be used as scratch nenory pdarAvogodoke read
process. Strictly speaking, the 1MB arsda where the Artcard raw data is to
be witten can also be used as scratch data during the Artcard read
process as long as by the tinme the final Reed-Sol onon decode is to occur,
that 1MB area is free again. The readi ng process described here does not
make use b tintelekengociriten ghvivBoluing fidata fedDRAYPIses st uadef i3taf thaohedibtlabatdividt. f or t he

data). It%e%m%ﬂﬁ?o be noted that the unscranbl i ng process reqw res two
sets of 2 ar.eas
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data area, on Ar%_a? éthd'a tect bit pattern fromArtcard based on CCD
pi xel s, affifRAF® %f%““ﬁ&?? thedagh ase 3. Descrambl e and XOR the byte-pattern
Phase 4. Decodeshoud also(fReuttd S herpmcraiebliepcrsgcess Taquires &ver seipoh3MB apgpseof dusmery isiesd
in nore dekdedmblingSanhddbdi@ WplaceHvRtc@arel} the B drfateh Aa tmBinclenShghBate for hidfibeedshe CCD 34
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h
are r epea(ti %%é) tgmagve%.ruq%c?%m in%and %Blr{rgrocess can t%kﬁf’ ace \t/véela\exi Plot regumné 2 fegara?e rPass of Lpe c{ata 0 m

ri ght conmer 1ns

correct Brch fHe ahoyesigpsiisrdispusied in ithpr deteil Wfsﬂéﬁ'ef e‘an?t?ﬁéfe"w’wglmﬂ?me to ﬁhé&»é’céﬂﬁél ow
can be al heffed theefodaberCihastsiBe first 2 @fihich b Amadriti¢al) end dat dake dciwhilafiteDdantis Heidg reidhe
potenti al g4phdddppn. Phase 2. Once the data area has been determ ned, the
mai n read prochss begi NS, F‘; aci n(%]ARI er data fromthe CCD into an 'Artcard
data wi ndow , "O&t ket i ng BT ERAFERATECS wi ndow, assenbling the detected bits
into bytes, ar?(*}as%nstru@FtF%‘QtPaﬂcv@'@éﬁwégg@ﬂﬁ@?’ﬂmwGG‘Q@@WSBS byt e-i mage
in DRAM Thi s maset. al | Descraabkeand R e Hylagattdit card i s novi ng past the CCD.

Phase 3. Once gl 4t he pbéc‘é&c%atli'&&%sgé‘%d&&@g fromthe Artcard data area, the
Artcard notor ,@7 can be yte i mage descranbl ed and XORed.

d
Al t hough not r@gUrPaYs™F é‘l“&t%mr?é’r St PiRifice, the process shoul d be fast
enough not t cPhanhdythe Axtsarf fireyes peapm G4 the Thmustyleient ths sartpEfbe detp erbecey RbUVEY dgffoting
scranbl edsgadid tatgERgOnAMI dariMoitieefilon Be HhfiSaFek. A tHhYs S BRaelected itte TdrdB Gifikdd @s #valid. The

separat e éa'valohW%Curfgﬁﬁe%hﬂlggktchg%]sm&h‘@%gt hg Artcard read process is

t he Reed- b|t- imge i s decoded into
a 1MB valid A Eeé‘?siﬂ’ycfa’f%i’n awame %3‘? providggh i tis FAs% the BEREH P F?@ea‘F‘b%?l thegrighggside of the
per f or manéacardt bui slabieitd the weoedgnoyert igsteadthd ¢ro e copudr.dk khjs way thi targggend dp tnOhet daect

human Opef)&h&fon ifhtf cAdISinSRQALL Wi GRS Bhade S bMAW daflve At 1E R tHe SricHBtloK BTheta, and

valid. If actcont for%c pcgcntml rotation.

Phase 2. Once the data area has been determined, the main read process begins, placing pixel data from the CCD
into an ‘Artcard data window’, detecting bits from this window, assembling the detected bits into bytes, and constructing a



failed, any duplicates of data in the bit-inage are attenpted to be
decoded, a process that is repeated until success or until there are no
nore duplicate imges of the data in the bit inage. The four phase process
descri bed rwqusonmsssd. 5 MB of DRAM 2MB is reserved for Phaga/adogodpaut, and
0.5MB is reserved for scratch data duising phases 1 and 2. The remaini ng
2MB of space can hold over 440 colums at 4725 byes per colum. In
practice, the pixel data being read is a few colums ahead of the phase 1
algorithm and in the worst case, about 180 columms behi nd phase 2,

conf or t ablyy-ihda6in DRAMTis A0 216 Hakerwhile therhttcard A nib@isait b COM of t he act ual
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the | eft-H% g4 fa N jedpifpe - ‘6"&°d’|° “°° ed’EPP%%"t % £28 EROP BN
of the datotto anmaethq' hymanoberatoy.diie fgeesnmestitpks 2 B sasmbledirit- imfge srpe/elteak unserpoghletl/ X ORed
printed O@tﬁggetolaggp&atgjm t he card These targets are especially
designed to b a et ec r i

Ei g. 38, t her Z’he}sc 4S ¥l?‘| ¢ final p ase in trh? drea rﬂrgces% 1% %hﬁﬂee}‘!-e?@n?oﬂ %ecg:ﬁrgipﬁgﬁsbgﬁé%ﬁlegrﬁ?tglg} d
9. The si 'a’égeeﬂde%%m@ail‘dB Yﬂéd A‘Efﬁféf‘”g'éﬁ 2. PRty Whilg nqbreqpirang reg-fue pejfermange iistifipepessarny to
241 | ocat dchdequicklheithoegat! @rthedifimapaptutob #nie decdde@rolesyrivhalidathecatddahagiad as vatid.tifviatdedodizer e

is no | 'ﬂi@d%ﬁmﬂm&é@ of IR R iRt irkh mthea RibB Gecdas, E%rg:ess Bbis bafdaQntl SucRBQIMRAIA
single tar rinted black square containing a

singl e whi %eeared’cgfmre?ﬁncma’gégf’ftsmt% h&¢ g’ irstly as nmany targets 241 as

possi bl e, and Ty phags progeshdeggribepl geguires 45 N ofDRAM. eV is fepeny Wﬁhﬂséz etrut prg OaMP éins
into a siiegivel foro@i@adhs itiighgRtl atd 2TEhe rehibinihd EMB of giacelod helo Ber 440 boimBd 4725 Bks pithe
data ar eaco%ﬂ‘xﬁ Iﬁ ﬁacf?ce,ftﬁe ﬁg datpﬂciﬁé %ﬁq& fIvJ &gﬁsm&d (lf &ghoéll alg&rﬂﬁl an!i fn tﬂekvo&t%&@ Ql;outbe

done, then the card I ected as I ny wn i'n Firg. 38, the height
of the caf®§edmgh °13“1d3’(5as%f fortgbly ingidg e 440§ YY) 241 is placed a fixed
di stance of 24\ deggtign cathagctuﬁlromntmhéeatlmpm wifl povcls predided iptatggfletdlhe data area so

that it fpade$. Wobd dablatdtinAntdie first of 16 equal sized regions 239 of 192
dot s (576 p! Xeljgng %hascbl g.l:nccglcdt \?’ %{nggxsﬂﬁ Iat':tctctl 2 ttfelle@tal’nlan l gil ﬂler(ﬁglarggonq;ne Arpﬁ'd gai{cgjr%eThe

target 241 nus

not to godetseronofe d”(“’ﬁ‘@aﬁé‘?”g‘f?gbyd?"“‘ﬁ‘h@‘ef‘t@@‘i’féﬁ?"‘?l f"‘fgftf}lé“‘@%‘f“éf’e fe sifieqf thg card. Thesﬁ‘é‘é"r‘see
A sui t abl ee speziglyisignet fode catyas @@t evesif mtaBdupio Blkgrebot (93 x 93 sensed pi xel s)

bl ack square Zl'ﬂ.l:lamg\'lotl:"ik i BerRL 'sl{o@n Mﬂa@&%m oﬁﬁae fehﬁanﬂ‘@&e%rf arf /chﬁﬁ b.qhe sQife oflm&%g'isee

al colu

L
pi xe |'s or ling@rawfto tePPeatewaﬁﬁ Tmmatmy 3 Geit iglshpwn agingletape tli Fre tarzet 26\11; ipPwjintediaghisaunee
CCD read éontiBing A singlb) @hi6 ast ATHe e YdtecCraBl@ asimB@hyarhrgye 24 110 fds SHlOME ther tb joinlaeakd|s atrhe
part of &%ctgcﬁﬁﬁt%glloﬁndnﬁngz sﬂ%@q@uﬁl smlﬁhhng 1&&@9&% adE; afe &bk cg g‘ne §eltg &ea Eﬂq} fla

| east 9.5 bl ack pi xe t he sane col ur by the CCD (Worst

case is h¥ffesHe ‘Pb‘ll%&flé’m Ffét SOt Bfigne ‘B‘I“Hﬁﬁ”‘a‘ WeHHEPS M t he next). To be sure
of reading at AsewwninF@. 3 thetkiskiof the card 9 is3E50ersrd tazgst @W‘O)%ﬂélsmh@ﬁa@a@éstqué% ht
of 20 dot gots abfy f@in\if tdp RATDhEP P44 @F theR@ Brbkso LTl ivaNwithid fhe FRES BTG Dkd fedidhs B0 8F t

of the bl ?Eiamg@’;éﬁﬂxelmjth {;Bcté\'ge@i%?hetf&?ﬂ&yﬂg&rof 91@ anIOtI‘ﬁe t%r&t 2%3' Bc\/bﬁﬁgou%ﬁo géeai

ei t her si coor di nat
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on the edge of the start of the black dots, we increase the number of dots to 31, giving us 15 on either side of the white dot at

the target's local coordinate (15, 15). 31 dots is 91 pixels, which at most suffers a 3 pixel shift in column, easily within the



build up the left side of a target. Next, it is expected to see a white
region in the center of further black colums, and finally the black
colums to the left of the target center. Ei ght cache lines are required
for good cawbe3pssssor rance on the readi ng of the pixels. kaamdoogiseal read
fills 4 cache lines via 4 sub-reads wtile the other 4 cache-lines are
being used. This effectively uses up 13% of the avail able DRAM bandw dt h.
As illustrated in Fig. 40, the detection nechanismFIFO for detecting the
targets uses a filter 245, run-length encoder 246, and a FlI FO 247 t hat
requires spegdledndW ring of the top 3 elenments (S 1, S2, and S3) for random
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within a ﬁazcﬁsmpmaaﬂc wittli) 2 it band foegaumber ofdlBmis@fhsiding bfedagambrsbeis Bf coRtiguobs tkatk pxbIE toc an
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val ues: short, medium and long in accordance

entries arel%mg d, into 3
with the Yo ??%lf’é" MEREFIEEG to detect white dot. RunLen th < 16
e o e o g CashronpBoresmod s theypadingeo] GrcpixeR FclpRiceles HlkG!

whi t e dot cabia lihdd @ia @ Gubiréxtls WHfile the Gthdr AlcghBd-lined MGG Guek. TRIs ElREtOAY uskstip 1398 brghenSailgtle
black to bﬁgﬁga«;g\&dt@ndmmength >= 48 right of the center dot in the target.
Looki ng at e top three entries in the FIFO 247 there are 3 specific cases

of interest: idisped inFigAQ the dptgsHop prchanimFTHR fos dpissinadhe irasts pses g fltprAtSopn-lepgh
target t oer@@erﬂd:)#néemq) A tatrequires fpeciab Wiriugrof thotop hedementgyBt, S2 ind SHdor wirlomeccesent er

dot. S3 vvhl 118 REhITIbQ @m@ﬁ@ﬁm%&ae& onéfhai z’lt@ne Iuﬁxn Q{hér aW@lc M@etbﬁ@feun@ loPEBSShdd@ed®
3:{ Ieas egf {nﬁ gl%nmm}]\av?geen rhoccESFeﬁ kl‘o Procc Cf a CO. umn, tPeangl’s %r% cx%qro WB%IQ ﬁ% WEI}?C}?I%{)B! fi tﬁré45
next Previodeist 80 & brenthes ripdsngh %@‘ 4% Fi‘lerby V"J"He fpyd ﬂl?é“’tﬂe%ﬁf, fontigspus pis of e shrep VRIAR AE

been i ncl plabedin FIRO 241 Fashlenttyef 3 TRED4S iy In,8 bits, 11 bith 156 tonuitridetun-Bhgthhdna Chit 299 o Blidhelvalud N
guesti on.oflygggde;egedyeri fy by checking after the next FIFO advance (see Case

WO 03/013858 PCT/ AUO2/ ve detected
part of the V\A:nrggréﬁ& Vg %é ‘iy 0)5%3[2"“%‘&‘8%%5“flﬂ“af*ggﬁﬁelég%‘}"”{"ﬁl&e and then
some nore col (Hihiep bemersia ﬂliFIF‘P’?‘élf%lrbahﬁFeysed 15R &n afyshrideyppréer) Tharfirdensthet (inginely) efthese

regi on baeies Se therptinto T aueSinbe bredidn2shd 1ol th acEdrdasds Rl ResbicRmpiaide: Di t S

Short Used to detect white dot. RutiLength < 16

Medium Used to detect runs of black above or below the 16<=RunLength < 48
white dot in the center of the target.

Long Used to detect run lengths of black to the left and | RunLength >= 48
right of the center dot in the target.

Looking at the top three entries in the FIFQ 247 there are 3 specific cases of interest:

Case 1 S1 = white long We have detected a black column of the target to
S2 = black long the left of or to the right of the white center dot.
53 = white medium/long
Case 2 S1 = white long If we' ve been processing a series of columns of
$2 = black medium Case 1s, then we have probably detected the
S3 = white short white dot in this column, We know that the next
Previous 8 columns were Case 1 entry will be black (or it would have been
included in the white S3 entry), but the number of
black pixels is in question. Need to verify by
chcckingL after the next FIFO advance (see Case




Wi t eDet ect Count 3 bits PrevCol umStart Pi xel 15 bits Target Col um ordi nat el6
bits (15:1) Target Row ordi natel6 bits (15:1) TOTAL7 bytes (rounded to 8 b
es for easy addressing) Gven a total of 7 bytes. It nakes address

gener ati on waes/ersssf the total is assuned to be 8 bytes. Powsubfomniri es
requires 16 * 8 = 128 bytes, which fit8 in 4 cache |lines. The address range
shoul d be inside the scratch 0.5MB DRAM area since other phases make use
of the remai ning 4MB data area. \Wen beginning to process a given pixel
colum, the register value S2StartPi xel 254 is reset to 0. As entries in

the FIF
S2St art Pi
defined i
S2St art Pi

advance

fromS2 to Si, they

Are al so added 255 to the 4

Kedse val ue
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xi sting
urrently
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a of a

target (Cases | and 2), and also the start of the white dot in the center
of the t airgedbly(tieddiowidg informAtion@érep@iond Haldis ¥ttt pr ocessi ng col utms can be as

foll ows: 1Target Detected[0-15] := 0 BlackDetectCount[0-15] := 0

Wi t eDet et Count[Q-15] = O T = = =15] =0
Pr evCol St ,ﬂp@mte[dn- 15] =0 NhPE ent Col unm = 0 2Do ProcessCol umh

3Curr ent CoBlagkRetectCovt  ( Ciir rent Chbitsom <= | astValidColumm) Coto 2 The steps

i nvol ved | WhitsReteqiffommtessi ng a_¢oébisom (Process Columm) are as_fol |l ows:

S2St ar t Pi xBievColumfptartPikdfQ : = Q | BitdekDet ect Count := 0 Wi teDetect Count := 0
Thi sCol unhDege®olmalordimtdAL SE WDL6X3% 03:3858 PCT/ AU02/ 00920 58

Pr evCaseVWasdig®ew ordinate ALSE | f  ( 1s thaqget Det ect ed[ Target]) & (|

Col unnDet ect ed[ Target]) 2Procg¢ssCases Endif 3PrevCaseWasCase2 : =|Case=2
4Advance Er¢fArThe processi ng 1 obyeacindedto dyes 1o chhedaeamg Cases) cases is as

foll ows: Case 1:

Given a total of 7 bytes. It makes address generation easier if the total is assumed to be 8 bytes. Thus 16 entries
requires 16 * 8 = 128 bytes, which fits in 4 cache lines. The address range should be inside the scratch 0.5MB DRAM area
since other phases malke use of the remaining 4MB data area.

When beginning to process a given pixel column, the register value S2StartPixel 254 is reset to 0. As entries in the
FIFO advance from S2 to S1, they are also added 255 to the existing S2StartPixel value, giving the exact pixel position of
the run currently defined in S2. Looking at each of the 3 cases of interest in the FIFO, S2StartPixel can be used to determine
the start of the black area of a target (Cases 1 and 2), and also the start of the white dot in the center of the target (Case 3).
An algorithm for processing columns can be as follows:

TargetDetected[0-15] :=0
BlackDetectCount[0-15] := 0
WhiteDetectCount[0-15] ;=0
TargetRow([0-15] :=0
TargetColumn[0-15] := 0
PrevColStartPixel[0-15] =0
CurrentColumn := 0

2 Do ProcessColumn

3 CurrentColumn++

4 If (CurremtColumn <= LastValidColumn)
Goto 2

The steps involved in the processing a column (Process Column) are as follows:

S2StartPixel ;=0

FIFO =0

BlackDetectCount := 0
WhiteDetectCount := 0
ThisColumnDetected := FALSE




Bl ackDet ect Count[target] < 80 := ABS(S2StartPi xel -

PrevCol Start Pi xel [ Target]) ORI f (0<=Q< 2) Wi teDetectCount[Target] =

0Bl ackDet ect Count [ Target] ++ (max val ue =8) El se Bl ackDet ect Count[ Target] : =
1 Wit eDet e¥OCY0¥8§8Target] : = 0 Endlf PrevCol St art Pi xel [ TRCgaitp2/00920

S2St art Pi xel Col utmmbDet ect ed[ Target] : 38TRUE BitDetected = 1

Bl ackDet ect Count[target) >= 8PrevCol StartPi xel [ Target] := S2Start Pi xel
Wi t eDet ect Count [ Target] 1= 0Col umDet ected[ Target] := TRUE BitDetected = 1
Target Det ected|[ Target] := TRUE Target Col umm[ Target] := CurrentColum - 8 -

(Wi t eDetject Count [ TdrpreatasdwWabCatea $Era2 s NO Speci al processing Ts reqgorded
except for setting t{hQ! Tale@®ibRAaEYbSHRIRumhb@edBhigelydENTTTYI NG Cdse 3 (see
Step 3 df processing moe@taddn descri bed above) Case 3: PrevCase\\asCase2 =
TRUE Bl ackDet ect Coymhfifarget] >= 8 WhiteDetect Count=l If
(Wi t eDet|ect Count [ TadmpgedkewWas@te2 .—I@kQet ROW Target] = sSZstart P xer |+
(S2RU, L, "lg, 72)  Endl[Tadfnce FIrPS( SZSt ar t PI Xel - Prevcol start Prxer{ 1arget])

I f (0<=0<"2Z) WhiteDetectCount| rargetr++ B se WitebDetectCountttarget] : =
1 Endlf Prev tart Pl xe arget] = S2StartPi xel Thi sCol umbDet ected : =
TRUE Bit Det e??éepgoc‘%guﬁffé&teact' faied (50%5? Caﬁeﬁ)c?%sgssf%ﬁsﬁ?gc’wﬁ’ gi ven col umm, a conpari son
i s made of*tlhe current colum to the maxi mum-nunber of WD 03/ 013858

PCT/ AUO2/ B Rcicout g s T Or T AR ABlpslal Gk U brevdisd e aly 0 fol umms
al | oned [@s been exceeded, then Iﬁ(déA cessary to check h many |targets

have bednviiesacohiiréiet than 8| NaYedian kol (6 Gal &) S cons| dered
invalid. Blse

BlackDetectCount[Target] := 1
WhiteDetectCount[Target] := 0
EndIf
PrevColStartPixel[Target] := S2StartPixel
ColumnDetected[Target] := TRUE
BitDetected = 1
BlackDetectCount[target] >= 8 PrevColStartPixel[Target] := S2StartPixel
WhiteDetectCount[Target] 1= 0 ColumnDetected[Target] := TRUE
BitDetected = 1
TargetDetected[Target] := TRUE
TargetColumn[Target] := CurrentColumn — 8 -
(WhiteDetectCount[Target)/2)

Case 2:

No special processing is recorded except for setting the ‘PrevCaseWasCase2’ flag for identifying Case 3 (see Step 3
of processing a column described above)

Case 3:
PrevCaseWasCase2 = TRUE If (WhiteDetectCount[Target] < 2)
BlackDetectCount[Target] >= 8 TargetRow[Target] = S2StartPixel + (S2runLeng/2)
WhiteDetectCount=1 EndIf
A i= ABS(S2StartPixel - PrevColStartPixel[ Target])
If (0<=A< 2)
WhiteDetectCount[Target]+-+
Else
WhiteDetectCount[Target] = 1
EndIf

PrevColStartPixe][Target] := S2StartPixel
ThisColumnDetected := TRUE
BitDetected = 0

At the end of processing a given column, a comparison is made of the current column to the maximum number of



Process targets After the targets have been detected, they should be
processed. Al the targets nmay be available or nerely sonme of them Sone
targets nmay al so have been erroneously detected. This phase of processing
is to deterWwD®orsssat hemati cal |ine that passes through threTeanterm2of as
many targets as possible. The nore td¥gets that the |ine passes through,
the nore confident the target position has been found. The limt is set to
be 8 targets. If a line passes through at least 8 targets, then it is taken
to be the right one. It is all right to take a brute-force but

st r ai ght f olmaifd teppeedehlf i Reder biolensialowkd s tebnBroeddel, T iS5 OnebeSs@e oRRLIOIY madnd

| Over | 1. RIS Kad niTBKE R PGP Rl ek b hWIEREREA Y 1 0 determime the

| i ne bet veen tarsgets 0 and targets are considered valid) and
then det erHERE=HHw many targets fall on this line. Then we determ ne the

| i ne bet ween w#8erghetargethaygirgerletected gy sheylttm protekped. Al hewmes marbemiilatad dr yerdisosioott he
same f or thdieSdme BetbRiyaREAvd badh @h&ously @Bkd2, 1 and 3 etc. and finally for the
\l/\lenﬁeeget \é\eenTélﬁh%gg%rOl}M@g to %éenmﬁésad'}{k erﬂ'a%ca?{‘me t&at%%ssés%m@ Otl?]esce e\I(Of a%%%g&a%gtg%?
of cal cul Pafsfgﬁﬂée PR B UL herige Rasess theough, thepmare copfidanithe teget @ﬂmoabqsém@undéhﬂmemase
t he | i ne towridddehd lindy@ssesitmovginat ivastftiper thep ft istthengetieshe fightotd, al ong the line. The

al gorithm for Ittlsadilﬁ% to| 146 @ biuf@fors B s t?b%vaf‘dq r&WﬁsmceT @r&?&@‘uné;gto B s0 ngwﬁ tha =

0 BestLi
Tar gor A0 plel) e R SN S nik iy acemiiele st s i By
S

line bet Vg@)gﬁcrqdarﬁlgépp endefering !@gﬁgny targsis @épx@hxs line. (Then\wh fiqtagmifeFaenligetet@een targdt5) and £,
(> Tﬁ./tra g g E) S naég?:leped &Aglaceﬁgmxgﬁ«%@ V& o this Kuehe ABe lind Betvker tarfditstihrtd 2, B B Eic lafa f{nI@ kRat Sl t
oo e fg“@iﬁ PO 15, ALRRR A g PR b VG T RGBS 099 0
60 Endi f lﬁ.u gach set of calcu atxo s requiring 16 tests = 1440 actual calculations), and choose the line which has the
maxunum number of targets found along the line. The algorithm for target location can be as follows:
TargetA :=0
MaxFound ;=0
BestLine := 0
While (TargetA < 15)
If (TargetA is Valid)
TargetB:= TargetA + 1
While (TargetB<= 15)
If (TargetB is valid)
CurrentLine := line between TargetA and TargetB
TargetC :=0;
While (TargetC <= 15)
If (TargetC valid AND TargetC on line AB)
TargetsHit-++
EndIf
If (TargetsHit > MaxFound)
MaxFound := TargetsHit
BestLine := CurrentLine
EndIf
TargetC++
EndWhile
EndIf

TargetB ++
EndWhile



EndWwiile If (MaxFound < 8) Card is Invalid Else Store expected centroids
for rows based on BestLine Endlf As illustrated in Fig, 34, in the

al gorithm above, to deternmne a CurrentLine 260 from Target A 261 and
target B, iWOO0B/813838cessary to cal cul ate Arow (264) & Acol wawAdsep2det ween
targets 261, 262, and the location of 6farget A It is then possible to
nove from Target O to Target 1 etc. by addi ng Arow and Acol umm. The found
(if actually found) location of target N can be conpared to the cal cul ated
expected position of Target Non the line, and if it falls within the

t ol erance, theEndIfTarget Nis determned to be on the Iine. To calcul ate
Arow & Acol umiy,. = (rowlge,A - row T,rgetB)/(B-A) Acolum = (colum T
ClA - col% Cﬁ)/(B—A) Then we cal culate the position of TargetO row =
rowTar get %A * Arow) columm = columTargetA - (A * Acolumm ) And conpare
(row, columm) against the actual rowlsrgeto and col umra%WV To nove from
one expeckexHoaddgd)] to the next (e.g. fromTargetOto Target), we sinply
add Arow and Aggliiigt o row and col umm respectively. To check if each
target is_on the Ilne we nust cal cul ate the expected position of TargetQ,
and t hen lﬂ?rform one add and one conparison for each target ordinate. At

t he end of coprerekpagedadntroidsor ross bpestion Begthinnst a maxi num of 90 |ines, the
result i sgdilpe best |ine through the valid targets. If that |ine passes

t hrough at le Fo >= 8 t hat ough
targets have %xgglﬁsﬁ' t%dﬁ{é] %E’%f m(tl%ca onthm ?Vﬁ,g cgtgrlr,]m e menlélﬁeé%{n?afé%ﬁqg nc?target

pr ocesseds "ePsayiecalsdat Apy (264 ﬁ‘a@%lé@ @ bﬂ)’gﬁ’ W@W@ﬁl 243aand Be logakienref Tdnget 4 dirigithéns

consi der essibienodve om Thgt 0 © Thibek | A€ bRda@eYy Ar&vhzml hales. HdGurl (if'aéiﬁﬁy thida)GRhohlbrat e

f‘;:] g\lflv gggotégcqg gi{%e co&xﬁa@cd ‘E@J:Le CLIR’%&KGA %?egﬁ%poguo%arl aréet og thge 1? g rdt rh Itfﬁ wﬁhbx}theétgégegfe LgenI S

the time TERENS¢ °8m”‘§ﬁf?b8@“€c5‘f‘%nns of pixel data = 3,374,892ns. Not even
accounti ng f offotdvelatt aow &tsbaimnan add takes less tine than a divide, it is
necessary to r_f.arm 32 tical operations in 3,374,892ns. That

gi ves appr oxi r?%?’el('gtv %9““‘3’@?%; ation, or 104 cycles. The CPU can

t herefore saf éF%}“mﬁeT(F%F‘H‘TWheCWTﬂe@/%ﬁbcess| ng of targets, reducing

conpl exi tTherofe calednegiie positlodlaTagetoent r oi ds based on data edge border and

cl ockmarks  Stgn. Qv kBBl £+ gg) data area From Target 0 (241 of Fig. 38) it
is a predeterm nedl%lxed di stance in rows and columms to the top left
border 244 of ¥ =FalpaTaedd - (Agfifgolypien a further 1 dot column to the
vertical cl oclnd@mmpess @%6Eoluo agapst the udlarwged, And cArn&%,andmoAﬁ&haﬁaapécewt&Qet'torthet he

previous g ?e%efr&rﬁra@% @ﬁg'geﬁg QJe 6£d§ h&L @W@Og% 81’81 fggr}mé perc]:tlvtélgz’:f? q%cﬁc if eacg

cal cul at e th 13858 l"'ocat i on
for Target'® ’5 "g‘a Yo |w| ésaca}ﬁ?lﬁ’?/‘f‘ecféﬁt‘ff posdijop,of dargqifiaang fh%‘léﬁrf‘iﬁlp?‘l@laddd‘l‘c‘f%@tomPaﬂwnfOf
Tar get O te&chtapstoglmels area is related to the di stance between targets (192
dots bet ween At ¢ GEbfSompasig allrb tAREs Seafd® b MBGIm bAgodads el i th@oe@%%ﬁgh% vAf3)

simply aqggegrlf)ﬁ% ﬁnctp%sel-m:ogﬁn t%a?t Sgggntg {1 9 WMF%und >—n§3 it can be said that enough targets have been found

to form a line, and thus the card can be processed. If the best line passes through fewer than 8, then the card is considered
invalid.

The resulting algorithm takes 180 divides to calculate Arow and Acolumn, 180 multiply/adds to calculate targetQ
position, and then 2880 adds/comparisons. The time we have to perform this processing is the time taken to read 36 columns
of pixel data = 3,374,892ns. Not even accounting for the fact that an add takes less time than a divide, it is necessary to
perform 3240 mathematical operations in 3,374,892ns. That gives approximately 1040ns per operation, or 104 cycles, The
CPU can therefore safely perform the entire processing of targets, reducing complexity of design.

Update centrojds based on data edge border and clockmarks

Step 0: Locate the data area

From Target 0 (241 of Fig, 38) it is a predetermined fixed distance in rows and columns to the top left

border 244 of the data area, and then a further 1 dot column to the vertical clock marks 276. So we use TargetA, Arow and

Acolumn found in the previous stage (Arow and Acolumn refer to distances between targets) to calculate the centroid or



coordinate (aspect ratio of dots is 1:1). Thus the top co-ordinate can be
defined as: (CA umbDot Col unmlop = CA urm Ta, gea + (Arow 8)

(r O\Dot Col unnmifop = rOM&$S0 + (Acolumm /8) Next brow and Acol um are updated
to give t hewouwshssssof pi xel s between dots in a single col mamAtiozsdemd of
bet ween targets) by dividing them by td#le nunber of dots between targets:
brow = Arow 192 Acolum = Acolum /192 W al so set the current Col um

regi ster (see Phase 2) to be -1 so that after step 2, when phase 2 begins,
the currentColum register will increnent from-1to 0. Step 1. Wite out
t he i ni tieabectedorhtion fotl TakeiObaiBsclibd) pratodslybi t hi story This sinply invol ves

writing setup Sln&ft@rﬁmtpixg @ﬁ!e%H'TﬁrEéb b @& dafa I&@aﬁ?relgted J l’ﬂ& ﬁstﬁ@@et@&n %%QA gﬂ by
ertlngCBtoa brow and Acol um entries each row, an

hi story. SPREES “?ﬁ%ﬂ?ﬁ'&?‘“’i“é‘ Torgqdag trlgﬁatgﬁe%@mp@adquw/&,{? ?f&i%“%‘f%é‘m?“t is
known t hadoordigatet(dspect|rasip bf dotf istlite Tinds the top eveordinate o beviefi@¥6: | s a border col um
277, and bef orgukhal . . _\egﬁngnm LBgwsjhe bit history therefore is 011, 010,
011, 010 etc. Stue %im 0 (ﬁv (?g e cen;’-rm ds based on actual pixels read. The
bit history |§‘°‘§@f°‘""eifp"| T‘St"”rf“f“%ébr ding to the expected cl ock marks and
dat a border. Taeiawbndakolg@ndaupiags oo the maBhofgiads te@eendanin nowleb@unimgingead of
accuratelBéhn@ﬁ%arg@&ﬂ?&v!ﬁ%tﬁenl@'th@h@lb&r%f&%béﬂyeerptﬁ}ﬁ%ar' ng the expected data

agai nst the actu val ues. The centrord updating nechanismis

achi eved by si"HpI® QE” % or i ng step 3 of Phase 2. Phase 2 - Detect bit
pattern from Acdwarthchasetd2on pi xel s read, and wite as bytes. Since a dot
fromthe ArtC‘WcQIsgsctr tﬁ'cQWcht@&uﬁrEQism (E@é?ﬂa&fZ)tgbesqrbstﬁaQafms&ﬁb Ihéh\phse Z%eé;lg lgerms to
be represenétm here s rem m%m g%l nt in performng dot detection

cal cul at i 8“'?gsé Lt f 1 & It is better to average the tine

required e 1 e gt heinitis o eltas ppang g dot occurrence, and thus naeke the
rr;)szj of ]Ehe avai &namlevomsa@ﬁﬁgset@gnf&mmreqlmdsorahalseq»\/\fs processing of a colum
0] ots from es to 3 Co

fromthe Art cggacangﬁata}h Vedgbﬁ W?Wépsﬁ%@tm %Acgi%“énseémfssforte?fh % atmll %étlgle“é’ryf hgbgtl ums

to repr esH¥Y iEACHYY an xpretcdtit g tineat wleOIWH I#@ tq ‘Pféef‘l ofithe cleshugkgeluph 276 e befést colvpgl
t he fi rst27¢@hdbafre rhafavammeatThdmttmstothﬁaﬁﬁﬁsslom:gomrnmu bbeicherefore be limted to

only 3 cogt%matgﬁeccmldﬂagggg @ CCD are witten to the DRAMin 13%
of the tine ay is available for rocessm of

1
col um of dot gﬁ‘? b‘tg‘m% 3‘:“9“81? n ?'9‘31 a‘?“&’flm%? the expesisy! gjpck marks andydpiq Border. Fhe-gctypbogphioids for,
t he avai | «athldet raw qaenowibt mrgacrrenebyse firey werpinigaly Bdy colBip&Bg tHodxzsctedaiatel against theactni gikal
bit val Ue\&lubsﬂﬁh@c&tl‘hﬂi preﬁng(iﬁEhamsﬁf iednidvtd H&Bf bérfomﬂﬁ?ﬁ epBlofE@ssi Ng therefore
requires Ilht;'s@ZfB LJ: : '. b?rd (X:elsr ald rltea bOts On the Artcard: St ep
0: Advance to_[f ‘ : ' p and bottom of an
Art car d dot cdi nEFrﬁ‘?"‘(f’@ﬁ@’E t?“‘i?’fd(? 6%“‘5’?%&’1’&%‘5“““1 §t9éeﬁ5°991"%°&?6 é@gnnPﬁ%bed@teseetﬁﬂ Berhis
det ect i nglitfsipbigt imprdorsinpdor deggetione@ivvlaippeepsense gkt coluBndps Biter pekapehetime regdmt foroi ds
Since We mpécasiff & &S et dbtBRurdhde Gatftiths Saxk éﬁgﬂn&@dfthémﬁilaﬂ?rdé% tim@ As 41l emé

g Clra bl in 8 S8 Sl DGl B 3R rea%\?a}?ungagérﬁ‘% Ry qegéf“‘%lo%ft% REDE

that we canno U e .
been readiFhtas lﬁmmakemy@mzo Wi‘tﬁ?“ﬂﬁ ‘Ph@?‘eF@i?“@ wilf e iffe &t cqlpm oEqrpot aadhibe it e
time aft edsfatdrielon Brovghsipg Dodkerevatbe tigitetriondy 2dlumde wor st case tine is: 165 *

93, 747ns = 15,4 88piR20M the BED e Hhien 5 BEBRNT in 139% of the time available, 83% of the time is available for
processing of 1 column of dots i.e. 83% of (93,74743) = 83% of 281,241ns = 233,430ns,
In the available time, it is necessary to detect 3150 dots, and write their bit values into the raw data area of memory.

The processing therefore requires the following steps:
For each column of dots on the Artcard:
Step 0: Advance to the next dot column
Step 1: Detect the top and bottom of an Artcard dot column (check clock marks)
Step 2: Process the dot column, detecting bits and storing them appropriately
Step 3: Update the centroids
Since we are processing the Artcard's logical dot columns, and these may shift over 165 pixels, the worst case is



Step 0: Advance to the next dot colum In order to advance to the next
colum of dots we add Arow and Acolumm to the dot Col umTop to give us the
centroid of the dot at the top of the colum. The first tine we do this, we
are currentWw@ 0¥013888e cl ock marks columm 276 to the |eft otTiAve2AU9t0 | Mage
data area, and so we advance to the fiest columm of data. Since Arow and
Acolum refer to distance between dots wthin a colum, to nove between
dot colums it is necessary to add Arow to col unnd, 1cel,,,ru, T, P and
Acolum to rowdotcolU Top To keep track of what columm nunber is being

pr ocessedhat whanmuiragern the fistrelnmi GitirageSr @& chlumms lave tlegi raitl @ro DRMM. Bidse 2 would therefore

Cur r ent Canidife sa/e@bdht drtimBart AR readprbe&df ha@%&%ﬁe@@rﬂ%ﬂ@uﬁ% {65 d%t74'ﬁ19j- BQ@S iSSns i's
necessary, B&SI nerenment the Current Colum register. The first tine

i ncr ement ed. |et 'S |ncrerrented froml to O (see Step 0 Phase 1). The
Cur r ent Col urm$ 48t when to term nate the read process (when

reachi ng maxCol darns )dvanaentd tralnéi{)coluﬁm USRE wk Mdé%ﬁﬂ&&oﬁmto%tda@i&mTfp% P@e%
once

t he next ma

the byte Onlg gﬂhee\%zé Igtqye gf) (3% t?e co{ tI'f'ne(%i;r.'st tm:‘chwe do (Sj V\é cgmmtli(g ag?cgfnmcsﬁglu%? tomet
we' re up et e P‘h‘i“\“ﬁ%dﬁéaf??mﬂi’ iﬂ,"r}’t‘3 aflygncto tefirsyfolufnn pfalate. [fimcesaaveant) poluie irefy toisiatce e n
for the waetd dotOmthi Btolundf 1€Rovd betvkeed dEdblhMI@ isnedess@FYe add Aol & BoRinn, 31, AL in§ Alofim Ot
colum’ In.order to process a dot colum froman Artcard, it is hecessary
to detect the top and bottom of a colum. The colum shoul d form a

strai ght |ine %&“fwé‘h frvrhe cPlBp pber BFdeintRTrcesedt threcolmn nymber(ibseeowiprt in f2 crgisterreliell
war pi ng éugen)Coluinm Evdnatinieythe sehsdr @yhnoesmolidgnepabtrebismit i0is nbdessafl (6 Gkrertia the CuAUBTAmA 7 6.
W sinpl YegtsRQDlle@irst i@ xﬁﬁﬁﬁﬁﬁeﬁl@l 1Y @hdéx@meni% frén@-l'tcg 0 @éétSteb @%Igs tlg%he%entaoﬁ%x?&%

and nove Qn

val ues to dof %o‘ﬁ]ten tg'fmmnat o]?‘:'arf’ard p{/O £5s q"}"f’ ﬁ°§°hf“F F’%’&Cglma%f% Ardgse s gped f%févaﬁ‘ii[“’tﬁll?ﬁtao‘%t ep
2. Pr ocedSintgio e ey acrhawf Rytstinfospationance@! § ity havdlesencsittentothohste (oheeetrey 8 pohamms). The

bot t om oflovar Tigts dermmingwiai biele're qob dithniheSrrtnhBteCH hilngs 1 Rerdlod v rvié Stueainght
line betygen them with possible mnor variances due to warping etc.

Assumi ng the proc |s to start ac} the top of a colum (at the top
centroid coor ottom of the colum, subsequent
expect ed dot BEReroperes afe colimpdiomas Artqamyit 16 Meessaryrodateet thatap\wndbotoetia s coumn ! The

col um + céloml shoviil fdrhul aSstr@ghv Bi% betSeeh e top AN Em &fthetc@ﬁme(é@é?o@fofegcap\gﬁﬁrrgmcq Ifnﬁ)a'ily the

next dot d&&olm?ofpgikt's' Wﬁle clmm %lungr%%a%?xﬁ)glty Pé%‘.t metexpegedv\éluﬁ. ‘8%?1160%{ iR 9’8‘8& hls%}::y \é\B

add anot her Arow and Acol unm base
gi ven r ofPd THOHC Q] step grposiurst tagleiill bete ¢ e Ao pnd derliinin vellngs fotdgtColiwastTorte ertivead tatfiest
i nto a ndss detefthdeoivkin. of some percentage fromthe straight line joining the

top of the c Mo Lsgm,tﬁt;@a,&)pgo{cglqh% therefore keep 2 values for each row,
but store the&:,nmrhe engmc{so;bgﬂ es since the row history is used in step 3
of this p e R PRI U 2 R ngyixglcoqudinetgs the dolupgy shenld fermyagigiehilise or y

(3 bits péyees ?3%‘ with RogsiRls miporvadenesy daeltoperpingyt ) For each row we need to read a
Arow and Acol Ammnutg(ﬂledﬁtﬁmsﬂ@stdrth&h&tﬁﬁdi 8 eoldn (d: Meto &Hﬁdi@ogdma-twﬁd ﬁ@@qovglrttptﬁg SS

t akes V\obg@{,lgfjtgﬁagmpgg QQ&Q { he bandwi dth and 2 cache
| i nes: 76*(3150/ 3%%}}/ e 315 = 1366%%§ &‘8@%% of bandw dth Once the centroid

has been det éPirHad + R pi xel s around the centroid need to be exam ned to
detect the st@uwgeGfcolumn + Acolumn

This gives us the address of the expected centroid for the next dot of the column. However to account for Jocal

By AGVIaIK g BEXEGOVED

ectteo

warping and error we add another Arow and Acolumn based on the last time we found the dot in a given row. In this way we

can account for small drifts that accumulate into a maximum drift of some percentage from the straight line joining the top of
the column to the bottom,

We therefore keep 2 values for each row, but store them in separate tables since the row history is used in step 3 of
this phase.

* Arow and Acolumn (2 @ 4 bits each = 1 byte)
* row history (3 bits per row, 2 rows are stored per byte)

For each row we need to read a Arow and Acolumn to determine the change to the centroid. The read process takes



t he dot and hence the value of the bit. In the worst case a dot covers a
4x4 pi xel area. However, thanks to the fact that we are sanpling at 3
times the resolution of the dot, the nunber of pixels required to detect

t he status WO o0s/hesssgot and hence the bit value is nuch | esgTidvamodoe s. W
only require access to 3 colums of piedel colums at any one tine. In the
wor st case of pixel drift due to a 1% rotation, centroids will shift 1
colum every 57 pixel rows, but since a dot is 3 pixels in dianeter, a
given colum will be valid for 171 pixel rows (3*57). As a byte contains 2

pi xel s, tiveofihebdpéridth ofi 2 bytfedites:val i d in each buffered read (4 cache Iines)
will be a vvorsg*(ﬁm)pj*g,ﬁ@_(ﬁg&nsog%gf%gm\ggﬁd) Once the bit has been
detected it store the bits from8 col ums
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result froma EI' s.is tairl e and is illustrated
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order to select 3 representative pixels and thus decide the value of the
dot: Pixel 1: the pixel containing the centroid Pixel 2: the pixel to the
left of Pixel 1 if the centroid' s X coordinate (colum value) is < 1/2,

ot herwi se tweooponseds to the right of Pixel 1. Pixel 3: thecyatebombove
pixel | if the centroid s Y coordinated4(row value) is <'/z, otherw se the
pi xel below Pixel 1. As shown in Fig. 43, the value of each pixel is
output to a pre-calculated | ookup table 301. The 3 pixels are fed into a
12-bit | ookup table, which outputs a single bit indicating the value of the
dot - on ek 299 hdd right 208 of cexds atstit) kil cBverdl Iin CBe 4, OdaBioId isCdfr@nh balbw hélefer tfdfeintiddie piad.
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bit-pattern represents the expected A values for each of the 5 pixels
across the horizontal dinension. The first nibble would represent the

ri ght most pixel of the leftnost dot. The next 3 nibbles represent the 3

pi xel s acr 0¥@0¥yMas8s8ent er of the dot 310 fromthe previ ousctabomuoand t he
| ast ni bble would be the | eftnost pix&d 317 of the rightnost dot (fromthe
current colum). |If the expected centroid is in the center of the pixel,
we woul d expect a 20 bit pattern based on the following table: Bit

hi st or yExpect ed pi xel s 00000000 0010000D 0100DFDO G | CDFDD 100D0000
101D000D 110DDrki@rht hctibipiaDide Tiaeit iphexeddasy tchangeltie cdi@intcenibicl A if tBivkpe@dd pixdiQiof ORI
dot are ehd cﬂ@é’ted(%nng FldmdRR8 rﬂgtb@ghe%um%mﬁsrfoﬁg%r ht Eun‘éﬁ%o@mqw%grree;n dotd;olumn the

respectivel i xel s el t her

whet her tpnevpéﬁ 9t <Gl cel“mn’ 5“‘@“6?’ evipus; létE s 8‘1"1“9@??}1‘”*?‘@%%‘1’“&9%‘16%? logptian i %l%"é‘ﬁ""ﬁ‘gmﬂﬁ e
physi cal ey mwa%eﬁnfb‘yla@ndotpw@re togengsiaty &34 bivéxrasted bitPesiom shhlhtye road be ‘besfeatli Tt 20rb €
of the ceamiptitRmepfefe@iing élﬁbctecﬁ&ﬁﬁ&s fér @4ak & Iihe anxetlsh@rospﬁlé(]%hzontmuﬁ%%%h qhﬁ%@ ﬁ@t;]e v@@lﬁ a

shifted al | S . eit

cent er SILH .Q']f;l{ th&élghamjt ?Ed oge mxlosg%{ (fsng’ft Fﬁets Ie8r§5° hfg?%el 8% ?"Bfeét"rt gthﬁl‘ibv?lae
the di st afF?E‘éhef Feis pleme éﬁ*ﬂtéﬂrlawbbleswwcbe ﬂlséeftm%amxea?rﬁwﬁthe tightraostj dptt (frorg Hhe current
expected phx®l s. Once the 20 bit 5 pixel expected val ue has been determ ned
it can be compalede

SUbt T acti g e ot aar s O Aokl A s 0 b SRR RS e

pi xel basis, and finally adding the differences together to obtain a

di stance fromt tlestgect ed A val ues. Fefectedbixdld | ustraf es one form of

i mpl ement ati on ot he above al gorithnfedoocch 1 ncludes jp | ook up table 320
whi ch receives|@he bit history 322 apebogrentral fractjonal conponent 323
and out puts 324 aihe correspondi ng 20 pegropounber whichjis subtracted 321
fromthe centrajoipi xel input 326 to pfeasimpe a pi xel djfference 327. This
process is carrj®d out for the expectpdoooentroid and pnce for a shift of
the centroid | eftorand right by 1 anmoupbooom Acol umm. [The centroid with the
smal | est differjegnee fromthe actual p|mem® is considered to be the "wi nner'
and the Acol unmllupdated accordingly [mbepnph hopefullyl is "no change'). As a
result, a Acolumm cannot change by nore than 1 each dot columm. The

process is repagixesof et he néﬁ@BfttﬁeQ@Ater Qét)&@leﬁmr (ﬁ&]% db\gegy\ﬁgl on vvﬁﬁ&ﬁggyg\g}s L3 &l‘ Y

updat ed. pe here for paralle

on the. 1 2rBogp Ty B Bu ki @ o ey it Hbine orimaceig e
pl aced i NPEpT Eaéed O3 Pl yigiare HJEC“ Pbéis‘iof iy giyen pixel PépEnding prt theAtistanag bithementrid frommthe
consecut iexeet certepafithe pixd.Ive spyld @apectidita shif@d bl whithrealiSondd affectd 116 BikeldRfhed &8 bad ccntcr

Si mul t aneakSiée thdrd ard 18 BosGhiRRK it [sB4sGbid & ai
paral l ol g 8;\/\29 03 013858 PCI/ o) BAUE e BRI B0 By o ST SRS e Rk

necessary t d the old A of the As, and to wite them out again. This
takes 10% of PHeDe0biPige prpectedvalue oy BEBREEBHER) carbe2oahE0)gainst BTG Rress reid, TRY6 Of

bandwi dt leaniptocdegbyrsettresisgatieexfeedipRalslirdnt e dothdl pikdlis$éa@bria i@y bk vaait, YfdBindQ Waide thdVe
updat e i tifreBiRes tdéﬁﬁ\epto B i R0 Bh B expectgcyx vsalug)sI t histories,
Fig. 45 illustrates one form of implementation of the above algorithm which includes a look up table 320 which
receives the bit history 322 and central fractional component 323 and outputs 324 the corresponding 20 bit number which is
subtracted 321 from the central pixel input 326 to produce a pixel difference 327.

This process is carried out for the expected centroid and once for a shift of the centroid left and ri ght by 1 amountin
Acolumn. The centroid with the smallest difference from the actual pixels is considered to be the ‘winner’ and the Acolumn
updated accordingly (which hopefully is ‘no change’). As a result, a Acolumn cannot change by more than 1 each dot
column.

The process is repeated for the vertical pixels, and Arow is consequentially updated.

There is a large amount of scope here for parallelism. Depending on the rate of the clock chosen for the ACP unit
31 these units can be placed in series (and thus the testing of 3 different A could occur in consecutive clock cycles), or in

parallel where all 3 can be tested simultaneously, If the clock rate is fast enough, there is less need for parallelism.



thus taking 2.5% of the bandw dth: 76((3150/2)/32) + 2*(3150/2) = 4,085ns =
2,5% of bandwidth In the worst case of pixel drift due to a 1% rotation,
centroids will shift 1 columm every 57 pixel rows, but since a dot is 3
pi xel s in WX a gi ven pixel colum will be valid forpcwAtioyiosml rows
(3*57). As a byte contains 2 pixels, he nunber of bytes valid in cached
reads will be a worst case of 86 (out of 128 read). The worst case timng
for 5 colums is therefore 31% bandwi dth. 5 *(((9450/ (128 * 2)) * 320) *
128/ 86) = 88, 112ns = 31% of bandwi dth. The total bandw dth required for

t he updaBemygidthhdizgient roid A is summarised in the follow ng table:
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DRAM ar ea i s I ieadessaiitrgedd the MBhisry ferttte lpiviDiRANVE B¢ wpdate i Au St byke@pntait Drovia bit KiGaies,
data, nammkingC8RLIYehadathay 24bits (16:8) * 2 * 3150 = 18,900 byes Bit

Hi story array. i * entries er byte) = 1575 bytes Phase 3

- Unscr anbl e a7n6§3W%)Hezgég&z)d’gtoggnﬁé%‘%q'ﬁz?{irg?ﬁléw‘g% Fig. 37, the next step in
decodi ng is t%®hgNeeicapefipael gHfHIUXOR 1 fotiaatip gontepis will shitfy deodiyB etsptSepikehmpyebut sinse a
taken fr donigdpexeldintinatte, o given pirel @uE ivalnbd baiol foXRlel Fodk (457}, tas Hbietcorhs 2 pixels, the
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Sol omon decod n ase 4. Turning to Fig. 4 unscranb g process
330 takeg‘Ler 8‘2%%&4’“& led byte i mage 331 and wites an unscranbl ed 2VB

i mage 332. ThE*(HHEEBS 21 4 pRA0% 128/8601s 8 Hbksy 3k ofpedidtned i n- pl ace, so 2 sets
of 2MB areas ik Btalbahdwic@@huired fohBe HatiRAT I cGtloifl R lsBurdransed 5 e BuSWERBL: DI ock order
arranged in a 16x16 array, with synbol block 0 (334) having all the synbol
0O's fromall the code words in randomorder. Synbol block 1 has all the
synbol |'s fronRed/Writthargdsde words in randomox der ete. Since there are
only 255 symnbo] Read hittstod56t h synbol bl ock is tuseently unused. A |inear

f eedback shi ft | Read)s @lueihs df pixdis@d t 0 determ nefijge relat}onshi p between the
position withip a synbol block eg. 334 and at code wrd eg. 355 it cane
from This workgoms. | ong as the same Seed TS| MSgH when| generating the
original Artcard rmages. The XOR of bytes fromatternative source |ines
W th OKAReARdB% Ropd.gspectively is effectively free (in W 03/013858

PCT/ AU027 009 fime) since the bottleneck of time is waiting for the
DRAM t 0 be reﬂ;awﬁ SUTRBPRAM e8I Epad B Wl iR £q deringRbere @ Poeassing Thhe 2B mixeigetof
t he unscPB8MlaienigreddOR process is effectively 2MB of random byt e-reads, and
2MB of randonmmby.sms scilch DIRAMV hrefs us%fgrst()ri?n%w’ﬁatz @zﬂﬁly:"' 2MB * 2ns) =

327, 155, 712ns or approximately 0.33 seconds. This timng assunmes no
caching. Phase 4 - Reed Sol onon decode This phase is a |loop, iterating

t hrough coféneejderfeyt he dat a24bits (6w *Bi* 815D ab&ge0 byeassi ng t hem tlo t he

Reed- Sol opBihHigeverke nodul &bitariish emwiies l2eer bre)sucsaswss ul decode i s nade or
until there are no nore copies to attenpt decode from The Reed- Sol onon
decoder gm&d -Ussbrafitée ahdveORMhd ¥ @s0CESSOr, suitably programmed or,

al ternativel Yretufhing BFY. H Be next step in decoding is to unscramble and XOR the raw data, The 2MB byte image, as
taken from the Artcard, is in a scrambled XORed form. It must be unscrambled and re-XORed to retrieve the bit image
necessary for the Reed Solomon decoder in phase 4.

Tuming to Fig. 46, the unscrambling process 330 takes a 2MB scrambled byte image 331 and writes an
unscrambled 2MB image 332. The process cannot reasonably be performed in-place, so 2 sets of 2MB areas are utilised.
The scrambled data 331 is in syano] block order arranged in a 16x16 array, with symbo! block 0 (334) having all the
symbol 0’s from all the code words in random order. Symbol block 1 has all the symbol 1’s from all the code words in
random order etc. Since there are only 255 symbols, the 256™ symbol block is currently unused.

A linear feedback shift register is used to determine the relationship between the position within a symbol block eg.
334 and what code word eg. 355 it came from. This works as long as the same seed is used when generating the original
Artcard images. The XOR of bytes from alternative source lines with OXAA and 0x55 respectively is effectively free (in



hardw red core such as LSI Logic's L64712. The L64712 has a throughput of
50Moi ts per second (around 6.25MB per second), so the tinme may be bound by
t he speed of the Reed-Sol onon decoder rather than the 2MB read and 1 MB
wite nenoVQodesess time (500MB/ sec for sequential acces®es)avoZiomzd i nme
taken in the worst case is thus 2/6,2%8 = approximately 0.32 seconds.
Phase 5 Running the Vark script The overall tinme taken to read the Artcard
9 and decode it is therefore approximately 2.15 seconds. The apparent
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following two tables summarize the effective alternative Artcard data storage capacity for certain print resolutions:




the black dots are printed at a particular pitch (eg. 1600 dpi), the dots
thensel ves are slightly larger in order to create continuous |ines when
dots are printed contiguously. In the exanple inages of Fig. 47, the dots
are not as WpHeadssds they nmy be in reality as a result stCrhlveBsbrg. There
woul d be nore snoot hing out of the bl #8k i ndentati ons. Al though the
alternative Artcard system described in the preferred enbodi nent allows for
flexibly different dot sizes, exact dot sizes and ink/printing behaviour
for a partlcular prlntlng technology shoul d be studied in nore detail in
order  t o Fehtanéfan diestiverie In describing this artcard enbodi nent, the
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occurring during reading. The border thus becones a black line with white
on either side, nmaking for a good frequency response on readi ng. The

cl ockmarks alternating between white and bl ack have a simlar result,
except in the




hori zontal rather than the vertical dinension. Any alternative Artcard
reader nust |ocate the clockmarks and border if it intends to use themfor
tracki ng. The next section deals with targets, which are designed to point
t he way t owmohs/ogeissEkmar ks, border and data. Targets in te/AGn@e20r egi on
As shown in Fig. 54, there are two 156dot wi de target regions 1116, 1117 in
each data block: one to the left and one to the right of the data region.
The target regions are separated fromthe data region by a single colum of
dots used for orientation. The purpose of the Target Regions 1116, 1117 is
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bl ack, then the reader will know that the card has been inserted the sane
way as it was witten. * |If the colum of dots to the left of the data
region is black, and the colum to the right of the data region is white,
then the reagevorvgst! know that the card has been insertedptpakymosd, and
the data region is appropriately rotaved. The reader nust take appropriate
action to correctly recover the information fromthe alternative Artcard.
Data Region As shown in Fig. 57, the data region of a data block consists
of 595 colums of 384 dots each, for a total of 228,480 dots. These dots
must be ihelephit @6l dtdat ©aeadRads the did Bich. TIREORAthigh Batnd aleresemas Igwdaiemanon
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give the alternative fgtrard lth*UEI the ability to know it read the data
correctly. There areft AT 'uaarko stgps i nvol ved in mappi ng an origi nal data
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al t er nat |°§7%“Wia&°é‘?e&°tﬂ‘éﬁﬁ§aé“°g‘%qfEh‘éaltﬁ‘ﬂ‘t“""t%”%huffIed encoded data as dots
to t he dadappibg wigha datntoidae rglohdetnat i ve Artcard Each of these steps is

exam ned in deﬁeﬁlvlm hdw Eehssciflgaa 10 Wokd oseafaﬁg ANBigi ﬁ@ﬁ#ﬂdmnﬁmﬁaﬁou@lw& and
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Error Codicrdpe c%’@) que%lé\nd WhhGptagdundpney °n°°@9$)f§efﬁ§ no Wy to cpagthe dResied er8y. Bigwim e or
Cor r ect i Qippidghrocetdaizh'isSo chakd (e adta, recdvas) HighlyrotuB ifd 40 @lvesifiEalterdadve ArtSatd teadek Jhe abAity to
variety q&o‘g{rtaqu,g%tm&%{)arret ers for Reed-Sol onon encoding can be used,

including differen Sy si zes, and. . )
There are three basic steps involved in mapping an original data file to data region dots:

ﬁlte

N

* Redundancy encode the original data

H Shuffle the encoded data in a deterministic way to reduce the effect of localized alternative Artcard
damage .

* Write out the shuffled, encoded data as dots to the data blocks on the alternative Artcard

Each of these steps is examined in detail in the following sections.
Redundancy encode using Reed-Solomon encoding

The mapping of data to alternative Artcard dots relies heavily on the method of redundancy encoding employed.
Reed-Solomon encoding is preferably chosen for its ability to deal with burst errors and effectively detect and correct errors
using a minimum of redundancy. Reed Solomon encoding is adequately discussed in the standard texts such as Wicker, S.,



different |levels of redundancy. Preferably, the foll ow ng encodi ng
paraneters are used: * m=8 t=64 Having m=8 neans that the synbol size is
8 bits (1 byte). It also neans that each Reed- Sol onon encoded bl ock size n
is 255 byt w® (3283858 1 synbols). In order to allow correctimrr/aboepono t
synbols, 2t synbols in the final blockl size nust be taken up with
redundancy synbols. Having t=64 neans that 64 bytes (synbols) can be
corrected per block if they are in error. Each 255 byte bl ock therefore
has 128 (2 x 64) redundancy bytes, and the renmaining 127 bytes (k=127) are
used t o akidihelges,iVyil9ea) ReekhSolomonl Oddss: and théi=pHcatichs, KEEE PR+%. Ra@bapghaT, 11996 Hrror @inp t
i's that B2dkndd¥,MeErmwknp 'L%ﬁlénE‘,@i‘., 19 R e BmGHTOLS echid, ﬂ}%%@om@éémmmoglu%k
of Reed- ?ﬁiongn encoded data. The encoded 255-byte bl ocks are stored on
the alteffi&f*Pe Artcard and | ater decoded back to the original 127 bytes
agai n by the Aliely pkdiffereat pametas for Reedefidiomon efdeding3@ubedisrd sindludingdifdreniplrabotb sides .  Of
a dat a blasfedat Rvelldf Sduhd@eHy OfefGAl, tabldwitSencoai RamkdS4d Bd: 595 of these col umms
can hold 28, 560 b¥&=eesr. This amounts to 112 Reed- Sol onon bl ocks (each bl ock
havi ng 255 b%/t es). The 64 data blocks of a conplete alternative Artcard
can hold a total &F%168 Reed- Sol onon bl ocks (1,827,840 bytes, at 255

byt es per Reedsvisphehmansdhaob&ymbol iz i bitg (1 dytd), 1166 nitee tetSeh Revd foldalon ekRiedtildk

& e ts er vg d sk is ﬁ@gﬁ% @k -1 lQJls'SﬂM drcg,rlnto alloR) hl&nleaib@of g@gwymdﬁgzt gﬁlﬁﬁst i@-{hlgﬁdiﬁaﬁ)gc sﬁz?ﬁ% ore
ata. Since eac ed- So Qc 0 of actu a e
Cotal apief Bofin e AR batydel mioh 63 60 (AR oty Ry L2 e
910, 082 593" -&&ch2P1tpts bleckithepefore hag 128 Qe 6@yrdgtdpnsy byttm anl thegenpaining 127 fhies (¢=RA7%are wedoeint
t he dat ahgdwigha denTiasled to fit an exact nunber of Reed- Sol onon bl ocks, and
then the encoded hl_geks can be replicated until all 7,166 are used. Fig.
58 illustrateg th(i_o%frall formof encoding utilised. Each of the 2 Control
bl ocks 1132, 1133 &dht ai n the sanme encoded i nformation requi red for

decodi ng t he Themmgtipdl regplt isphat 533 bReseofloriBinhl dapae dnbodeiks becoilee 255thyie block of Reed-Solomon
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These t n% her s are repeated 32 tinmes. (consum ng. 96 bytes) h thﬁg
renai ni \rqu"%s 3850 B ofthssesplirary cagheld 2560 hyggs. @his ampeuntsio Ha Reep-Selomon bledks (pah hlogk ppving
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grve gre C | urvivi . agdlr.tion, 1 etirfron o e
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first 127mdwyt sdanfeadiRteacos @ i edadt yuribhrenf Béeil §blohith bdaks,and BdAdneGRBID BIdkoak 86 at

in an at tSimktd dhd aff EERYE lised. B 58Qbel I . ntrol Block fails
decodi ng e?m)r af sed. % 58 uﬂfes'lﬁéové?ﬁ?ogﬁgieené_lq%nélﬂﬁsecfoa Cont rol Bl ock

t han, 64 [0 e corrupted), Thus, 1T i ]
fails decodi %8’ °?i%?2 '°§“°3%‘§°2ﬁ ‘B?Zeﬁg%w‘é%ﬁﬁsﬁ‘& eari{ed infopmationppayired for depodig thefemuiping ¢ o
det er m né1¢%Reedpglemontioflsi v val ues for the 2 decoding parameters. It is not
guar ant eed t OTHe Buntbe@OREEd- BBy bldekitin 4 thll HEGE e 60RS stortd Iofkl)aRece t hrough

redundancy. - i t I ock are destroyed, and
the first %ﬁ%“é‘?@’é’#"3%2?‘?’3‘&’??4iﬁidkﬁf°fﬂ%‘8%?‘n°§%§%°&%ﬁ%@?fst 96 bytes will

show a repeat 1Ty “REBSE G $BBEC BETFAORSTOR 8oRytes) yih tirpmading AL hylsurpserved s i 0.
nunber s Egfh cymol Slogkds thimReedefoldmoncenedéed etuing theel 27 bytes b ol inthrmbtive intveSSiygeofiReedt he
remai ni NGoldmohORodReR@B- Sol onobn bl ocks. By way of exanple, assune a data file

aquir e s 70 opta LR e B0 Lok R Bl ) e P
consumi n&e é{o@@%BthhésspA(ﬁy@a: )Qigtlﬁfg:yn)c? wheg @ising Reed-Solomon encoding. In an uncorrupted Reed-Solomon ,

encoded block, the first 127 bytes of data are exactly the original data, and can be looked at in an attempt to recover the
original message if the Control Block fails decoding (more than 64 symbols are corrupted). Thus, if a Control Block fails
decoding, it is possible to examine sets of 3 bytes in an effort to determine the most likely values for the 2 decoding
parameters. It is not guaranteed to be recoverable, but it has a better chance through redundancy. Say the last 159 bytes of
the Control Block are destroyed, and the first 96 bytes are perfectly ok. Looking at the first 96 bytes will show a repeating
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79th bl ock has only 61 bytes of data (wth the remaining 66 bytes all Os).
The alternative Artcard would consist of 7,168 Reed- Sol onon bl ocks. The
first 2 blocks would be Control Blocks, the next 79 would be the encoded
data, the maxdsor®sswul d be a duplicate of the encoded date¢T/Ab®/ooest 79
woul d be another duplicate of the en&bded data, and so on. After storing
the 79 Reed- Sol onon bl ocks 90 tines, the remaining 56 Reed- Sol onon bl ocks
woul d be another duplicate of the first 56 blocks fromthe 79 bl ocks of
encoded data (the final 23 blocks of encoded data woul d not be stored
agai N as set &f@iirbeds. ThROmBRHR sén@QYRs@INo debt@e @t fe@diadlof tieemefihde Gittiedgmainidg 7 E56 Reed-
representaliQhox®f the 127 bytes in each Control Bl ock data before be| ng
Reed- Sol onon encoded woul d be as illustrated i %‘J

Encoded Dat a B4 Akt PsRié duh Uo coiinbs Bkl 9ﬁ§\}°é‘“o‘i£éﬁa &ed?‘@%f‘ d?"r‘f“ﬁjl?dﬁfbl y
i n menor Ylockarequirsd indInThe iR P78 RediFolomandpipcks hre caatpiztely gtdlizedbensyriog S bites (TR @ 127). The
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scranbl i e n d | S | t [ a

R o R 3R]
t hen all “‘FT?%"”ES}‘E Ethprg afé’B%d“P‘“ﬁ‘FéPféhﬂwqu'S%%@’rt@P'& fgn theeentiye aﬁmum@fd@m@m be deeoded.
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bl ocks oﬁﬁuﬁeﬁeﬁdéP‘PW‘?&ﬂﬁs tpde wwerrbéf BN gnjaverages i serajnplingof datasmaits die casd pugly morgyelyust.
Reed- Sol onsarattlliogdchemd laliosen iEesaitipte dnd1Atillubtfated SeBdnRtichlS i Big O4. NI thél BRE® Srotn @ach REd-

al t er nat is\gnohbibdkae Qacea tt;am@r@usnﬁen ﬂﬂﬂeas héetc%@@n%ﬁ%g odre 59@9@/@%@@ 'th%m Y ﬁﬂef o

therelsn i?abégg& tiQn. e _scra enco

al t er nat FV&*AFPEEFG S e ‘Aﬁ‘FﬁrJg‘?’We AV onsawsly e g S’(B’I"H’l‘}ﬁ‘ﬁy ”e‘mf“b%‘@d
dupl i cat eghReaheplogen bieek Ineeth ofitiied¢ datadloeks dn tBAVenBUG Abssatdes of data to be stor ed
on the alter rmaddérv® sddntbldschemd-@tflet®fambdd & 16éhid alAb1dals @&d{&lt&ﬁu% RRcaRlwWiIBEsQieih k& €

Artcard %BSI@I?M%&R%Q%OI@M&%F} k 'Lrﬂ%egl?{h% 1flth§reﬁlny$llle}/daiﬁ£gagogh§[\] /Erp ar& Fxc entire dz{tehe

alternative Art ata KIContane

first 2§°§W°B§1°%V§fa%$°vm&h§fc’?aﬁm%slaweraﬁa t he second data bl ock cont ai ns
t he next V&8¢ G60rapyledacadedylatafosth dittmatve sttt i n Fig. 61, within a data bl ock,

the data is Wodcd hé&dighd barLil Bééﬂkewgéﬁmbxﬁiléodéd%uﬁlicmt and ggﬁﬁlﬁedt B&e &BHf o7 40 Bhtes of
col um Wld{ 0, Qe Ci {egg}lttgé Agcrrt%ﬁ\lg Q\t ]:aa &edata f)l?cgs ongn Flgxlaan Arg:%rd ;ch‘g %%%85\?0 byt es

of scranbled TRy M Sf the
28,560 byt es T daxis smply ‘é‘dwd‘a%cheththaCﬂ@dPtﬂﬂ?st sp {hetdle figt dataRlogktcprsgins gha first op
to bottons, 560bwasbl’itltcscaatmbadﬁaamaqsccomtdaalslwctagann‘ammﬁrbxtlzs Seoeyregletd. i Nni shing with bit

Iof LLet Ble bi t AdifusSel m(%g) Ak niGR el 4 Q%Eﬁqutgaurﬁnhﬁse%ttcﬁ{g&aﬁu Vifte I%rrgcggr d,
| eavi ng éthl%cg aglo%k SR ¢ 5%3%%“0"?8 %%F%é’“ g?pﬁ’%'iég}?t g’ﬁﬁ %°E“m§°”"é’"“ i

1, 827, 84@“1&9 bues of e 281200 hyres afrfCTHebleé Aaten Vishin aplump, besigte ivrigen Fut OB B bR Gl apating.
enc oded lethrengl6Sm bid 7 anld @nishing WldbiCINK Me Gitis &t @2k Bk Ho¢ B pied @akediternbiie AftdafaSt the,iH60
bytes of data are witten to the first data block. The first 48 bytes of
the first 28,560 bytes are witten to the first colum of the data bl ock,
the next 48 bytes to the next columm and so on.



Suppose the first two bytes of the 28,560 bytes are hex D3 5F. Those first
two bytes will be stored in columm O of the data block. Bit 7 of byte O
will be stored first, then bit 6 and so on. Then Bit 7 of byte 1 will be
stored thr MYyes/a188s®it O of byte 1. Since each "1" is stopeffags/oedal ack
dot, and each "0" as a white dot, the8® two bytes will be represented on
the alternative Artcard as the follow ng set of dots: * D3 (1101 0011)
becones: bl ack, black, white, black, white, white, black, black * 5F (0101
1111) becones: white, black, white, black, black, black, black, black
Decodi ng clean (0ahd dor ingldcedy leavidg t thewidre Tdaighougiealbriothe d@al s Wi th extracting the
original dat apcf eaerget%Hm dro

Speci ficgl %&(ed omct)zmem {'rvez_g mgﬁégf%dﬁtgsaﬁgge& tk&g&ﬁaj nérnég?eedggl gﬁrfc?‘%%%"nﬁﬁﬂhe
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gener al Sops¢ tlefira tio®nss of BEds,580 Wedkdd Hex 05 5Ft T6se @ggwm;ygeg Qﬁ]%e Jté?«.fd Mo l-Tele]ol 8230

al ternat hyg, B‘\H%@%‘ ‘émdﬁ@:&eﬁ}&‘ tr&%l MR s0 o, KﬁnBé& &ylk teard 1S Lo store

data for  use g $r ent Iicatl ons. séoffdg‘f"fl@r‘%'ﬁ‘toi“\f/@"“
Artcard THEEAn éflsi"‘@ ﬁétblai}‘é’“ﬁ&“? el g s @ yhisdot, thquek)f!}‘emﬂsbe tepresenthd bmth¢ drerbaive

| oaded i Amerdaythefeliowinpief ddsne” . From the user's perspective, a notor
transport noves tbe(ladlfoelrlméohﬂsebla‘éi,%ﬁ&rv@uté 915612 ﬁﬂe,@ﬂx&%[a%]ﬁ&ici{e Artcard reader.

This is not perceky, e alternative
Artcard in not Foﬁ%liﬁ 1%{;«,&5 wq’ft? gasc't‘ﬁ% Qi‘cﬁﬁi"ﬁa'il*i"\‘/élacﬁzrbﬂa%rd has stopped is
percei ve ec“ﬁ‘?“ﬁ“'&&“%‘ﬂf““ﬁﬁﬂ shoul d be nmininized in any alternative Artcard
readi ng scherfiis sektibe ddals yjth exhetingitisiofi gnaRtath 6 @ altdhR iV A6 il an YR ad nd Dudt ﬁmer

whi | e i nspagmfichiNic asshiies &@%&b&e&%mﬂ‘%%aq?s%ﬁ%d qu SEhyed, del %¥ alper the card
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Alignment/Rotation

It is extremely unlikely that a user will insert an alternative Artcard into an alternative Artcard reader perfectly
ahgned with 1o rotation. Certain physical constraints at a reader entrance and motor transport grips will help ensure that



The physical dinensions of an alternative Artcard are 86mm x 55mm A 1
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at 4800 dpi. a single scanline is 10,866 pixels, For sinplicity, this
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al gori t hm t hat - RS FPREe LR alokHeehof ISR t he al ternative Artcard reading
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a single
' this figure has been rounded up to 11,000 pixels. The Active Region of an
alternative Artcard has a height of 3208 dots, which implies 9,624 pixels. A Data Region has a height of 384 dots
implies 1,152 pixels. '

DRAM Size

which

The amount of memory required for alternative Artcard reading and decoding is ideally minimized. The typical
placement of an alternative Artcard reader is an embedded system where memory resources are precious. This is made more
problematic by the effects of rotation. As described above, the more an alternative Artcard is rotated, the more scanlines are
required to effectively recover original dots.

There is a trade-off between algorithmic complexity, user perceived delays, robustness, and memory usage. One of

the simplest reader algorithms would be to simply scan the whole alternative Artcard, and then to process the whole data



The actual anmount of nenory required for reading and decodi ng an
alternative Artcard is twice the anount of space required to hold the
encoded data, together with a small anmount of scratch space (1-2 KB). For
the 1600 dpvooxisesBnati ve Artcard, this inplies a 4 MB nepOTMUIRGNIr enent .
The actual usage of the nenory is detdfled in the followng algorithm
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timng considerations and to a certain extent affect algorithmc design,
especially since alternative Artcard readers are typically part of an
enbedded vatmt earimécosdrainis AotonRarshid thisbqhietiige RESEANbiatieaaiy] ie@duldrtee lobgetiBMUTREAE: aS

defi ned ifo a0t Secdrd@ conddntivvAR c mr/g echnol ogy Di scl osure,
with a peagk d@‘}ggﬁt‘fﬂf anosotr“ eégtrh;‘t%e e i ,RncB@Fe ﬁmﬁgr;t ng . 75% effi ci ency

(easily achie TRROUBE Y ey e \fé}%&é ‘tgfa“dlde?@ﬁﬁ Wge a‘tea“ﬂfr%lﬁgrerheratuét *fThe
aver age tspepferequisedgie bald die gucpled dd, topethtowithyat sull prmountioé peeskch space] (23 KB). [ow they 160 HH
Physi cal layerdaveRgadd, aik inflidd 34 MBEebrl RqirehentC W 20301 ds@S St @ldméb fs@etﬁcdrnﬂﬂéjf@l[owm

Al t er nat mggntlﬁr&sc&glgn may be scratched, or be stained with grinme or di r% A
alter natrve Artcar ‘reader can't assunme to read everything perfectly. The
ef fect of "¥ffPi%edata is made worse by blurring, as the dirty data affects
t he surroundi RRAM basdwidthlssugiptioB! needitopbe g for wingeosidéfdniens endaragertainextenagie: didomthmic

bl ur ri ng dbsfen, le@ta&meﬂematmh@reatrtaémm \5@1&\54&@&&&& G@Hi Ng environnent: *

Nat ural bl urr CCI%' the alfernative
Artcard. * V\akqgjdg&lﬁﬁ’mtb er na mhtec a&ls"'ﬂ%?tijﬁgpeqbqe%w ‘Isﬂ]ﬁ 19 Direct Rambus

al t er nat |T€fé"°}$3tl?i?§gﬂ" 4 WEg@es éwragsfevmrf 1 ﬁ%%(ree Apsgmipg/15fblefipiency (casibyachisgkdtlwe avefan om
the CCD. aveBbanf t2GRpecBqim rygfertse Melayerageint: foacos £¥1bcR Y 16 Bted s@isrefoli@ne are no high
frequencrl)e..sy[;argl t he sensed dat a, and that there is no data mssed by the
CCD. However 'hswaﬁt area covered El 8 is too large, there will be
too much bl urr? ﬁ‘aa B “’er%?af Fté" é’ﬁfﬁe? taatetsiefr*é‘t?%tarf*%r S TP Pegorgiphed: ot
be nmet. ®piged Wﬁhlgq“@ orflirg Argkiamgtive drt¢ald|reader papit dswype o fead dvaytnemerfeatypThngjfea bf dig sl
data. Anatbdrevors ybiuriog, adheldirty DO OBk EoMbie claitog) t ernative Artcard is
slightly pnpiRedHHG:t © heat damage. Wien the warping is in the vertical

di nensi on, th di stance between the alternative Artcard and the CCD wi ||
not be constaft’ “GRE "ERE= Nuglpels nspdusst fiie fie Allsmiive A regdingerisggenthose ar eas.
Bl ack and white ddraliaming didmenrebiie CEDY demad foweheAltdradie dgcatdo gi ve the best
dynam c range«in Mabwﬁgysfdrt@ﬂ,qi,erpgtcmenvi ronnments. Blurri ng can cause pr obI ems

in attenptin ne V\/net ivend
bl urri ngp | nc?lg%ugaegﬁ&ﬁ #P b altemauve gi f/are noadot- Y °ﬁfd?e{ié?1?:"§r§'p Bglsefsﬁjeda@tf'r‘”r‘dttfr%‘)ng

dots. Cof¥BiaeRnPs Sfeft‘lh”é dH)?}‘Fali‘ﬁ eésufet Bfigywe ff°dlrgh &eqyenpiesi iv e sepsedidnta, e brtdms o data
Consi der missedfhy the CCd tHomever ifithbirackveddby, a GEACHkeSib fob bR AIRE Wiy bethd mdarO&&hﬂl #8d @&t S

of dots. safdikngBquid®b Fec¥kr@he RAANl e t ate i io il oPkens® ShOWS
t he di st r?;{gutgi(qa{ﬂ qom et ant 15&#})“1%9% @%a‘ééﬁé’lﬁ i lﬂ% &EEL\%LBP \%,9 L .

The diagrami’s inten c?F@“'f"%f Pard o P raleeg‘étﬁf g‘f“ia@és SEJ‘FT}Y?” duetip peatedaypage WMMQ)"
from O t¥BPOHHHe 1etyal dimsigion. tﬂrtélstmﬁﬁge/e@rhe aligptiyk Arttestl end thTﬁ@D gillmote histhit, fad bem 75
to 250 slegalst biuhigg witl mgeacofs thaleiaied. dot s. However the greater the blurri ng t he
nore the t V\DBl&:k' %ﬁ&e\ﬁné e frerd QNRS s M&Q&vﬁmg toogEVﬁRl'Q%es( gﬂgﬁ and . t er ef

the greater t fﬁ jntersection area, Wwhich neans 18 cu tmyrr'ta m% to
det er mi n& BREFTFL7E ngﬁ?’\fé"rﬁ”ﬂ em {8 alfFmpHog o GpieriRAG hether Aghun dets bt?%t‘l%eh“&t t he
center point 'tff‘her PHErEE Seremdsole o agiv dguivinfpenced ey thd siroingingdptsatohsgqubritli @ik Yyninge be

a bl ack engedorwhitiowtar dM@cRi0doddhta ﬁ@doﬁ%a@@ﬁmch sfourdds vy By ombfé Ects'oﬂgts 'Ihc 9
| NCr easegys a}e@ﬁrréd' Jﬁﬂh& Jéﬁtgqot Qafmlp@% rFEa(Q sl theed E‘lgl{tlﬂn (? esuﬁan?cer}teé{ 8% Falbe ﬁ%ﬁf%{ﬁg‘ %/d'dvhtte

Reed- Sol gnon decodi ng al gor m-can cop ese
synbol e Pors. Fi g. 65 is a graph of nunber predi cted nunber of alternative
The diagram is intended to be a representative blurring. The curve 1140 from O to around 180 shows the range of

black dots. The curve 1141 from 75 to 250 shows the range of white dots. However the greater the blurring, the more the
two curves shift towards the center of the range and therefore the greater the intersection area, which means the more

difficult it is to determine whether a given dot is black or white. A pixel value at the center point of intersection is ambiguous
~ the dot is equally likely to be a black or a white.




Artcard Reed- Sol onon bl ocks that cannot be recovered given a particul ar
synbol error rate. Notice how the Reed- Sol onobn decodi ng schene perforns
wel | and then substantially degrades. If there is no Reed- Sol onon bl ock
duplicati owoodmasssenly 1 bl ock needs to be in error for poPAUe®@IZ0 be
unrecoverable. O course, with block daplication the chance of an
alternative Artcard decoding increases. Fig. 66 only illustrates the
synbol (byte) errors corresponding to the nunber of Reed-Sol onbn bl ocks in
error. There is a trade-off between the amount of blurring that can be
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i mage cannot dccur Unsprmblle 1i47ahewivodedaiai t | mage has been extracted. It is

ther ef ore necessar yeel-Solcks i YBdeRdEBIT: Yrorh Bgbigp t 0 hol d the extracted bit
i mge. Thg1 bitddmge, fits easily within 2MB, leaving 2MB for use in the

extract i ofPrBEese™¥\n 03/ 013858 PCT/ AU02/ 00920 77 Rather than extracting
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the extyaction of the bitmap from the pixel data must be done on the fly, in real time, while the alternative Artcard is moving

past the CCD. Two tasks must be accomplished in this phase:

* Scan the alternative Artcard at 4800 dpi

* Extract the data bitmap from the scanned dots on the card

The rotation and unscrambling of the bit image cannot occur until the whole bit image has been extracted. It is
therefore necessary to assign & memory region to hold the extracted bit image. The bit image fits easily within 2MB, leaving

2MB for use in the extraction process.



do not allow the entire alternative Artcard to be stored this way (172. 5MB
woul d be required), but allocating 2MB to store 190 pixel columms (each
scanline takes |less than 11,000 bytes) nakes the bit inage extraction
process siwploanishe 4MB nenory is therefore used as f ol |r¥AUGR/0@20B for
the extracted bit image * -.2 MB for7the scanned pixels * 1.5 KB for Phase
1 scratch data (as required by algorithn) The tine taken for Phase 1 is 1.5
seconds, since this is the tinme taken for the alternative Artcard to travel
past the CCD and physically |oad. Phase 2 - Data extraction frombit inmage
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as LSI Logic's L64lz-&%amz@fheﬁﬂm@ﬂb@v&ﬁﬂg&mmeWa@Sth&ﬁmad ifbarkel Bddkwaidf 1 S
estimated thaf Phase 2. Mslocncoqddatke 0.32 seconds. Phase 1- Extract Bit |mage
This is the real -t1He | ﬁ of the al gorithm and is concerned with
extracting tht bi tRc‘Fdr?a’g’@O“fdP‘@i’ﬁﬂFH@aféf‘lmt'@rbﬁﬁ'laﬁeve Artcard as scanned by the
CCD. As shownTte fpitit@Phadd 8 ishhecedB bit imagebuti@. Unsoraroldiok dndhio@ting casy berfonallissiprsoeess
streans. S;Emﬁ'&{/lh ':D&Per £ ;eq&ulg %‘ﬁ‘e M teA Bsed B hol§§c£mid3ﬁlxglbﬁ PhS i3 bd 10Berh Q@KL Ind & be

alternative tcard pixe fromthe CCD, witing the pixels to DRAM The
second st“i‘°§¥2ﬁﬁ°‘°i‘hﬁfi’8f°9/'é"§°f?"38ﬁii“ﬁ at the pixels, and extracting the bits. The
second pr ocesBheReadSalpmangiecodingdds talm 14 wiesedbleskbis immegying degndesdido 9 1GARR bytgs, g decoding

Process ics bepgh@leh sifdfoP6 & HkifieC 100 ke Hera M Heldecbdy @fotem@ods g re@irauny addtiorkln@mory
alternative Artcard. The second process is the bit inage WO 03/013858

b . .
PCT/ AU02/° 00820 78 extracti on prop11 Fig. 69 illustrates the data flow
from a data/ pFiséMBaenery & feseipre el s follows:
* 2 MB for the extracted bit image (from Phase 1)
* ~2 MB for the unscrambled, potentially rotated bit image
" < 1KB for Phase 2 scratch data (as required by algorithm)

The time taken for Phase 2 is hardware dependent and is bound by the time taken for Reed-Solomon decoding.
Using a dedicated core such as LSI Logic’s L64712, or an equivalent CPU/DSP combination, it is estimated that Phase 2
would take 0.32 seconds,
Phase 1 ~ Extract Bit Image

This is the real-time phase of the algorithm, and is concerned with extracting the bit image from the alternative
Artcard as scanned by the CCD.

As shown in Fig. 68 Phase 1 can be divided into 2 asynchronous process streams. The first of these streams is
simply the real-time reader of alternative Artcard pixels from the CCD, writing the pixels to DRAM., The second stream
involves looking at the pixels, and extracting the bits. The second process stream is itself divided into 2 processes. The first

process is a global process, concerned with locating the start of the alternative Artcard. The second process is the bit image



Timng For an entire 1600 dpi alternative Artcard, it is necessary to read
a maxi num of 16, 252 pi xel -colums. Gven a total tinme of 1.5 seconds for
the whole alternative Artcard, this inplies a maxinumtinme of 92,296ns per
pi xel col umwo @n3asg t he course of the various processes. pEr/aATEI®2d- Read
pi xel s from CCD The CCD scans the alt@native Artcard at 4800 dpi, and
generates 11,000 1-byte pixel sanples per colum. This process sinmply
takes the data fromthe CCD and wites it to DRAM conpletely independently
of any other process that is reading the pixel data from DRAM Fig. 70

i |l ustratestitdpeopst eps i nvol ved. The pixels are witten contiguously to a
2MB buf f er th@gmaaum&hgdaaa%@wmAdaﬁ/aﬂoussg§fsp@<fmﬁc)| xel's. The buffer al ways

hol ds thg, 190 col ums nobst recently rea Consequent |y, any process that
wants to I'e®d the pixel data (such as Processes 2 and 3) nust firstly know
wher e t o | ookFof ayentge 1690ipi pltegnarive Atrard dticheesssarnta thd s magjuurp ¢fd 6,252 pigplephimno Gieng iptab

t hat t hegdads a5 kol (6r@fd whole alteGtivd Akttayd, thifindples a RAKirhu@time BOOOBESer bixdredu dérii@the
current §ngmflthn§mg‘#gggc§sc(mrrent ScanLine) available to other processes so

t hey can_ensur re not attenpting to access pixels from scanlines

t hat havgrwl‘d?éqf'?e &9mEP The time taken to wite out a single colum of
data (11, 000 1y CEB jeatsghe BiRAiive Srtcardh480001, 4@ gnerd@s 11,08, 1256 pisel Rmplesgsiscolimn. This

t her ef or roéé@s%ﬁlpiy%ﬁss e aﬂﬁrom%éc@b ahdVRited i &I DR, amla%k’ln@@admwf bhy 682 50LQ23B6) -

Process al ative Ar. t ard This process is concerned
with Iocéeﬁdmﬁg °tp?1‘8d33?ctlf ¢ & %ﬁﬁlsa esmesw%séfw fernative Artcard. The | nput

to this stagellfgixel %W@Ff%‘elmgﬁfaﬁlyéﬂ?wmﬁ\% Ephokt'ae foll pbymas gfipixedy- Sheduféer alyays The
out put i fold tiRed0 comidaioen etsentlyaéad im@eduéntlys iny Brochsstiiat e ®kead hepitehieta (sedh bernases ¥ e
Artcard, @0t iﬁgly%w'vﬂ&‘% loBPfoxp rg%ﬁ:%l%mr? andAechtabe kaﬁi\éﬁ'dughqyﬁgu\/e' RV ata LelMred is
process can_be nin Fig. . An alternativé Artcard can have verti cal

sl op of Ia‘ﬁ’mydb't% Hserti on. Wt h a rotation of 1 degree there is further
vertical sl opPresess1 nBkeprih¢ @@ens peanling numimy (Cyeentpeankine) availpble & other processs 1) they eap ensera |

sl op of Zhepdidfot abmplifOsdibs pixtlitkod skt RBhabenotedhl@Pyenf  approxi mately 160

dots. Since auﬁg%ﬁ g%é%glaggg?c&amgo@haya(ﬁ o iRLS s, the slop is just

under half a etter estinate of where the data bl ocks
are | ocatlb¥U$E125 8280 at i ve Artcard itself needs to be detected. Process 2
t her ef ore conBibsis$ thedfofe wes jpawnties 9% of the@raiidbls DRAM berdgidth (8356/%2286). al t er nat i ve

Artcard, paRési I pdieibidsof dtemadve What€ the bounds of the first 8 data bl ocks
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Col um)

Process 2 therefore consists of two parts:

* Locate the start of the alternative Artcard, and if found,

* Calculate the bounds of the first 8 data blocks based on the start of the alternative Artcard.
Locate the Start of the alternative Artcard

The scanned pixels outside the alternative Artcard area are black (the surface can be black plastic or some other
non-reflective surface). The border of the alternative Artcard area is white. If we process the pixel columns one by one, and
filter the pixels to either black or white, the transition point from black to white will mark the start of the alternative Artcard.

The highest level process is as follows:

for (Colurn=0; Column < MAX_COLUMN; Column++)
{



} return failure // success | 11 no alternative Artcard found The
ProcessCol um function is sinple. Pixels fromtwo areas of the scanned
colum are passed through a threshold filter to determine if they are

bl ack or whiotos/o13ss8 i S possible to then wait for a certai rraatnenod white
pi xel s and announce the start of the7alternative Artcard once the given
nunber has been detected. The | ogic of processing a pixel colum is shown
in the follow ng pseudocode. O is returned if the alternative Artcard has
not been detected during the colum. O herwi se the pixel nunber of the
det ect ed | OC el Prdc&ssdoRinticaiathy // Try upper region first count = 0 for
(i=0; i <UPPE I;‘&%GI ONBOUND; i++) { if (GetPixel(colum, i) < THRRESHOLD)

{ count =0 / pt’xel is black else { count++ 1l pixel is white if
(count > WA TE—ALTERI\lATﬁ“VF_(P‘A ) retuf ¢} 1 // Try lower region next.
Process pixels in reverse count = 0 for (i=MA)LPIXEl._BOUND,

| >LOAER. RRE@ BOUND;, i--) { if (Ge/tnB’meeﬁMv@mcmundl) < THRESHOLD) {

count = 0 pixel is black } else { WO 03/013858 PCT/ AU02/ 00920 80 count ++
/1l pixel is white if (count > WH TE ALTERNATI VE ARTCARD) return i

The ProcessColumn function is simple. Pixels from two areas of the scanned column are passed through a! threshold
filter to determine if they are black or white. It is possible to then wait for a certain number of white pixels and announce the
start of the alternative Artcard once the given number has been detected. The logic of processing a pixel column is shown in
the following pseudocode. 0 is returned if the alternative Artcard has not been detected during the column. Otherwise the
pixel number of the detected location is returned.

// Try upper region first

count=0

for (i=0; i<UPPER_REGION_BOUND,; i++)
{

if (GetPixel(column, i) < THRESHOLD)

{

count=0 // pixel is black
}
else
{
count++ /1 pixel is white
if (count > WHITE_ALTERNATIVE ARTCARD)
return i

/! Try lower region next. Process pixels in reverse

count=0

for (i=MAX_PIXEL_BOUND; i>LOWER_REGION_BOUND; i--)
{

if (GetPixel(column, i) < THRESHOLD)

{

cout =0 // pixel is black

}

else

{



} } //Not in upper bound or in |lower bound. Return failure return O

Cal cul ate Data Bl ock Bounds At this stage, the alternative Artcard has been
detect ed. Depending on the rotation of the alternative Artcard, either the
top of thewalmersshi ve Artcard has been detected or the |rROmAUREINO0Of the
alternative Artcard has been detected8® The second step of Process 2
determ nes which was detected and sets the data bl ock bounds for Phase 3
appropriately. A look at Phase 3 reveals that it works on data bl ock
segnent bounds: each data bl ock has a StartPi xel and an EndPi xel to
determ neuvmwkhere to | ook forvpiedigetie in order to |ocate the data bl ock's

dat a reg;f@gum;ngeAlﬁwA TIVEAM@aRS) I N the upper half of the card, it is
possible to sinply use that as ,the first StartPixel bounds. If the pixel
value is in the lower half "™ he card, it is possible to nove back so that
the pixel vallue is the last segnent's EndPi xel bounds. W step forwards or
backwards by the alternative Artcard data size, and thus set up each
segnent with appropriate bounds. W are now ready to begin extracting data
fromthe alternative Artcard, // Adjust to become first pixel if is |ower

pi xel |f/N<{t}3|um@1b°wdemm rpgond RRWHENYD) f  pixel -= 6 * 1152 if (pixel < 0)
pi xel = @wpofor (i=0; i<6; i++) { endPixel = pixel + 1152

segnent (i ]. MaxPi xel = MAX Pl XEL_BOUND segnent[i]. Set Bounds(pi xel,

endPi xel é&lF , Eﬂ el } The MaxPixel value is defined in Process 3,
and the M? W%n sinply sets StartPixel and EndPixel clipping
with respect AtdhiGtagente Aemetiodarard igyheadetered Psgndmeh the soigtop efdp gitemetie #F%’éé%’ 3 -
Extract e top 6kaHe altefnatveAgiind Rds Seerl ddte@ediofthd 1ver fae aittie al@fnativbiAricart! hae beadteteorsd. The @ad d

Reader al %brgilagb dé[«%ﬁuﬁes %@ﬁ&?&w&& HORCRL azaqlowbmdsesast?n@@stabﬁqm;tae bit data

fromthe

cess essenti al
the pixel dat@alohsEksp ebrﬁ"eéiztf‘%iftc‘f‘ﬁrkf P B e serpent 8&‘5‘& %%’ bl?ﬁkg?,séé?g%%??ﬂa“
mai Nt ai n&diPiygl tidetomins he: to JookHor ¢pkgets mwrdbr tagocete thi diybigfk’ Stdmafemnoc ess can be seen

in Fig. 72 R@-ﬁ]@ﬁiel \Iaiﬂ@@m%ie Uﬁ%larylalf o elcart idfobs@leMAlmplRseAiat o6 B filst StarfPixdbunasaf dem
and dete Iiu%l ogue 18 dﬁatﬂici Ibw Ea!lf%f tp 9 rles p{ogib ar&ov?ﬂ&l&o ﬁ!{tgﬁ Fnccl vaﬁ{c Q%%ﬁ sémyl\@ { ﬂﬁﬁPl*ch €

ot her wa

I'ven data
bl ock. | °“6‘é§e‘§e%telﬁf%w¥ﬁ$ Ord?ﬁ#w‘?sﬁgth%lﬂtew& Arggrd dgf oigsy %&{“P% “vx‘ra'fhé%f“g’ ity agprgpriate
segnent s bouadsCWe Lot adadyitatggiBexokatng divd fookis abesnatlaéumardi n Fig. 73. The segnents
as shown match the |ogical alternative Artcard. Physically, the alternative

Artcard I//SAdjluét to%le%mg f?rst tp?i%:l if is lower pixel

if (pixel > LOWER _REGION_BOUND)
{
pixel =6 * 1152
if (pixel < 0)
pixel =0

for (i=0; i<6; i++)

{

endPixel = pixel + 1152

segment{i]. MaxPixel = MAX_PIXEL_BOUND
segment([i].SetBounds(pixel, endPixel)

pixel = endPixel

}

The MaxPixel value is defined in Process 3, and the SetBounds function simply sets StartPixel and EndPixel
clipping with respect to 0 and MaxPixel.



rotated by some anount. The segnents remain | ocked to the | ogical
alternative Artcard structure, and hence are rotation- independent. A given
segnent can have one of two states: * LookingForTargets: where the exact
dat a bl ockwpasiiisssn for this segnment has not yet been detrervAuIR40920 Tar get s
are being |located by scanning pixel c&lum data in the bounds indicated by
the segnent bounds. Once the data block has been |ocated via the targets,
and bounds set for black & white, the state changes to Extracti ngBitl nage.
* ExtractingBitbnage: where the data bl ock has been accurately |ocated, and
bit dat apiotesddeiBr@acthii das@lombixane dot colum at a tinme and witten to the

al ternative AfhEs?sQl’(e%caQ'ogthé aﬂ@xﬂ@veAI&?d I{eﬁlﬂja@mtﬁgmﬁc pr&@g @c&ée&%ﬁlzﬁﬁdﬁﬁ@ﬁé‘tﬁ g4 ves

accurate dot recover unds
are i gnof ey he B ¢ ﬁaé P?"rc'ﬁs ﬁﬁ?‘ﬁ”’b‘i‘%t&ﬁ(a de’agﬁ 20 9’8?(1{‘?] g‘ﬁﬂ' Eﬁ% o SC%CE mfmma et
bounds aFrexted &Y Rraskssid, e nfaiptainedie Prcess 8. Adkighdevi) Pysevlew BE{BeeposyFen Yeseep i ﬂﬁéﬁt
%Sl ti on- 7 Th eRaﬂxEﬁIaEslﬁﬁﬂ&ﬁ &Sm&rﬁhnvem% s@ﬁcﬁe&ﬂa@ragm&amnmm grii:rers BAMSto iwBat a&gna&ke: e
en a av een a
bl ock ¢ OH §f°§ wor%? tgqs'cg}gr wa& Iarou S“ Itt?cn%ws Haetr tg %%ach \?\/I&flsf'?% 9@3 ﬁ@aﬁx loEke érlogs{:[l’él? lgr%fir 11n ?he
2 ori ent dgichmtemsivydrrad g sements, “dfétc‘%{“aﬁ‘lmééﬂataei’i"éks BSPNnNTE %?ct ed at 48 bytes
each, @i Ving hekdidls a0hodBmdich Ghe Mygtc@slteeatve ActaeidPhydanllyclat eteipbtioedatcarForlikely to be

simplici E’ci{'amd 'b% o}n§amogﬂsﬁlégrrﬁ'en& Remkh %ﬂ@to&ﬁa%gzwtegﬁtlvm)!mklﬂﬁcQmﬁﬂ:ncX ard 2ation-
chunks. h data b ven segnent is stored at the |ocation:

St ar t Buf fgfPendert pacis)y S*g“’ﬁ‘)t °“B§TV&°’§PV%%T%G? e for Segments Each of the 8 segments
has an associ t ed Lawirgfofrsere tvrethe eRbab datebiogk ropifiqider issegheptingy g ePsR e BB ent
I'S St or edarkdh atelBéing |GHEIDY &limidPdi@] cAlRvdata IR bSuhdstirdicatd®y BesEgnie@ basds Ste tiedita ik t he

fol Iowi ng. gl lo@a& NG R IR e BRI Sl oL o BlrlFyaRhafehe segrent

I ngFor Tar get s Extr I
val ue i s Looki ng F&F”f“ﬁﬁ‘"@%‘ff’é“gﬂé"éﬂe ‘B‘U’r“ia Hgek hggfﬁ‘ WQ‘“W KP a]g%’ dawéﬁ‘ﬁ efﬁ{r (Flcﬂp per
pi xel bouerdolin asaigere tvrittdn mitheiabirayve dadlis inRgeothe SEowing ofdad Fipck P HE BV gfiSeRFIe
bound of sSeQ5EH Fegardle@d o? foéhdn)’an@tﬁﬁs tHe YepfnOo@RSarigiVRE Bhot etle iR divRbidcKmEbelX ext@cted,
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ooki ng for targets.
Fi nal Col Unetefforiaeses-t he | ast pi er coI urm to look in for targets.
Locat edTar get siR@iottssds dofapl@e whesdll 60 flatd biacka hevelbedieaxigpettds 8 rofRa@3ged1.3858

PCT/ AUO2/ 00929ach B bloBS DR @fgﬁcgmppdaﬁte&htvﬁh@bﬁﬁt Px@ftra@pthm GerfatibibolksYe the

structures that represent cu S e

targets AYAPPEAEEFLFIEESPET 'me%“frlbgl ngsaé?‘s Hsgg%tb se‘:’;r?trsX%oD e’r'ldhtgglgct% f;t r U%ﬂ@b’u@
that are posible @rdtvidymmmmemommg@txéﬁ@uﬁm)e éﬂﬁ?@?kfw gl*feafqg@‘tnéls Y AdhedesatPY
in this data blesker+Pe8sidpl eTar get Count The nunber of elenents in the

Possi bl e‘ﬁt%m?mrle%sg%gé@'el abl et ar get Count The nunber of elenments in the

Avai | abl eTarge d during Extracti t | mage:. . . . :
g Each of the 8 segments has an assoc%ted data structurenI% ata strucgre defining each segment is stored in the

scratch data area, The structure can be as set out in the following table:

DataName Comment
CurrentState Defines the current state of the segment. Can be one of:
LookingForTargets

ExtractingBitImage
Initial value is LookingForTargets
Used during LookingForTargets:

StartPixel Upper pixel bound of segment. Initially set by Process 2.
EndPixel Lower pixel bound of segment. Initially set by Process 2
MaxPixel The maximum pixel number for any scanline.

It is set to the same value for each segment: 10,866.
CurrentColumn Pixel column we’re up to while looking for targets.
FinalColumn Defines the last pixel column to ook in for targets.

LocatedTargets Points to a list of located Targets.




Bi t| mageThe start of the Bit

| mmage data area in DRAM where to store the

next data bl ock: Segnent 1= X, Segnent 2 = X+32k etc Advances by 256k each
time the state changes fromExtractin itlna eData to Looki ng PorTargets
Current B a®iofesmt3ssd thin Bitl ma a where to store next extregvauioyne
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BlackMax

Pixel value above which a dot is definitely white

‘WhiteMin

Pixel value below which a dot is definitely black

MidRange

The pixel value that has equal likelihood of coming from black or white.
When all smarts have not determined the dot, this value is used to

determine it. Pixels below this value are black, and above it are white.

High Level of Process 3
Process 3 simply iterates through each of the segments, performing a single line of processing depending on the

segment’s current state. The pseudocode is straightforward:

blockCount =0
while (blockCount < 64)

for (i=0; i<8; i++)
{

finishedBlock = segment[i].ProcessState()

if (finishedBlock)

blockCount-+-+

Process 3 must be halted by an external controlling process if it has not terminated after a specified amount of time.
This will only be the case if the data cannot be extracted. A simple mechanism is to start a countdown after Process 1 has

finished reading the alternative Artcard. If Process 3 has not finished by that time, the data from the alternative Artcard

cannot be recovered.



processed one at a tinme until either all the targets are found, or until a
speci fi ed nunber of colums have been processed. At that tinme the targets
can be processed and the data area |ocated via clockmarks. The state is
changed t owB0B0m858 ngBi t I nage to signify that the data iECTWMIW20®2be
extracted. If enough valid targets ar® not |ocated, then the data block is
i gnored, skipping to a columm definitely within the m ssed data bl ock, and
t hen begi nning again the process of | ooking for the targets in the next
data bl ock. This can be seen in the foll ow ng pseudocode: finishedBlock =
FALSE i f ChtréntStand LnokingForTalgetocess 1. Current ScanLi ne) { ProcessPi xel Col umm()
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recov e: edlfat e 8K gafgléls" ca:i h@ckesdemtl @1{@-611{21_ aMlﬁiated’-_di dlUilEmaﬂds 084 staR QLR Sed To@xtrabtmkBitimage
accoun . S ee r Lon. .. fini = - -

2ot Bouna PRy Ol Lo Gftvag e R A e Mo e scpping
Last Col uifrhcelemn dsbjtely wishinyhe miser f4tg bleckppnd thescbeginaing aeaip B8 presese oilpgking fopigoiereetsgythy
return fnatahedd Ocdcan Hesetia 88 Rllovadg@ehdsmde: Each pi xel colum is processed

wi thin the specified bounds (between StartPi xel and EndPi xel ) to search for

certain finishedBlock = FALSE
if(CurrentColumn < Process1.CurrentScanLine)
{
ProcessPixelColumn()
CurrentColunmn-+
}
if ((TargetsFound == 6) || (CurrentColumn > LastColumn))
{
if (TargetsFound >=2)
ProcessTargets()

if (TargetsFound >= 2)

{
BuildClockmarkEstimates()
SetBlackAndWhiteBounds()
CurrentState = ExtractingBitImage
CurrentDotColumn = -8

}

clse

{
// data block cannot be recovered. Look for
// next instead. Must adjust pixel bounds to
// take account of possible 1 degree rotation.
finishedBlock = TRUE
SetBounds(StartPixel-12, EndPixel+12)
BitImage += 256KB
CurrentByte = 0
LastColumn += 1024
TargetsFound =0

}



patterns of pixels which will identify the targets. The structure of a
single target (target nunber 2) is as previously showmn in Fig. 54:. Froma
pi xel point of view, a target can be identified by: Left black region,

whi ch i s awouslessssof pi xel col ums consisting of | arge nurdrAw200920
contiguous black pixels to build up 8he first part of the target. * Target
center, which is a white region in the center of further black colums *
Second bl ack region, which is the 2 black dot colums after the target
center * Target nunber, which is a bl ack-surrounded white region that
defines the target nunber by its length * Third black region, which is the
2 bl ack (ITapARS er the target nunber An overview of the required process
is as sh%%ll}llln E?{JCR 74. Since identification only relies on black or white
pi xel s, PHESPEEIMmY 150 from each col utm are passed through a filter 1151
to detect bl cEzkhpixel colbwintieprocessed witthicethe spegified|beundst(tietvwernStariRixel abd BrPixePpesearch fr ¢eBaigt hs
are then passeplxelsWhidh Will fbdify R Chbed e skrldade df Nl RSt (@GS ASdbers ds PrevidudiPdhowd ik UN

| engt hs gpds the 4th last color. Based on these val ues, possible targets
pass thr ﬁgﬁ' each of the identification stages. The Gat her M n&Vax process
1155 si nply Kaepapirkpeintal Wewraideg cardxienifed BF xel val ues encountered during the
processi ng of# t he Lafegs¥e region, Whielsi€a sumber bispixel colma® cankiding efrlqgge tngmbiaa vizolsigens black
locat ed {,9uS885uBlAG RN M LEM N, and M dRange val ues. Each segment keeps
a set of "target structures,lnﬁh‘é}s search for%é%? tE' VWil e the target
structures thensel &L GGV SAsdEe T8 1Y ok °§?° ©88 al segnent

vari abl es poiht t Gedonddlagk regonyybich is the 3 blackdar ppiugs afterthgeasetsenterict ur es. The t hree
poi nter |ists+ ar aapepebirpchid 8k Glackls@aliadhidrgoh SRaAkMbSheltfgetnuiiet byas ledgar get
structures that 1 ol 38Nkl afRh thebakAGhIms RAIRUBLAIAEG St sPOI NS Lo a set

of pointers to Target structures, t represent currently investigated

pi xel shapes FHAFViFRSF hEatigd RiRepssis asgleyr ok @Tar get sPoints to a set of

poi nters to Tsingakntifitatianobly relis ob biark omrhite mngls rte@rpixkly 1150 foeeich Phay ue paysed twerght er s
associ at ggerWMsi b @aEhaRbr whhE SR thd 184 lerﬁﬁieﬁ%c@dl 8152, Tidé 9@ lefn® iElen passed to a state machine

Possi bl e et Count, .a Avail l abl e e nt r I

al t er nat 5%%A¢1P@%f?s&t°iﬂ§%?[3§l&gcag;th s é‘rﬂbce@gagﬁ%%gﬁsﬁ%% ﬂ%%gl g?cglpéé%ggg&%%%gﬁﬁuég%h set
to 0, andftheidentificetior ¥oEesr get Count is set to 28 (the maxi mum nunber of target
struct ur es posiGah@Min@Maepiaest NALSmMPlyRe@s thé GiRiinud & rekime pixd) ealuesdncvhmasthdgring te of
a target DOLAGH heSedloPhie b usePEk thdlpetl fhvEbedd 5Rted B <R BRENIK, WaheRliy ank YaRange

pi xel s). "An exanpl e of the target pointer layout is as illustrated in Fig.
75. As pdf‘léeﬁti al newtargets are found, they are taken fromthe

Avai | abl eTar gBackseprientkechd &7t of tatges strugtprgrd itsciegreh fon g Whiledhejtagget stijsereee emselyepépnt he
poi Nt er  tuRvd AAndSH hdblylkeRral sSenfld@idblds Poirt BaistD piitdn tehas wed Srutnirs I Thdthbdhoinkdfize a
t ar get isare(;é)gghﬁ:e%el y verified, it is added to the LocatedTargets |i st
1159. If ‘5 possibl e target is found not to be a target after all, it is
pl aced back onto the WO 03/013858 85 PCT/ AUO2/ 00920 Avai | abl eTargets |i st
1157. Conspal@ighy t hel Bk tea @ i@yt stlkctird i@REprasadt Inda@d @rget Circuljati on at
any ti e, pEoMETELe® et WePHbidid18a set df Bdisers td N@ged BG@RYs tidBrtpdesdt dubienblyir € 1160 can
have the {f ol | ow ng f or ninveBightel\waEsiipeigtybay be targets.

AvailableTargets Points to a set of pointers to Target structures that are currently unused.

There are counters associated with each of these list pointers: TargetsFound, PossibleTargetCount, and
AvailableTargetCount respectively.

Before the alternative Artcard is loaded, TargetsFound and PossibleTargetCount are set to 0, and
AvailableTargetCount is set to 28 (the maximum number of target structures possible to have under investigation since the
minimum size of a target border is 40 pixels, and the data area is approximately 1152 pixels). An example of the target
pointer layout is as illustrated in Fig. 73.

As potential new targets are found, they are taken from the AvailableTargets list 1157, the target data structure is
updated, and the pointer to the structure is added to the PossibleTargets list 1158. When a target is completely verified, it is
added to the LocatedTargets list 1159. If a possible target is found not to be a target after all, it is placed back onto the



Current StateThe current state of the target search Detect Count Counts how
|l ong a target has been in a given state StartPi xel Where does the target
start? All the lines of pixels in this target should start within a

t ol erance wb ohisssgpi xel val ue. Target Nunber Whi ch target rroTheuo2ioe2t hi s
(according to what was read) ColumBesst estinmate of the target's center
colum ordi nate Pi xel Best estimate of the target's center pixel ordinate
The ProcessPi xel Col utm function within the find targets nodule 1162 (Fig.
74) then, goes through all the run |engths one by one, conparing the runs
agai nst  @uildbleTan@s P $157. lbReqhidil ek eSre ahiayd 283krddt bdtitersah dircul@ibn 4f £ Brhid, AEYing Bdkveen the
possi bl e, gargets if a potentlal target is found where none was previously
known, In all_cases, the co rison is only made if SO color is white and
Si.color is Dbt dtpsrugue EEpME hedloVREOBY ocessPi xel Col umm set out

herei nafter. Wen the first target IS p05|t|vely identified, the |ast
colum t checked—for 3! etb Tam e determnedas bermg W thin a

maxi mum DPﬁﬁnvc oﬁ‘it}hfm% +0—-ot-at+-on—ihe ”“V'”"”‘“'g*““Je is 18

TMUAATITUTITI Ul vl AalrTe

pi xel col - whil e
((pi xel (sm-wu i d el SE hite) &
S1. Col on ~tgErisf gck er 0gs V= pmq %9 NULL &&
Etarget-‘AddToTar"éz(Cé' : mm@mmmég?I&EXTwﬁw “"hf )

v T T
(target - $CHNNEIS o1 o = 'W B“St‘~’ 09
Renove t q&gBMnfr om Possi cat-edfargets Li st
Target sFaXelt+ if (Targe Wstmﬁteeﬂthetwawm w4+ MAX-ITARGET- DELTA

b}

20 86

The ProcessPixelColumn function within the find targets module 1162 (Fig. 74) then, goes through all the run
lengths one by one, comparing the runs against existing possible targets (via StartPixel), or creating new possible targets if a
potential target is found where none was previously known, In all cases, the comparison is only made if 80.color is white
and S1.color is black.

The pseudocode for the ProcessPixelColumn set out hereinafter. When the first target is positively identified, the
Jast column to be checked for targets can be determined as being within a maximum distance from it. For 1° rotation, the

maximum distance is 18 pixel columns.

pixel = StartPixel
t=0
target=PossibleTarget[t]
while ((pixel < EndPixel) && (TargetsFound < 6))
{
if ((S0.Color == white) && (S1.Color == black))
{
do
{
keepTrying = FALSE
if
(
(target = NULL)
&&
(target->AddToTarget(Column, pixel, S1, 2, $3))

if (target->CurrentState == IsATarget)

{



else if (target->CunentState - NotATarget) { Renove target from

Possi bl eTargets List Add target to Avail abl eTargets List keepTrying =
TRUE } else { t++ // advance to next target } target = PossibleTarget[t]
} else i wop3nidsai | abl eTargets[0] if (tnp->AddToTar get (¥ga/Awuniopizael , S
1,S2,S3) { Renove tnp from Avail abl eSéargets list Add tnp to

Possi bl eTargets list t++ // target t has been shifted right } } } while
(keepTrying) } pixel += S1.RunLength Advance SO S1/S2/S3 } AddToTarget is
a function within the find targets nodul e that determ nes whether it is
possi bl e or not to addReki@etaGR@6h PdsGbldTugetstiae t he given target: * |If the run

is within the tol erancgdgfmggt%rlggka%rgggﬁ;tti ng position, the run is directly
related to the current ta{jsg and can therefore be applied to it. If the

et
run starts before the CHFGEP"™ e assume that the existi ng target is still
ok, but not rel evant t df (TdustsFoud=WO 03/ 013858 PCT/ AU02/ 00920 87 The target

is therefore |eft unchanggghcorffl=@onmatiMAx rakerer ofLTBALSE tells the caller
that the run was not,applied. The caller can subsequently check the run to

see if it starts a \N?wol_e newtarget of its own. * If the run starts after
the target, we assuntseiifersearygerSpe=NetAToeYer a possible target. The state
is changed to be NotATarget, and a return value of TRUE is returned. If

the run is to be appli gyt alghoh B:@iTargd 13ECI fic action is perforned
based on the current state and s f runs in SlI, S2, and S3. The
gl Ty e 14

AddToTar get pseudocode ‘1“4 B8
keepTrying = TRUE

}

else

t++ / advance to next target
}
target = PossibleTarget[t]
}
else
{
tmp = AvailableTargets[0]
if (tmp->AddToTarget(Column,pixel,$1,52,53)
{
Remove tmp from AvailableTargets list
Add tmp to PossibleTargets list
t++ /f target t has been shifted right

}
} while (keepTrying)
}
pixel += S1 RunLength
Advance S0/S1/82/83

AddToTarget is a function within the find targets module that determines whether it is possible or not to add the
specific run to the given target:
* If the run is within the tolerance of target’s starting position, the run is directly related to the current target,

and can therefore be applied to it.
* If the run starts before the target, we assume that the existing target is still ok, but not relevant to the run.



MAX_TARGET DELTA =1 if (CurrentState 1= Not hi ngKnovvn) { if (pixel >
StartPixel) Il run starts after target { diff pi xel - StartPixel if
(diff > MAX TARGETDELTA) { CurrentState = Not ATarget return TRUE } diff =
Start Pi xelwoopioxssss i f (di ff > MAX TARGET DELTA) return P&TSa0R/0§920 r unType
= Determ neRunType(S 1, S2, S3) Eval#rateState(runType) StartPixel =
current Pi xel return TRUE Types of pixel runs are identified in

Det ermi neRunType is as follows: Types of Pixel Runs TypeHow identified (Si
is always black) TargetBorderS 1 = 40 < RunLength < 50 S2 = white run WO
03/ 01385 @neftbeghef ifbEI26:0 B9 i2{0han BB arkar@ed EROGEAISE teils thScatler Ratnile@madmorapied. B caller
white ru Nbgeglegt%&ﬁ&g&nho s€e 1}'@%n§§wholemvﬁﬁ'get «SfZ{pcvW. th [15 < RunLen th < 263

Tar get Nu run_ wt lThe EVﬁJ uat tate ro%edure
takes action ‘depeMdieiy BT 44 B B AT AU HY [ PrE? N ef”{Ff)‘ © SR %{‘E"t ibns
ar e showhe NegATagét] apdvsretirn valug bATIREE isfaurned.  Cur r ent St at eType of Pi xel RunAction

Not hi ngKnown Tainged iBebagsieeh € tGR U Blecific adtiokld pdrBitlecHaitl & the cheRhitbtbed &a@438 oBhuns in S1,
LeftO‘Ce% grﬂ%%e rderDetec Coupt ++ i f (DetectCount > 24) CurrentState =
r'ge

Not ATar g RS S S R 2™

MAX_TARGET DELTA =1
if (CurrentState = NothingKnown)
{

if (pixel > StartPixel) // run starts after target
{
diff = pixel - StartPixel
if (diff > MAX_TARGET_DELTA)
{
CurrentState = NotATarget
return TRUE

else

diff = StartPixel - pixel
if (diff > MAX_TARGET_DELTA)
return FALSE

}

runType = DetermineRunType(S1, 52, §3)
EvaluateState(runType)

StartPixel = currentPixel

return TRUE

Types of pixel runs are identified in DetermineRunType is as follows:

Types of Pixel Runs

Type How identified (S1 is always black)
TargetBorder S1 =40 < RunLength < 50
S2 = white run




CurrentState = InCenter Columm = currentColum Pixel = currentPixel + S

1. RunLen th Current State = Not ATarget | nCenter Tar get Cent er Det ect Count ++ t np
= currentPi xel + Sl1.RunLength if (tnmp < Pixel) Pixel =tnp if (DetectCount

> 13) Currwotosvesss = Not ATar et Tar get Bor der Det ect Count PCI/ATwe/n®nt St ate =

Ri ght O Center Current State = Not ATar ¢fi8t

Ri ght O Cent er Tar get Bor der Det ect Count ++ i f (Detect Count >= 12) CurrentState

= Not ATar et Tar get NunberDetect Count = 1 CurrentState = |InTarget Nunber Tar

et Nunber = (S2. RunLen th+ 2)/6 CurrentState = Not ATar get

| nTar TR, Tar get NUMg ChFRrRmLEnga<R¥NLengt h+ 2) 16 11 (tnp > Tar get Nunber)
Tar get Nunber = tnp Det gahCquid matwitll[RdnBPREgciffount >= 12) Current $tate =

Not ATaf get Tar get Bor der|ids (8l echiGoiRumzng < fr rent Stat e = I sATarget el se

Curren ﬁr%mmﬁer NOT ATAl g6d,; Jled ol Wit [RdnBenmh RE
PCT/ A a y

pe o n SATarget or

C
Not ATar get Pr.ocessi Targets he.| gcated tar ' ocat edTargets
list) are st oﬁ%gvaﬁlaﬁ%% f“?@rof)eralaeetr%k_ci ﬁﬁ‘é°§/‘ ?R%‘rd et ?nz)m(?gg'g{lﬁtat g%‘%gﬁﬁgb on alternative

The actions are shown as follows in tabular form:

CurrentState Type of Pixel Run Action
NothingKnown TargetBorder DetectCount = 1
CurrentState = LeftOfCenter
LeftOfCenter TargetBorder DetectCount-++
if (DetectCount > 24)
CurrentState = NotATarget
TargetCenter DetectCount = 1

CurrentState = InCenter
Colummn = currentColumn
Pixel = currentPixel + S1.RunLength
CurrentState = NotATarget
InCenter TargetCenter DetectCounts-+
tmp = currentPixel + S1.RunLength
if (tmp < Pixel)
Pixel = tmp
if (DetectCount > 13)
CurrentState = NotATarget
TargetBorder DetectCount = 1
CurrentState = RightOfCenter
CurrentState = NotATarget
RightOfCenter TargetBorder DetectCount-++
if (DetectCount >= 12)
CurrentState = NotATarget
TargetNumber DetectCount = 1
CurrentState = InTargetNumber
TargetNumber = (SZ.RunLenEth—-l- 2)/6
CurrentState = NotATarget
InTargetNumber TargetNumber tmp = (S2.RunLength+ 2)/6
if (tmp > TargetNumber)
TargetNumber = tmp
DetectCount++
if DetectCount >= 12)
CurrentState = NotATarget
TargetBorder if (DetectCount >= 3)
CurrentState = IsATarget
else
CurrentState = NotATarget
CurrentState = NotATarget




Artcard rotation these targets wll be in ascending pixel order or
descendi ng pi xel order. In addition, the target nunbers recovered fromthe
targets nay be in error. W nmay have al so have recovered a fal se target.

Bef or e t hewologoisassar k esti nmates can be obtained, the tarrgatavope®doto be
processed to ensure that invalid targts are discarded, and valid targets
have target nunbers fixed if in error (e.g. a damaged target nunber due to
dirt). Two main steps are involved: * Sort targets into ascendi ng pixel
order * Locate and fix erroneous target nunbers The first step is sinple.

The nqidikentSheet N T gL Pkl RiPV RhetliRaNS that the data shoul d aliready be

sortedin either akcending pixel or descending pixel A-sinpl e swap sort
ensureslsAtTha@ttC;Ilf the| 6 targets ar e- al ready sorted correctly a maxi num of 14
conparliMesTarssts nadelvith no swapb 1f the data is not sorted—14
conparisons are made, with 3 swaps. The follow ng pseudocode shows the
sorting ProcsggJargtor (i = O0; i < TargetsFound-1; i++) ol dTarget =

Locat edTar getiglidedied tabé%ﬁ tPiny Eclcat&lTQéeQT&T @koret B iiekder tht§ Sibre Bcated JDefending bn MdinkiRe

(j <Tar ge&\ﬁ%ar% a%j &757 - &é@ﬁ%& % a.tdqggcﬁ erller 3 dF’;} é}@Lngmpg&t ¥ gaﬁlu)n geft niimbbrs | TF

} if (bes ocat edTarg

Loc at ed TEFQyEedop s faysets my@atné’aoré*feg@v &%ﬂéﬁg Pﬂve reCoyred ¥ Sfsgaeet BBfETathFﬂ Aiestimaies ng
er r oneousantbastepined, theltadgas wed te begidessses foi egrnde kit invalidaarge s e MigsardedOme valtig tagetchaveagesh  of
the N tapg@ksaxed Qﬂggorke% M@Qg&rﬁm@&d&ﬂdﬁr@q{vo mdil Qe fp@irbiﬂ»rolv&@r gets are
conpared to this "corre %% rraq the nunber of targets that require WO
03/ 013858 PCT/ AUOf?rb't‘)@%mo?fﬁ“ &Y&“%houl d target N be correct is counted.

| f the nunber* of d&bratguidixprepnus targsymbels] t he targets nust al ready be

correct. O hee itsSsp lishi@npleadtg @dturd dTa@te taigRCiettidval Sneink Sratlti@\iers thoddareagese sbrted trisdther
others i %%Cglﬁlg )%Tsor %Ebgndplgﬁ gel A%ﬁngémggq?t ensﬁcﬁlﬁlﬂpﬂ& thﬁetsraﬁ%ﬁcfy%r@&oﬁécﬂﬂ mmgan@n

target's ﬁ)not correl Alb#n q.ﬁr@gwn
the "cor PE’&P"‘“PP%T:P’@éf““%” ‘15‘?‘32%%“&561 tl“’tqa‘ﬁﬁ“%fﬁ?ite 4 PRSP TP o Ll Mit:\
mean updatebdogpdeshdva thg etting pro@ssget nunber, or it may mean eI i mnation of the
target. It is possible to assume that ascending targets have pixels in
ascendi ng % (ae seltsg(():ed %fy] have al ready been sorted). kPixel Factor = 11(55
* 3) 1 EShest anges = TargetsFound + 1 for (i=0; i<
Tot al TardetsFound, i ++) { :

oldTarget = LocatedTargets([i]

bestPixel = oldTarget->Pixel
best=1i

j=i+l

while (j<TargetsFound)

{
if (LocatedTargets[j}-> Pixel < bestPixel)

best = j
jH+
}
if (best I= i) // move only if necessary

LocatedTargets[i] = LocatedTargets[best]
LocatedTargets[best] = oldTarget

Locating and fixing erroneous target numbers is only slightly more complex. One by one, each of the N targets
found is assumed to be correct. The other targets are compared to this *“correct” target and the number of targets that require



nunber O Changes = 0; fronPixel = (LocatedTargets[i])->Pi xel

fromrlarget Nunber = LocatedTargets[i]. Target Nunber for (j=1; j<

Tot al Target sFound; j++) { toPixel = LocatedTargets{j]->Pixel deltaPixel =
t oPi xel - wowoRissd if (deltaPixel >= 0) deltaPi xel += PCT/AU02/00920

Pl XELS, ., BETWVEENTARGET CENTRES/ 2 el sedtdel t aPi xel =

Pl XELS BETWEEN TARGET _CEN I RES/ 2 target Nunber =deltaPi xel * kPi xel Fact or

t arget Nunber += fronirarget Nunber if (targetNunber < 1)11(targetNunber > 6)
11 (target Nunber != LocatedTargets[j]-> Target Nunber) nunber O Changes++ }

i (nunbetaigk oangra NbeharttGhatmipe I) the fumbee sftclagey 810, theniall theaitzéhrangpeadybe correct,

number O GhaREeRe target WPreQide o388 cifalald (OVHORMARUEH os 1R bask for RS s A8isitredit a

break; } I'n nost caseE ';éqlgl S lfunct(%on Wllﬁ| &ierm na ehvw‘th btestt, arllﬁoe,? = Cp

whi ch e8NS SRS CHETHYRECr AF Q¢ BAPT QA HRE MR SEPAEHR "R AT e SERERE 15 8

appl i ed. tafEseufler Fhd chamad intyymeerf updatipd 4/terery’s tatget nemlahgleismiiygne%%ﬂiﬂﬁt@wf thegargeh dirit i ng

t he changQguid b Rsdab Bat :RERME AGANRVPRAVIE Jsceddihig obded (HiRe GENPA iltesd) BeeVdoddd).

t arget Nunber. The change application is: if ((targetNunber <

1)1l (target Nunber > TARGETS. YEI &BLOCK)) { LocatedTargets[j] = NULL

Tar get sF&Rrlfacta=1@F 48 { Locat edTargets[j]-> Target Nunber = target Nurber
bestTarget =0

bestChanges = TargetsFound + 1
for (i=0; i< TotalTargetsFound; i++)
{
numberOfChanges = 0;
fromPixel = (LocatedTargets[i])->Pixel
fromTargetNumber = LocatedTargets[i]. TargetNumber
for (j=1; j< TotalTargetsFound; j++)
{
toPixel = LocatedTargets[j]->Pixel
deltaPixel = toPixel - fromPixel
if (deltaPixel >= Q)
deltaPixel += PIXELS_BETWEEN_TARGET_CENTRES/2
else
deltaPixe! -= PIXELS_BETWEEN_TARGET._CENTRES/2
targetNumber =deltaPixel * kPixelFactor
targetNumber += fromTargetNumber
if

(targetNumber < L)j|(targetNumber > 6)

I
(targetNumber != LocatedTargets[j]-> TargetNumber)

numberOfChanges++

if (numberOfChanges < bestChanges)
{

bestTarget = i

bestChanges = numberOfChanges
}



} At the end of the change | oop, the LocatedTargets |ist needs to be
conpacted and all NULL targets renoved. At the end of this procedure, there
may be fewer targets. Whatever targets remain nay now be used (at |east 2
targets arworesquisseed) to | ocate the cl ockmarks and the datGr/Awgioeo

Bui l ding C ockmark Estimates from Tarfets As shown previously in Fig. 55
the upper region's first clockmark dot 1126 is 55 dots away fromthe center
of the first target 1124 (which is the same as the distance between target
centers). The center of the clockmark dots is a further 1 dot away, and
the bl ack borig@ssichinge<1123 is a further 4 dots away fromthe first

cl ockmark dot. The | o %algegl on's first clockmark dot is exactly 7

target s-di stance avvaywz:lj x 55 dots) fromthe upper region's first clockmark
dot 1126} It cannot be assumed that Targets 1 and 6 have been |ocated, so
it is necessary to use the upper-nost and | ower- nost targets, and use the

tar lget nu szb erg mbPcasle e rfmtiaﬁ?wmﬁ“axﬁhhtetw@cﬁ SEtBan@s £0, Rt 1t S ehangdstare kefuild@ OBESARL Y
at east tar

ddi I
esti mat e éh l?ang(e%%ceds t8 %c %ppetdsThe Olcujgrgah er aé)glyngI[ tEé c%m'{ges 1{]x§en{1cglr tg @«ﬁm&? me %ﬂa§ge@6rﬁth9 nty

arget cen arget center
nor e ac@mda‘toéflayove)‘FWé“’emé’lsond‘F‘hafg‘Eﬂ&‘F@EftThF@‘a‘%&ﬁi‘PPllffa“%lﬁrrounded by bl ack. W
therefore want to find the local maximumin both pixel & colum

di mensi ongq,, LF% !H‘f]@ﬁ:!eﬁ\ﬁm% C QRSGHTY Fisk HMiloERS conti nuous i mage since the
e 0

maxi meI |gned exactly on an integer boundary (our
esti mat e) Bef or e the continuous i mage can be constructed around the
target's centlcatedidargeisgl=MNeBe&ssary to create a better estinmate of the 2
target centergugedidendeXxi sting target centers actually are the top left

coor di nat}e of the bounding box of the target center. It is a sinple
process to go through each of the pixels for the area defining the center
of the t&Fyet, and find the pixel with the highest value. There may be
nore tharf one pixel with the sane maxi mum pi xel val ue, but the estimte of

t he center vaL&QedTQ@ksm;ﬁgaNmr_qg}%mhwl The pseudocode is
straightforward, and is perforned for each of the 2 targets: W) 03/013858

PCT/ AU02/'00920 92 CENTER W DTH = CENTER HEI GHT = 12 nmaxPi xel = 0x00 for
(1=0; i<CENTER W DTH; i++) for (j=0; j<CENTERIGHT; j++) { p =
Get Pi xel ( col uRTHd end qF i Etlanig Joop, thé Loggped Pargam idPhexds ko)be fomparm it XBVULE tqpgets removed.

cent er Col um :I_tﬁé)énh'm rbcedu?ee{ﬂgrgﬁlf 'bg?ekvcr'far@lsx\@llmte\"éri dts demainl AAyGEW beRdULMeast 2
cent er Col um = cen%ﬂgrPl xel . At the enc% of this process the

t ar get céﬁ%%t”“(?&‘&?@fﬂ%ff‘&@“ﬁ?ﬂ“?ﬂks the {8 T6BCNt est pi xel of the target, which
shoul d beBuildingtOviclmadiFetinpiexdedm Tafeets he actual center. The process of building a
mor e accur at e Apasd gredBusly@i Fig. B tht @b Rbios it @fckehaMidl NEBESs 55 dots away from the center of the

first target 1124 (which is the same as the distance between target centers). The center of the clockmark dots is a further 1
dot away, and the black border line 1123 is a further 4 dots away from the first clockmark dot. The lower region’s first
clockmark dot is exactly 7 targets-distance away (7 x 55 dots) from the upper region’s first clockmark dot 1126.

It cannot be assumed thet Targets 1 and 6 have been located, so it is necessary to use the upper-most and lower-
most targets, and use the target numbers to determine which targets are being used. It is necessary at Jeast 2 targets at this
point. In addition, the target centers are only estimates of the actual target centers. It is to locate the target center more
accurately. The center of a target is white, surrounded by black. We therefore want to find the local maximum in both pixel
& column dimensions. This involves reconstructing the continuous image since the maximum is unlikely to be aligned
exactly on an integer boundary (our estimate).

Before the continuous image can be constructed around the target’s center, it is necessary to create a better estimate
of the 2 target centers. The existing target centers actually are the top left coordinate of the bounding box of the target center.
It is a simple process to go through each of the pixels for the area defining the center of the target, and find the pixel with the
highest value. There may be more than one pixel with the same maximum pixel value, but the estimate of the center value
only requires one pixel.

The pseudocode is straightforward, and is performed for each of the 2 targets:



reconstructing the continuous signal for 7 scanline slices of the target, 3
to either side of the estinated target center. The 7 rmaxi num val ues found
(one for each of these pixel dinension slices) are then used to reconstruct
a continuowo wiogpssd in the columm dinmension and thus to pewate/ovhze maxi mum
value in that dinmension. // Gven est9rates colum and pixel, determne a
Il betterColum and betterPi xel as the center of /I the target for (y=0;
y<7; y++) for (x=0; x<7; x++) sanples[x] = GetPixel (col um-3+y, pixel-3+x)
Fi ndMax( sanpl es, pos, nmaxVal) reSanples[y] = maxVal if(y==3) betterPixel =
pos + pixel } FindMax(reSanples, pos, maxVal) betterColum = pos + colum
VO 03/01@% RADrAYeEB99RRGrP3 141 ndMax is a function that reconstructs the
ori gi nal dln%nglonal signal based sanple points and returns the position
of the wel | as the maxi mum val ue found. The nethod of signal
reconst r fect=00EIERNIPTIRdHIsed is the Lanczos3 wi ndowed sinc function as
shown in Fi g.for{fe; K‘Eﬁmm_ﬁgmmgﬂw ndowed sine function takes 7 (pixel)
sanpl es fromthe dinension being reconstructed, centered around the
esti mat ed pOS{ItIOI’l X, i.e. at X-3, X-2, X-1, X X+1, X+2, X+3. W
reconstrﬁcﬁe‘ﬁﬁﬁl(ﬁ’!‘@mﬂrw& 1 to X+1, each at an interval of 0.1, and
det er m né (pMmaebixehoi Nt i s the maxi num The position that is the maxi num
val ue begones the new center. Due to the nature of the kernel, only 6
entries %6% re uired in the convol ution kernel for points between X and
X+1. gelg points for X-1 to X, and 6 points for X to X+1, requiring 7
points oveew@plpmnwo@me‘r to get pixel values fromX-1 to X+1 since sone of
t he pi xekseprreupikaed; are the same. G ven accurate estimtes for the
upper-nost target fromyand | ower-nost target to, it is possible to
calculate the position of the first clockmark dot for the upper and | ower
regi ons as fol | ows: TARC;ETS— PER- BLOCK = 6 nuni TargetsDi ff = to. Target Num -
f rom Tar Getehtunmnateéntegoluxe | (to.Pixel - fromPixel) / nunirargetsDiff
deI t aCol qggkmxc(;&mg;gmrm - from Col um) / nunTargetsD ff Upperd ock. pi xel
fromPi xel - (from Target NuntdeltaPi xel) Upperd ock. colum =
from Col um- (from Tar get Nuntdel taCol um) // Gven the first dot of the
upper cl ockmafihe epdef this propss e tiges centst copriantes BOTR Fo thq WutRshR{fek Ot target, which should be
st r ai ght fwativase chixellod ve raéBhad cekterp The epkocdsipgd ebniBing @ knoppi axagtate positipf FPARCEES cBifERinvolves

BLOCK+1)  dakiuafl %Elohink@WEES D6 KealiBd B ot The WRRES SleiRierksid€ 6¥liHd Bhinvdted target center. The 7

maximum values found (one for each of these pixel dimension slices) are then used to reconstruct a continuous signal in the

column dimension and thus to locate the maximum value in that dimension,

/! Given estimates column and pixel, determine a
/! betterColumn and betterPixel as the center of
/1 the target
for (y=0; y<7; y++)
{
for (x=0; x<7; x++)
samples[x] = GetPixel(column-3+y, pixel-3+x)
FindMax(samples, pos, maxVal)
reSamples[y} = maxVal
if (y ==3)
betterPixel = pos + pixel
}
FindMax(reSamples, pos, maxVal)
betterColumn = pos + column



(( TARGETSPER- BLOCK+1) * deltaColum) This gets us to the first clockmark
dot. It is necessary nove the colum position a further 1 dot away fromthe
data area to reach the center of the clockmark. It is necessary to al so
nove the pwoel3/opiss8 tion a further 4 dots away to reach theCcT/gentenoof the
border line. The pseudocode val ues fo?3 deltaCol utm and del t aPi xel are based
on a 55 dot distance (the distance between targets), so these deltas nust
be scal ed by 1/55 and 4/55 respectively before being applied to the

cl ockmark coordinates. This is represented as: kDel t aDot Fact or

=1/ DOTS- BETV\EENMBAREHE hetGk NitREcSnstngt e |te @figlal mfiménsione Didné] dbdert fampié piintsched teqlns el

*= 4 * kg‘lusma FaGh as wiilP&E ,gx%lg VRS, mn%&cioa?%méconsd-mgregn?g ue @k Hgm
= delta /013858 PCT/ AU02/ 00920

xel, el t aPi xel
94 Lower czoryﬂlw&ng?we\(/i\emc?unctéfglas{)g ‘]f 6(glpper Cl ock and LowerC ock are now valid
cl ockmar k est Thahtnezes3ivipdoyed ging fupetiqn takesd CRreh paapletiiamethe dingengiqn bpingiecoqginictad, eenigred
centers abuntl e estiddted @bsRion BEk.tai 308 X, Ba K, TACXV K WPlerondtrhdDpdintdiRMGEISo Bel, atet t he

data can a,p@te,egfg g,,g mfnslf?mhicn ﬂ%ﬁ%nﬁ{l n. ThlSsiRirtl is heRGGRm Rle d@éoﬁ«&mw

white dots nee to ascer?al ne e. mnl mum and maxl mum

encount eFEH" &uf ‘P g “%“H“é’f bakepelhonp §pntges refepEed iRiperonPiyioa fermeroRRAT Y E"M‘“H‘ g x-1
Bl ack Max Weasiseaitts freX-y jo Xoad 6 pdiwsier Xito Xplotequirap pwsrpveralldn ardir to gdt pisdvahugiiion felge
vari abl ek Widcblsoh®s R pikeld s ugeaglatheggglg action. They are nerely used for

storage CONVER &GSt Rﬁnmiis?or rq&c%}rge COd o%a%h\%?t t}ﬁ%ba to rrtexsn%ossqale.% caﬁ:llﬁate m ng

good val ues for: R ased

encount eIP%SHm"Wthﬁ’Ft)?@FWkWM@MPﬁ“ regiops asfofigwic k Max M dRange = (M nPi xel
+ MaxPixel) / 2 WiiteMn = MaxPi xel - 105 Bl ackMax = M nPi xel + 84
Current Stﬁk@ETs_ﬁ_g@@kl_rggBl tl mage The ExtractingBitlnmge state is one where
the data bl curately located via the targets, and bit
data is &Wﬁﬁﬁﬂh@ 'Bg.f“ﬁeg@“gitfﬁpg@?ré%g%e dot colum at a time and witten to

t he al t edeiaRiteleltoRixelcdion Pkl / nipdsggetsPiffhe fol | owi ng of data bl ock

cl ockmar Iﬂa{a@mmdemtscgbmes:o&mmmt{ﬁmdﬁrgetsbmcovery regardl ess of rotation, and

t hus theﬁ%%p%mf)omxe? (Qé’{%&% delt ﬁe the entire data bl ock has been

extracte each; “595 colums of data + 2
or i ent at iUBPIrlesk ek - from ColprelEropprEree NEBIAECORT: cal cul ated for the next data

bl ock based on the current position. The state is changed to
Looki ngFQﬁé[@ﬁQeﬁrﬁdotQ{t&Qgpggdldagna@ 4 ven dot colum involves two tasks: * The

first ta |f| dot colum of data via the cl ockmarKks.
* The sez/g.lrrldlf OWCI%OSMMQISS%PMW%E dot col um

at hering the bit values
one bit é@?’“‘é@!\?n“#hese two tasks=can only be unngeE%%EPP‘"?f the data for*the
col uim has beemraceas| Pef fBHOGE+AF tetsbal) | ve Artcard and transferred to DRAM
Thi's can [Rg.@gkefidnned by checking what scanlingpkeRagsemd is up to, and

conparing it E(’?ARG%%S_PER_ BLOCK-+1) * deltaColumn)

This gets us to the first clockmark dot. It is necessary move the column position a further 1 dot away from the data
area to reach the center of the clockmark. It is necessary to also move the pixel position a further 4 dots away to reach the
center of the border line. The pseudocode values for deltaColumn and deltaPixel are based on a 55 dot distance (the distance
between targets), so these deltas must be scaled by 1/55 and 4/55 respectively before being applied to the clockmark

coordinates. This is represented as:

kDeltaDotFactor = 1/DOTS_BETWEEN_TARGET_CENTRES
deltaColumn *= kDeltaDotFactor

deltaPixel *= 4 * kDeltaDotFactor

UpperClock.pixel -= deltaPixel

UpperClock.column -= deltaColumn

LowerClock.pixel += deltaPixel



cl ockmark colums. If the dot data is in DRAM we can update the cl ockmarks
and then extract the data fromthe colum before advancing the cl ockmarks
to the estimted value for the next dot columm. The process overviewis

gi ven in twe osfaiskowi ng pseudocode, with specific functi orr/evqmlosdined

herei nafter: finishedBl ock = FALSE if$4 Upper C ock.colum < Process

| . Current ScanLi ne) && (Lowerd ock. columm < Process 1. Current ScanLine)) {
Det er m neAccur at eCl ockMar ks( WD 03/ 013858 PCT/ AU02/ 00920 95

Det er mi neDat al nfoO if (CurrentDot Colum >= 0) Extract Dat aFr onCol uimO

Adv anc e CLoeMak.doiinn i de{tdCatuient Dot Col uim == FI NAL COLUMN) { fl nishedBl ock =
TRUE currentState = Looki ngForTargets SetBounds(Upper d ock. pi xel

Lower C ock. pi Bi 1 | nage+= 256K ent Byt argetsFound = 0
Foturn 1 ni ST IGUAE PR oo R Pl OGPl st be
| ocat ed krafewypfdhetidngstsdot s can be read and the data extracted. This is

acconpl i sa@ggta&and‘m,thpmynmzm@s cl ockmar ks/ borderline al ong the upper and

| oner boundar e%§ept9JI %a&a gea%x@acgji ggnh( the 'g‘ihés ?:Zat Her &el ag%éh ¥o?‘lb wh1 clor.?.l needs t

phase-1 ocked- ave een
damaged, “§B8HIeLE f“f?ﬁ’f“?“d‘ﬁ%mﬁ‘fm“e’l PB‘&‘P( ﬁﬁ?“k“’redpfbg‘igt“fedﬁé‘:h\’?ﬂf Fa’{getb\é‘e’ﬁ‘&lﬂfé in WhiggMind

i |1 ust r aBegMaxrespactive]yl tet thkad da nitlrapeiehtsalid oguet fof thesantatiablas with masyect toadae edtractitnh Fitey drdner e
are cl ockimiy ks 3 stoQQetc@nvl?HlQ& ’fhl @ﬁw@x@pﬁﬁtﬂéoﬂ&h&u the b@hdd BobtaRinPgbd VA& For Wit t ©

r ow, andagd ﬁc axgc) c% e ﬁg 1 bikelI€ ou{%é 1y, an estimation of the center
of the fifs i 8?‘0“1? R %6 ‘fc O0F*f's provi ded (based on the target

positions). W use the bl ack border 1168 to achieve an accurate verti cal
posi ti onMigrixeMniceMind t he cl ockmark eg. 1166 to get an accurate horizontal
posi tionyfaalumaanese are reflected in the Upperd ock and Lower C ock
positions, The claockmark estimate is taken and by | ooking at the pixel data
inits vieRaeey MRt rNibus signal is reconstructed and the exact

cent er i hiyMier MiBisel-18i nce we have broken out the two dinensions into a

cl ockmar glacuvex baamdigd + 84 this is a sinple one-di mensional process that needs
to be perfornmed twi ce. However, this is only done every second dot colum,

when thelbgmhtgtat@_g,[hq&ggﬁng mark to regi ster against. For the white
ternatively,

| k k
e U pa g B g S 5 B R B A DA TS Ao Bl Bt e

(si nce i dagiscupgnilpbieing extracted one doz column at a time and written to the alternative Artcard bit image. The following of
data block clockmarks/borders gives accurate dot recovery regardless of rotation, and thus the segment bounds are ignored.
Once the entire data block has been extracted (597 columns of 48 bytes each; 595 columns of data + 2 orientation columns),
new segment bounds are calculated for the next data block based on the current position. The state is changed to
LookingForTargets.

Processing a given dot column involves two tasks:

* The first task is to locate the specific dot column of data via the clockmarks,

" The second task is to run down the dot column gathering the bit values, one bit per dot.

These two tasks can only be undertaken if the data for the column has been read off the alternative Artcard and
transferred to DRAM. This can be determined by checking what scanline Process 1 is up to, and comparing it to the
clockmark columns. If the dot data is in DRAM we can update the clockmarks and then extract the data from the column
before advancing the clockmarks to the estimated value for the next dot column. The process overview is given in the

following psendocode, with specific functions explained hereinafter:

finishedBlock = FALSE
if((UpperClock.column < Process!.CurrentScanLine)
&&
(I.owerClock.column < Process1.CurrentScanLine))

DetermineAccurateClockMarks()



present). In practice it is sufficient to update both ordi nates every ot her
colum (with the black clockmarks) since the resolution being worked at is
so fine. The process therefore becones: // Turn the estinates of the

cl ockmar kswioriso1asscur ate  // positions only when there i ssa/At@oboe! ockmar k
/1l (ie every 2nd dot columm, startingdfrom-8) if (BitQ CurrentDotColum) =
0) // even colum { WD 03/013858 PCT/ AU02/ 00920 96 }

Det er m neAccur at eUpper pot Center (  Det erm neAccur at eLower pot Center () If
there is a deviation by nore than a given tol erance (MAX_ CLOCKMARK

DEVI ATI ON) , themdmeDdtaht®i gnal is ignored and only deviation fromthe
estimate by the, amxidnEntoberance is allowed. In this respect the
functionality is simlar to t hat of a phase-locked | oop. Thus

Det er mi neAccur at eUpper %Wﬁ@ﬁfrgwcqhgmpnm emented via the follow ng
pseudocode: /Advagg@lotkMaksdst | mat ed pi xel position of /1 the border to

det erm ne V\hefr(@un're@cltmiﬁmwpmg caLbmge accurate clockmark center. The

cl ockmar k is 3 dots high so even if the estimated position // of the
border is vvrén it won't affect the // fixing of the clockmark position.
MAX_CL OdigriaagdRio B¥I ON = 0.5 diff GetAccurateCol unm( Upper C ock. col um,

Upper d omhenrﬁtme-lmﬁk&’gﬁkuﬁhs PERDOT)) di ff Upperd ock.colum if (cliff > MAX

CLOCKNAmdM Q&)ockpg&ll Lot OOKVARKDEVT ATI OV el se 11 (diif 1
ATION) di I = - MAX_CLOCKMARK DEVI ATI ON

UpperCI ”“1381*‘ = dlff /1 Use the newly obtained clockmark center to //
det er m neurmgntByter=e0 accurate border position, diff =

Cet Accur adrgiosl=(0Upper G ock. col utm, Upper C ock. pi xel ) diff -=
Upper C ock. pixxel if (cliff > MAX CLOCKMARK DEVI ATION) diff =
NAX_CLOC{(NARIQ_DEVI ATI ON el se

return finishedBlock

Locating the dot column

A given dot column needs to be located before the dots can be read and the data extracted. This is accomplished by
following the clockmarks/borderline along the upper and lower boundaries of the data block, A software equivalent of a
phase-locked-loop is used to ensure that even if the clockmarks have been damaged, good estimations of clockmark
positions will be made. Fig. 77 illustrates an example data block's top left which corner reveals that there are clockmarks 3
dots high 1166 extending out to the target area, a white row, and then a black border line.

Initially, an estimation of the center of the first black clockmark position is provided (based on the target positions).
We use the black border 1168 to achieve an accurate vertical position (pixel), and the clockmark eg. 1166 to get an accurate
horizontal position (column). These are reflected in the UpperClock and LowerClock positions.

The clockmark estimate is taken and by looking at the pixel data in its vicinity, the continuous signal is
reconstructed and the exact center is determined. Since we have broken out the two dimensions into a clockmark and border,
this is a simple one-dimensional process that needs to be performed twice. Howevet, this is only done every second dot
column, when there is a black clockmark to register against. For the white clockmarks we simply use the estimate and leave
it at that, Alternatively, we could update the pixel coordinate based on the border each dot column (since it is always
present). In practice it is sufficient to update both ordinates every other column (with the black clockmarks) since the

resolution being worked at is so fine. The process therefore becomes:

/! Turn the estimates of the clockmarks into accurate

// positions only when there is a black clockmark

/1 (ie every 2nd dot column, starting from -8)

if (Bit0(CurrentDotColumn) == 0) // even column
{



if (diff < -MAX _CLOCKMARKDEVI ATI ON) dill = - MAX_CLOCKMARK- DEVI ATI ON
Upper Cl ock. pi xel += diff Deterni neAccuratelLowerpotCenter is the same,
except that the direction fromthe border to the clockmark is in the WD
03/ 013858 wWODsALIBA 00920 97 negative direction (-3 dots ravd@enthan +3
dots). GetAccuratePi xel and Get Accur a®eCol um are functions that determ ne
an accurate dot center given a coordinate, but only fromthe perspective
of a single dinension, Determ ning accurate dot centers is a process of
signal reconstruction and then finding the |ocation where the m ni num

si gnal val ue DesmfieadecaéUppdrSotdesteri f f erent to | ocating a target center, which
is locatingp.h Mé}'k{%%éé t@gm%f the signal since the target center is
white, not bl acﬁ"). e met chosen for signal reconstruction/resanpling
for thistapplication is the LanczosB wi ndowed sinc function as previously
di scussed with reference to Fig. 76. It may be that the clockmark or

border has bmraﬁmmn bﬁn&é}% 2 WA tdler&&r(ﬁﬁﬂ mpmmﬁ@«)amaﬁmgnmfls t he
x:{ve ,f ﬁgﬁﬁr?oé?d;é% og Véaéon f?om net est}ln%::\L| l?3y thrt.aesalm m {]gnce s a lowe? Ir]: trhg rt{,pe(g%b%n%tﬁﬁ Fy

amnou Afer va
maxi num tsiee foahe éf 2 phase-lpckgdgoogn ﬁhm%ﬂtwneﬁefgwﬂtcmﬁmtﬁmes Hdmlamb%i 64 615 éoﬂ@ﬁemgh
to use fmeudebadea retrieval, and future clockmarks will resynchronize the

posi tion. Determ' ni ng the center of the first data dot and the deltas to
subsequenb an_accurate Upperd ock and Lower C ock position has
been det & fﬁ“ﬁéﬁﬂ‘m‘fdtp"‘ld?“ﬁ%%fl ble to calculate the center of the first data
dot ( Cunéret Buried to deternainetwihere éobk far anpunts to be added to that center position
i n order yh RorastMGeR carkSdRs BWRdkinarkdot s in the columm (DataDelta). The

first th/1sgd$tq1>1,gqlgoev§mﬁtﬁc S\M{a@ép%s (ﬁe deltas for the dot colum. This is

achi eved Upper d ock fromthe Lowerd ock, and

t hen di v(’ﬂﬁﬂi‘?@°r5‘i}‘st‘”ﬁ’@3'ﬁl‘]’ﬁ‘b’é#°°b dots between the two points. It is possible
t o act ual/Fiying ofih¢ didclohagk pogjtion.he | nver se of the nunber of dots since it is
const ant MaRr crdekMARRIBBAMEN Aps card, and multiplying is faster. It is

possi bl e to use different constants for obtaining - ' nd
e &G R A ler B Bl

col um di nsions. The delta in Igmxel s is the di stance
borders, while the delta in col ud¥Ch&kretFEEHFLPRER OOMVers of the two
cl ockmar lgg.= ITﬂi)biGlodkhﬂurﬁrUﬂCti on DeternmineDatalnfo is two parts. The first is

i
gi ven by]f CE‘? Plgg RUaRk Kaetd@&g! umFactor =1 / (DOTS_PER_DATA COLUWN + 2
+ 2 - t( aPi er Factor =1 /Bﬂ{[(%w?ls PER DATA COLUWN + 5 + 5 -1) delta =

LowerCI ock co‘l‘fﬁnwx Dat aDel ta. columm = delta *

kDel t aCoklsamFact or deI ta = Lower Cl ock. pi xel - Upperd ock. pi xel

Dat aDel ta(@jfxmcg@tm_bmkhaﬁj xel Factor It is now possible to determ ne
the center of Igﬁﬂ& 5\9\;1 the colum. There is a distance of 2
dot s fromthe cen er 0(1; thecloc mark to the center of the first data dot,
and 5 dotUgrefqshsobma+tdfit er of the border to the center of the first data
dot. Thus the second part of the function is given by the pseudocode:

Current Dq&hgggwomlmg[@@%@ol um + (2*Dat abDel ta. col um)
Current Dg/d r ock[ﬁll xel + (5*DatabDelta.pixel) Running down a

dot col ufh ‘%B“b%’?%‘*fé@‘%?bﬁ@‘r?"i\ 2/ 00920

diff = GetAccuratePixel(UpperClock.column, UpperClock.pixel)
diff -= UpperClock.pixel
if (diff > MAX_CLOCKMARK_DEVIATION)

diff = MAX_CLOCKMARK_DEVIATION

else
if (diff < -MAX_CLOCKMARX_DEVIATION)

diff = -MAX_CLOCKMARK,_DEVIATION
UpperClock.pixel += diff

DetermineAccurateLowerDotCenter is the same, except that the direction from the border to the clockmark is in the



98 Since the dot colum has been | ocated fromthe phase-|ocked | oop
tracking the clockmarks, all that remains is to sanple the dot columm at
the center of each dot down that columm. The variable CurrentDot points is
det er m nedwbD®30iB858 center of the first dot of the currentPCAumioonyé can
get to the next dot of the colum by %inply adding DataDelta (2 additions:
1 for the colum ordinate, the other for the pixel ordinate). A sanple of
the dot at the given coordinate (bi-linear interpolation) is taken, and a
pi xel value representing the center of the dot is determ ned. The pi xel

val ue i sneghienlirtsied-3dots rachettleri M doe). t he bit value for that dot. However it is

possible to L@mzu%p&a mlaea&@éusa@cdld&mm mnéeasﬁs Al dtst@mﬁn@ & a@éﬁﬂ{e @& ce\(t@l éi’l/@n Jc@&mﬁa&e
two surjyoun enent .
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384 dot s“M'GAT" as are enou traverse
| engt h ofef°f°PFét°|F?gnY§ One of the reasons the card is d| vided into 8 data
bl ocks hi gh ilsmdyhamhat e clodunamiodr bordek as bdaedamegadein some ghyd- perbiaps it tren saretried ¥ dtehev
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is stor eelocloeﬁbmllrpﬁgmhrwmeﬂemﬁ%but ive bytes and coI ums of data ar e st or ed
consecut Determhinglthetcéite oft thefirs dstaddt and thbaelbhs Bheibisequdnedoys bl ack next =

+GEt [P)Iai( g‘::)(e ﬂ" r r@d@é méc)lratt gﬁpcr@oﬁkoand uwﬁcQQB&PEﬁsW&u%MW po&sitl'é')o c{ilcugértﬂe%é?ﬁepo'[

Dot or i LA (BN i e el g Bt B St atnsy ST D et |
( bi t Countiotsin 0% colufun MeBPelrage | Current Byte) = byte CurrentByte++ bit Count
8 } } The GafRisKe@ing tdimck icz@dillalfe e i8ited fol @ dStQGlﬁLdli TG & s(clflévé’deﬁlnmoﬁyrhhﬁtra@tﬂgjthc

;Sra].[r]e)L Szl gl ng%c %q%gf%ﬂ% %@?X@gﬁ?g’ég%‘”%@%{wd e%orp\rﬁx\@el o&sﬂﬁ%ractually
function “’E”ﬁk‘é@’ therjeverp of B numker 9B dots siagsitdsqapstant{y ap Hematius At P‘é‘r“%’“‘?léﬁ‘nge‘? g’ﬂ"é ™8 de

of the dodtssibiéro sse different constants for obtaining the deltas in pixel and column dimensions, The delta in pixels is the distance
between the two borders, while the delta in columns is between the centers of the two clockmarks. Thus the function

DetermineDatalnfo is two parts. The first is given by the pseudocode:

_chltaColuanactor =1/(MOTS_PER_DATA_COLUMN+2+2-1)
kDeltaPixelFactor = 1/ (DOTS_PER_DATA_COLUMN+5+5-1)

delta = LowerClock.column - UpperClock.column
DataDelta.column = delta * kDeltaColumnFactor
delta = LowerClock.pixel - UpperClock.pixel
DataDelta.pixel = delta * kDeltaPixelFactor

Itis ﬂ;)W possible to determine the center of the first data dot of the column. There is a distance of 2 dots from the
center of the clockmark to the center of the first data dot, and 5 dots from the center of the border to the center of the first

data dot. Thus the second part of the function is given by the pseudocode:

CurrentDot.column = UpperClock.column + (2*DataDelta.column)
CurrentDot.pixel = UpperClock.pixel + (5*DataDelta.pixel)

Running down a dot column



bit value is being determ ned, and attenpts to intelligently guess the

val ue of that center dot's bit value. Fromthe generalized blurring curve
of Fig. 64 there are three commbn cases to consider: * The dot's center

pi xel val uwo®noiszser than WiiteMn, and is therefore defimitwatozoebl ack
dot. The bit value is therefore defisitely 1. * The dot's center pixel

val ue i s higher than Bl ackMax, and is therefore definitely a white dot. The
bit value 1is therefore definitely 0. The dot's center pixel value is
sonmewher e between Bl ackMax and WhiteM n. The dot may be black, and it may
be white. Thesinsaihei@t foliinn hdd@eeh iokateld Srorh e piadeOdcid iobp teptk g e Slockmaksndi MHAQEm A is to
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val ue is®
resul ts. SW““@S@?“P%@W%?II“VQF%@?S‘Fbt‘h’égeﬂﬂ‘f cent ers to the |eft and ri ght
of the dot | nWetiettabsarey theti &l thiegpixeld facthe doty Altis €@ cdnheigpxidatiarerurrely advdm®RAMK el y

\S/ Iald g e 01]: Ok feliR t\gcgéﬁﬁseotf w8l fie: (clock:llai'ks)t A0 HRRM AR, $he 1Qs lﬁh‘k&%eseﬂng @ocﬁrﬁﬁcs st afdPoeMi t e

cent er dB “Qﬂ%%‘f T e dafatb?%gﬁ‘ﬁlﬁ’slﬂ?%é'f%)ghé@ ygﬁ"dat\é\? Ftﬁ o ?9” tls'E“Bk’ d%émfe%%m ¢ hat
it is intavase thedengtefithe linec@pie ofthaessongihe card is diiled intorBrgae blocksdiigh is thayig sanfyit MR the samel
had beeﬂnﬁg me'tt@flcr&ymaelaeeww&mwﬂiamgm%inta&mckamedaabm&ke the val ue |ess
sure. The dot : 2 j

val e 15 1 <ol el HERERLS, R RIFGL LR ol R8T n BRI RyLG, Shl

M dRangeFat&BH%ﬁﬁ Pv!Eefd%fF?m&lPe"é &ach g is jsored ypsuring Hhaigonsgegiive btesyand plumag of datlp A SGEY

| i kel y beonsecttigkds. i ni t " bl ack. The fact that it is in the not-sure region
woul d indicate that the dot was white, and had been affected by the
surroundiébné QI gck dots to nmake the value | ess sure. The dot value is
theref or 8 assuired to be white, and hence the bit value is 0. * If one dot
is on thewht®ek side of M dRange/,’d"éh‘Ei‘yth%‘ other dot is on the white side of
M dRange nextveGapbitepCwyrenii®)e t he center dot value to decide. If the center dot
is on th?orQL@F&éﬂs%R%AM éhangei+ye choose black (bit value 1). Oherw se
we choose white (bit valué 0). The logic is represented by the foll ow ng:

if (pi xell < WiteM n) Il definitely black bit 0x01 else if (pixel >

Bl ackMax) bi t Cure@R@6=PaaDditsf i nitely white el se i f ((prey > M dRange) &&
(next> M dRang®)Jcutr/ prob black bit = 0x01 else if ((prey < MdRange) &&
(next < MdRapge)) . //prob white WO 03/013858 PCT/ AU02/ 00920 100 bit = 0x00

next = GetPixel(CurrentDot)

bit = DetermineCenterDot(prev, curr, next)
byte = (byte << 1) | bit

bitCount-~

if (bitCount == 0)

{

*(BitImage | CurrentByte) = byte
CurrentByte-++
bitCount = 8

The GetPixel function takes a dot coordinate (fixed point) and samples 4 CCD pixels to arrive at a center pixel

value via bilinear interpolation.



else if (pixel < MdRange) bit = 0x01 else bit = 0x00 Fromthis one can
see that using surrounding pixel values can give a good indication of the
value of the center dot's state. The schene described here only uses the
dots from Wwoe3massss row, but using a single dot |ine histogritdeonoevi ous
dot Iline) would also be straightforwed as would be alternative
arrangenents. Updating cl ockmarks for the next colum Once the center of
the first data dot for the colum has been determ ned, the clockmark val ues
are no |l onger needed. They are conveniently updated in readiness for the
next col um ahé Béterhierttabonfulbasn ke pike VdlderypRskenfing fthe 81 Exnter® loldiffiar.side Bithia G wiidie
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the two target centers 1nvaolves I xel rea l< gl
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Otherwise we choose white (bit value 0).

The logic is represented by the following:

if (pixel < WhiteMin) // definitely black
bit = 0x01

else

if (pixel > BlackMax) // definitely white
bit = 0x00

else

if ((prev > MidRange) && (next> MidRange)) //prob black
bit = 0x01

else

if ((prev < MidRange) && (next < MidRange)) //prob white



not trivial, requiring 2 sets of evaluations. Adjusting each target center
requires 8 sets of 20 different 6-entry convolution kernels. Thus this
totals 8 x 20 x 6 multiply-accurulates = 960. In addition, there are 7 sets
of 7 pixel wotas/omssss etri eved, requiring 49 nenory accessesCT/Atr/obnd al
nunber per target is therefore 144 + 960 + 49 = 1153, which is

approxi mately the sanme nunber of pixels in a colum of pixels (1152). Thus
each target evaluation consunes the tine taken by otherw se processing a
row of pixels. For two targets we effectively consune the tine for 2
columms of pixels. A taitgetooi s positively identified on the first pixel
colum after gl%ge target nunber. Since there are 2 dot columms before the
orientation cQ there are 6 pixel colums. The Target Location process
ef fectively u$ E‘eltiy‘%e)fl rst of the pixel colums, but the remmining 5

pi xel colums are not pPite@désed at all. Therefore the data area can be

| ocated in 2/&e0f the ti me availabl e w thout inpinging on any other
process tinme. The remsu 3/5 of the tinme available is anple for the
trivial task of assigni ng tlcﬂ)e ranges for black and white pixels, a task
that may take a couple of machine cycles at nost. Extracting data There are
two parts to Bangisceranise taesingsuafuinding pikah gplues ciiadve b gogd iad@imaf the valie@Ethexamd dot'and

border v %Mq%e schemgaégclfx@eﬁmrm det mé/d%ls%&ﬁ mgaaexlsmkﬁm HgID @ B Fisthd Ry o
only gat t?ere each trme a cl ockmark

estimte T w&&!&%@@ ?5‘@%%%°‘H‘gqp§lt°5‘6t8’ﬁ?’"§?g§mmﬁo different 6-entry

convol ut |llmatihe¢lwl§lh%kafm'§her@écm uated. On average there are 2 of these per
dot col um (t OfRE &e dnfr & tRMRSE YaraldotiRf th€ @IubhAASE Joeen Wehfined) Ge iR Yabibs bl 1dildhger ©
Bg;ggi gg nLeﬂé% ﬁ@,f Qeecron\BrG%My Lgaﬁeqw r';a%@cesrzfo%mtgc?l%ngnoamrwfa%atmmerpﬂeasﬁlﬁ @m&m&

col ums, Seqibeelogimesk direstitn ipemppdicaa e eﬁé‘?ﬁﬁf‘i‘i’@“ Wé‘{‘)’ d&‘é%hé’ms{’: Eﬁ?i?‘tfl?)m i ﬂ’épléeéc he
m ss for dedachpdean kil mhiubtactahedohBnrgels braipdrieds pisel fof tth clopls: pi xel s in the sane
scanl i ne, this totals 8 cache m sses. Extracting the dot information

i nvol ves pi X I s.per dot (rather than the average 9 that define
the dot). I'P ?ﬁ’lscfc erlgn t%ﬁ? d‘%‘taa area of 1152 pixels (384 dots), at best
this wi | |Loggdeckygumpge RaaReiapis! by only reading 4 pixel dots instead of 9.
The wor stuppéciek pigel & Dh@bah.tomnof 1 which is a single pixel translation every
57 pi xel gowmb&glng\ﬁ%ggL&uﬁl ightly worse savings. It can then be safely
said that, at worst, we wll be reading fewer cache lines | ess than that
consuned by t he pi xels in the data area. The accesses will therefore be no
wor se t han t h&hesearpinpiythé estimaps fortbansxtfoteqiiginch i nplies a 9% utilization of the
DRAM bandminglg h. The total utilization of DRAM during data extraction

(including Pr %eetﬁﬁn ]rlqnilreﬁle&t Al l?efrﬁE & lfn?%@ Dﬂ@\@ﬂﬁh‘gﬁoﬁ&@no{ &@ee&i?do@ an&tht Ed'afﬁgrpcff
will always be cat ¢ e a |ve Artcard ngg@ Eﬁﬁﬁ lﬁl xel
reader. THiRLe %‘hwﬁﬁ?qu‘&‘f“ip](‘fﬁ@ fhg pleqrif D 8‘8‘%@‘ Yt 2ot ATESRMY REPT e
processi rgecifitd telativg et Bocgmh which pates eachrpingl doge ia arcedsmtlvv epnper Wﬁ"&: Penf therBRNYd

i f necess@sdvigtyet still catch up quickly during the extracting data
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alternative Ar ecovery a start ‘o ase
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when rac e origlnal
dat a fr onsettibisghedsgepaesdwipt mitrage. There are baS| cal I y 3 steps to be
carri ed OLdeatm@thelalgast rated in Fig. 79:

Targets are located by reading pixels within the bounds of a pixel column. Each pixel is read once at most.
Assuming a run-length encoder that operates fast enough, the bounds on the location of targets is memory access. The
accesses will therefore be no worse than the timing for Process 1, which means a 9% utilization of the DRAM bandwidth.

The total utilization of DRAM during target location (including Process1) is therefore 18%, meaning that the target




* Reorganize the bit inmage, reversing it if the alternative Artcard was

I nserted backwards * Unscranbl e the encoded data * Reed- Sol onon decode the
data fromthe bit inmage Each of the 3 steps is defined as a separate
process, aw® @euifsss ned consecutively, since the output ofrPameudsorequired
as the input to the next. It is strailghtforward to conbine the first two
steps into a single process, but for the purposes of <clarity, they are
treated separately here. From a data/process perspective, Phase 2 has the

structure as illustrated in Fig. 80. The timng of Processes 1 and 2 are
likely t@cb&wnﬁgs}aj/sgébtcﬁngl@mmnm@ehﬂaﬁliﬁd@aﬁnsdr/p{ka%deh of a second between
them E d Sol onon decode) consunmes approxi mately 0.32 seconds,
maki ng this t ed for Phase

e time, re organi ze the hit inmage,
feversing it Jﬂv Bt Busatipd i e e e BARM TSP SRBHEGS et 1436 g
dat a f r ofergetventes involves a2 fetp of 1Apixe seady, taldnip il 14¢ toads. tﬁowevprrm@iéins of acpate target centers is
cont i gUOWS: trivial, rehtﬁxm@ﬁ@d@@edalﬂiﬂ@nﬁﬂdjﬁaﬂﬁ efh tdfglﬁ&ntef)r&ﬁurﬁ Buddor bodiffeaknielabmolitlop CK.
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bytes fr éeﬁwtlwéf* PERFRt 35358 s T foBHumber B5h ar@férsﬂmﬁf°fea4ffé’6%'t?§eld53bwé§ ﬂaﬂmsmﬁ}gﬂw
buf f er usae nfugtier @Fipied in d a¢lamn( & iUl SWYTHEY @desst dvalotionRomeress Ty tipawkeiby atsdie t 0
Eﬁl d the fo@e@s‘irﬂ@%% eQ | Hor tbvm%xgas we eftlclMe cdbuB the Gl & 2icSud@be pix@g Ui r ed during
e 2 g P BB B Rty B LRB RS R0
decodi ng.befpre the préentation gplyms), tGesg 3 Qe&l’}eymbmseﬁlﬁ é"ﬁ$°t ’e‘ﬁ@mr E?%ﬁ%ﬁ@‘?“"@' Psesrip &e fiesipf the
Col umm  Wiplxk1 cdd@nriéfBit the remmifing 3Bkl chi@its BrOm précske i hiA Theefore tS@htaidiaa canbd lbeatlakin 1§ cchls .

Lf Lrgcﬁq‘gnga ?ﬁl Qﬁ%ﬁ“}%ﬁ%@%%@g’h{&g the | eftmost Orientation Colum will
met hod of det SHerffRins % g IqREPHiERe af’arq@ledsa”r“tﬂle f‘E e B‘P"Plém% P{FSSW%IH? ’é?fcscfAr bﬁﬂ‘tnm Ve o

go fthroug’lrxeleata*kthiatwatabém@leofmﬂmwkychgattnbﬁe first and | ast 48 bytes of data
until a BlyRgdingd dataf OUND Wi th an overwhelming ratio of black to white bits.

The follown se nonst r this, returning TRUE if the card is
correctly ori glhef)eélflwoém%qﬁﬁ mfms‘t?ftumg not: total CountL = 0 total CountR =

0 for (i=0: F<64:Ceftingacoate coplanaiizadipprdervaluey bl ackCountR = 0 currBuff =
dat aBuf f er D03/ (EkBRGR dRGTHAUO2/ 00920 103 for (j =0; j <48 j++) {

bl ackCount L +Tlolaid Bl toSilier Ghiel ﬁ'e'fmgl) gatterdd gvg'y’fsécdhﬁ dbt column. However each time a clockmark

estimate is updated to become more accurate, 20 different 6-entry convolution kernels must be evaluated. On average there

are 2 of these per dot column (there are 4 every 2 dot-columns). Updating the pixel ordinate based on the border only
requires 7 pixels from the same pixel scanline. Updating the column ordinate however, requires 7 pixels from different
columns, hence different scanlines. Assuming worst case scenario of a cache miss for each scanline entry and 2 cache misses
for the pixels in the same scanline, this totals 8 cache misses.

Extracting the dot information involves only 4 pixel reads per dot (rather than the average 9 that define the dot).
Considering the data area of 1152 pixels (384 dots), at best this will save 72 cache reads by only reading 4 pixel dots instead
of 9, The worst case is a rotation of 1° which is a single pixel translation every 57 pixels, which gives only slightly worse
savings.

It can then be safely said that, at worst, we will be reading fewer cache lines less than that consumed by the pixels
in the data area. The accesses will therefore be no worse than the timing for Process 1, which implies a 9% utilization of the
DRAM bandwidth.

The total utilization of DRAM during data extraction (including Process1) is therefore 18%, meaning that the data
extractor will always be catching up to the alternative Artcard image sensor pixel reader. This has implications for the
Process Targets process in that the processing of targets can be performed by a relatively inefficient method if necesséry, yet
still catch up quickly during the extracting data process.

Phase 2 — Decode Bit Image
Phase 2 is the non-real-time phase of alternative Artcard data recovery algorithm. At the start of Phase 2 a bit image



currBuff += 28560 for (j=0; j<48; j++) { blackCountR +=
CountBits(*currBuff) currBuff++ } dataBuffer += 32k if (blackCountR >

(bl ackCountL * 4)) return TRUE if (blackCountL > (blackCountR * 4))

return FAL®S® o03toaisss Count L += bl ackCountL total Count R += itEAECO0R }
return (total CountR > total CountL) Th@2data nust now be reorgani zed, based
on whether the card was oriented correctly or not. The sinplest case is
that the card is correctly oriented. In this case the data only needs to be
noved around a little to renove the orientation colums and to neke the
entire daisdees enrhdteg from ghe aliEhubtiye Argard Gt vepeesedd thy Bits yeads framqheydata regisisblihe alesnathe 2exéardded

by the f @L&&Méﬁs wﬂ%ﬁh‘ Q‘Fb? %%erha%%t%ﬂﬁm? E&S@%Ié%m%%aﬁv%as foRtedwhen

[ 6a: 1 + opred e PP Bl e B MnsBR D RRAPE RS T i

to += DAT‘PPSWTBS!P‘* ErespigaeBnBeRs: | The other case is t hat the data actually
B oL Sl e e B e vel e of
Rever ng N)S ! S a buqﬁﬁ%\gxlgkﬁgge“g&ﬁ”\%\o 03] 013858 PCT/ AUD2/ 00920 104
DATA- BYTES- PI ER- DATH:Sermeadecdestedgpfom e bitimsgh Buf fer for (i=0; i<64; i++) f
from = dat aBuFdcleqf the-3 tips i% deBRK }s a separagprocess] $rd perfoied qnsequiielptsinteito putrmodf enes rewinim +=
DATABYTESs tREiEp_u%T}A_nBJ& m@n‘mghtﬁm(ﬂar@ BCorine e Bekiwo steps into a single process, but for the purposes of
clarity, they are treated separately here.
From a data/process perspective, Phase 2 has the structure as illustrated in Fig. 80.
The timing of Processes 1 and 2 are likely to be negligible, consuming less than 1/1000" of a second between them,
Process 3 (Reed Solomon decode) consurnes approximately 0.32 seconds, making this the total time required for Phase 2.
Reorganize the bit image, reversing it if necessary
The bit map in DRAM now represents the retrieved data from the alternative Artcard. However the bit image is not
contiguous. It is broken into 64 32k chunks, one chunk for each data block. Each 32k chunk contains only 28,656 useful
bytes:
48 bytes from the leftmost Orientation Column
28560 bytes from the data region proper
48 bytes from the rightmost Orientation Column
4112 unused bytes
The 2MB buffer used for pixel data (stored by Process 1 of Phase 1) can be used to hold the reorganized bit image,
since pixel data is not required during Phase 2. At the end of the reorganization, a correctly oriented contiguous bit image
will be in the 2MB pixel buffer, ready for Reed-Solomon decoding.
If the card is correctly oriented, the leftmost Orientation Column will be white and the rightmost Orientation
Column will be black, If the card has been rotated 180° then the leftmost Orientation Column will be black and the
rightmost Orientation Column will be white.
A simple method of determining whether the card is correctly oriented or not, is to go through each data block,
checking the first and last 48 bytes of data until a block is found with an overwhelming ratio of black to white bits. The
following pseudocode demonstrates this, returning TRUE if the card is correctly oriented, and FALSE if it is not:

totalCountL =0
totalCountR =0

for (i=0; i<64; i++)

{

blackCountl, = 0
blackCountR =0
currBuff = dataBuffer



for (j=0; j <DATA _BYTESJFI ZDATABLOCK; j++) | *to++ = Reverse[*fron] from
} } T"he timng for either process is negligible, consumng |ess than
1/1000' h of a second: 2MB contiguous reads (2048/ 16 x 12ns = 1,536ns) *
2MB ef f ect woalspissesit i guous byte writes (2048/16 x 12ns = BCTH8601%9920
Unscranbl e the encoded i nage The bit 10smage i s now 1,827,840 conti guous,
correctly oriented, but scranbled bytes. The bytes nust be wunscranbled to
create the 7,168 Reed- Sol onon bl ocks, each 255 bytes | ong. The unscranbling
process is quite straightforward, but requires a separate output buffer

si nce t herglogesgadl i ng cannot be perfornmed in sins. Fig. 80 illustrates

t he unscyanbl i ng process conducted nenory The foll ow ng pseudocode defi nes
how to performthe unscranmbling process: groupSize = 255 nunBytes
=1827840 2KGHEY 7 PR BSCHEIY| edBuf fer; outBuffer = unscranbl edBuffer; for
(1=0; i<grBufysi ze; i++) for (j=i; j<nunBytes; j+=groupSize) outBuffer[j] =
*inBuffer++ The timng for this process is negligible, consumng |ess than
1/10000'm8£mﬁr5§%§nd: 2MB contiguous reads (2048/16 x 12ns = 1,536ns) 2MB
non-cont i guous ‘Dyte wites (2048 x 12ns = 24,576ns) At the end of this
process PREUASTHANDI ed data is ready for Reed-Sol onon decodi ng. WO
03/013858 PCT/ AU02/ 00920 105 Reed Sol onon decode The final part of reading
an al t er pakéxfr & thabdetsmife Reed- Sol onon decode process, where

approxi mately 2MB of unscranbled data is decoded into approximately 1MB of
valid aI?@SHﬁ?ive Artcard data. The al gorithm perfornms the decodi ng one
Reed- Sol onon bl ock at a tinme, and can (if desired) be perfornmed in situ,

si nce t heasaeodedx bl ock is |arger than the decoded bl ock, and the

redundan gghhafter the data bytes. The first 2 Reed- Sol onon
bl ocks aggm@§%§§%$&%?%%ﬁg,Q%ontaining i nformati on about the size of the
data to be extracted fFIMRYFe bit image. This nmeta-information nust be
decoded fi r stif (vagifoutithe (WeeklgtimtRat®) | nf or mati on used to decode the data
proper. The decodi ng ofeddvarggt a proper is sinply a case of decoding the
dat a bl ocks one 35&%—%&4E%m1 plicate data blocks can be used if a

parti cul ar bIocE FaiTs8* o décode. The hi ghest | evel of the Reed- Sol onon
decode is settgteuRi=pakcyeRode: // Constants for Reed Sol onbn decode

sour ceBl ockLengt h = 255; :

return (totalCountR > totalCountL)

The data must now be reorganized, based on whether the card was oriented correctly or not. The simplest case is
that the card is correctly oriented, In this case the data only needs to be moved around a little to remove the orientation
columns and to make the entire data contiguous. This is achieved very simply in situ, as described by the following

pseudocode:

DATA_BYTES_PER_DATA_BLOCK = 28560

to = dataBuffer

from = dataBuffer + 48) // left orientation column
for (i=0; i<64; i-++)

{

BlockMove(from, to, DATA_BYTES_PER_DATA_BLOCK)
from += 32k

to += DATA_BYTES_PER_DATA_BLOCK

}

The other case is that the data actually needs to be reversed. The algorithm to reverse the data is quite simple, but
for simplicity, requires a 256-byte table Reverse where the value of Reverse[N] is a bit-reversed N.



dest Bl ockLength = 127; nunControl Bl ocks = 2; |1l Decode the control
information if (! GetControl Dat a(source, destBl ocks, lastBlock)) return
error destBytes = ((destBlocks-1) * destBl ockLength) + |astBlock

of f set TONeWOD3/013880t e = dest Bl ocks * sourceBl ockLengt h / /PC3KkA2{06830 cont r ol
bl ocks and position at data source-i¥ nunControl Bl ocks * sourceBl ockLength
Il Decode each of the data blocks, trying // duplicates as necessary

bl ockslnError = 0; for (i=0; i<destBlocks; i++) { found =

DecodeBl ock(source, dest); if (1 found) { duplicate = source +

of f set ToNext Duplicate while ((1I found) && (duplicate<sourceEnd)) { found

= DecodeB\og vetHp bz dlea_pilBsik L 2sselipl i cate += of f set ToNext Dupl i cate WO
03/ 013858 PCI/ AU02/00920 106 } } if (I found) blockslnError++ source +=

sour ceBl 8GAERG h  dest += dest Bl ockLength } return destBytes and

bl ocksl nfEfirdhicéPetodeBl ock is a standard Reed Sol onon bl ock decoder using
m=8 and t=64. The GetControl Data function is straightforward as |ong as

t here ar%mﬂgdﬂﬁﬁﬁflﬁgmﬁ rors. The function sinply calls DecodeBlock to
decode one contro lock at a tine until successful. The control paraneters
can thenfB*e% racted fromthe #ipopenstigGplE® of the decoded data

( dest Bl odikus ++ BABA_ BN EES_FER_DAMEA_BLQGKS- 10 /éandlofblockand | ast Bl ock is stored in byte

2). |If tmgggxp{ﬁgngmwmmﬂyMLﬁxﬂgmgbdﬁﬁigfunction nmust traverse the 32 sets of
3 bytes and decide which is the nost likely set value to be correct. One

si npl e thod is to find 2 consecutive equal copies of the 3 bytes, and to
decl are t'RbseReyaeliEdnlt he correct ones. An alternative method is to count
occurrendes--of the different sets of 3 bytes, and announce the nost common
occurrence toybe the correct one.

}

The timing for either process is negligible, consuming less than !/ 1000™ of a second:

® 2MB contiguous reads (2048/16 x 12ns = 1,536ns)

® 2MB effectively contiguous byte writes (2048/16 x 12ns = 1,536ns)
Unscramble the encoded image

The bit image is now 1,827,840 contiguous, correctly oriented, but scrambled bytes. The bytes must be
unscrambled to create the 7,168 Reed-Solomon blocks, each 255 bytes long. The unscrambling process is quite
straightforward, but requires a separate output buffer since the unscrambling cannot be performed in situ. Fig. 80 illustrates
the unscrambling process conducted memory

The following pseudocode defines how to perform the unscrambling process:

groupSize =255
numBytes = 1827840;
inBuffer = scrambledBuffer;

outBuffer = unscrambledBuffer;

for (i=0; i<groupSize; i++)
for (j=i; j<numBytes; j-+=groupSize)
outBuffer{j] = *inBuffer-+

The timing for this process is negligible, consuming less than L/ 1000™ of a second:

* 2MB contiguous reads (2048/16 x 12ns = 1,536ns)

* 2MB non-contignous byte writes (2048 x 12ns = 24,576ns)

At the end of this process the unscrambled data is ready for Reed-Solomon decoding.



The tinme taken to Reed- Sol onon decode depends on the inplenmentation. Wile
it is possible to use a dedicated core to performthe Reed-Sol onon
decodi ng process (such as LSI Logic's L64712), it is preferable to select a
CPU/ DSP cwois/essson t hat can be nore generally used t hr RGIMUNR/004€
enbedded system (usually to do sonethdfig with the decoded data) depending
on the application. O course decoding tine nust be fast enough with the
CPU/ DSP conbi nation. The L64712 has a throughput of 50Miits per second
(around 6. 25MB per second), so the tinme is bound by the speed of the

Reed- Sol Regifoldeandetede r at her than the maxi rum 2MB read and 1 MB wite nenory

access time. FQind pafRf rediBKSRirerddtive ARaMR R Recd B8IBmdnAcbde SNEss| VR bpp@Amal@r At 7 9)
is thus 2.8 29?% dzia SRR O RS rei%até?- TRR of VAl rl]tdrﬁdtiveq:t_ca(%a?%[a.se’ many further
refi nement$ are P%§S|?3Fe P e 1l g the 1Ol Ow ng. e blurrier the reading
envi ronnent , Thealserigimeperorgs teaacodieront Reed-Jolomordpneledd 2 Bije: 1A ean § Aesirgrl) proprrfpemed ésie,
The cur r afte theleadi BIgk 16481 theh Ecodded ek, pid ek eduneslcyybad istored itertta sard tyes. abi [ 1ty
to use the SUHG%QQ'R@&-S?/IE &h tdstaleo tﬂﬁoc&%oﬂﬁi’ﬂiné ﬂfo%a%rapc;upthe HRKE md aRelter

deci sion about a dot's [ ue.  Since % revi ous colum's. dots h@vg aJﬁfr eady
been dec GHEGed igmte B imagssThis etgptPrmagen ™t d& (eeRdss ficsh end e i ERs BT 1 R PRI R ng
t he val ualate propeh Ghealeqddinsof wilrdaeprprenie limpint ereef daceling the diteebloskstonesay p e Bppligate data

di f f er entyjeRSMibPIskd if dpardbulabbidce@Ridlictd@e. t he initial stage is to renove it

entirely, rrakglgetmtrggmil%tofl IRepd(_)gmg%dgjogeh%gtﬁg%}pgcudggdg;cks | ar ger than necessary

and place greater 1ntelligence In ocessingTargets functions. This
may reduce overall conplexity. Care nust be taken to nmaintain data bl ock
i ndependentestants-for RedSoloinredeadnt r ol bl ock nechani sm can be nmade nore robust:
The cont r@QlcBh@cdaOsd be the first and last blocks rather than make them
conti guous té{a IS _ggg case now). This may give greater protection agai nst
certai n PRHEKSH A "damage scenarios. * The second refinenent is to place
an addi t imegntdiBlody =Hf redundancy/error detection into the control block
structure to be used if the Reed- Sol onon decode step fails. Sonething as

sinmple as LoPihmlafir ove the |ikelihood of WO 03/013858
PCT/ AUOZI/{)%%%)&X?@? control infar rrggl on if the Reed- Sol onon stage fails.

Phase 5 REthHFRgraippsomsedetiiocky,bsBior®) overal | tinme taken to read the Artcard

9 and decode irdqurmiegort her ef ore approxi mately 2.15 seconds. The apparent
del ay to deliBytedlS RllestBISckaG) iRdiBIdkIRRHY + BstBiekseconds (the total of Phases 3 and

4), since fttchFNA)‘(Bucl%gtg=§etst9@a(s%i{ric%gclatn r 1.5 seconds. Once the Artcard is
the Ar Pk nmus

| oaded, vark scrip e I nCerpreted, Rather than run the script
i mredi ately, the script is only run upon the pressing of the '"Print' button
13 (Fi g. /A3«iptiehenmblaloamari poshibiat fadve script wll vary depending on the

conpl exi t ¥, Qfi=hiifroftfoldidts « s@iRebibShenbe taken into account for the perceived
del ay between pressing the print button and the actual print button and
the actual printing. As noted previously, the VLIWprocessor 74 is a

di gi tal piBeedsaickefthe Jesabloghisithiiie accel erat es conputational ly expensive Vark
funct i onsy dupivgreshadecessag of functions performed in software by the CPU core
72, and i,g]ocQ%[Ean_roe by the VL1Wprocessor 74 will be inplenentation
dependent, The | of the VLIWprocessor 74 is to assist all Artcard

styl es t o &Rd k"% time that does not seemtoo slow to the user. As
CPUs becohe faster and nore powerful, the nunmber of functions requiring
har dwar e accelgndd bosieeR@RS désg;sS and | ess. The VLI Wprocessor has a

m cr ocodeﬁi l,%)Il_n%)sub-system that all ows general hardware speed up of the
foll ow ng fi ne-critical functions. 1) |Imge access nmechani snms for general
software procdssing 2) Image convolver. 3) Data driven i mage warper 4)
| mage scaflipligte = source + offsetToNextDuplicate

while ((! found) && (duplicate<sourceEnd))
{

found = DecodeBlock(duplicate, dest)

duplicate += offsetToNextDuplicate




5) Image tessellation 6) Affine transform 7) |Image conpositor 8) Col or
space transform 9) Hi stogramcollector 10) Illum nation of the Image 11)
Brush stanper 12) Hi stogram collector 13) CCD imge to internal inmage
conver si onwD4p/OG8ERst ruct i on of i nmage pyram ds (used by waRQI2AU02/00920
brushing) The follow ng table summaril8es the tine taken for each Vark
operation if inplenented in the ALU nodel. The nethod of inplenenting the
function using the ALU nodel is described hereinafter. OperationSpeed of
Qperati onl500 * 1000 image 1 channel 3 channel s | mage conpositel cycl e per
out put pi xel 0. 015 s0.045 s I mage convol vek/ 3 cycl es per output pixel (k =
kernel size) Bx3 convol ve0.045s0.135 s 5x5 convol ve0. 125 s0. 375 s 7x7
convolve0.245.ag.z 5 s WO 03/013858 PCT/ AU0O2/ 00920 108 | nage warp8 cycl es
per pixel0.126 sU™360 s Hi st ogram col | ect2 cycl es per pixel 0.030 s0.090 s
| mage Tessel | atel/ 3 cydloaekspBrorpi xel 0, 005 s0. 015 s | mage sub- pi xe

Transl atel cycl e per output pixel-- Color |ookup replace'/2 cycle per

pi xel 0. 008 sO0, )23, -Gl OBk transfornB cycl es per pixel0,120s0. 360 s
Convert CCD inmge to4 cycleS per output pixel0.06 s0.18 s internal inage
(1 ncluding cof =R ng‘&scale) Construct image pyram dl cycle per input
pi xel 0, 015 s0. 045 s Scal eMaxi mum of : 0, 015s0. 045 s (m nimum 2 cycles per

| nput  pi %&kk KT EAbIoksIONGE €S per out put pixel 2 cycles per output pixel
(scaled in X only) Affine transfornR cycles per output pixel0.03 S0.098

Brush rotate/transl ate and?
DecodeBlock is a standard Reed Solomon block decoder using m=8 and t=64.

The GetControlData function is straightforward as long as there are no decoding errors. The function simply calls
DecodeBlock to decode one control block at a time until successful. The control parameters can then be extracted from the
first 3 bytes of the decoded data (destBlocks is stored in the bytes O and 1, and lastBlock is stored in byte 2). If there are
decoding errors the function must traverse the 32 sets of 3 bytes and decide which is the most likely set value to be correct,
One simple method is to find 2 consecutive equal copies of the 3 bytes, and to declare those values the correct ones, An
alternative method is to count occurrences of the different sets of 3 bytes, and announce the most common occurrence to be
the correct one.

The time taken to Reed-Solomon decode depends on the implementation. While it is possible to use a dedicated
core to perform the Reed-Solomon decoding process (such as LSI Logic’s L64712), it is preferable to select a CPU/DSP
combination that can be more generally used throughout the embedded system (usually to do something with the decoded
data) depending on the application. Of course decoding time must be fast enough with the CPU/DSP combination,

The 164712 has a throughput of 50Mbits per second (around 6.25MB per second), so the time is bound by the
speed of the Reed-Solomon decoder rather than the maximum 2MB read and 1 MB write memory access time. The time
taken in the worst case (all 2MB requires decoding) is thus 2/6.25s = approximately 0.32 seconds. Of course, many further
refinements are possible including the following:

The blurrier the reading environment, the more a given dot is influenced by the surrounding dots. The current
reading algorithm of the preferred embodiment has the ability to use the surrounding dots in the same column in order to
make a better decision about a dot’s value. Since the previous column’s dots have already been decoded, a previous column
dot history could be useful in determining the value of those dots whose pixel values are in the not-sure range.

A different possibility with regard to the initial stage is to remove it entirely, make the initial bounds of the data
blocks larger than necessary and place greater intelligence into the ProcessingTargets functions. This may reduce overall
complexity. Care must be taken to maintain data block independence.

Further the control block mechanism can be made more robust:

#* The control block could be the first and last blocks rather than make them contiguous (as is the case now).
This may give greater protection against certain pathological damage scenarios.

* The second refinement is to place an additional level of redundancy/error detection into the control block
structure to be used if the Reed-Solomon decode step fails, Something as simple as parity might improve the likelihood of



conposite Tile Image4-8 cycles per output0.015 s to 0.030 s0.060 s to 0.120
s to for pixel4 channels (Lab, texture) Illum nate i nageCycl es per pixel
Anbi ent only'/20.008 s0.023 s Directional |ight10.015 s0.045 s Directional
(bm 60, 09 WO0.02P138580mi | i ght 60. 09 s0.27 s OQmi (b 90. 1370/AAH3/00920

Spot | i ght 90. 137 s0.41 s Spotlight (brpn120.18s0.54s (bn) = bunpma For
exanple, to convert a CCD i mage, collect histogram & perform | ookup-col or
repl acenent (for imge enhancenent) takes: 9+2+0.5 cycl es per pixel, or
11.5 cycles. For a 1500 x 1000 image that is 172,500,000, or approximtely
0. 2 secopnaigol pérmagorifryReatSoloasn s@gGaiseconds for all 3 conponents. Add a
sinmple warp, and the total conmes to 0.6 + 0.36, alnpst 1 second. |mage
Convol ver, A onvoIv $:a wei ght ed average around a center pixel. The

as the
aver age Moe PrE™®um a sum of absolute values, the absol ute val ue

of a sum or Bapsral fipgiakes deadthe fricargp endideredydt icerFpios? apsgxingaigly 3. 1yeradsalhe panrpios e
convol Vedelayad the@t iNgrualy' iy 0.€5tsatonas (the oA PHAJRS3 dnd4) RRcelFPHEFIRBbsbviiRANM A5 Yecdhs.

the values wigfi u!ﬂe ﬁnc\ix%rs' 1§a§édeth§h%ﬁrg s&:&%ﬁu@t b ﬁni%&ietekeﬁdﬁﬁ manmfilf‘ﬁﬁ{pﬁgw!}md?zld}ﬁ&e

supported are 3x3 X[ urni ng._now t

i |l ust r atfEB A “‘é{ﬁp"é)‘("ﬁPFﬁﬂS‘ég o fhe (HRgr %’6‘??\}69’& BF%&%%’E““" s‘t’ﬁb“"lﬁi"”ﬂ&”&%‘ﬁﬁbﬁ‘ént
val ues  famplekitytofihe shript, @wlmugs|be Bken plm@epe@sfoekﬂejpemdcfav batreen Bosing Re auht butterr aad te
342. Theadtﬁaq;nattbgfongﬁa,eml\@hggg the |nage data row by row, and within each

row, pixel byAf noé? Prevxou{s\z) Lﬁ) u‘aL tp V\%essoh i is & d?g%\{)? ﬁess?nﬁ gs»te?m ttﬂa? %c:%e?erages compl?tatlonallél

Sequent i al e stor
i mage f oefpgsive Yerkdapeqnp. érf‘%‘i’i’%a“"Kéfr f?‘i‘@!m“SEFffanSd ip sqfty@k b GY ereiTh amnnrdwm &y the
ker nel | YLBY precage dd will bdimplesdhfation d@erkist. Tiv gbdhe e AMBY @bweadr 74us to\iEsiOB AGhIBIHIEs to

PCT/ AUOZ/@QQ%Q a tlﬁpgattdg‘fs' n@%ﬁm‘?&a&w t$ @15 @stexofxs él‘b% becgﬁé;ﬁste? %fn{o}ccdo\eé?ﬁn (1Y Inn%eri& 8

bits. tia i ndex |

or el 3 RS Geop Ty e e e 5 e VLY Benoriat s auesoded M e,

| mageW dthat aBey( ginerel ardvrage sheed ynef thesfpllewing tpecprivicalifenefigns- option is set so that the
kernel woul d EgicebRetbdngmbier gafeMbRbRME profdeng f or m of i npl enmentation of the
convol ve pr oc]%%e ngogép ALU unit is as illustrated in Fig. 81. The foll ow ng
constants are_set software: Constant Kl Val ue Kernel size (9, 25, or 0)
The cont PYl IB@?"&‘@%‘“"‘&%‘@&’“{O count down the nunber of nultiply/adds per

pi xel . VWHen tlegesw@lingt (accunulated in Latch2) reaches 0, the control

si gnal geper ajRg dsenused to wite out the current convol ve value (from

Latch,) %pd toereset t t he

] Image compositor
8) Color space transform
N Histogram collector

10) Nlumination of the Image
11 Brush stamper
12) Histogram collector
13) CCD image to internal image conversion
14) Construction of image pyramids (used by warper & for brushing)
The following table summarizes the time taken for each Vark operation if implemented in the ALU model. The
method of implementing the function using the ALU model is described hereinafter.

Operation Speed of Operation { 1500 * 1000 image
1 channel 3 channels

Image composite 1 cycle per output pixel | 0.015s 0.045 s
Image convolve k/3 cycles per output

pixel

(k = kernel size)

3x3 convolve 10,0455 0.135s

5x5 convolve 0.125 s 03755

7x7 convolve 0.245 s 0.735 s




count. In this way, one control |ogic block can be used for a nunber of
paral l el convolve streans. Each cycle the multiply ALU can perform one

mul tiply/add to incorporate the appropriate part of a pixel. The nunber of
cycl es t akwo oto133ssm up all the values is therefore the nudrexvoenoeantries in
the kernel. Since this is conpute bountl, it is appropriate to divide the
image into nultiple sections and process themin parallel on different ALU
units. On a 7x7 kernel, the tinme taken for each pixel is 49 cycles, or
490ns. Since each cache line holds 32 pixels, the tine available for
menory S8 cyispa pial L) X [odg8s) - INe| g40E raken 1q read 7

cache I Stodd coﬁwte T S WSSt | ood@PNS (ST[Ighgps, ar T acgesses to
same v t;a He—CeRseet S 0

T wuo\,q X N . o1 C C U .pl CEesSS up l. U J. p| Xel S | n
possi bl e cl Xl Thetd

|
re—t-aldep—te—thereftore perform
t he convﬂhrmwpmmg 2 [749e mm%mmm * 490ns /
4 = 183, |(Caloremepriansfornryy ol Foyelesperpigel]  t N0 1205vp t ak ofP3BE each pixel is 25
cycl es, pfong®EIED imBpece phuytiesouortenbikehg M ds 32 pi9Biss, the tir
avai | abl =L‘;F@?11W@E¥‘aﬁ:cess is 7,000ns.| ((32-5+1) Kk 250ns). The [ti me taken

to read 2 - e 1.a'v Se—CaSe UQ:,‘MS”“* +40ns, al |
accesses |FEUSELmABe PV, o 1) Syele RSRInpUERIXEL oy Qp5t s {;o St Fe—to—procless up to 7
pixels i hSB&ral el gi ven| MENMYAEL ed res Emu%’t) VESOES EPERd unber  of
ALUs it |s possible to dp?QfiespadtPupxelryatiie taken to thereforel perform
the conjol ution using a| SYESPECHBIPFY |0. 09375 secpnds (1500*1000 * 250ns /
4 =93, 750, OOOns). O a %qle xﬁ “tplf‘ time taken|for each pixe] is 9

cycl es, Ju&éasf Srrece—e At tmx§ 1%3‘5 04 pi Wt‘rrre avai |l abl e

T

for nmeno Aff"%\,g Iqm:l“ 2755 lwpfr((’ﬁqﬁug-t, *=90msr—Fhe—t+me—takenrto read 3
cache i é’é;fpos‘”t'] wpTlgtesng worse case [560ns (4 * 140ns, all accesses to
sanme DRA R —Conseque poS DRSS oM 20 Qo far PI Xel's in
paral | el | GIVERS unlinmitef klh é&sd’ewelé’t ddﬁ fopiads, ,glchgﬁtg?p hp, 0 AL Us and

Read/ Wite Iterators it s possible to do at best eextarE)e t|rre taken to

t her ef or ﬂg{ng@met he cowmeyﬁe}ﬁm ustngf a 3x3 kerngl 1s 0.03375 peconds
(1500*10 OAmmngy B3, 750, 000ns) . [Godesequent | yoeaeh out put pi xel takes
ker nel si Zehgecnsilligs to cpppute. The actugdisti m ngsjasdssunmari sed in the
foll owing plaklSem)i M taken to Tine to|gdecess Tifeatso Process Kernel

si zecal cyl akg@ut put pi xekl channel at [eQx10003 ¢hannel s at 15p0x1000 3x3
(9) 3 cycllesQn secondsPg 135 seconds 5k§i3¢e5) 8 1/ Bosyscl es0. 125
secondsO, 3§§m gconds 7x71649)16 1/3 c cles7s: JO. 245088mc0nds0. 735 seconds WO
03/ 01385 ?ﬁlegg/ 00920 ;4110 I mage Conp@ssist or Conposisting is toladd a
foregrou d(gngaglgnptngpa background i mage psing a mat{e or a channe| to govern
the appropriate propUrt ons Oof _background and toreground 1 n the final
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The image convolver is a general-purpose convolver, allowing a variety of functions to be implemented by varying
the values within a variable-sized coefficient kernel. The kernel sizes supported are 3x3, 5x5 and 7x7 only.

Turning now to Fig. 82, there is illustrated 340 an example of the convolution process. The pixel component values
fed into the convolver process 341 come from a Box Read Iterator 342. The Iterator 342 provides the image data row by
row, and within each row, pixel by pixel. The output from the convolver 341 is sent to a Sequential Write Iterator 344, which
stores the resultant image in a valid image format.

A Coefficient Kernel 346 is a lookup table in DRAM. The kernel is arranged with coefficients in the same order as



Regul ar Conposite A regular conposite is inplenented as: Foreground +
(Background - Foreground) * a/ 255 The division by X/ 255 is approxi mated by
257X/ 65536. An i nplenentati on of the conpositing process is shown in nore
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aver agi NG, & esore perform the convolution using a 3x3 kemel is 0.03375 seconds (1500%1000 * 90ns / 4 = 33,750,000ns).
Consequently each output pixel takes kernelsize/3 cycles to compute. The actual timings are summarised in the following

table:

Kernel size Time taken to Time to process Time to Process
calculate output pixel | 1 channel at 1500x1000 | 3 channels at
1500x1000
3x3 (9) 3 cycles 0.045 seconds 0.135 seconds
5x5 (25) 8 1/3 cycles 0.125 seconds 0.375 seconds
7x7 (49) 16 1/3 cycles 0.245 seconds 0.735 seconds




pi xel s, and has the added advantage that coordinates on different pyramd
|l evels differ only by shifting 1 bit per level. The construction of an
entire pyramd relies on a software |oop that calls the pyramd | evel
const ruct i wo iBosss on once for each | evel of the pyram decTiAw2tooazdong to
produce 1 level of the pyramd is 9/416 1/4 of the resolution of the input
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previously in Fig. 33, an image pyramid 360 is effectively a multi-resolution pixelmap. The original image is a 1:1



Scal e warp man As noted previously, in a data driven warp, there is the
need for a warp map that describes, for each output pixel, the center of a
correspondi ng i nput image map. Instead of having a single warp map as

previ ousl ywdas®tisseed, containing interleaved x and y valreI/Aviooemati on, it
is possible to treat the X and Y coorldlinates as separate channels.
Consequently, preferably there are two warp maps: an X warp map show ng the
war pi ng of X coordinates, and a Y warp map, show ng the warping of the Y
coordi nates. As noted previously, the warp map 365 can have a different
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Turning to Fig. 85, a warp map 365, having dimensions AxB comprises array values of a certain magnitude (for
example 8 bit values from O - 255) which set out the coordinate of a theoretical input image which maps to the
corresponding “theoretical” output image having the same array coordinate indices. Unfortunately, any output image eg.
366 will have its own dimensions CxD which may further be totally different from an input image which may have its own
dimensions BxF. Hence, it is necessary to facilitate the remapping of the warp map 365 so that it can be utilised for output
image 366 to determine, for each output pixel, the corresponding area or region of the input image 367 from which the
output pixel color data is to be constructed. For each output pixel in output image 366 it is necessary to first determine a
corresponding warp map value from warp map 365. This may include the need to bilinearly interpolate the surrounding
warp map values when an output image pixel maps to a fractional position within warp map table 365. The result of this
process will give the location of an input image pixel in a “theoretical” image which will be dimensioned by the size of each
data value within the warp map 365. These values must be re-scaled so as to map the theoretical image to the corresponding
actual input image 367.



Span cal cul ation The points fromthe warp map 365 | ocate centers of pixel
regions in the input inmge 367. The distance between input inmage pixels of
adj acent output image pixels will indicate the size of the regions, and
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Fetch the values from the warp map for the next step (this can require scaling in the resolution

domain if the warp map is only 8 bit values)

3. Bi-linear interpolation of the warp map to determine the actual value

4. Scaling the value to correspond to the input image domain

The first step can be accomplished by multiplying the current X/Y coordinate in the output image by a scale factor
(which can be different in X & Y). For example, if the output image was 1500 x 1000, and the warp map was 150 x 100, we

scale both X & Y by 1/10.
Fetching the values from the warp map requires access to 2 Lookup tables. One Lookup table indexes into the X

warp-map, and the other indexes into the Y warp-map. The lookup table either reads 8 or 16 bit entries from the lookup
table, but always returns 16 bit values (clearing the high 8 bits if the original values are only 8 bits).

The next step in the pipeline is to bi-linearly interpolate the looked-up warp map values.

Finally the result from the bi-linear interpolation is scaled to place it in the same domain as the image to be warped.
Thus, if the warp map range was 0-255, we scale X by 1500/255, and Y by 1000/255.
The interpolation process is as illustrated in Fig. 86 with the following constants set by software:

Constant Value

X Xscale (scales 0-ImageWidth to 0-WarpmapWidth)

X, Yscale (scales 0-ImageHeight to 0-WarpmapHeight)

K, XrangeScale (scales warpmap range (eg 0-255) to O-ImageWidth)
K, YrangeScale (scales warpmap range (eg 0-255) to O-ImageHeight)

The following lookup table is used:



calculation of points 1 to 31 of aline in a strip), and a DRAM buffered
set of history values to be used in the calculation of point 0 in a
strip's line. 32 bit precision in span history requires 4 cache lines to
hol d P2 hiwomsgi3sssnd 2 for PO history. PO's history is orHGI/Ame/ioenen and
read out once every 8 lines of 32 piX&s to a tenporary storage space of
(I'mageHei ght *4) bytes. Thus a 1500 pixel high image bei ng war ped requires
6000 bytes tenmporary storage, and a total of 6 cache lines. Tri-Ilinear

i nterpol ati on Having determ ned the center and span of the area fromthe

i nput | "EORk0 Bg@Veraged, T Nepdaial part of the warp processjis to

det er m N R VahHEwilihe OUT [PRirpdth YoBkup, O NCE & single output pi xel coul d
theoreti bakly be wappaRERRt ed bygitd B yRId dhes SR tdr BBEGr inkdbotissn POt enti al |y
too timetconsuniing to actually| d&ﬁadnarﬂi;exﬁf/@&ag@e&igebﬁlﬂﬁ%émmar ¢a of the
input impge contributing to theloutdgsyps®el . I nstead, it is pdssible to
approxi npte the |pi xel val ue by Tmhfagimhﬂmﬁgetzpbytes@nﬁeduwf the input i nmage.
If the span is 1 or less, it i|Tombinedstaysles@sd lyokhmpancgadl t he ori giinal image's
pi xel s around the given coordinate, and performbi-linear interpolation.

If the sg&gcailcalatg,geat er than 1, we nust read two appropriate levels of the
I ’mage pyram 8?mts {Q)m t{xew mt;[xaé 5?5 locg?e %ﬁtﬁrs gl’pgcglge%‘o%tnln 89&1%1?%1\&%%%%5&&9Fe?v!;een

i nt erpol ation hﬁ
correct, inpRtimage piseds @fcaélémta)aw imege gixels will lﬂdlféﬁe ﬁ'? S&ﬁ of i regiPRtean thinfigAnse; Cﬁ‘g b he
resul tantapptomagabvmaipmmcmgnoho Fig. 90, generally speaking, for a given span

| 2 1 (.3 ? n fam(g 80sof £ n&uﬁaagﬁmw E@Mmhp@i%?pwgmgamfayme Jmaa&eg&?laa)poand
n S+

bi -1ine al1amd tpré¥1?)u6{$ ng Boult 6trg§ é%épol%uonés c?l%%f’p fletegm?e%hc l{selute cp stance 111X£|Ylljeetwe51hnﬂ agdch
of the tR® apdbgtewpes PRIGPR The W‘WlhélStha?ﬁoﬂY beserees ihsaen hich E"l“[?b? sqtags aprerximation of
| evel s. Aga&laauspe.i n Fig. 91, it is necessary to first interpolate in X and

Y for each pyggy EF%bﬂr &&%ﬁlsaﬁggﬁc%&éa mxﬁ&ﬁsmp%%mdﬂ, b&i wsﬁamt,%@mm]@mngme SIS

to obtain a fina ge c;oram?l de 1ssyed
to gener éﬁ@“&?ﬂﬁ?"@g Ebés ‘F"o@“ﬁ??‘k‘e‘ﬂ“ Hag B theiRe BE4E Eég?rs "0 e i pﬁ‘{}tr ‘éfﬁ" BreY‘cé‘?/éTp § &
s+l . Eac horfegpording life. 2 lsaheiprevigre lipis meintircthesamptsaip st gph keekders ing @grenemkistany buffes. The basic
Hence, r %?cﬂ&mbﬁte@paaFﬁcelea&eJ iMusteRdd BEieCRGRBhOelaSs of nRR@&ORAMMRCABRGY.COher ence
can be obtain dfo Suin Legions in the output inage are typically locally
coherent in_the 1np [ nage foerh ps at a different scale haowever, but
coherent \\Léowim t|Séescale). Since|Detafiss not possible to knowt
rel at i onshFpopet mageWigthibpput  and Pouistpyiookuprge ¥ & Ye sardTioe t hat| out put

pi xel s are writt griniageVadtve? ¢oiricedt  $ P is put fmid tee FEFOVed talie et agaiBeytiieganietier at or) in
order to best nakeé2bisgesftytache c@RissleneefolopinerqyanBar int er pol atli on can be
conpletedjin as flew as 2 cycles onT&vSéqfa‘Q@SﬁﬁlPﬁg 4 multiply ALUJ and all 4
adder AL as alpipeline and anllﬂmbﬁnwwmﬂpemrb&s_w_ But si nce
all the interpolation values are derived fromthe inage pyram ds,

i nt er pol at i onsiseaibii gecisiomphreitisekyyis kiptpie thd esst of 84500 aisH @/ide phes heingearieh B00 ytes
mention t %Q&ggeg%‘;@dare busy doing warp-map scaling and span

cal cul ati ons) SI bI I 0 and P2
avail abl e to Fﬂ@a‘f‘%ﬁ%wﬁ‘%g‘&ﬁ?g&?@é ng ﬁanc Qﬂgggééf;lgﬁ{c%@ﬁn S}gy?: es,
usi ng 2 Nistori¢s)yhlsps 7Ryalss as fotiqws: out put pixel s are witten out to the DRAMvia a
Vertical-Strip Wite Iterator that uses 2 cache lines. The speed is

therefore limted t Jcak... i b hbu' 8—cyctes et tput pixel. If the scaling
of the warp map rqui.co 8 , N the overall speed wll be
unchanged. O herw sg¢"t he th'éu?ﬁé 2 sq)t;;yhe time faken to scale the warp

SELAINOY 66926115 the warp map will be

[

map. I n nost cases WO “’“mJ \,1.,’,"-\1

scaled up to match ?‘le si ze Xg(g" I]i:JJ 0. Assumipg a warp map that requires
et ken to convert a single

8 or fewer cycles pg+—pixel ,Bl) +—+re—t

col or conponent of [tnage it eMAXAM o g 10 (15h0 * 1000 * 8 cycles * | Ons
per cycle). Histogrhf Col | efB5ABS®L, ~P2)
Store P1, in P2, history

6 B = ABS(P1, —PO,)




The histogram collector is a mcrocode programthat takes an image channel
as input, and produces a histogramas output. Each of a channel's pixels
has a value in the range 0-255. Consequently there are 256 entries in the
hi st ogr am walBei3sssesach entry 32 bits - | arge enough to cadraduvezaceeeunt of
an entire 1500x1000 i mage. As shown il Fig. 92, since the histogram
represents a sunmary of the entire inage, a Sequential Read Iterator 378
is sufficient for the input. The histogramitself can be conpletely cached,
requiring 32 cache lines (1K). The nicrocode has two passes: an
initialization pasq WATCh &% Al ihpd, BewyOUNts 19 zero, and then a "count”
stage that increngnrs the an T, §)te counter flor each pixel read fromthe
i mge. The first Stdge requiTes the AdUress UMt and a single Adder ALU,

wi th the addr t 347 fo

M crocodeAddr'@%E1 F‘{ﬂhﬁ{ﬁla%r%%ﬁg aq%hglg&’e@ ﬁevmué m° % régé’ ?erﬁé%e?ﬁenms of
OWite OsmwmepsionThevPrrvious Paigtd €or|FO Gistory)- Euffeg%quqm@s BNES‘G theRie gted gpst of th e (for
processi agiRagoh ofpbin® I @GESlifkgn i), G DRAMDLIRLE scPif RSP ShSs tb braused dittheadlcuptionef S
fromthe Wgﬁ t&%p@] uses 4 Adder ALUs: Adder 1Adder 2Adder 3Adder 4Addr ess
Unit 1A=8 3 AA = Adder| . Outl A # 4 B

pi xel Z = pi xel? bit p{ggisiopyifyspam pisiagy reRYifes S Cfﬂﬂld‘éﬁ't? hﬁftzlhftﬂ’a'cfé %f°fc591hisf°r%£ ﬁ%/torébﬁﬂ =
AQut| = Aeniandresdiit piceevAm @ &ined of 3R pixels to a tepiparafy/toragq spade]ef(TmRgeElej ght*@bytgs) Thus a 1500
Adder 3. Oﬂ&élhlﬂﬁ/}fnhgeeem@%@éd‘}eq@éﬁ éooﬁlgrtes ferfvoriry GO @ekd 2otidat 6 cacke s, FI ush caches The
Zero flaghlf1 mAdder 2 cycle 2 is used to stay at mcrocode address 2 for as

mterpolatio
long as tte |1pUI xel is the sane. Wen it chan the new count is

written out iPevieg deeapivsd Be cragrendkgangf thegics frpfp e iRK jmags q‘? R ayprARSS. therfinglpari o fog ap
addr ess Zrocessd 16 Hatrpickethencltle afsts output gixell Sinck aainglé dme»utepn:d couiteareticliyberepresentad by Wor e

pi xel s t Qntpcﬁnﬂﬁﬁﬁgge 1§§ Q(Qé?xtlaiiy Io@-{flﬁécogsﬁrﬁmé:tx Qéhﬁ.@y redd 'bndmgﬁe sp&ﬁf@gﬁa o tl'}éa'l’pixt%age

accordin Bg@ % gl &)?lﬁ

t abl e reg? %%'ﬁfhc Ptgpu?ngg/ Tteég' 1tbs é)Psm nﬁ g%rommatg\@eplﬁel Vél\l}ee Iyusmﬁa unflge Pyé'amﬁ O(i %lh%lt
sane as image.nei ghbor. The tine taken for a single color |Iookup is 0.03s
(1500 x 1000 » the sgay s @r BR/it 1pha@dary>om'y Onad pe brigiylGhae’ Fpidb 2004 10 @Bapardiklreant | me

taken fo rr% r&B?@ g,?e%r i@%@@ﬁ%ﬁ?& anl i text tixarﬂ? %ve'i'rmét ?bacﬂwpéﬁp&pnatg Feveld: optgesimagg?}lr%d and

Tr ansf 0920
T o R ego PR e MRpEHEN botks) P LR 49 TRy R R o R

Tabl e Re pbmdngwbs acceptable results (it errs on the side of blurring the resultant image).
Turning to Fig, 90, generally speaking, for a given span ‘s', it is necessary to read image pyramid levels given by

Ings (370) and Ings+1 (371). Lnys is simply decoding the highest set bit of s, We must bi-linear interpolate to determine the
value for the pixel value on each of the two levels 370,371 of the pyramid, and then interpolate between levels.

As shown in Fig. 91, it is necessary to first interpolate in X and Y for each pyramid level before interpolating
between the pyramid levels to obtain a final output value 373.

The image pyramid address mode issued to generate addresses for pixel coordinates at (x, y) on pyramid level s &
s+1, Each level of the image pyramid contains pixels sequential in x, Hence, reads in x are likely to be cache hits.

Reasonable cache coherence can be obtained as local regions in the output image are typically locally coherent in
the input image (perhaps at a different scale however, but coherent within the scale). Since it is not possible to know the
relationship between the input and output images, we ensure that output pixels are written in a vertical strip (via a Vertical-
Strip Tterator) in order to best make use of cache coherence,

Tri-linear interpolation can be completed in as few as 2 cycles on average using 4 multiply ALUs and all 4 adder
ALUs as a pipeline and assuming no memory access required. But since al the interpolation values are derived from the
image pyramids, interpolation speed is completely dependent on cache coherence (not to mention the other units are busy
doing warp-map scaling and span calculations). As many cache lines as possible should therefore be available to the image-
pyramid reading. The best speed will be 8 cycles, using 2 Multiply ALUs.

The output pixels are written out to the DRAM via a Vertical-Strip Write Iterator that uses 2 cache lines. The speed
is therefore limited to a minimum of 8 cycles per output pixel. If the scaling of the warp map requires 8 or fewer cycles,
then the overall speed will be unchanged. Otherwise the throughput is the time taken to scale the warp map. In most cases
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The Zero flag from Adder2 cycle 2 is used to stay at microcode address 2 for as long as the input pixel is the same.
When it changes, the new count is written out in microcode address 3, and processing resumes at microcode address 2.
Microcode address 4 is used at the end, when there are no more pixels to be read.

Stage 1 takes 256 cycles, or 2560ns. Stage 2 varies according to the values of the pixels. The worst case time for
lookup table replacement is 2 cycles per image pixel if every pixel is not the same as its neighbor. The time taken for a single
color Tookup is 0.03s (1500 x 1000 x 2 cycle per pixel x 10ns per cycle = 30,000,000ns). The time taken for 3 color
components is 3 times this amount, or 0.09s.
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Color transformation is achieved in two main ways:

Lookup table replacement

Color space conversion
Lookup Table Replacement

As illustrated in Fig. 86, one of the simplest ways to transform the color of a pixel is to encode an arbitrarily
complex transform function into a lookup table 380. The component color value of the pixel is used to lookup 381 the new
component value of the pixel. For each pixel read from a Sequential Read Iterator, its new value is read from the New Color
Table 380, and written to a Sequential Write Iterator 383. The input image can be processed simultaneously in two halves to
make effective use of memory bandwidth. The following lookup table is used:

Lookup Size Details
LU, 256 entries Replacement[X]
8 bits per entry Table indexed by the 8 highest significant bits of X.
Resultant 8 bits treated as fixed point 0:8

The total process requires 2 Sequential Read Iterators and 2 Sequential Write iterators. The 2 New Color Tables
require 8 cache lines each to hold the 256 bytes (256 entries of 1 byte).

The average time for lookup table replacement is therefore ¥ cycle per image pixel. The time taken for a single
color lookup is 0.0075s (1500 x 1000 x % cycle per pixel x 10ns per cycle = 7,500,000ns). The time taken for 3 color
components is 3 times this amount, or 0.0225s. Each color component has to be processed one after the other under control
of software.

Color Space Conversion

Color Space conversion is only required when moving between color spaces. The CCD images are captured in
RGB color space, and printing occurs in CMY color space, while clients of the ACP 31 likely process images in the Lab
color space. All of the input color space channels are typically required as input to determine each output channel’s
component value, Thus the logical process is as illustrated 385 in Fig. 94. '

Simply, conversion between Lab, RGB, and CMY is fairly straightforward, However the individual color profile of
a particular device can vary considerably. Consequently, to allow future CCDs, inks, and printers, the ACP 31 performs
color space conversion by means of tri-linear interpolation from color space conversion lookup tables.

Color coherence tends to be area based rather than line based. To aid cache coherence during tri-linear interpolation
lookups, it is best to process an image in vertical strips. Thus the read 386-388 and write 389 iterators would be Vertical-
Strip Iterators.

Tri-linear color space conversion

For each output color component, a single 3D table mapping the input color space to the output color component is
required, For example, to convert CCD images from RGB to Lab, 3 tables calibrated to the physical characteristics of the -
CCD are required:

RGB->L

RGB->a

RGB->b

To convert from Lab to CMY, 3 tables calibrated to the physical characteristics of the ink/printer are required:



