;e3e""| L06. T21 DI SC MEDI A MARKI NG TECHNI CAL FI ELD [ 0001] This invention
relates to marking a disc nedia and, in particular, to |abeling an optical
di sc. BACKGROUND [ 0002] An optical disc, such as a conpact disc (CD), is an
optical data storage nediumthat data can be witten to and read using a

| ow- powered | aser beam Optical disc technology first appeared in the

mar ket pl ace with the CD, which is typitally used for electronically
recordi ng, storing, and playing back audi o, video, text, and other
information in digital form A digital versatile disc (DVD) is another nore
recent type of optical disc th | e I sed for storing and pl aying
back novi es because of its abi Bhém%@tl@?é%gh nore data in the sane
anount of physical space as a CD. (0003] Conpact discs were initially a
read-only storage nedi umthat stg@ﬁ%ﬁ@#ata as a pattern of
depressions and flat areas inpre ece of clear polycarbonate

pl astic thn ac RO A e i’ onsuners
can now vvri[?)‘se}dgl at a m%’)(ﬁ%‘/ﬁel r Eﬁ%&%”@ﬁg&aﬁ? gégyfgr?ﬁﬁg Fngcg%ﬁv’\cﬁ iting
digital dayghdpR gng?ﬁ& dideD-recordabl e discs), CD-RW (CDrewitable discs),
and the many other tornms of optical discs. [0004] Methods for |abeling the
non-data side of such optical discs with text and i nages, for exanple, have
continued to devel op as consuners desire nore convenient ways to identify
their own recorded discs. Basic nghbg&EsROOND! abel ing a disc include
physically witing on the non-data side wth a permanent nmarker (e.g.) a
Shar pi e mafée02], or A idptitdadiss!tsuahRRPacomipaek Qiscl @) il spticalkdatg Case
200209631 2 it onto the non-data side of the disc. O her physical marking
met hods destdrage cheldium ithigl | datee barabe awitien t6 @ndashd asial = RW-peaerdddasepl ayer s
include ink jet printing, thermal wax transfer, and thermal dye transfer
met hods. Stebin. oOpécal ischtethinalegy ffiret dppeeredi in the coarketplacenaith dhes €Dyl ayer to
mark a specially prepared disc surface. (0005] A |abel imge can be

render ed omwhidieid pidally ursedctor (éleatronicakye reeodingt atasinge andrplayipg diagk) of an
optical disc by marking the | abel surface with a | aser beam al ong

concent ri c agfioc widge, texhcand ather inforntationi ip (digitah éerman Aogligital adersititec dise | abel ed
on concentric circular tracks, however, unmarked spaces (e.g., a white
space) bet WE¥R) isrnothemorgfecant dyneref optical W@Ctth%’fdﬁgeﬂ%@")ab?ﬁégfm gtoriag| i ght
colored radial stripe within a | abel i rraagﬁ_. A sPace bet ween the start and
the end of @RdtRiayiRg pack Jiavies pscagse of itsjabifityfo gtore Mychgmersdatadadhe s

t heref ore not narkec%ﬁg})th t he | aser Ecause an entire mark will not fit

into the f ARG PRHNTLLPRYSIGR! SPRREAS afrbse unmarked fractional spaces are
(00001 A+ SOGHTo SpaGtcit ed ity Porei onl songiag diediim B SBor e
o UG R S ol BT P2,
wriren’ i nisaE pBEaBoRte Pt 3oy Sh 5. Elpt meBOBERpSERERE, HOWRRR ot he
of “the 11 r 268 RboriBiero ah oul (A ual oft My Aleh Chs QIR COPRGIRLTECT P

are conmon |c¥?étﬂé & Wifting Qigia) 88t-dtto CLRRK (BPEelbidhbR: ciliéél‘?,oéb-m (Cb-

illustrates the end-of-track gaps and overwite problems associated with
| abel i ng, @éwrtablel dishs),ahdRé nfamly dithet Forktdlof opfiGal@dists. 100 i ncludes a disc

| abel region 102 and a text |abéel 104 that has been witten on the disc 100
'n [0004] Methods for labeling the non-data side of such optical discs with

text and images, for example, have continued to develop as consumers desire

more convenient ways to identify their own recorded discs. Basic methods for

labeling a disc include physically writing on the non-data side with a permanent

marker (e.g., a Sharpie marker), or printing out a paper sticker label and sticking
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Case 200209631 3 the | abel region 102. A region 106 of the text |abel 104
is expanded to illustrate that unmarked spaces between the start 108 and
the end 110 of tracks 112 will appear as a light colored radial stripe 114
within a | abel image, such as within the letter "x" of the text |abel 104.
The unmarked fracti onal spaces between the start 108 and the end 110 of the
tracks 112 vary as a fraction of a marking space in this exanple. [0008]
The tracks 112 in the expanded region 106 includes nmultiple |aser marks 116
which are witten onto disc 100 with a laser to formthe expanded regi on
106 of the letter "x". The marks 116 are witten to formthe tracks 112

whi ch are dtomte the nen-datacidenef the dises Qtheuphysicabmarking methads developedt i on

i ndi cated by arrow 118 (i.e., each concentric circular track 112 starts at
t he positi dor indernentationidn sppventipnalt epticakdise Hulayess iingluge nkojet priAtngr acks
112 may al so be witten in an opposite direction to_that which is indicated
by arrow 1iEermpl waxdrapsiencand thagmaldysdranster siethedss . Still etharcpethpds ype
illustrates an end-of-track verwqite where a | aser mark ézo, ﬁwitten at
the end of 1§ 8Rr 'sz‘(%@”’ﬂﬁf@?ﬂ'éﬁ?aé(e'fi"r’@?rklaa%"é%c' Prerpsed dISE SRS a dar ker

LT3 iR R RO P o o iR bR 052
hunber 3?%ap&fa;%g@stsor:eﬁ%is&fﬁeéﬁx%e” Eallisd, PE miarB kB30 Syt D PE" h

Xi - . OF i i . T
APDT X T8 ot N 08 e bl B 8 42 el B By T
201 ve of | Sk BN B 'ootiah® chlPACPALY, ASUER: Shrh 8B plod AR 821 011 1

region inner radi e circunference ttack 124 is

a product ?Lhit%‘é%‘a%&% ?&We&n‘?hsf @%irt“aQndlgl@ dria &F the(t‘raikgg\?maﬁdb%r GsT£igHier ence

of the tra general 'y not be an exact 1nt mul tiple of the

mar k spaci RgjorcPiad Qe Within a 14bdl ARAGH. Kdphdehetwibh tids@tHhdlRE wAEN t he

concentric circular tracks 112 in a radial direction 126 is typically

sel ected agfa padkPk ypiddllyoa %cﬁdheof@?ﬁ‘arﬁﬁ@%hﬁéh ¥h@Ts WerdfbreOnét halked | mage
onto an optical disc. For exanple, if the shape of the marks created with

the laser gjifh thé 148ek BBcalsalfCdriting niark WiGlot SORE the fideaéndl fnatkiHg $pa&Nt to the
mark spacing will result in a uniformprint density both radially and

tangent i al IThesé UninatkedTRitioRNdl shhces@reconmichletdfémsdiod end-bftrddkayipst 0 mar k
spacing ratio can be adjusted to achieve a uniformprint density of the

| abel i magandlHoewisaally ojentiopabipl y sel ecting a first track radius 126 that
corresponds to an inner track 124 of the | abel region 102, and/or when

sel ecting 40006]ck spAlternativety, dfctheumimanked drastiohalrapapes at tikeesdtof tbel vy,
end-of -track gaps 114 and/or overwites will appear in the |abel inmage
because t heirtulac tracksgréngnavked, aowritten i oveega adarkndoldred eadiet stripe may k
spacing. [0011] Accordingly, a technique is needed to visually enhance disc
medi a nar kiapgearswighindighd or ingiditone segionshel arlabel dmage ovhichyiisl alsaavigiallyr ack
gaps and/or overwites of |aser marks. SUVMARY [0012] Disc nedia marking is
descri bed objastipnable. The dark stripe will appear because a mark that is written into a

fractional marking space will overlap the first mark of the track (or the last mark of
the track, or both) and the overlapped fraction of the first mark may appear darker
than the other marks. Overlapping marks are commonly referred to as
end-of-track overwrites.

[0007] Fig. 1 illustrates the end-of-track gaps and overwrite problems
associated with labeling, or marking, an optical disc 100. The disc 100 includes a

disc label region 102 and a text label 104 that has been written on the disc 100 in
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[0013] In

an inplenentation, a |aser renders an inmage on a disc nedia as

| aser marks written in concentric circular tracks. A print control
application determnes a radius of a first circular track such that a

circunferenti al

| ength of the first circular track corresponds to an

I ntegral nunber of |aser mark spaces. The print control application further
determnes a radial increnent fromthd first circular track to a se

circular t
second cir

Fig. 1 illustrates end-of-track marki ng space t?1aps and overwite problens
typi cal of thainnerarkeshgpacesrhatwesn thecstad (fI08ransihecand HiGsef tragks) 118gwill
techniques. Fig. 2 illustrates an exenplary inplenmentation of djisc nedia

mar ki ng. Fiagped 39 2 lightctased Eﬁﬁ’iﬁiﬁgiﬁﬂﬁﬂwiﬁ'{%e |3hediinagm sKEMgs YitBindhe Fig. 4

further il

rack such that a circunferential |ength of the Case 20020

cular track corresponds to a second integral nunber of the |aser
mar k spaces. BRI EF DESCRI PTI ON OF THE DRAW NGS ;0014] The sane nunbers are
used t hr oudftelabet tegiaiy 0d. ndJegion 1186 of dhe-text [abel

Ghisuppanded e Yupisre

Chown | n FIRHEr 5% i the Tt bl 640 theiagedhen Tratons spdcea febonn 1By Al

met hod for
exenpl ary

BelRG e TIoGo ek 12 Vet el i P A dRCERRE S © "

mar ki ng sy§t.em TAI LED DESCRI PTI ON

his example.

[0008] The tracks 112 in the expanded region 106 includes multiple laser
marks 116 which are written onto disc 100 with a laser to form the expanded
region 106 of the letter “x”. The marks 116 are written to form the tracks 112
which are concentric circular tracks around the disc 100 in a direction indicated
by arrow 118 (i.e., each concentric circular track 112 starts at the position 108 and
ends approximately at the position 110). The tracks 112 may also be written in an
opposite direction to that which is indicated by arrow 118 by some conventional
labeling systems. A track 112(N) illustrates an end-of-track overwrite where a
laser mark 120, written at the end of track 112(N), overlaps a first laser mark 122
creating a darker image than is desired when writing the image on the disc 100.
[0009] A gap 114 between laser marks generally occurs at the end of a
track because the track length (e.g., the circumference of the frack) is not an
integer number of mark spaces in length. For example, the space 114 is
approximately a one-half fraction of a mark 116 as shown in Fig. 1. The track
lengths are not integral multiples of the mark spacing because the radius of an
inner track 124 is typically selected to match a nominal print region inner radius
126. Since the circumference of this inner track 124 is a product of two-pi and
the radius 126 (i.e., C = 2m*R), the circumference of the track 124 will generally

not be an exact integer multiple of the mark spacing.
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[ 0015] The foll ow ng describes disc nedia marking systens and net hods t hat
vi sual | y enhance optical disc |abeling and avoid end-of-track marking gaps
and/or overwites of |aser marks. A user of an optical disc |abeling system
can create, or otherw se record, a disc of nusic, pictures, a backup of
business files, or any other type of digital data and then print or mark a
| abel on the non-data side of the dis@to identify the contents recorded on
the disc. In the exenplary inplenentations described herein, the | abel is
an i mage that can be any form of Case 200209631 6 text, graphic or

conmbi nation thereof that is rendered on the disc wth a |aser. Although

di sc medi a [0@40i ng i Burthesctheiseacing betweandhe sRPCetrie BifGUaI tragks 412 b8l i ng,

the inventive techni ques described herein are applicable to any form of

mar ki ng coriediak direction 2 isrtypicalbkselected asua fsipele Jatia o) thw@rbfspaplga nedi a.

[0016 In one inplenentation of the disc nedia marKki n% technl a radius
of a first Wenciting a Iaaeklmqseapnt%smopﬁeajﬂb% d:rPréxﬁT"Q Hebe gh ‘i‘ ﬂgf‘ér ni ned.
The radius is determne%éhl D a circunf nce heflrs rack

(e.g., the Makeeaipdnyity the ﬁ@‘?rha'@f cirerdar, rsg '"%o? ot RFE! "tgo ®nt egral

232‘32“ ﬁfthiﬁﬁvﬁw”? r%pﬁ%ﬁssr?afcg%ivtv ?{'&?@E? ?g%'fé”ﬁi phffodid noth, bR, ??LZ
Cuch that 08 BPRUIAE dhfiess ﬁ?&@?ﬁ%ﬁ%ﬁ%ﬁ'ﬁiﬁ"w A, e Efé@mtgﬁ%%%”; 0
Cpacing 15 o aﬁr*a*'é‘fc}%@i e R R i L

next in them, bgée?ehom%mih% sﬁrﬂﬁly%’e%ﬁtlﬁ%g'ﬂ%t t&k%tﬂhiqz@%t%&%ﬁﬂrﬂg

techni que renders a I mage- as mar ks on t disc nme and avoi ds

end- of -t agk ameﬁ'eF‘Qra‘éﬁpﬁMaBﬂfr%r |a%ﬁ'fé¥.¢ﬁ 992! anafowménysaeaﬁt@cs thdeR
appearance of the |abel. [0 | ustrates an exenpl ary

i npl enent atépﬁ@ingfto dcssuritesh é‘uﬁ?drlﬁ ﬂ%t%ﬁﬂs’tﬁoﬁz%ﬁa-mﬁd&fgﬁpémh avdpss and/ or
overwites of |aser marks when rendering a la i mage on a disc nedia 202.

The di sc meflepvd@2 vﬁlﬂa&b&raﬁ)’thé Yatsel Whage beealsedinectrackciengths asill nobeeof a
conpact disc (CD), (recordable), CDO-RW (rewiteable), CD Audio, Video
CD, di git alintegrat afultiptestdfine (lavOpadddD+RW (rewriteabl e), or any other type
of optical disc to include a CD-ROM (CD-read only nenory) that can be
cust om | abqbetiilby a Accwdingly, adedhnityetis nedded td yisuallyt enttamce elissrmiediaon t he
di sc nedia. Case 200209631 7 [0018] Disc nedia 202 includes a | abel
regi on 204 rdarkingesubly asnoptivak discdgbelimgb @nd dar gvokd @ndref-trank @ape randéyi on
boundary 208. A circunference of the inner region boundary 206 is defined
by a radi upvemrites oblasergnarkenR), and a circunference of the outer region
boundary 208 is defined by a radius 212. Wthin the | abel region 204, disc
medi a 202 i ncludes concentric circular tracks 214(1 ), 214(2), ..., 214(N),

., 214(NtM. The tracks 214 are witten on the disc 202 as discrete | aser
marks 216 that are each generated wWBBMMARYser is fired to render a | abel
image wthin the |abel region 204 on the disc 202. The concentric circul ar
tracks 214 [08#lbe wr Piscanedia mankingjssessebgchhere®. i n directions that are

ther, the concentric circular tracks

o he o MBSO n & eREaIeRGs, A tebT B e, fFabe O Aefscnedt B

d 1
rom s oudgrer: mage wAean: saBeRlgratebley PP rifio ot ansieaBhl | ¢ ook
214(1 ). [000 %grhﬂ %Ef‘a& t]g oll‘%S 5’( (Eﬂacru t?ajc?I Ca tll?ft {'cirr @Feﬂtlgl t[%ngﬂcof they

are illustrat hr's exanp easellip ecause,

when the | a5gr, rélt IaE' Pratk B8 rSs;goi'@grtg éﬁnlln'i%g :“elgﬁbwl 13ser HRark! SHacs. SC i s

al so spi nni ng. he mar are e ng a track 214. For

exanpl e, a h@essﬁntrafnlfro%épnmauorbﬁﬁhwlabténfnin\ég a( Fatial Th&rERRAL fromatheaRétal
direction 218 and may be forty (40) mcrons along a track 214. A uniform

print densidiiuRt track abeal sdcopg@eirdlmyr friesivh wat alircamriemtial Sngtthontheed (600)
mar ks per inch along a track 214 and one-thousand (1000) tracks per inch

radially (e.g., 600/1000 = 25/40).
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[0020] In this exanple, the spacing between the tracks 214 is exaggerated
toillustrate that a laser is increnented by one track wdth in a radi al
direction 218 at the end of each cycle of rotation around the disc nedia
202. The first inner track 214(1 ) of |abel inmage marks can be witten as
the inner region boundary Case 200209631 8 206 where a radius (R~ ) of
the first inner track 214(1 ) is equaldto the radius 210 of the inner

regi on boundary. Additionally, the outer track 214(N+M of | abel inage
marks can be witten as the outer region boundary 208 where a radius (R'+m
of the outer track 214(N+M is equal to the radius 212 of the outer region
boundary. Isecord sirciarrtrack, corresporaisitasa gaRend ditegiabnamper of thadaser maark 214( 1)
is not |ess than radius 210 and the radius (R-+m) of the outer track
214(N+M) i spaegs.nore than radius 212. [0021) In this inplenentation of disc
medi a marki ng 200, a radius (R) of the first track 214(1 ) is determ ned
such that a circunference (C-) of the first track 214(1 ) (i.e., the

circunferential length of_the tESISEE !s gg IEED nber of marks 216 (or
mar k spaces) that are r QT n the first track. A
track spaci or t subse e concentric circular, tracks 2 214(3),
coy o 214( N)[E&I] , hﬁl'(‘ é?'na'&?e? hﬁ%{?hgﬂﬁh tq{a‘f"'ngﬁzoéﬁ]’ffé&%?erence
(C") of eagg g Hbse uent tracks is also an integral nunber of marks,
or mark spdc@ eatyrﬁsgn B@QF?W@ track. A mark space 220 in a particul ar
track 214 may o

such ias whet herh‘ﬂgy'wéﬁ?ﬁt% '?#OF% 'ﬁ'Bﬁ" g?%lgq?%gpgfggIa?‘%r%%%gp"tghﬁ?ﬂ)lﬁ]?'gﬁri gg?ﬁ
e Coes” ST cohBFuRy bR D20 el Tl s 11 e
cireunfer ence, - glo bifckiAfion dibridlhs i @m@nﬁat.owdga%a.@ Hasg.(e. 9. the

size of a mark al ong a track ) are equal to the ma spaci ng (eg

the distance ZZQfgabqn%t,gtésrﬁp&e%yc{ggégﬁg?%%Iﬁ@arﬁﬁggggtgmof mar k | ocations).

However, the marK spaci ngs can  ess“than the length of the
marks such that piiey FRHes |IﬁBEF§i@§a\f/arB¥|§rdo?erdn€nQaéﬂ<ﬁub dis8inftia Qﬁarﬁm%abe'

i mge, thereby inproving the optical density of those regions of e | abel .
Case 200209§3tbm sibvirPidd2g. 3\ t hough the first track radius (R-) is
determned for the inner-nost track 214(1 ) in label region 204 in this
exanpl e, a radi Fgg. b i¢ hefloMtdagrans that riaskrabdameempiny dndthod dbediscned as
the first track radius. Additionally, the subsequent track spacing could be
det er m ned media mamking] direction fromthe outer track 214(N+M to the

i nner-nost track 214(1) rather than in the radial direction 218 fromthe
inner track to fFige Gilustrates sariousacémppidds pf heexemplary reogipating Gievise di sc
nmedia 202 is defined by the inner radial Iimt (IR 210 and the outer

radi al | i mthat(caR)beZifripleshented itk ai discemediadnarkingisystem.s | ess t han the outer
radial Iimt (IR< OR). The inner radial limt (IR 210 defines an inner
circunference (IC) where IC = 2m R The inner circunference (1C) is the

i nner region boundary 206 of the | abel region 204. The outer radial limt
(OR) 212 defines an outer ci rcﬂﬁﬂhﬁa@iﬁ.&lﬁ’_ﬂ!&re OC = 2nOR. The outer

nf is th t b 08 of the | abel
204, 100240841 ¢ Thadal O?Vg[meé&sc('%%;gtsf?%g SriAe e et Bpthda;
el 1 st rERiiRdAN RGeS Potee! caeiaprin wLHc?iganQPo Tk R 208 such
that the f t Kk rrf h Kk
spaci ng. ( M ERsPWRRS of IeF TiRlRs, s Aasgr 56 a0 opyed s, RBRIMR ST PR« ne
e el B0 i N A R
LN OF Gt ik e Bt uidBF ST e Wharkla (B8 SR leSnar ot L 1e

track) when m n| I'S an integer er of marks.
[0025] A fagdebf He) dis tdjﬁifehfi@%é %ﬁteﬁ&ul%'cﬁrd%dccﬁi iHen@s@f 1 fife é)EHF\%Iary
circunference (1C) divided by the mark spacing (MsS) such that

cei | (I C/ M)impldicsritatione &idstitiedoherainy tHelber is Mnriiagethad ¢ lté)ah)h&)rﬁﬁm’t
nearest I nt eger.
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Case 200209631 10 Substitute for the inner circunference (IC = 2m R) and
k = ceil (2m RFM5) which is the nunber of mark spacings al ong the inner

ci rcunference, rounded up to the next nearest integer. [0026] To achi eve an
i ntegral nunber of mark spacings on the first track 214(1 ), the first
track radius R~ is determ ned such that the circunference C~ of the first
track has k mark spacings. Then C~ = BB = ceil (2M R MB) M5 and R~ = C~/ 2rr
=ceil(2ZmMm R M5) / (2n/MS). The inner radius (IR) is subtracted fromthe
equation such that R~ - IR =ceil (2mM R M5) / (2rr/ NbB) [ceil (IR(2rr/ NMS))
IR(2n/MB)] / (2rr/MB). The resulting equation for the first track radius is
bounded by tex=grarhic, RE cempimtion rtyereqrﬁg'}aéfl%,r%nde[% opdNatisfMithiha8ehr t i ng
track radius fromIR to R- to achieve a circunference that is an integer
number of rdhRUGHAisCBRdia Marking it describeddn i roniext ofiaptisal distelabgling spaci ng.
[0027] Following is a conputational sumrary for determining the radi us of
the first theswentivejieshninyes desrsibed herein 3rkaPplicaPle) to) any; forrxef MAKPIr adi al

I t IC nf ~first t k
a0 usCci FRUTTERE AR APRE oF Ak o7 ol RNEWRT B GPAEINce const ant f act or

ceil () CEi[bﬁfﬁ( N TRuass erpféR'netr'n?atloﬂeofr'%t & FhEh Hng}kﬁ%eieclh%qﬁeg,ngR

radius of a first circular track in a label region on a disc media is determined. The
radius is determined such that a circumference of the first track (e.g., the
circumferential length of the track) corresponds to an integral number of laser
mark spaces as established by the length of a laser mark space in the first track.
A track spacing for the subsequent concentric circular tracks in the label region of
the disc media is then determined such that the circumferential length of each of
the subsequent tracks also corresponds to an integral number of the laser mark
spaces. The track spacing is a radial increment from one concentric circular
track to the next in the label region of the disc media. This disc media marking
technique renders a label image as laser marks on the disc media and avoids
end-of-track marking gaps and/or overwrites to visually enhance the appearance
of the label.

[0017] Fig. 2 illustrates an exemplary implementation of disc media
marking 200 to avoid end-of-track gaps and/or overwrites of laser marks when
rendering a label image on a disc media 202. The disc media 202 can be any
type of optical disc such as any one of a compact disc (CD), CD-R (recordable),
CD-RW (rewriteable), CD-Audio, Video CD, digital versatile disc (DVD),
DVD+RW (rewriteable), or any other type of optical disc to include a CD-ROM
(CD-read only memory) that can be custom labeled by a consumer wanting to

identify contents recorded on the disc media.
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Case 20020
for IC, Kk

(2ZmM R/ M) (2rr / MB) subtracting IR, R~ - IR
IR

(2Tr [ NMB)
I s bounded
the first

| engt h of

in | ength.
track spac
of the sub

9631 11 C = 2mMOR C~ = 2rrR~ kK e

=cC (IC/ M) substit
=ceil (2mMR/ M) defining C~ = kM5,

il
R~ = kM5/2rr R~ = ¢
ceil (IR(2n / M
R~ - IR=cell (IR(2rr / M) -
by, 0 < ~R-- IR~< M/ (2rr) < M5/ 6. [0028] Accor
track radius (R~ ) is determined such that the circunfere
the first track 214(1 ) is an integer nunber of mark spac
After the first track radius (R~) is determ ned, an adju

in ATS) is determ ned such that the track, circunference
49'3 nt coRBenmedia 242 ingludes 1 kabek region 204 dﬁﬁ&%@)tzv an inney

., 214(N+M_ are also an integer nunber of marks, or mark s&aoe
el e

respective

that a nom nal track-to-mark spaci ng ratio

density wh
nom nal tr
nom nal tr

regig IPoUNeRTY $06 AndoAn Adter fadirkbayslann 08 ngjreumferalice;
dnar HEgioRLRIUNCRRG 0P IS \fefl ?Qer?yoﬁtré‘jl\il’ts'ﬁRz?1r8? -5'-,t&§a:2§f'§buz§f"dfr§
HrRuninee of RSP ke Seios SO pupE0 20 16 Wernbd by 3 Edid 214
Within the label region 204, disc media 202 includes concentric circular tracks
214(1), 214(2), ..., 214(N), ..., 214(N+M). The tracks 214 are written on the disc
202 as discrete laser marks 216 that are each generated when a laser is fired to
render a label image within the label region 204 on the disc 202. The concentric
circular tracks 214 can be written on the disc media 202 in directions that are
clockwise and/or counter-clockwise. Further, the concentric circular tracks can
be written on the disc media 202 starting from an inner track and moving
progressively outward to an outer-most track 214(N+M), or starting from an outer
track and moving progressively inward to an inner-most track 214(1).

[0019] While the laser marks 216 may be circular in shape, they are
illustrated in this example as elliptical marks because, typically, when the laser
fires to create a mark on the disc media 202, the disc is also spinning. Thus, the
marks 216 are elongated along a track 214. For example, a laser mark 216 may
be twenty-five (25) microns in a radial direction 218 and may be forty (40)
microns along a track 214. A uniform print density of a label image may then be
established as six-hundred (600) marks per inch along a track 214 and
one-thousand (1000) tracks per inch radially (e.g., 600/1000 = 25/40).

[0020] In this example, the spacing between the tracks 214 is exaggerated
to illustrate that a laser is incremented by one track width in a radial direction 218
at the end of each cycle of rotation around the disc media 202. The first inner

track 214(1) of label image marks can be written as the inner region boundary

Case 200209631
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12 the mark spacing (M5) such that the nomnal spacing ratio NSR = NTS/ Ms.
For a given nom nal spacing ratio (NSR), the circunference (C~) of any
track nis determned by C~ = 2nr(R~+(n-1 )SRMS), where n = 1 for the first
track 214(1 ) and n = 2, 3,..., N for the subsequent tracks 214(2), 214(3),
., 214(N), respectively. [0030] In the equation C- = 2n(R~+(n-1 ) SRV5),
substitute for C~ = 2rrR~ such that C8= C~ + 2rr(n-1 )SRVS. Further,
substitute for the nom nal track spacing (NTS) which is the product of the
nom nal spacing ratio (NSR) and the mark spacing (M5) such that C~ = C- +
2n(n-1 )NTS. [0031] The circunference (C~) of the first track 214(1) is an
i nt eger nurd8rwhsire gerarius B af e finst inppgirack Hidihis equaliie thaursliis ZdRoft r ack
circunferences (C') will typically not be an integer nunber of mark
spaci ngs i the émer Fegien baurdanynAdeidonaliyi thalouterdtaeck 4N M) pNeBgl imegeent or ce
this constraint and ensure an integer nunber of mark spacings for each of
t he subseqUBRKS CAR BRIt 35 thezqut?l?,')eglon boundawy(208 whereairasivseRatm)Rfk

?EZ‘C{ES?UQ?E pbé&%%%é&%%‘%&sﬁué@g o it %aﬁﬁ%ﬁmtre&ﬂé%@ééﬁgﬁfl
track circ

Spaci ngs. ( NENBAREnIPgy (0, BS: (B R s ishirEPe Bk Sl ok B e e

L AR T e D WA 2

expressed a}a A %tl ple t of the mark spacing M5 such that the adjusted
track spaci % A= (Mst) / 2rr. Changing the track spacing fromthe

I . S I
S Sanne RO CET Rt S AL 20 TABSRRUOET. 1
the Case 20R2feidc z%}@%ltermq%eg P4  BftuftrSenEE & Fhf i RIck | he
mar k spacing multip e t' can be se ecte to mtigate any'resulting V|sual

ef f ect sucfmubﬂt('éhmedénﬁchﬁﬁ&eﬁwmbwmhb%c@ %tlﬁt@nglﬂGJﬁbﬁpéﬁhﬁﬂ(sand the
nom nal track spacing is mnimzed (e.g., BA . Further, the nultiple

t can be sel1gqbeehatiospucabrithay el r@ﬁ@ér@ﬂ ohrtﬁ@b@c%éa'h tdmn thBdgiradiagrt &d t r ack

spacing (ATS) is not less than the nom nal track spacing (NTS).
track spacing for the subsequent concentric circular tracks 214(2), 214(3), ...,
214(N), ..., 214(N+M) is then determined such that the circumference (C;) of
each of the subsequent tracks is also an integral number of marks, or mark
spaces, in a respective track. A mark space 220 in a particular track 214 may or
may not include a mark 216 depending upon the label image, such as whether
the particular section of the label image is light or dark in color. However, the
mark spacing 220 in a track will establish the integer number of the marks that
correspond to the length, or circumference, of the track. In this example, the
mark lengths (e.g., the size of a mark 216 along a track 214) are equal to the
mark spacing (e.g., the distance 220 along a track 214 between the centers of
mark locations). However, the mark spacings can be designated less than the

length of the marks such that the marks somewhat overlap in darker regions of a

label image, thereby improving the optical density of those regions of the label.
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[ 0034] The equation for the adjusted track spacing ATS = (Mst)/2rr can be
rewwitten as ATS-NTS = (Mst)/2n - NSRMS when subtracting the nom nal track
spacing (NTS = NSRM5) fromthe equation. The equation can then be rewitten
as ATS-NTS = [(t/2rr) - NSR] M5 which is equivalent to (ASR-NSR) M5 when
substituting the adjusted track-to-mark spacing ratio ASR = t/2n. Exanple
values of the multiple t and of the ad usted track-to-mark spacing ratio
(ASR) are: t ASR - Approximate Value 1 1 / 2n0.1592 2 / 2rr0.3183 3 /
2n0.4774 4 | 2rr0.6375 5/ 2n0.7966 6 / 2rr0.9557 7 / 2rr1.114 [0035] By
sel ecting an adjusted track-to-mark spacing ratio (ASR) that is close to

t he noni nall0832ci ng Althaugh (thesfyst tranleraﬂh@@%) isngletermiped éerahgiinnerimast pri nt
density profile of the rendered | abel imge is reduced. For exanple, if a
Case 20020%88 214(fl) inpkabel mgicir 264 ini thiseex@aple, s mdiuseefidhe wytpsdrest&ragbni nal
track-to-pixel spacing ratio NSR = NTS/MS = g_ll 1000)/(1/600) = 0.6, the

cl osest adjfd4tNseM) saeidnger deteonipadrgs dkr firds yaeh Jadivpe AGHitiRRRlYs BRI ng
ratio (NSR = 0.6) would be ASR = 4/2n = 0.637. The adj usted track spacing
(ATS) . e GEPSTIRLURES SORPSOSRYRNES Sriganad it & s Ioetg) Tt opst

appr oxi mat ¢l . conmpared tq.th 1.nal, track spacing ef Q. 001.
Thistor ath 21A0Ler BoTR S e ek A Falbet 1 e 85 08 Ridefbe added

0oL Lo B ol R RR  ARR, 05 e, L1k, 214 wher

_ a i'the first track 214(1 ) to the

For det or mio2 ™ he' T8 erftdaoof 20% br SRk e S04 s ArbRTBY AR (B tasl ol
a5 descr| baNTGRe e AR BRe ol BCRTD N e de FRELERR TR 1t Re aoing
tracke to mi s R R O\ e e SRR BN B2t ¢ he
n-th trackjdrer CircamferericeICf Whére ISTS2meIR. The inner circumference (IC) is the

inner region boundary 206 of the label region 204. The outer radial limit (OR) 212

defines an outer circumference (OC) where OC =2mOR. The outer

circumference (OC) is the outer region boundary 208 of the label region 204.

[0024] A first track radius (R1) (in radial direction 218) that defines a first

circumference (C+) of the first inner track 214(1) is the smallest track radius not

less than the inner radial limit (IR) 210 such that the first track circumference

C1 = 2m*R4. Additionally, the mark spacing (MS) 220 of the laser marks 216 is a

factor when determining the circumference (e.g., the length) of a track because

the mark spacing (MS) 220 will establish the integer number of the marks

corresponding to the length of the track (e.g., the cumulative iength of the marks

216 in the track) when determining a track length that is an integer number of

marks.

[0025] A factor (k) is defined that equals a ceiling of the inner

circumference (IC) divided by the mark spacing (MS) such that k = ceil(IC/MS),

where a ceiling of any number N rounds N up to the next nearest integer.
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for the second track circunference, Cz = C + 2rr ATS C - C- = 2mATS this
difference is a multiple M5t such that the adjusted track spacing, ATS =
(Mst)/2rr Case 200209631 15 ATS = ASRMS according to the adjusted spacing
ratio ASR = t/2rr that is the closest match to the nom nal spacing ratio
NSR. [0037] Fig. 3 illustrates an exenBIary di sc nedi a marki ng system 300
that includes a disc nedia marki ng dedPce 302 and a display device 304. The
di sc nedi a marki ng device 302 can be inplenmented as a stand-al one,

appl iance device for disc nedia | abeling as described above with reference
to Fig. 2. Alternatively, the disc nedia nmarking device 302 can be

i nt egr at ed Substitute fosthe inepcireumferange |G F 27alR) @ndds 7 gail(2gt|RMEsWhiChr i t abl e
conpact disc (CD) player that is inplenented to | abel an optical disc as
wel | as reddthe rimberditneark searcipgg aphg theoinpamsircumference faurgedurcts ey
(CD-rewitable disc). Such witable CD devices may include) for exanple, a
st and- al ondextpeyestintep8er that is a peripheral conponent in an audio

Do, AR {4 45 P ot B o o B BT ST
Sroce T g B A TSR i R BT
i eh BroCSE AR EHE LA AR, TRATES & KA SRR KOs g e o

Jovi cos. Dlse. moga ek ; o _ :
evices. U —@%ﬁ-@#grggalgﬁjmﬁ%ﬁhgﬁg d@?eé'r%hggﬁj@guwat&booﬁ&nor or e

menory conpohent’s, exa rand access nenory (RAM

308, a di skhst ﬂsnlck%\eh%am,(- é%n\fcéggf-@@i/'(&myoq%% Reofyisy -any one

or nore of a read-only nenory | 'lash ‘nenorly, |
etc.). [OOSm-(Qr/MS)pﬁ(QWS).devhéqeéﬂ@ndgfaaubﬁ&% Y& tRaYirsty Reciofrafiagnigt i ¢ or

optical storage device) such as a hard disk drive, a nmagnetic tape, a
recor dabl e bowdded byaee= RARPOGES/(21). Therefore, the adjustment in starting track
radius from IR to Rq to achieve a circumference that is an integer number of mark
spacings in length is less than a sixth of the mark spacing.
[0027] Following is a computational summary for determining the radius of
the first track as described above:
IR inner radial limit
OR  outer radial limit

iIC inner circumference

OC  outer circumference

R1 first track radius

Ci circumference of the first track
MS  mark spacing

k a constant factor

ceil( ) ceiling(N) rounds N up to the next nearest integer
IC =2mIR
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16 rewriteable conpact disc (CD), a DvD, DVD+RW and the |ike. The one or
nore nmenory conponents provide data storage nmechanisns to store various

i nformation and/ or data such as configuration information for disc nedia
mar ki ng devi ce 302, graphical user interface information, and any ot her
types of information and data related to operational aspects of disc nedia
mar ki ng devi ce 302. Alternative inpleiéntations of disc nedia marking

devi ce 302 can include a range of processing and nenory capabilities, and
may include any nunber of differing nmenory conponents than those
illustrated in Fig. 3. [0040] D sc nedia marking device 302 includes a
firmvare conponent 306 ¥ REtORs i npl enented as a permanent nenory nodul e
stored on ROM 314, or with other conponents in disc nedia nmarking device
302, such as a conpofeRt2ZTR1a processor 306. Firmmare 316 is programed and
distributed wth disc nmedia narking device 302 to coordi nate operations of
the hardware within §F<seilf&diMShar ki ng devi ce 302 and contains programming
constructs used to perform such operations. [0041] An operating system 318
and one or nor e SHRPIGtEGTPOIE. pr ogr ans can be stored in non-volatile nenory
312 and executed on processors) 306 to provide a runtine environment. A
runtime environmnent écﬁel"i(%‘é‘t'éé MRt ensi bility of disc media marking device
302 by allow ng var.io s_inbgfaces to be defined that, in turn, allow the
appl i cation pr o&?g'?feghd F8MSFact with disc media nmarking device 302. In
this exanple, the apgl i_gat J ,Tynprograms i nclude a | abel design application
320, an inage proces ﬂﬁag&%z ication 322, and a print control application
324. [0042] The Iabeh g%%'h FRP iGation 320 generates a | abel design user
interface 326 for diSpi ay—g%ﬁggé y device 304 fromwhich a user can
create a |l abel inmage to beldeh¥e) ed on a disc nedi a, such as on an opti cal
di sc. A user Ca%ﬁbt?@&f@?ﬁm 17 can specify, or otherw se drag-and-drop
text, a bitmap i mage r background, a digital photo, a graphic or synbol,
and/ or any conbi nati an_jher@plirt 2] RRHE-iRe | abel image on the user
interface 326. [0043] The imm If/lggas I ng application 322 processes the

| abel imge created with the e esign user interface 326 to produce a
data stream of |abel image data and | aser control data to control rendering
the i mage on the concentric circular tracks of a disc nedia, such as disc
media 202 (Fig. 2). ROLIRCXIBPIR. (Zr LIS NROYSTIME RGB (red, green, and

bl ue) rectangul ar raster graphic o; i gabel I mage can be converted to the
concentric circular tracks. The curved raster is color mapped and separated
into the printi RgidHikBouRdaBE los<KE IRl aplis / (23tpa MSrgent a, and yel | ow),
and the continuous channel tones are replaced by discrete (e.g. binary)

val ues representing the possible printing levels of the system This data
streamis formatted as | aser control data and is augrriented with other
control coroo28ls t o Aocdrdinglyt the filist racke cadiusiR K iis getdemined K@B thanither i ng a

| abel on the disc nedia. A label file is generated that can be comuni cated
t o a cont r adilcemfevbstiat lehgthl afbthle fiist drack id(teis ao integer oumbel alf ehankg
mechani sm Alternatively, the concentric circular tracks nay be generated
and streansspaces RRe inllengtmetiiter thafikst il eadiee (R 2s determingdkamadjgstedne t o
utilize host processi n% with the device's rendering process. (0044] The
print cont rteackesaparing Al Shis3ielerined aughcihat the tracki arsumfereneest (Crny of theack and
determ nes the subsequent track spaci ng as descri bed above in the exenplary

i npl enent at§ubseeHerdicORCIREG Sirgianiragks 2D F2d4(3) .- AN, - ne 214 of the
first track and the track spaci is determ ned, . the print control
bl | cat - orare RO Bl4aer BUTRR ST P B P GEaChR It Sy asPebBie Ehong o each

[espect ve B3, TR (PR JIRKSphORGINPE o 89 BB kA st itk

track-to-mark spacing ratio (NSR) results in a uniform mark density when the
label image is written onto the disc media 202. The nominal track-to-mark

spacing ratio (NSR) is calculated based on the nominal track spacing (NTS) and
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Case 200209631 18 system where the concentric circular tracks are defined
in coordinates of the radial distance and the di stance al ong each
respective track. (0045] Disc nmedia marking device 302 includes a disc
drive system 328 that can be inplenented to mark on a surface of a disc
medi a, such as to render a |abel inmage on a | abel side (e.g., the non-data
side) of disc media 202 (Fig. 2). Theldisc drive system 328 is further
described below with reference to Fig. 4. [0046] Disc nedia nmarking device
302 further includes one or nore conmmunication interfaces 330 which can be

i npl enented as any one or nore of a serial and/or pa | el _interface, as a
wirel ess irﬁ'ﬂ%%‘&é?a%’ﬂﬂ/(M§b§U®fthﬁbW'Pﬂt?@F'ﬁSé?EodhglRaﬁhzfﬁ‘zMgt & type of

conmmuni cation interface. A wireless interface enabl eé di sc nedi a marki ng
devi ce 302 & giveeonjeal shacing| ratio (SR otheesitesimierener her) ofnamt Haek 8nSf rom an
i nput device, such as from a rermt% consrol device_or,  from angtziqﬁ{ infrared

(1R), 802. Aeterminas ByCn = Fr-(Rin11SRMS).nwhgre duFi L. for the fst fige Rrface
i d tion bet di di i i 02 t
Dot cat 10 etubr N okt vaoaessrt drasks r AlE! @ mpats MGy ces

coupled to a_co n data communi cati on network to send | abel inmage data and
ot her inforr%ﬁch{ﬁ@}"o di sc nedi a marki ng device 302 via the network.

Simlarly, [ﬁ?/ﬁﬁri al andior %?lggiiénel ' -r’-lﬁrr-fgﬁ?ﬁnﬂr)'%ﬂ%ﬁaagﬁg%tﬁ”‘go ni cation

pat h direct etween di sc nedia marking device er electronic

or comput | ng Lowirge s tiP Al cP==, ﬂ?ﬂkﬂg%ﬁ;b@? deyrie?, 308stRY foRChede user

i nput devi ces that can include a poi nting device, selectable

controls o i O lwhi ' inal @tigct Wit h,
and to i np&t(ﬁ?ln gﬁarrcgtl onmtbo di cw%ag?gamﬁa%ieﬁgt %ﬁ@?@nﬁgl. é%ic!sdg %‘ggl a

mar ki ng degN@;ﬁ)%ﬁa tRe Mark SPcHEEMBAsuaN Ha O, V¢ LeomRhogagrsr 334 that _
generates display content for “display on display Case 200209631 19 device
304, and gqoesft es avke eirdmireRitce (Of) dPtIRSMBE PAdKO2 4pY) i aRNiteger Mimisyh devi ce)
such as one or nore speakers (not shown). The audio / video processor 334
can i ncl udefandtk $phéikigs Mlehgihl eHowéalr, the ubsef@ent trackitisduntfgreness €f) t o

di spl ay correspondi ng i mages on di splay device 304. A display controller
can be i nplvilngpicaily ast Be gnadfitbgersnymiserasf sieark spacingeinriength liftsasedrinethe at ed
circuit, and/or simlar video processing conponent to process the inages.

Vi deo si gnalosnisaidravkdspacingghdlS). Claneriferce dhiswoonstbiatiahd @msanesan indegen mar ki ng
device 302 to display device 304 via an RF (radio frequency) |ink, S-video
| i nk, conpowimber\of deark |spakings torpzachrdf the debsdquekt trackso? 1HER), L1Ad)ar. .,

comuni cation |[ink. [0048] Although shown separately, sone of the

conponent s 23A(N), san adigistedntiadk spaciey i(BES )3 &2 swksfituled ifap tharaamingl itrackn
application specific integrated circuit (ASIC). Additionally, a system bus
(not shown)sPagipgddTB) connects the various components within disc nedia

mar ki ng device 302. A system bus can be iz‘gl enented as gne or nore of any

of several [P03&s of hhe adiysied (rask spastouiia) & Aetepspipedusudy thatnbey

controller, a peri ?heral .bus, an accel| erated graphi cs port, or a | ocal bus
usi ng any cbgequen; ér@yk@prcwggergpq,eﬁi Cat eashedncr e an infegral fadtiele Rlr ki ng
devi ce 302 n% shar e stem bus .with EkOhOSt pr ocesgort 0049h Fig. 4
11 ust r at ednalk seRchgs IS over & EAdalls Gerkreamianee el e SSFPEEsRs whi ch
is shown a ogponent -of the exen di sC li\asmarking device 302 in
Fig. 3. Th @i(@c{ﬁ%ﬁ"\%mg%g?céerﬁéﬁénﬁgé-v?)a'sg’ +an%£@$'r§ry 402 that includes a
sl ed 404 i suppo : 4 t or ~408, se ocusi ng
Cers 410 "‘";Rgi‘;?]ens sm)% dﬁﬁré?%én_ Wk SrBRRdBAES /S o 408 2aT8Serrnb

difference C2 — C1 can be expressed as a multiple t of the mark spacing MS such

that the adjusted track spacing ATS = (MS-t)/ 2. Changing the track spacing

from the nominal track spacing (NTS) value to the adjusted track spacing (ATS)

value can change the resulting print density profile of the printed image (e.g., the
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[ 0050] A | aser beam 414 is generated by the | aser 406 and focused onto a

| abel surface 416 of disc nedia 202. The | aser beam 414 creates | aser marks
that correspond to | abel inmage data to render an inage of the |abel on the
di sc Case 200209631 20 medi a 202 as described above with reference to the
exenpl ary inplenentation of disc nedia marking 200 (Fig. 2). [0051] The

di sc drive system 328 includes a di sc13mtor 418, a sled notor 420, and a
controller 422. The controller 422 processes operating instructions for a

| aser control 424, a sled control 426, and a spindle control 428. The
spindl e control 428 drives the disc notor 418 to control a rotational speed
of di sc 202abeheenderechor the dise orgdiaic tHawvevear tthe mask spaging Biting t aasbeni ch
drives the sled notor 420 to control the radial position of |aser assenbly
402 with réselgsted toomitigate ampresuing visugl etied sugl that the siffarencsobetvgen ne

i npl ementation, the rotational speed of disc 202 and the radial position of
| aser asseiif yadjested tack fipasingednd uthe MOANINI!IL Eagly stacig: 1S @W(%Fstten on

the disc 202 as_a particular track es over the . laser beam 414 .at a
constant | i(ﬂ-QaHA-\'/%IRgél)cyF urtheys e Frwgl%aie?n iﬁnﬁ‘g%?teﬂii% a¥8'ﬁt9vcﬂ”§p'?'ﬂ% firing
of |aser beam 414 to wjte th ser marks \.ch correspong, t he | abel

i mge ont o '@° %SH@H?@QE}% .adlf"ﬁ&dloﬁ%‘ﬁieﬁ?%'n% dn “88 '?Sﬁptﬁéﬂgh? 3‘8Fné'§alan
optical pickup uni.t mhf# provi des | aser focus feedback 432 to the |aser
control 42 f.aCE\&a?‘f"i‘% Y, the Iaser control 424 controls the intensity of

the | aser heama1d (2 sqddala B BhAIRAFhRLphEA AFSE AISAyA3Eaghot he disc

medi a 202 n“the disc I's positione that the 434 passes

over the lé}é\‘ﬁﬁﬁté}?%wi'éﬂﬂ'[)g Q?(MS’*Q/%T- IS whéh sublrBétingORE rimiffed @rackRnd
spindle control 4 can be inpl enented as conponent drivers and can be

mai nt ai ned : e 1 U i1aSeqiiati tHemvse ry
conponent ﬁémﬁgg@?tél oﬁgﬁﬁgssﬁﬁg%‘é%ﬁ%ﬁ?ﬁf dri vdgﬁislar(\:g%ﬁ gfa exe?ﬂgﬁon t he
one or ror spA%-WEf(t@ﬂﬁ-(\@Fng@meh i @qdivarent A ASRANSRPMDAheh 0053]
Computing device Interface 438 interfaces the controller 422 of the disc
drive syst %@b&ﬂ&irgj the a%ﬁl%&étﬁfra&'—t@%érﬂ@pﬁciﬁ? rEHWRSIR i="{p 1l eBxArfiple walues ei ve
Case 200209631 1 label inmage data or a label file, for exanple, that can
be mai nt ai g theNnuftiplRieanarof g 8djLstee tradidtamatk §picing rédd (ASREareonput i ng
device interface 438 can be inplenmented as an ATAPI (Advanced Technol ogy
Attachment Packet Interface), which is one of many small conputer parall el
or serial device interfaces. Another comon conputer interface is SCSI
(smal | conputer system i nterfaceASRwhi ch AppraxigeteValuezed device interface
for attaching peripheral devices to conputers. SCSI defines the structure
of commands, the way conmands ard/@rmecuted, arfl8%he way status is
processed. Various other physical interfaces include the Parall el

- Interface, Fiber Channel ,2 | EEE 1292w USB (Uni \3thl Serial Bus), and

ATA/ ATAPI . ATAPI is a command execution protocol for use on an ATA
interface so that CD-ROM&nd tapd/dm ves can EA4Tbnnected via the same ATA
cable with an ATA hard di sk drive. ATAPI devices generally include CD ROM
drives, CD-recordable drides, CD4/@fkitable drqfﬁ?g, DVD (digital versatile
fllhzcl)i E;I ves, tape dri ves5 super 5f/I2(1)1ppy dri veso";ge6 g., ZIP and LS-120), and

6 6/2m 0.955
7 7/2m 1.114
[0035] By selecting an adjusted track-to-mark spacing ratio (ASR) that is

close to the nominal spacing ratio (NSR), the visual impact of changing the print

density profile of the rendered label image is reduced. For example, if a
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[ 0054] Methods for disc nedia marking may be described in the general
context of conputer-executable instructions. CGenerally, conputer-executable
i nstructions include routines, programnms, objects, conponents, data
structures, procedures, and the |like that perform particular functions or

i npl enent particul ar abstract data types. Methods for disc nmedia marking
may al so be practiced in distributed ¢bnmput i ng envi ronments where functions
are perfornmed by renote processing devices that are |inked through a
comuni cations network. In a distributed conputing environnment,

conput er - execut abl e i nstructions may be located in both |ocal and renote
conput er stpartiogtar raditpsaidal faseuatly sngaesty aseamingktraek-tocrixel spasing@ic09631

22 [0055] Fig. 5 illustrates a nethod 500 for disc nedia marking. The order
in which t INSREtNTEIMS= (H3600)H&B00 T dL6,i theepinsast @djystesbspaeingdratie a
limtation, and any nunber of the described nethod bl ocks can be conbl ned
in any ordéASRY nebllesenthaphdherenepinal Fepacingr atie, (NSR =R:6houcddnbse

i npl enented in suitabl e_hardware, software, fir or c¢onpi nation
Lhor eof [ US4 Bi BER7503NeoENNEHER I PRAIS (ATRD 3% STt BY | n

332‘52'”% N aCkZN%W (o MR Slgaaapik%ﬁmﬁ”%ﬁ’vkigbitd " For
324 ' ' 302
(Fig. 3 Sébﬁfpﬁfqpﬁio ﬁﬂq bBief e Rasking 81 Q&%il‘éh?% G afrechnbetil o of

I k d k 50
2" adi us. (OB CREEo0T P PR SR Pgy 8?"%‘55? e'L% %ﬁ%trl hc o

|aser mar k g feﬁeaqje  §5 63 0 souih ek Al r@g@%&@' snmlof the

first circu rack corresponds an |ntegra Fe® 5567 mark

spaces. For, u% ﬁi r$r?‘?hé’ﬂsﬂra8@ﬂ4(?ﬂtoqpé’bht%?];ddi’aﬂ I||?h?t4(0¢§'29 3) determ nes

a radi us 218 roma center of the disc nedi for a first

circular tr #6]214( 1Fé||ow|\¢d1 st d'8émpiXatiGidi %H%ﬁir?'fﬁr'o@terhﬁrﬂﬁé hePhdjlitedf i r st

circular track 214(1 ) corresponds to an integral nunber Of the | aser mark

spaces 220.tratR&phéifly L{ATSf stidiethiat e s@ds@SUérﬂrtréckaéﬁ%u%?él’éﬂcés are 4lsd ahmned to

be greater than or equal to a radius 210 of an inner |abel region boundary
206. Al t er nategaenumbériof ek Epaces it iongth, @k des@bediabodesi gnated as the
outer-nost track 214(N+M, then the radius of the first circular track
214(N+M i s det er mi nNUSt ndsinaleésekispacingr equal to a radius 212 of an outer
| abel region boundary 208. [0058] At bl ock 506, a radial increnent between
the first circul ar tAB8Sk aiubted sackospdcingr cul ar track of the |aser mark
spaces is determ ned such that a Case 200209631 23 circunferential length
of the second circul NBRt rrmiinaldrack4ponadls spacing dioaNTS AM&r al nunber of the
| aser mark spaces. For exanple, the print control application 324 (Fig. 3)
det ermi nes t he radi aASRnadiuster track-taevarktspacing ratio e ATSUIME track 214(1 )
(Fig. 2) and a second circular track 214(2) such that a circunferenti al

| ength of the second circular track 214(2) corresponds to a second integral

nunber of the | aser mark spaces 220.
The adjusted circumference of the n-th track is

Ch = Cq + 2m¢(n-1)*ATS

for the second track circumference,
C2=Cq + 2 ATS
C2-Cy=2m ATS
this difference is a multiple MS+t such that the adjusted track spacing,

ATS = (MSst)/2
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[0059] At block 508, the radial increnent is established as a track spacing
bet ween concentric circular tracks of |aser mark spaces such that a
circunferential length of each concentric circular track corresponds to an
i ntegral nunmber of the | aser mark spaces. For exanple, the print control
application 324 (Fig. 3) establishes the radial increment (e.g., along
radius 218 (Fig. 2)) between the firstScircular track 214(1 ) and the
second circular track 214(2) as the track spacing distance between all of
the concentric circular tracks 214 such that the circunferential |ength of
each concentric circular track corresponds to an integral nunber of the

| aser mark spaces 228TS FAGROMSaacasrding ta the adiustes spaging fatio ASR &nidF ed on
the disc media as |laser marks witten in the | aser mark spaces of the

ci rcul ar tracksthakisrthe clospstanatchéo theqominalseacipg (&g NSB. (Fig. 4) renders an
image in the | abel region 204 (Fig. 2) on disc nedia 202 as | aser marks 216
in the concentric circular tracks 214. [0061] Fig. 6 illustrates an

I [ devi 600 th be i nple d f

G 56 mod) a BN ng s5iat S sEaien ererbIaY SisFI BPy A AT kA eur R AVRATS. syst em
300 sh in Fig. 3. Co ting. deyi i ncl ud :
502 (o 0. . MHHPera AleE DR RULEPe R H PhE Aoty BB Re® o) TR or ocess

[ i nst ti t | th ' f j deyi 00 d
o communi datds nding: fefoCng: imPe MR F503ouRae, SlERcr g "
devi . . ce. 6 . .
component 5. outafal difto e ibeifl A1GabdBrbEE RS Wi 2Bl o Big)2'E05. Vo
di sk st A ; o) | f
sk stor aieRilas, isd RN TGS uTRIDISL DRPok iyl BB o 0T of
di sk drive o%@rgalrﬁ&ﬁgélaga ékdr"?\}eg’%@&?aéjg‘%]rﬁ?ol@qgm‘b%& diQ&LG@)eplﬂyé’r thatag of
magnetic or optica torage device, such as a hard disk drive, a nagnetic

tape, a regapdaRinfeN!/18bel" SNV ddiEALHRC CARAM! adlireBordCita BnfeVR:, CBMR+RW and
the like. The one or nore nenory conponents provide data storage nechani snms

to store vacbadsoridabrr MBs) Sit/ama/CD-RIRtEDSeaftdie BRBS.I SuchAtvimablerdDr mat i on
for conputing device 600, graphical user interface information, and any

ot her typesieQices thay MRdlidy) fndxdripf, r£!stdreidalbte @REA T PpRlyeARgtCisSa Of
conputing device 600. Alternative inplenentations of conputing device 600
can i ncl udgedipherad @ofifpopemic & Jinn@udindsyeteras o GIPRIOM i drives jntegrdtettagsi ncl ude
any nunber of differing nenory conponents than those illustrated in Fig. 6.
[ 0063] An apardatd equipyehtin 8 BT §ratsarat compoter aaPpDi @igitabrersatigrdistg) 614
can be stored in non-volatile nmenory 608 and executed on processors) 602 to
provi de a miayer,randeamyinuories of simlar embodimestsvi ronment facilitates
extensibility of conputing device 600 by allow ng various interfaces to be
defi ned thd0038]n t ur Riscahedia/ rarkingpgeviaeadddinchudegrenesocmere Praaesedract wit h
conputing device 600. The application prograns 614 can include a browser to
browse the 3@6b(g.e., @ny ofmicwpuyogssaghepntreliersnand the digehwhieh PERGESFt at e
electronic mail) and any nunber of other application prograns. The_ | abel
desi gn applvagaes distragtipns ieperntiol M@B?rﬁBO%ﬁBIdﬁ?aﬁ‘P@ﬁ marking devies 3R cont r ol
application 324, as descri b,?d bov?eé:gi th reference to the désc msgli a

mar ki ng de\Andetosgpmminigateyith oifjer oBig A% FUBPHINIIRCESIF§dE8Y2 25

marking device 302 can be implemented with one or more memory components,

examples of which include a random access memory (RAM) 308, a disk storage
device 310, and non-volatile memory 312 (e.g., any one or more of a read-only
memory (ROM) 314, flash memory, EPROM, EEPROM, etc.).

[0039] Disk storage device 310 can include any type of magnetic or optical

storage device, such as a hard disk drive, a magnetic tape, a recordable and/or
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non-vol atile nenory 608 and executed on processors) 602 in conputing device
600. [0064] Conputing device 600 further includes one or nore conmuni cation
interfaces 616 and a nodem 618. The comuni cation interfaces 616 can be

i npl emented as any one or nore of a serial and/or parallel interface, as a
wireless interface, any type of net wog interface, and as any other type of
comuni cation interface. A wreless interface enables conputing device 600
to receive control input commands and ot her information from an input
device, such as froma renote control device or fromanother infrared (IR),

802 11, Bl yelAbite Bmpdibise(CH, d DYB! DIBURIE arkid8 ke ATRELABIK ridier f ace

provi des a connecti on between cOnputihg devi Ce and a data conmuni cation

Comon dat &an, SHoBhaRt B RS S0fmgR BRHRRrE YA PR Y oBRpLc ng

devi ce 600 ¥Mb@n ; ' |

comruni cattla I ab%iaﬁié?ngg%m at zsigg‘[ aﬁé@g@g%@ﬁﬁﬁ%%&ﬁ%ﬁgwg@%ﬁ%ﬁ?g? a?@?%i ng

syst em 300 defice. 382, gRipidaRl User MteHRichalnfGRtioR, %Habhﬁ' othBf qgﬁ&c%fprow des
a data comuni cation path directly between conputing device 600 and anot her

el ect r oni ¢ irdormeatiop uindrdatal eslated to WpeiiiblidiBishaéts lof Uit eBedi® Fidtking dedieyi ce 600
communi cation with other electronic and conputing devices via a

convent i on&02: Altepiativeeiniplereentati®Sl ofclisvraedia onarking klevice B0d/canh imiil®s at ype of
connection. [0066] Conputing device 600 may include user input devices 620
that can i mangedef prokesdingmadd memery, capabiiities)andemiag dncladel Any noiber of

mechani snms to interact with, and to input information to conputing device
600. Conpudifiegng&venaery &omponents HeoRtbesilustratéd ml Kig. Jray i ncl ude an
integrated display device 622, such as for a potable conputing device and
sinilar mmw‘f conpu?ish gegia/maedng feie73020saldes adirwareceorapaneat 846 i ncl udes
an audio / video processor 624 that generates display content for display
on the di sfidlys rRented 2s apRIMFBRRY Aeweny madye staiedan RAM Jidegewittat i on by

a presentatjon device, such as gne oy, nore speakers (not shown). The audio

h .
/ video prGQHEESOMPEBANtS A disgimegia marking glexige 30y Sush 8% atGeRIPoReBteis3es t he

di splay content to_,display corresponding i nages on .the display device 622.
A di spl ay PHFEFH %&'C?ﬂf re r@ﬂ%e‘ pg@ﬂ'ggedaggqi Stributed withedise media
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conposite gﬁﬁ hd Nk, conponent video link, or other simlar communication
i nk. [006&5’ ?hdugh shown separately, some of the conponents of conputing
devi ce 600 be i Pt SR Cfie it d cireuit
(SL1es COSHTRILYE, | ol SHERKEY i ptBME AN B SRECUEal LAY o'
vari ous CORRQBENKSreWiih %H-v%%gwﬁfe%{ﬁw Shd A8cuted %\Assrggéé% sf 306 ke

i npl enented as one or nore of any of” several types of bus's res,

i ncl udi NG BrovRIEDA YurktinSe BhviFGRIRINY. %}{lf]{irﬁé |eﬂ(/irorﬂné1ﬂrf5<9m§fe§|e)@éﬁibilﬂ{/‘o

accel erated graphics port, or a |oca us using any of a variety o¥ bus

ar chi t ect utizs. m¢di8 6irkiAg idaoidgBoRS diRVAY VARUBAReREQS BaCAdRE that, | anguage
specific to structural features and/or nethods, it is to be understood that

t he i nvent iroturnjeflloweble applidatiom prognates ta Intérast with diet nRiemaKking devicdri ted to
the specific features or nethods described. Rather, the specific features
and net hod802r & thissexamspe, the applisgtibaupyogramb inotudesd labebdesign bpplichtiormed
invention. Case 200209631

320, an image processing application 322, and a print control application 324.

[0042] The label design application 320 generates a label design user

interface 326 for display on display device 304 from which a user can create a

label image to be rendered on a disc media, such as on an optical disc. A user
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27 CLAIMS 1. A disc marking system (300), conprising: a |aser (406)
configured to render an inage (104) on a disc nedia (202) as |aser narks
(216) witten in concentric circular tracks (214); and a print control
application (324) configured to determne a radius (210) of a first
circular track (214(1 )) such that a circunferential length of the first
circular track (214(1 )) corresponds 16 an integral number of |aser mark
spaces (220), the print control application (324) further configured to
determne a radial increment (218) fromthe first circular track (214(1 ))
to a second circular track (214(2)) such that a circunferential |ength of
t he second c8nrsperify: or otharwisedragand«isen exphaiimap image fykackaiadhfaf nunber
of the laser mark spaces (220). 2. A disc marking system (300) as recited
in clai m 1,digilabpbeta, argsaphic of sy@hel and/ap gny eampisiation tregliocsraaigdset ne
radi al increment (218) to be a radial distance between concentric circular
tracks (2143bebfmageeon sefiiterfanga¥®s (220) such that a circunferenti al

| engt h of each concentric circul ar, track %14 corresponds to an integral

nunber of dA3laser R KNG PEASEESING APPL precesreschR dabR! iM@g8; r cul ar
ks (2L 5 DBl Shesodicd S8 53 cta W Bidob 5 35H0r s g

image data and laser control data to control rendering the image on the
concentric circular tracks of a disc media, such as disc media 202 (Fig. 2). For
example, a continuous tone RGB (red, green, and blue) rectangular raster
graphic of the label image can be converted to the concentric circular tracks. The
curved raster is color mapped and separated into the printing color channels
KCMY (black, cyan, magenta, and yellow), and the continuous channel tones are
replaced by discrete (e.g. binary) values representing the possible printing levels
of the system. This data stream is formatted as laser control data and is
augmented with other control commands to control the disc media marking
device 302 rendering a label on the disc media. A label file is generated that can
be communicated to a controller where the label file is parsed to control a labeling
mechanism. Alternatively, the concentric circular tracks may be generated and
streamed to the disc media marking device 302 one track at a time to utilize host
processing with the device's rendering process.

[0044] The print control application 324 determines the radius of the first
track and determines the subsequent track spacing as described above in the
exemplary implementation of disc media marking 200 (Fig. 2). After the radius of
the first track and the track spacing is determined, the print control application
324 determines which label image data will correspond to each respective track.

The laser mark locations along a particular track are specified in a coordinate
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determ ning (504) a radius (210) froma center of a disc nedia (202) for a
first circular track (214(1 )) of laser mark spaces (220) such that a
circunferential length of the first circular track (214(1 )) corresponds to
an integral nunber of the |laser mark spaces (220); and determ ning (506) a
radi al increnent (218) between the first circular track (214(1 )) and a
second circular track (214(2)) of thel8aser mark spaces (220) such that a
circunfer ential length of the second circular track (214(2)) corresponds
to a second integral nunber of the laser mark spaces (220). 4. A nethod
(500) as recited in claim3, further conprisi rendering 510) a | abel

i mage ( 104pystemt whersi the n@weatr(czoz:plaastracésgeafen%ﬁngd (ip woprdipates of e t he

| aser mark spaces (220) of the circular tracks (214). 5. A nethod (500) as
recited i nradiglidistancesrnst hedisienasralong erch(respgctive&ragkdi al i ncrement i ncI udes
determning the radial increnent to be a radial distance 218 b

concent ri c @453yl ar Risadnedia markingrdavice 3Q%ipcludgs 1@ g'ﬁﬁé’é@ 4 Sé h that a
circunferential |ength of each concentrl C Ci Jar t -ack ﬁ%%@) S responds

to an int e@?ailcaﬁ&%mp'%ﬂ*eﬁt%tq REHs O a SKIfage:e '(SQZ'Qﬁ ia, suc

a label image on a label side (e.g., the non-data side) of disc media 202 (Fig. 2).
The disc drive system 328 is further described below with reference to Fig. 4.
[0046] Disc media marking device 302 further includes one or more
communication interfaces 330 which can be implemented as any one or more of
a serial and/or parallel interface, as a wireless interface, any type of network
interface, and as any other type of communication interface. A wireless interface
enables disc media marking device 302 to receive control input commands and
other information from an input device, such as from a remote control device or
from another infrared (IR), 802.11, Bluetooth, or similar RF input device. A
network interface provides a connection between disc media marking device 302
and a data communication network which allows other electronic and computing
devices coupled to a common data communication network to send label image
data and other information to disc media marking device 302 via the network.
Similarly, a serial and/or parallel interface provides a data communication path
directly between disc media marking device 302 and another electronic or
computing device.

[0047] Disc media marking device 302 may include user input devices 332
that can include a keyboard, pointing device, selectable controls on a user control
panel, and/or other mechanisms to interact with, and to input information to disc
media marking device 302. Disc media marking device 302 also includes an

audio / video processor 334 that generates display content for display on display
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Case 200209631 29 6. A nethod (500) conprising: determning (502) a

| ength of |aser marks (216) to be witten in concentric circular tracks
(214) to render an inage (104) on a disc nedia (202), the length of a |aser
mark (216) corresponding to a |l aser mark space (220); and determning a
radius (210) of a first one of the concentric circular tracks (214) such
that a circunferential length of the $9rst circular track (214(1))
corresponds to an integral nunber of |aser mark spaces (220). 7. A nethod
(500) as recited in claim®6, further conprising determ ning (506) a radial
increment (218) between the concentric circular tracks (214) such that a

ci rcunf er edlevige 3Whand generatas audieceantent for mieseantationabk 9 PlesentaypR esponds

device, such as one or more speakers (not shown). The audio / video processor
334 can include a display controller that processes the display content to display
corresponding images on display device 304. A display controller can be
implemented as a graphics processor, microcontroller, integrated circuit, and/or
similar video processing component to process the images. Video signals and
audio signals can be communicated from disc media marking device 302 to
display device 304 via an RF (radio frequency) link, S-video link, composite video
link, component video link, or other similar communication link.

[0048] Although shown separately, some of the components of disc media
marking device 302 may be implemented in an application specific integrated
circuit (ASIC). Additionally, a system bus (not shown) typically connects the
various components within disc media marking device 302. A system bus can be
implemented as one or more of any of several types of bus structures, including a
memory bus or memory controller, a peripheral bus, an accelerated graphics port,
or a local bus using any of a variety of bus architectures. Further, disc media
marking device 302 may share a system bus with a host processor.

[0049] Fig. 4 illustrates an exemplary implementation of the disc drive
system 328 which is shown as a component of the exemplary disc media marking
device 302 in Fig. 3. The disc drive system 328 has a laser assembly 402 that
includes a sled 404 which supports a laser 406, a photodetector 408, a laser
focusing lens 410, and lens supporis 412.

[0050] A laser beam 414 is generated by the laser 406 and focused onto a
label surface 416 of disc media 202. The laser beam 414 creates laser marks

that correspond to label image data to render an image of the label on the disc
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to an integral nunber of the laser mark spaces (220). 8. A nethod (500)
conprising: determning (502) a length of |aser marks (216) to be witten
in concentric circular tracks (214) to render an inmage (104) on a disc
media (202), the length of a |laser mark (216) corresponding to a | aser mark
space (220); and determ ning (506) a radial increnent (218) between
concentric circular tracks (214) of |3er mark spaces (220) such that a
circunferential |ength of each concentric circular track (214) corresponds
to an integral nunber of the |laser mark spaces (220). Case 200209631 30
9. A storage nedia (202), conprising: _ )

media 202 as described above with reference to the exemplary implementation of

disc media marking 200 (Fig. 2).

[0051] The disc drive system 328 includes a disc motor 418, a sled motor

420, and a controller 422. The controller 422 processes operating instructions for

a laser control 424, a sled control 426, and a spindle control 428. The spindle

control 428 drives the disc motor 418 to control a rotational speed of disc 202 and

operates in conjunction with the sled control 426 which drives the sled motor 420

to control the radial position of laser assembly 402 with respect to disc 202 along

a sled drive mechanism 430. In one implementation, the rotational speed of disc

202 and the radial position of laser assembly 402 are controlled such that the

laser marks are written on the disc 202 as a particular track moves over the laser

beam 414 at a constant linear velocity.

[0052] The laser control 424 controls the firing of laser beam 414 to write

the laser marks which correspond to the label image onto disc media 202.

Photodetector 408 can be implemented as an optical pickup unit that provides

laser focus feedback 432 to the laser control 424. Additionally, the laser control

424 controls the intensity of the laser beam 414 to read data maintained on the

data side 434 of the disc media 202 when the disc is positioned such that the

data side 434 passes over the laser beam 414. The laser control 424, sled

control 426, and spindle control 428 can be implemented as component drivers

and can be maintained as computer-executable instructions with a firmware

memory component 436. Additionally, the component drivers can be executed on

the one or more processors 306 (Fig. 3) of the disc label device 302.

[0053] Computing device interface 438 interfaces the controller 422 of the

disc drive system 328 with another electronic or computing device to receive
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a data side (434) configured to maintain data witten onto the storage
media (202); a |abel side (416) having an image region (204) configured as
concentric circular tracks (214) of |aser mark spaces (220) such that |aser
marks (216) can be witten in the |aser mark spaces (220) to render an
i mge (104) on the storage nedia (202%; a first circular track (214(1 ))
having a radius (210) such that a cir Unferential length of the first
circular track (214(1 )) corresponds to an integral nunber of the |aser
mark spaces (220); and a second circular track (214(2)) spaced a radial
increment (218) fromthe first circular track (214(2)) such that a
ci r cunf er etabiehimagendata arfa tabel Blectonéxamnpleuthat can Hekmaiptaiet) witlk 6ne &§ponds to
a second integral nunber of the |aser mark spaces (220). 10, A storage
medi a (202)nais lebeli datd buffes(syi4#00, ThReeamputingedevies Hiterface 438 can be
implemented as an ATAPI (Advanced Technology Attachment Packet Interface),
which is one of many small computer parallel or serial device interfaces. Another
common computer interface is SCSI (small computer system interface), which is
a generalized device interface for attaching peripheral devices to computers.
SCSI defines the structure of commands, the way commands are executed, and
the way status is processed. Various other physical interfaces include the
Parallel Interface, Fiber Channel, IEEE 1394, USB (Universal Serial Bus), and
ATA/ATAPI. ATAPI is a command execution protocol for use on an ATA interface
so that CD-ROM and tape drives can be connected via the same ATA cable with
an ATA hard disk drive. ATAPI devices generally include CD-ROM drives,
CD-recordable drives, CD-rewritable drives, DVD (digital versatile disc) drives,
tape drives, super-floppy drives (e.g., ZIP and LS-120), and the like.
[0054] Methods for disc media marking may be described in the general
context of computer-executable instructions. Generally, computer-executable
instructions include routines, programs, objects, components, data structures,
procedures, and the like that perform particular functions or implement particular
abstract data types. Methods for disc media marking may also be practiced in
distributed computing environments where functions are performed by remote
processing devices that are linked through a communications network. In a
distributed computing environment, computer-executable instructions may be

located in both local and remote computer storage media, including memory

storage devices.
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increnent (218) between the first circular track (214(1 )) and the second
circular track (214(2)) is a radial distance between each of the concentric
circular tracks (214) such that a circunferential |ength of each concentric
circular track (214) corresponds to an integral nunber of the |aser mark
spaces (220). Case 200209631
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mark spaces. For example, the print control application 324 (Fig. 3) determines a
radius 218 (Fig. 2) from a center of the disc media 202 for a first circular track
214(1) such that the circumferential length of the first circular track 214(1)
corresponds to an integral number of the laser mark spaces 220. The radius of
the first circular track 214(1) is determined to be greater than or equal to a radius
210 of an inner label region boundary 206. Alternatively, if the first circular track
is designated as the outer-most track 214(N+M), then the radius of the first
circular track 214(N+M) is determined to be less than or equal to a radius 212 of
an outer label region boundary 208.

[0058] At block 506, a radial increment between the first circular track and

a second circular track of the laser mark spaces is determined such that a
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circumferential length of the second circular track corresponds to a second
integral number of the laser mark spaces. For example, the print control
application 324 (Fig. 3) determines the radial increment between the first circular
track 214(1) (Fig. 2) and a second circular track 214(2) such that a
circumferential length of the second circular track 214(2) corresponds to a
second integral number of the laser mark spaces 220.
[0059] At block 508, the radial increment is established as a track spacing
between concentric circular tracks of laser mark spaces such that a
circumferential length of each concentric circular track corresponds to an integral
number of the laser mark spaces. For example, the print control application 324
(Fig. 3) establishes the radial increment (e.g., along radius 218 (Fig. 2)) between
the first circular track 214(1) and the second circular track 214(2) as the track
spacing distance between all of the concentric circular tracks 214 such that the
circumferential length of each concentric circular track corresponds to an integral
number of the laser mark spaces 220.
[0060] At block 510, a label image is rendered on the disc media as laser
marks written in the laser mark spaces of the circular tracks. For example, the
disc drive system 328 (Fig. 4) renders an image in the label region 204 (Fig. 2) on
disc media 202 as laser marks 216 in the concentric circular tracks 214.
[0061] Fig. 6 illustrates an exemplary computing device 600 that can be
implemented as a component of a disc media marking system, such as the
exemplary disc media marking system 300 shown in Fig. 3. Computing device
600 includes one or more processors 602 (e.g., any of microprocessors,
controllers, and the like) which process various instructions to control the

operation of computing device 600 and to communicate with other electronic and
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computing devices. Computing device 600 can be implemented with one or more
memory components, examples of which include a random access memory
(RAM) 604, a disk storage device 606, non-volatile memory 608 (e.g., any one or
more of a read-only memory (ROM), flash memory, EPROM, EEPROM, etc.),
and a floppy disk drive 610.

[0062] Disk storage device 606 can include any type of magnetic or optical
storage device, such as a hard disk drive, a magnetic tape, a recordable and/or
rewriteable compact disc (CD), a DVD, DVD+RW, and the like. The one or more
memory components provide data storage mechanisms to store various
information and/or data such as configuration information for computing device
600, graphical user interface information, and any other types of information and
data related to operational aspects of computing device 600. Alternative
implementations of computing device 600 can include a range of processing and
memory capabilities, and may include any number of differing memory
components than those illustrated in Fig. 6.

[0063] An operating system 612 and one or more application program(s)
614 can be stored in non-volatile memory 608 and executed on processor(s) 602
to provide a runtime environment. A runtime environment facilitates extensibility
of computing device 600 by allowing various interfaces to be defined that, in turn,
allow the application programs 614 to interact with computing device 600. The
application programs 614 can include a browser to browse the Web (e.g., “World
Wide Web”), an email program to facilitate electronic mail, and any number of
other application programs. The label design application 320, image processing
application 322, and print control application 324, as described above with

reference to the disc media marking device 302 (Fig. 3), can also be stored in
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non-volatile memory 608 and executed on processor(s) 602 in computing device
600.

[0064] Computing device 600 further includes one or more communication
interfaces 616 and a modem 618. The communication interfaces 616 can be
implemented as any one or more of a serial and/or parallel interface, as a
wireless interface, any type of network interface, and as any other type of
communication interface. A wireless interface enables computing device 600 to
receive control input commands and other information from an input device, such
as from a remote control device or from another infrared (IR), 802.11, Bluetooth,
or similar RF input device.

[0065] A network interface provides a connection between computing
device 600 and a data communication network which allows other electronic and
computing devices coupled to a common data communication network to
communicate information to computing device 600 via the network. For example,
computing device 600 can communicate label image data or a label file to the
disc media marking system 300 (Fig. 3). Similarly, a serial and/or parallel
interface provides a data communication path directly between computing device
600 and another electronic or computing device. Modem 618 facilitates
computing device 600 communication with other electronic and computing
devices via a conventional telephone line, a DSL connection, cable, and/or other
type of connection.

[0066] Computing device 600 may include user input devices 620 that can
include a keyboard, mouse, pointing device, and/or other mechanisms to interact

with, and to input information to computing device 600. Computing device 600
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also may include an integrated display device 622, such as for a potable
computing device and similar mobile computing devices.

[0067] Computing device 600 also includes an audio / video processor 624
that generates display content for display on the display device 622, and
generates audio content for presentation by a presentation device, such as one
or more speakers (not shown). The audio / video processor 624 can include a
display controller that processes the display content to display corresponding
images on the display device 622. A display controller can be implemented as a
graphics processor, microcontroller, integrated circuit, and/or similar video
processing component to process the images. Video signals and audio signals
can be communicated from computing device 600 to an external display device
(e.g., display device 304 Fig. 3) via an RF (radio frequency) link, S-video link,
composite video link, component video link, or other similar communication link.
[0068] Although shown separately, some of the components of computing
device 600 may be implemented in an application specific integrated circuit
(ASIC). Additionally, a system bus (not shown) typically connects the various
components within computing device 600. A system bus can be implemented as
one or more of any of several types of bus structures, including a memory bus or
memory controller, a peripheral bus, an accelerated graphics port, or a local bus
using any of a variety of bus architectures.

[0069] Although the invention has been described in language specific to
structural features and/or methods, it is to be understood that the invention
defined in the appended claims is not necessarily limited to the specific features
or methods described. Rather, the specific features and methods are disclosed

as exemplary implementations of the claimed invention.
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CLAIMS

1. A disc marking system (300), comprising:

a laser (406) configured to render an image (104) on a disc media (202) as
laser marks (216) written in concentric circular tracks (214); and

a print control application (324) configured to determine a radius (210) of a
first circular track (214(1)) such that a circumferential length of the first circular
track (214(1)) corresponds to an integral number of laser mark spaces (220), the
print control application (324) further configured to determine a radial increment
(218) from the first circular track (214(1)) to a second circular track (214(2)) such
that a circumferential length of the second circular track (214(2)) corresponds to a

second integral number of the laser mark spaces (220).

2. A disc marking system (300) as recited in claim 1, wherein the print
control application (324) determines the radial increment (218) to be a radial
distance between concentric circular tracks (214) of the laser mark spaces (220)
such that a circumferential length of each concentric circular track (214)
corresponds to an integral number of the laser mark spaces (220), and wherein
the concentric circular tracks (214) include the first circular track (214(1)) and the

second circular track (214(2)).
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5. A method (500) as recited in claim 3, wherein determining (506) the
radial increment includes determining the radial increment to be a radial distance
(218) between concentric circular tracks (214) of the laser mark spaces (220)
such that a circumferential length of each concentric circular track (214)

corresponds to an integral number of the laser mark spaces (220).
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6. A method (500) comprising:

determining (502) a length of laser marks (216) to be written in concentric
circular tracks (214) to render an image (104) on a disc media (202), the length of
a laser mark (216) corresponding to a laser mark space (220); and

determining a radius (210) of a first one of the concentric circular tracks
(214) such that a circumferential length of the first circular track (214(1))

corresponds to an integral number of laser mark spaces (220).

7. A method (500) as recited in claim 6, further comprising determining
(506) a radial increment (218) between the concentric circular tracks (214) such
that a circumferential length of each concentric circular track (214) corresponds

to an integral number of the laser mark spaces (220).

8. A method (500) comprising:

determining (502) a length of laser marks (216) to be written in concentric
circular tracks (214) to render an image (104) on a disc media (202), the length of
a laser mark (216) corresponding to a laser mark space (220); and

determining (506) a radial increment (218) between concentric circular
tracks (214) of laser mark spaces (220) such that a circumferential length of each
concentric circular track (214) corresponds to an integral number of the laser

mark spaces (220).
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9. A storage media (202), comprising:

a data side (434) configured to maintain data written onto the storage
media (202);

a label side (416) having an image region (204) configured as concentric
circular tracks (214) of laser mark spaces (220) such that laser marks (216) can
be written in the laser mark spaces (220) to render an image (104) on the storage
media (202);

a first circular track (214(1)) having a radius (210) such that a
circumferential length of the first circular track (214(1)) corresponds to an integral
number of the laser mark spaces (220); and

a second circular track (214(2)) spaced a radial increment (218) from the
first circular track (214(2)) such that a circumferential length of the second
circular track (214(2)) corresponds to a second integral number of the laser mark

spaces (220).

10. A storage media (202) as recited in claim 9, wherein the radial
increment (218) between the first circular track (214(1)) and the second circular
track (214(2)) is a radial distance between each of the concentric circular tracks
(214) such that a circumferential length of each concentric circular track (214)

corresponds to an integral number of the laser mark spaces (220).
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