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1 BACKGROUND OF THE INVENTION [0001] Computer users employ
writable and rewritable optical discs for a variety of different purposes.
They may save programs or data to the discs 5 such as for archival or
distribution purposes. In the case of CD-type discs, users may make
music CDs that can be played in audio CD players, or save music data
files to the CDs, such as MP3 files, that can be played in special- purpose
CD players. In the case of DVD-type discs, users have greater storage
capacity than with the CD-type discs and may be able to make video

DVDs that 10 can g\plrys di sianehplopgeNeNayess [0002] Optical

discs include a data side and a label side. The data side is where the
progi&f3dnd R Bdiar afeakFitanplandHERRIBeR R ECAIHRB thertisal tiscs for

a %%W%PB?W&J??JM&%@“Wi%9%% DIBRRAIAYSP FRUENGhe discs

expensive process that results in an unprofessional looking label. For

SURBtATEN SieRiIMArCASHUEER tBUIPRSSh thid 1ARR| &Age dtlopticdype discs,

usiss Ryt ineceesisidaois s mrsefeasioRabianesiah e dab gimgarsalse save
be printed with inkjet or other printers, but this is a labor-intensive

Mygiecladaglienet s it BeCk avlifRiilpRdonl tRaniR_ Piedr ihspecial-

Upbsde TH pperly place@d op ey disgpihgitrReLiRiay e ¢RE3EE storage
P the disk drir%/ﬂé%éo éo 03] Some Iabelinglrsﬁygchanisms label the disc usin J
Q/\ﬁ%lq;' ﬁ%s that

CORSIFH YRR SWIER S SHRErAIRC TR TH I R RIS LRI YdES:
cdnaseprRyadynsarRA BB BYRSRS:sSuCh mechanisms are typically

separate from, or add significant incremental cost to, the optical disc drive

that WAROLthOiiAb Fises draieeoriaiasideishadpbshaldeqiblly data side
is AREediebBlivgraMes hatishe eidicardimatnthengiipladyahapeddises the

at different linear velocities depending on the distance of a mark from the

USSIHR13bIRRPPIFf LIRS c. RBIEYSh b Slne Ptk RE@ulaRg IsHgRIgeven an

ejisaspiateroabasconataas elaaitin thapgiensesinbie sbken@iates atr instance,
slower speed than the outer edge of the disc, 30 [0005] The difference in

MALkELS ERLRE LUSRENOUHR RIVEGiIRPIhAEh 0L RBERh GRS SolBHb AR esults
logifergsrotisisinpes frapdaiaicpries af klatipramrishusedsiatianatihmkjet or
otﬂ%ﬁu%irri]gttle?ts)?lgﬂtir% eiszgo?ggggatensive process, as the labels must be
carefully aligned on the discs and, if the labels are not properly placed on the
disc, the label may even damage the disk drive.

[0003] Some labeling mechanisms label the disc using horizontal
sweeps with either the labeling mechanism or the disc being incrementally
moved between sweeps. Such mechanisms are typically separate from, or add
significant incremental cost to, the optical disc drive that writes the data or
programs to the disc.

[0004] Other radially oriented labeling mechanisms rotate and mark the
circularly shaped disc at different linear velocities depending on the distance of
a mark from the center of rotation of the disc. For example, when the circularly
shaped disc rotates at a constant velocity, the center of the disc rotates at a
slower speed than the outer edge of the disc.

[0005] The difference in linear velocities often results in varying
tangential labeling resolutions at different distances from the center of rotation,

and thus distortion of the resulting labeled image.
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2 [0006] In some radially oriented labeling mechanisms, the source label
image is manipulated or converted from a rectangular coordinate pattern
to an angular coordinate system. The particular method used to convert
the rectangular coordinate pattern to an angular coordinate system can
20am@&smtroduce distortions in the label. Existing disc labeling systems
have converted the source label image from rectangular coordinates to
polar coordinates, consisting of a distdnce from the center of rotation of

the diSO@PL 4R aAGIE srctisibtierierisdabe naxBgHrapisHA pharsource label
infRRRE I AESEIRmR GBISESHREERATKIAY Ferabiinpiadestrarmas ;S'ageg]F to an

distance from the center of rotation 10 increases. BRIEF SUMMAR

angyRINGENHOIE [P The eMSodiRdictdayt thethashtiérrdederisadvert the
reBRIRHLIBF U riNRHIEdD AREr AN BPRA Al HRGd E%GRﬂHSf&%?ﬁE%HQL&% also

raster image toa 15 curved raster image.. he conversion methods

infedesscdiHerdanenane dabslrcExintge HsdAshry Sy BRMATaYRcoNverted

thEeshufeeWRilemimarEng ctistaeiaangliihe Eodedivandae @radprmasivihates,
[0008] In one embodiment, a method for converting a source rectangular

CHagiEiNthah dialRNFFH RS IbEIFRIGE I d SRR O HentiRitoangcrn angle of

rotagises drfiniea O&rY&@daﬁ@cﬁem%Waﬂ”@mﬁiﬁ@te@ﬁ@m Bluses the
curved track, thus forming a curved raster and tracing the curved raster.

MaHENA BB UHRthdPirfeGHRASCoRP UGy BIRtaEEPabieMd Mg fsiftRfeOf rotation

inSRiHEEg ectangular raster image and creating the curved raster image. 25
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS
[0009] While the specification concludes with claims particularly pointing

out and distinctly eimngiposihaivaRlk O reoated\as eeresent invention,
the advantages of this invention may be more readily ascertained from

the 1RGNy dEScrRbRMABIHVRNtIER WREATERAY iHesSHBRe B Rith thelude
méthaasoamingsharings iR evhieh:doVe FGetieny seferastit image to a

representation of one embodiment of an optical disc labeling system of

C‘%ﬂ’@ﬂré@émrirf%‘?@i%n; %&ﬁgﬁ@gﬁlon methods described” herein enable a

source image to be displayed on a circular medium, while minimizing distortion
of the image on the circular medium.

[0008] In one embodiment, a method for converting a source
rectangular raster image to a curved raster image is described. The method
includes defining a curved raster geometry and coordinate system on a curved
track, thus forming a curved raster and tracing the curved raster. The method
further includes computing curved raster data from the source rectangular raster

image and creating the curved raster image.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS
[0009] While the specification concludes with claims particularly
pointing out and distinctly claiming that which is regarded as the present
invention, the advantages of this invention may be more readily ascertained
from the following description of the invention when read in conjunction with the
accompanying drawings in which:
[0010] FIG. 1 is a schematic representation of one embodiment of an

optical disc labeling system of the present invention;
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[0011] FIG. 2 is a partial cross-section of one embodiment of an optical

disc used with the optical disc labeling system of FIG. 1; [0012] FIG. 3 is

one embodiment of a continuous spiral track used to mark an optical disc

of the present invention; 5 [0013] FIG. 4 is one embodiment of a sequence
2008 csBBBENtric tracks used to mark an optical disc of the present invention;

[0014] FIG. 5 is a functional block diagram of one embodiment of an

imaging pipeline used by the optical disc labeling system of FIG. 1; [0015]

FIG. B e Bl aimamatial Gresrinetian Mbprestsn b diacnd epanpptical

disisGdaneling gysiemQlidiSe kst PYIKER G Fidepicts a flowchart of

acts of one embodiment of a method oOf converting a source rectangular

rasteldRied)e fol & -cBrie @PEsRINBPENSH8E M FRAIHIMPLI SPiat ARgkpused to
mBRRSARIFEDNIQFTHE NNENTIRNABGA7] Referring now to FIG. 1, one

embodiment of an optical disc labeling system of the present invention is

showl?@tkerdiiPat4 i5 TS FPICAdEIRR aBEIRFeYsRIRE @ hgNseIEE tracks

udeFi8aHRAANINBBRRN didakst hidpres oht FMentied: disc 14, such as a CD
or DVD, bg/}markln a surface of the label side 20 12 of the optical disc 14

with £088€F bEHm Foltha [ EiRIBtEIQSK LIRBIIBUAESOTS ATBRFEERET Of an
infighef B R el S5 iedihri i tiRe! Absimied deemdsita gide,; where

data Is written and stored. [0018] The optical disc labeling system 10

form$ U thaddon ISurRR STBPREEMAIH Qfdd FoNsaRkEio i afstagier of the

odﬂ@ﬁltﬂ%&a%ehﬁg@ Mé@@l@.glt;h@w@5 image, the laser beam 16 is
radialpla/ moved in relation to the optical disc 14 such that a curved track or

rastef0Q46h &5'G cohtfRRIGES spirflrivehal: afsactt b Rftfbrdiment of a
mERAES i3 aeRsr@iRNa Jor el isgul4r (AGAI]iTR sqursRiRFENEIMRIr of the

raster images that may be used to form the label on the optical disc 14

PrERENHEVENERRNted as pixels, i.e., picture 30 elements, in a rectangular
pattern. The pixels of the source rectangular raster image are arranged in
a rectangular array of rows and columns, wherein each pixel has a

I
uniform spaci r?d%ﬁi@r@é%ﬁ@i%ﬂ%&% tg'ﬁEeIBIMEMJ@M of

2003{56588 4 Referring now to FIG. 1, one embodiment of an optical disc
labeling system of the present invention is shown generally at 10. The optical
disc labeling system 10 may be used to create an image on a label side 12 of
an optical disc 14, such as a CD or DVD, by marking a surface of the label side
12 of the optical disc 14 with a laser beam 16 that is generated by a light source
9. An opposite side of the optical disc 14, although not illustrated, is a data side
where data is written and stored.

[0018] The optical disc labeling system 10 forms an image on a surface
of the label side 12 of the optical disc 14 with the laser beam 16. In forming the
image, the laser beam 16 is radially moved in relation to the optical disc 14 such
that a curved track or raster, such as a continuous spiral track or a set of
concentric circular tracks is traced along the optical disc 14.

[0019] The source rectangular raster images that may be used to form
the label on the optical disc 14 may be represented as pixels, i.e., picture
elements, in a rectangular pattern. The pixels of the source rectangular raster
image are arranged in a rectangular array of rows and columns, wherein each

pixel has a uniform spacing and orientation with respect to the other pixels of
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the source image. Alternatively, the source rectangular raster image pixels
may be specified in rectangular form. [0020] To maintain a constant
marking resolution throughout the disc label region, the data for labeling
the disc may be arranged as a curved raster 5 with geometry specified by
20a3aghigg-tangential system, which includes a distance from the center of
rotation and a tangential distance along the marking trajectory as a sled
19 is moved and the disc 14 spins. Th& geometry of this marking _
thg Seufer/ IMaEdinAisRM iRy athRPHFEBI SRR ARGt IRGR RiNRIEeMay

bS¥ isANFRVELHR,1aPe fggion at constant marking resolution. 10
[0021] In one embodiment, the geometry includes a continuous sgiral

trajedi¢Uhere MSIMaRsa R AR alahifEEnEephtion iaauegout the disc
|alR9aER)ISn 21ABIIER §8 P TN SHEALIEY SR8 b ANRRATH BH SBROMEES raster

the geometry includes a set of uniformly spaced, concentric circles where
WilheORRITKRIB SRESHIE hPYI REHIR) gl AlFxRgNbMhisRs Rfdgema distance
frofiIPENE SRR 0BRSS NG & 2FitdpsaFikResntdnasadnabasts ignyaliajectory

suited to using a sled-mounted laser with rotating disc. The marking data

2% 8884 dP RIMAYKDAKLIR SiFalldr ShiRRentBOOESREHRY O LHIRgNArking
raARIRIBPPNIS AcHR Saelerinancs. iQBA2hIdwsisie derarRIngSRRl $Bdifinate

rectangular raster image pixel may be arranged in a rectangular array,

Syt pRiheoViRdhs Resliedl ghepPnssadiMantinedesabeite
corremﬂingrpbq% EhassuRtiRditRe NGcbp SPYIFR NG WantARIBUS spiral
e pixe

ima data may be arranged in multiple planes where each plane

ra MOSENGIE EBRIKEoRME om@tiofihEERIANY LPRREREy BRTKIREIdORRtIONS

alangthee esphadiBasL.spAeh RigReBhiharsaremhECRNBYMATastehe@@@metry
data may represent a single data bit of a specific color comBonent of the

inoltidesiamRlaf RS B HRBAC NGOG HIEHES AR PR Y BiScre made
athawirgntiffefRitde seltiang wdatiRies slengnBe hateen yaigeiemeriacentric

Regardless of the pixel data spacing, a one-to-one correspondence exists

CiigitRechithe’ RhdhBrroMAEBRRIBETh RUaH JRrsSHI dnelgranaetrest laser

withe reratang dric amay ehRikelg indke sosvemtestandyigieasiatifneds. s¥ral or
[0023] In forming the image on the label side of the optical disc 14,

SEqURPSR U LUMEUHGARARS BRICIRIR FHLNEY SoSteRM8Lnverts the
sourgeorEgtangidaidasigsdaragndavicly Sorrestanguiayiatiesstef pvale pixel

mf’;\oyt ggﬁéﬁg%&?r?%l?gggngular array, i.e., a plane, wherein each pixel data
element describes the corresponding pixel. In one embodiment, the source
rectangular raster image pixel data may be arranged in multiple planes where
each plane represents a single color component of the rectangular array of
pixels. In another embodiment, each plane of the source rectangular raster
image data may represent a single data bit of a specific color component of the
rectangular array of pixels. Other embodiments may employ planes having
different resolutions or implied spacings between data elements. Regardless of
the pixel data spacing, a one-to-one correspondence exists between the
position of the pixel data in each plane and the geometry of the rectangular
array of pixels in the source rectangular raster image.

[0023] In forming the image on the label side of the optical disc 14,
software associated with the optical disc labeling system 10 converts the source

rectangular raster image having the rectangular pattern of pixels to the marking
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5 locations of the curved track generated by the optical disc labeling
system 10, i.e., the continuous spiral track or the set of concentric circular
tracks of the optical disc 14. Each marking location corresponds to a
uniformly spaced interval along the curved track. The optical disc labeling
20836885 10 computes a 5 representative value for each of the marking
locations on the curved track from one or more corresponding pixels of
the source rectangular raster image. [6024] To record the image on the

logpiens édhes v b itaigenRIBERADYy iereniirah g Iakeling systam 10,
i.eL0 e BSRNEII VS HAHaEN SRS EICHPRISR Sishicl LiRIAHFAHEKIE of the

the laser beam 16 to follow the 10 geometry of the curved track ‘generated

oRsieah ectistickd disE Rabe iNgrkinde lACRIONVRRH @RBQRSIS: Beamurgiormly spaced
inRGAHAISHY) %@%&K&O@d%@n @ﬁ@@@waﬁ&ié@d%mmg %%%ﬂom"%é%llnes a

ixel of the source rectangular raster image as determined by the optica

(CRIESRINING SAHHOTBARE BhiRAITAIIRBARRBIS R 10%-GUBES frack from
orlBSEY RRAECHPr R RIRAAdRRE R dhen@adtined oeatintamina SeHgRgac

14, 15 thus, imparting label formation on the optical disc 14. [0025] In this

mann8P3Ak nkR d8LatAihRiHYaRRa8r B IPRECH igliseiddedn@ptical disc

Ia%ﬁﬂ@b§/§@érﬁ‘aibi%ﬁgﬁgoﬂ@_@é‘e@p@éﬁhﬁji%|Q§€ﬂi}%e§>{ﬁ@r@&96dﬂﬂ%ck by
marklr:](ﬁgontrol refers to the ability of the optical disc labeling g:%stem 10

rofgtiRgninenRHGH ndisforhf adndricatfiod dhsutesrirkhifiBcafore detipw the
geBIhatl 26r s icapraiated by dne rréaab dlifitcl g axsdaabafnd R§stem 10.

method of computing the representative value may. comPrise a "nearest

WH&@HB%H%SG&%E% r?dlﬂ%?é%'ﬁéﬁrﬂé&j&%%@?ﬁ@ﬂﬁbe HF%H‘H\‘/@P&HQQJ? that
cIMESPBIMIOR0h PIREINBOIHIISTAMEEE reSEHIUE rARET Mage Rixalserdhed by

of which will be described in more detail herein, 25 [0026] The selection

ther QREcAedivs! HRAYRECTY S6iTcE FetisngRikat LR IfRalRG RN 10 causes

thEERISSEPE I TRKING A GRHSNK fﬁﬁmbmfﬁ?ﬂi@éﬁﬂmﬁﬁdhﬁefﬂﬁﬁi&w disc 14,
operation associated with averaging or interpolation of neighboring

thus, IRPAHNGE B3R! ormatrr &8 dBreeRYRabfiSSrithcts in the printed
imagpadnspther thidantaméhe merpaiBgRANNISRANAL BN Y bENarack is
source image 30 pixels may he appropriate when the source image is

selprietaid 2y QAR GRALRIDY o ARUGAENSERRFING g™ 10-
THhecatigring tberttivastéradle treeddmidpan the dpvebiansesemsliagegietenf 10 to

fo%llgprlr?asrl(()uorﬁ %(i)rtn%%?np{iﬂx?rl]s rl(<)rat the various marking locations of the curved
track generated by the optical disc labeling system 10. The method of
computing the representative value may comprise a “nearest neighbor” source
rectangular raster image pixel method, or an average or interpolation of
neighboring source rectangular raster image pixels, each of which will be
described in more detail herein.

[0026] The selection of the “nearest neighbor” source rectangular raster
image pixel to represent the marking locations may be appropriate when the
filtering operation associated with averaging or interpolation of neighboring
source image pixels introduces objectionable artifacts in the printed image. In
other instances, the averaging or interpolation of neighboring source image
pixels may be appropriate when the source image is smooth (i.e., has low
spatial frequencies, such as when a single marking location of the curved track

used to form the label represents a region of multiple source image pixels) or
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200315685 6 when a more accurate or less noisy estimate of the image

source at the marking position is required. [0027] The optical disc labeling

system 10 causes the laser beam 16 to place marks on the optical disc

14 by moving the sled 19 radially in relation to 5 the optical disc 14,
2omglisgded with arrows 18 and 20, along an imaging region 23 of the optical

disc 14, and by controllably modulating the laser beam 16 when the beam

is adjacent the desired marking Iocati@ns. The imaging region 23 is the _
wWhegichepiaepiEiPARsdess Foke 88tHRAM BF HaailBate SaHee@idardmearking
podhivRdareguirsdadius 24 of the optical disc 14. The angular positioning

and 10 movement of the optical disc 14 is controlled with a device for

positid9Agland e enteAlHlissHRae Mg SYatesn W LaHsdkRpilager hsasp 16 to
pI&Ze?H&rQQFB?@'tH@‘E;Fﬁ@&"B%@ﬂQ? Hovs Re S R0 ISP RS AIFEAURNSFoN to
of control signals with a controller Z6 that controls the disc spindle motor

the DRHEFHSiftokh SRS NN 9IRS AigRitiBle s i IRasing4pgion 23
of B &g AN @IiSb alNLRLP ERSE oS|Ik KORIERIIRA A¥ 18S8VBeédm 16 when

rasterized image (not shown) from an interface 28 of_a computer system

thenBeaRdhRElarERt SR HerLelrearidg dpralientng tH¢Bagingeieaion 23 is
theheyiba bRl BirErerion #iuigeemberinmi Ridie optiekAsedcal disc

FIG. 1 that may have monochromatic marks placed thereon with the laser
14,856h 28. Oigr dstiap rée Alate meficabdisscitieTAe @R eiaHMaFAiening: and
mB\RiRd afahel éﬁ‘ﬁt@ﬁled& Thedabsheoiaganiad inelb@es adprpEitivhing and

at a

lacquer layer 32 t cts as a protective coating and covers an imaging

mpNag éﬁlﬁ?@iﬁﬁb&ﬂﬁ@ |%@ze§§@hr%ﬁ/ heisacsriRdAaBmaL LAfralbs c%',cm disc
la¥dliah aNseshs 3P epReABYORATF BRI SENR AsEh @ SfdYdRtRfadigAdls with a

activator having activator and dye crystals that melt from the heat

CHHbalRedDHRbAPHEBRNAEGHTRIRFIROtahd & thsRBRINIMIE @jdhe sled

1g¢hahinitiries adGheimcar W@C%f@@hmellﬁeéﬁﬁﬁg,tﬁé ?a[%ﬂtﬂbﬂ[ﬁﬂ@@ess. The
chemical reaction, changes color. The optical disc 14 further includes a

CUERN 6B BIRE TECRINR A S FARAMEATPASAGU 4 UGB s RRfRe8 of
a 68nder BphreaTliABaEh WIS ERIRAZ aRB tHEI2S) bRcene embodiment the

optical disc labeling system 10 may be integrated into a computer system
as a Mﬁﬂerﬁ‘*ﬂc@ 9t HGqirediigre is shown a partial cross-section of one

embodiment of the optical disc 14 of FIG. 1 that may have monochromatic
marks placed thereon with the laser beam 16. The optical disc 14 of FIG. 2
includes a number of layers that make up a label surface 30. The label surface
30 includes a protective lacquer layer 32 that acts as a protective coating and
covers an imaging layer 34. The imaging layer 34 may include: an antennae
infrared dye, which absorbs laser energy and converts the laser energy to heat;
an activator having activator and dye crystals that melt from the heat produced
from the antennae infrared dye; and a thermochromic dye that initiates a
chemical reaction from the heat and, as a result of the chemical reaction,
changes color. The optical disc 14 further includes a clear, protective coating
36, a reflective/thermal layer 38, a dye data layer 40, and a polycarbonate
Substrate 42.

[0029] In one embodiment the optical disc labeling system 10 may be
integrated into a computer system as a peripheral device that is directly

attached to a computer or recording (host) system. In this manner, the optical
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attached to a computer or recording (host) system. In this manner, the
optical 200315685 7 disc labeling system 10 may be added to an existing
computer system. In other embodiments, an existing disc writing
architecture of an operating system (OS) may be retro-fitted with a
2080ivease application to perform the optical disc labeling methods
described herein. For instance, an existing disc writing 5 architecture of
the operating system may be configuréd to communicate with the optical

digesteRaiathgysierenta Mo b atisANR M YRlcs HATP Setisieph In other
erHBHERAENREOR A irY 2D ATAY hHAIRRATO'HRP b JRHAYFEEem (OS)

application may be stored or placed on a computer-readable storage .
MiediBrT aSOIEBhpUtEY rRatRifaredarRbsalPR it REERITEXECItERtSR! disc

laHig MREtRbALO gasshsdheraBRuterdidbimdbe aRtieadsting lahstngriting
sgstem 10 to perform the functions described herein. The
arg

HesiER @EheRP e B e RIBMI AP ecephiiasEeship GoiBRIURagifwith the
oftice? ¥l athalpigas seesiuiD iat ShreresvitiarremBuesniRiRl BeR over a

optical disc labeling System 10 forms the image as the label 15 on the

URHRALARIORERY riflingtthd8nd) SORACE ASAAE. PIAPSPlecifidfie Software
aﬁpﬁéﬁmlQﬁaycmﬁmmrlaﬁeﬁfé@eamalédmm@aw@aﬁmwmmbéeﬁiﬁeaium as

marks. Other marking locations may not be marked by the laser beam,

2 (SIS, FRAHARIe A pSEh IBROWBHGY I5athabIchSXRTUERR MbyDE fRomputer,
cd@iRiiothto dompotisahstisaidssyel Biaidafaiirwidbeliry waicarki®)to perform

which may be the continuous 20 spiral track or the set of concentric

th@ir@lﬂ&?%l&@%r&bﬁ%@%ﬁi@ienﬁ}?téﬂﬂ%?%(ﬁ%@iﬁ%ecosfeﬂ%gﬁcﬁ%@m may
cohislic® HiRn spivantinagheariane Walidiatde Hﬁﬁ‘agétiﬁ@dﬁﬁﬁ lgheliRgread by

system 10 generates a geometry of the curved track(s) and computes
thE Py I8Eations from representative values of pixels from the source

rectayupgal ragker dpacs. didehdbalnepsyseraylloefaiaes that inRRjeriatfe label

25 marking locations along the curved track for creating the label. [0031]

ONntBf e disent dnBVdhar gy de jRBalLsuifash P Halftbring) at specified

mERIGdsdatReIieVienPeIS eaterl becontiv oy p el ceifeenuipRemijasingd marks.
marks formed on the optical disc 14. The optical disc labeling system

10
O RaKIRg I fRFRIOI-BRY JIRhiRedRAER LYot el AsElahgaEy Auleleft un-
mHR_EE'sA3R4ecanewed aff alofRidelsedieleptonialisd labelngosysent Kptical

digclza(i%fséngh that it follows the curved track(s), which may be the continuous
spiral track or the set of concentric circular tracks. It is more efficient in terms of
print time to follow curved track(s) than conventional rectangular tracks. The
optical disc labeling system 10 generates a geometry of the curved track(s) and
computes marking locations from representative values of pixels from the
source rectangular raster image, such that marks may be placed at appropriate
marking locations along the curved track for creating the label.

[0031] In one embodiment, the label image is produced using halftoning
methods to achieve perceptually continuous and uniform tones via the marks
formed on the optical disc 14. The optical disc labeling system 10 produces
halftones that are obtained from the source rectangular raster image’s
rectangular array of pixels. The optical disc labeling system 10 places the

halftoned result onto the optical disc 14 following a geometry of curved tracks,
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halftoned result onto the optical disc 14 following a geometry of curved
tracks, 200315685 8 while taking care not to distort spatial frequency
components of the halftoned image from the source rectangular raster
image. [0032] The optical disc labeling system 10 of FIG. 1 controls the
200p1iE&d5 disc 14 positioning with the disc spindle motor 17. The optical disc
labeling 5 system 10 may rotate the optical disc 14 at constant angular
velocity (CAV) or track constant Iinearg\/elocity (CLV). When the optical
whilsc tekfiRgrerfie et ¢ disind aralirl emisicy BRI RIS ridmdatitoned

in’é\%ﬁé #Ual BasiHonrek e 1anglIReAEdPiHAgktion to the optical disc 14.

en the optical disc 14 is rotated at CAV, the laser beam 16 is pulsed at

a ratéJS3pbriidurRligR FhistdaRsding systentAd 1aEl GedrRaBrRisdhioRtical
digg thg GEYRBNAGKSPh tﬂ%oat&aggimﬁmwaemr rgtpied M e MiSE labeling

LV, the placement of the marks on the label surface 30 along a curved

SYSHRIK GHQraRs ietakrdhmIRiRldisfob4 A trerNMantiRg o idevalssity (CAV) or

tratiia6R3a | eaPRISER (2:1_4/'2?_ oPRdiolRE ByRIARDE MArkBgdatatiiTLY,
a sequence, i.e., raster. The marking 15 data, as determined by the

the |20t 5 ARk S dBYSH e PIARBHIRNR LRy e JAGHR ReRY@AdH theudaser

bt s MRFkedieh rﬁ@ttﬁ@ﬂﬁﬁfi':aTB%mﬁﬂKiWﬁ’éﬁat@ QHMQMB aLlyYethted at
raster sequence that corresponds to the manner in which the laser beam

CAY idhRdaeardrsagedbricaHieadratr mAieLIarRpEqpabde the radial position of

thEOTEREPOPERRT 1 8XiFISrRRINAE NS QUREE A LRy esfrasieiicafnfisc 14.
the 20 locations of the mark%é)_laced on the optical disc 14 along the

WasASS faiatedeRbraRY Y the-tptilds RRCBHET gy HenMaks BRethe label

sLRTABe I En{ e euRieaiHaPKCOPTIBRESS Siehy RHh (kSR dd a
radial-tanalentlal coordinate ‘Sglstem, are used to determine the placement

of thddA3Als IBRGIREKIEVEA helabrlosUTTare 3Hiick tecarBeRhglisc 14 is
consR 1Oy mAYcRel e KAdial ol Positiey eéiHie |aser beaer 16TWisharking

sled 19 associated with a sled motor 21, such as a DC servo or stepper

. | |
daiforGS 1HRIRERIBR e tRIARRSRRNSf BpiaHiSn SRIRETYRRSaMiN marking
lotRRIRD Apsig Bk g 4dKVRINSE Mbikisitoe mathashkeenvenionalikineedata is

CD and DVD drives. In addition, label writing, laser positioning and,

ITRGELD B S S e JBB CABRSRGRTR BB Zganmer in which
themaestintalm the eptiahvdigcdrim]inghsysqin/aa maxike aaiiguedie-to-one
col#?eespondence exists between the sequence of curved raster data and the
locations of the marks placed on the optical disc 14 along the curved track
generated by the optical disc labeling system 10. In one embodiment, fixed
precision coordinates, such as those in a radial-tangential coordinate system,
are used to determine the placement of the marks along the curved tracks.

[0034] The optical disc labeling system 10 may control the radial
position of the laser beam 16 with a sled 19 associated with a sled motor 21,
such as a DC servo or stepper motor. In one embodiment, the mode of
operation of the optical disc labeling system 10 is CLV, since CLV is the method
conventionally used by CD and DVD drives. In addition, label writing, laser
positioning and firing control is simpler when CLV is used. However, in other
embodiments, the optical disc labeling system 10 may be configured to use
CAV.
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CAV. 200315685 9 [0035] In one embodiment, the optical disc labeling
system 10 labels an image onto the optical disc 10 by causing the path
followed by the laser beam 16 to trace a continuous spiral track on the
optical disc 14, and modulating the laser beam 16 at particular marking

20@gBens on the spiral track. Referring now 5 to FIG. 3, there is illustrated
one embodiment of a continuous spiral track 52 on an optical disc 14.
The spacing between cycles of the coBtinuous spiral track 52 is

exagtP3RId #i PIS: edodisnanbidiey i WinbiRbpfRgetea (e labels an
infSPECSRIYANR YIRS eRstindely ERliRIHEAfeoBdth Bl BY Bsdlfadiitbeam

is merely illustrative. To create an image, or label, on the continuous

165 A1aRRcR LOMINYRE SR elERtk O sthenaniicRlHjstiskacad dnaditating the
lakefipbdireacngneurpinalkiss btigispiatsd gicB hal frack SRRGEIIRY) now

moved during each cycle of the optical disc 14 rotation. The laser beam

01l Gaded G eraT i alERG thene HiRGEIB iRl & £Q0BRUBHRDBASHAKED2 on
Bt HBENINI HeERp AENEESIRSKIBEL R IESHE SO Rud 3 HiaBRhCck 52

_ The geometry of the continuous spiral track 52 is selected such that a

IS gfstaeeer elbh ek (fa Yisal cHaituRRAsHirayitabr BPRRIQAARS the
repPESERAAOROBNtNEREK FRATHNY irenchexcierevabltiarawhtRs scale, but is

continuous spiral track 52. A uniform marking densit% is achieved by

MBIEN S EALY nofl QHSRAPRMARHE) IBEARRRS Q8 JaRcFRIMIBHysHsRIral track
s DRHeAASE Hleinb SysieRtiRQck B Y iBpIanEaalidiss e HgNaiEtton as the

locations may have a symmetric shape and, by placing the marking

ORYeatigRs ke LiRied sAaRdhab i ateSEat bu s QpRAIdratIgszach cycle of

thitgpirialbeivecen thaamarkinariesaiiass areashbEtARURIBSI #8BK along the
length. It will be apparent by those of ordinarrelgskill in the art that no

CORUREPYTSRA) ' BF bha e RUHEOHTIL ST tHRUS IPRIBIE UpF a7 ¢PAK BBtween

trafkindPd@espasingtad naarking locations along the continuous spiral track
52 maﬁ be_tuned to the shape of the marking location. [0037

A
conti spiff AN GEMS feathyedEsRY hd Bpficd 'siselected such
thiahe g systepr dieonineiersaraiyfaenas it damegiter ot migeeies a

beam 16 is a substantially continuous manner as the optical disc 14 is

CORLR0Y B HBRGEFRRE OFBREY SYEAVaKRlvLam pbdiRFepHsous
sgRaetmRRRNBA06 A uniform marking density is achieved by placing marks (not

shown) at marking locations as determined by the optical disc labeling system
10 on the optical disc 14. The marking locations may have a symmetric shape
and, by placing the marking locations at the same spacing along the continuous
spiral track 52, intervals between the marking locations are substantially the
same length. It will be apparent by those of ordinary skill in the art that no
matter the shape of the mark, the radius of the continuous spiral track 52 and
the spacing of marking locations along the continuous spiral track 52 may be
tuned to the shape of the marking location.

[0037] A continuous spiral track 52 is generated by causing the optical
disc labeling system 10 to incrementally change the radial position of the laser
beam 16 is a substantially continuous manner as the optical disc 14 is rotated.
If the optical disc 14 is rotated at CAV, the radial position of the laser beam 16 is
incremented at a constant velocity. If the optical disc 14 is rotated at CLV, the

radial position of the laser beam 16 is changed at a velocity that is inversely
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incremented at a constant velocity. If the optical disc 14 is rotated at CLV,

the radial position of the laser beam 16 is changed at a velocity that is

inversely 200315685 10 proportional to the radial position of the laser

beam 16 in relation to the optical disc 14. [0038] In another embodiment,
20t sEpstinuous spiral track 52 may be traced on the optical disc 14 with

interruptions. In this embodiment, unmarked 5 regions of the optical disc

14 may be skipped while the laser bedfn 16 is re positioned and the _
propechrarda Ane el Ppsdigpnofring asbandentlad) kelatiuée the optical
difgbeling time for some images. [0039] In another embodiment, the optical

disc labeling system 10 creates the image on the optical disc 14 by

causlfYaRe |d8eRAPRENP! 190 AiTeAt 18 L AT YRR FRI At liRfkradkay be
AL CHAR OV IR APHRR disGiabehRarBseRs 100 hibeAiisdhst, Idnmarked

while modulating the radially movable marking device, such as the laser

regiofin 96.tR@PHEgtEISIG14 MR sShirRRGMAiIPSdIRRSHt pam 16 is re-
pEicALHisthd 4G a1 A5 100 RSRIEAC i defsHBR. FPRRaSRIMiment may be

illustration, the concentric tracks 60 of the optical disc 14 are not drawn to
reglyGR Ab el il S8R IBIREBSracks 60 is reduced, and the spacing

betwegnzde ﬁp%‘ﬂﬁlﬁ&t@ﬁ{%@q}ﬂ%mgﬁ@e@bﬁﬁﬁﬂﬁé{ %éﬁh&i%%ﬂem 10
rotates counterclockwise when viewed from the writing side of the optical

CraRieS ANenENagn it RBEK3! 6BSard SRYAYAIIIBENARSE BARMSLE to trace a
séndicediveephiRecHartionadkyhisierapsisniam b pirae disadiasaiMy system 10

marking locations. 20 [0040] To create a mark on one of the concentric

O AR OBHCH SHRE drnbtitice QAL IR HaautpdiRly RRPIRCFRRTKIRGIge Vvice,
sUBhoBe coRrcantEr ieeknPO1® a tingrélang the nadial diregiige aldhstrith one

of each cycle of rotation. If a radial displacement 62 of the laser beam 16

eMbedirpRnkaliAh RIFRLARAN HORK NG &l OfHRORESINIHG JReke 60. For ease
ofc0saatEhlr agksceR caavreetrtisiastiallytRe eptidayelise Nayigge not drawn to

negligible, non-printing delays between formation of marks on the.

SR HIRRHTRAS SR T B 5S C R RS RRFA TR SRRFER R tween
thENeceAREARTHC teitrdabanksifg insshievesiiveragiallysragingisbe 14  rotates
camcentic racks 6.8 constant amount (L. rack spaang), FOT InSIance e
concentric tracks 60 are shown with clockwise arrows indicative of the direction
in which marks can be made in adjacent marking locations.

[0040] To create a mark on one of the concentric tracks 60, in one
embodiment the laser beam 16 is moved incrementally by one concentric track
60 at a time along the radial direction at the end of each cycle of rotation. If a
radial displacement 62 of the laser beam 16 is performed in a substantially quick
manner, the labeling on the concentric tracks 60 may be substantially
continuous, having negligible, non-printing delays between formation of marks
on the concentric tracks 60.

[0041] The substantially uniform marking density of the concentric
circular tracks 60 is achieved by radially spacing the concentric tracks 60 a
constant amount (i.e., track spacing). For instance, if the marks used to form
the label on the optical disc 14 have a symmetrical shape and are placed
directly along the uniformly spaced concentric tracks 60, a substantially uniform

marking density is achieved. In other embodiments, the marks formed on the
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30 the label on the optical disc 14 have a symmetrical shape and are
placed directly along the uniformly spaced concentric tracks 60, a
substantially uniform marking density is achieved. In other embodiments,
the marks formed on the 200315685 11 optical disc may have an
20asymeBretrical shape. In these embodiments, the marks may be placed on
concentric tracks 60 that have, at least partially, a varying radial track
spacing between the concentric track$%o achieve the uniform marking

oRfsRifiseurIRt, RayevRmoRsy BN StiEAb RhaRcunifer s ac R BOMEgeNts, the
maREIRAF ISP YIRIs e EBREBRIHE AR SoMmRiEHRGLragk |l§&§ttg>§5?¥ny, a

not be an exact integer multiple of the space between the marks. [004:
var Yﬁ&ﬂwgﬁ%@@t H%Bné@ﬁﬁl@gré&@véérﬂné@%&%?ﬁﬂmédtb@dé%dgn@Qh@Ve the

uriiieR ek kiR e By StemHAR Lol @B RIHaNY A aYB SR fiathAl RMYCShacing
of the sled 19 and, thus, the laser beam 16 by one concentric track 60 1

ManPaeLf Y RUNEDIRBIER Fans an the ERsks @R ereIdns Hagkidangth may
ndhBeQieabeishidér MIARIASIGAY sParcstahierertAr ridhelaser beam

16 is_incremented at a constant period. If the optical disc 14 is rotated at

CLV,[ B 7hdibiasiRgich SFheMABEUAT 163sKacRinaMdIPadvaresnad by
caBIRGOtheepRetiPrasio iR ingiadRasition i eigaendsam Ldidtige radial

manner, each 15 mark placed on a concentric track will lie at substantially

PaReR Ak theRlph S s HeushiaRSURERT ol frBVE8 AR BALtfetrack 60
artR el ARG eHAk SHBRAGaEY Wiipndimedintavalsydentho@mieal If the

disc is marked at a CLV. The tracks lacking data may be skipped by )
OR{ieA iRy e iPadRirisstiabi-Mndnaderlist RAsiiepast dhe tasrmpeRm 16 is
indfhfiatee 2AIQD4h¥vaethriGe. optig ¢packt HsONUIyeEated at CLV, the

concentric circular tracks 60 or a continuous spiral track 52, the marking

ARk RARUABNG B ARRE LrRSHB R dn IALEBIEMALY spdince at a period
pr@PBﬁﬂi@Fﬁﬂ by the eatiral sisaitbelingesyssempdan hesmarkifngsoamiiaes, each
al

ong the track may be selected such that, the precision amoré% the

magorblRSES 8Pt EBRRANIE HREMapE decPRIBEMY JBBnRAR)G adial

pdbRidirckiscANtBae grebplirarit, dheranreeritia sl coliiaakackCaps tBpaced at
continuous spiral track 52 are defined in a coordinate system such as,

for
subsianiiallg WeRinta HEuh iECYBIRIINAR s YRE APUFRE URF ke Rk REAL @ CLV.
THetnas ek kiagloralians skipseasgridenatirgjane Rrlisrpodtiomer the

Iag%r beam 16 past the track without any data.

[0043] Whether the optical disc 14 is configured with concentric circular
tracks 60 or a continuous spiral track 52, the marking locations along the track
are specified in a coordinate system as generated by the optical disc labeling
system 10. The marking positions along the track may be selected such that
the precision among the coordinates of the coordinate system maps directly to
the geometry of the tracks. In one embodiment, the concentric circular tracks
60 or the continuous spiral track 52 are defined in a coordinate system such as,
for example, a radial-tangential coordinate system, wherein the distance
between the marking locations is a constant length along the track in order to
provide a substantially uniform print density.

[0044] After the rectangular raster image is converted to a curved raster
image, a fixed track geometry and a referenced starting point are assigned to

the curved track and used by the optical disc labeling system 10 to trace the
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provide a substantially uniform print density. 30 [0044] After the
rectangular raster image is converted to a curved raster image, a fixed
track geometry and a referenced starting point are assigned to the curved
track and used by the optical disc labeling system 10 to trace the
2020085685 12 shape of the curved track along the optical disc 14. The
fixed track geometry refers to a predetermined shape having a
predetermined dimension that is assitfhed to the curved track. A position

shane i MErkHYFSCHAGH SHPATrik RPEERHaMdd bylNadPeiRifigekeieometry
refistansedhs Btdngiiocatiandins Hauhigen stagiie Haskdosatidndindnat is

the length of the track. For instance, a number of substantially uniformly _
asgigeed MANEGUBEHIHRS torfpRRAECME DoRtiAUBaskinSINacRaer S Adjack is
ad@8lREte byORERIMIANY T IReSHTE Hhe Wgﬁlﬁ‘@i%}éé{rgf?rﬁés from the

marking density is achieved by fixing the number of tracks when

stagine HinekclrRaatiP R ARG therdength L dhedraskiarfc@, Mekdnge. a number of
subRaREIgIHBART)Y Spacsd ¢oa iGSeERIdAE UaskpASIRGdRe continuous

concentric circular coordinate system (including the track number (R) and
kil diagined BIsMPmaeiestRdT)) may be selected. In this embodiment, a

fixed ppijioncappiitate B MEYSeSihsratidIpaniemleralang density
along the track where marks used to form the label are to be placed by 15

IS AeVEYEAURAIKIDE, e KBRS BLIRSK T YBIaM RIS BIEMm GHiaY Be (AR 80 are
uéﬂfﬁCthmﬁ%mﬁc@',aﬁe@é@'chgdbgtﬁ?ﬁféfl‘ﬁ/%ﬁﬁdﬁrf%f@b%@%r@@ﬁﬁ@éircuIar

distance (T) of a track or tracks and linearly map the timing and the
ke e RRMANGS t%e%?ﬁ@'é&%ﬁ'\%ﬂk%46?ﬂ%¥éﬁﬁgﬁéﬁkﬁi8 aclydingrdhe track

nuiRBwin @RiuBsio R Hesknéd dirtigninlsieatingonefipbediRwBERiAN In this

ima%i_ng pipeline of the optical disc labeling system 10, generally at 80.

erpRRUIME iR BET IGCaOTIBAIR SESIRBb HiintidR {GnaPecify marking

loteéianglaninagariacRramece maaia syea o et SRS B fipataceld by
the imagge onto the optical disc 14 by the optical disc labeling system 10

theslaSeTa8erBlA: 16/ RAJRED PARERIG FRO(INELA YIS BirtiaYr hadiged to
dift 8y theapofia usue spica e kRS huntbedabel sideota oi@aagisc dibng the
GISTancd (1) 67 & WGk or TAEkS B linearly map the thing and the-piacement
of the marks at CLV.

[0046] Referring now to FIG. 5, there is shown a functional block
diagram illustrating one embodiment of an imaging pipeline of the optical disc
labeling system 10, generally at 80. The imaging pipeline 80 of FIG. 5
processes a continuous tone rectangular image to produce a data stream, and
controls the formation of the image onto the optical disc 14 by the optical disc
labeling system 10 as the laser beam 16 follows a pattern of the concentric
circular tracks 60 or the continuous spiral tracks 52 on the label side 12 of the
disc 14.

[0047] The exemplary imaging pipeline 80 employed by the optical disc
labeling system 10 is conceptually implemented as a series of processing
stages. A labeling application at box 81 produces a rectangular RGB image,
which is then scaled and enhanced at box 82. The colors of the rectangular
image are mapped and separated into the printing color channels KCMY (black,

cyan, magenta, and yellow) at box 83. The rectangular KCMY raster image is
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labeling system 10 is conceptually implemented as a series of processing
stages. A labeling application at box 81 produces a rectangular RGB
image, 30 which is then scaled and enhanced at box 82. The colors of the
rectangular image are mapped and separated into the printing color
200Bas888ls KCMY (black, cyan, magenta, and yellow) at box 83. The
rectangular KCMY raster image is 200315685 13 halftoned at box 84, in
which the printing channels' continuods tones are replaced by discrete

hajHirradr«prd2@ntidd), the N HErtBEpBsaHNg prRGRGaEeROBitHaUS tiearS are
reflige BN AR AR P BRAYMBBINNA RSP ASsiBrOVidRsiRY devels

printing lévels and thus binary values are produced during 5 halftoning. At

ofphtlesSPHER HisgilldeelReuREEEBuBSeqUBN A Sel2edipettil, thresystem 10
prodliiesedRCHanignRlRId 2l IR GHip SONRITGESCrRaRRediRed during

curved raster, such as a set of concentric circular rasters or a continuous

hafipRineastdt, hRsdiRimyd aatwivearlisausenchaubsequantittnaeater detail,
thEOTRRAHSKERE Ressr %HIH@EQ%I@ AP Jvapeated VARV EIRSDaNISMAGEE o a

commands to 10 control the optical disc labeling system's 10 formation of

CURSThFRIEH SN EpRsaP R FRRGEBE4BT CORLIASIRI 196\ iIRCgHEdiers spiral

ragﬁfﬂ”p%%&@ﬂﬁeés@ﬁ'té?féﬂ@aﬁﬂwcﬁt Iﬁ?)iagg,uiﬁﬁ 35 {2 igﬂ%ﬁ%%rmaﬂed as
curved raster at box 85, a reasonable match between the source image

] { . g
lagesoRRBIPhittRiRe v iSd FHOBEGE MY AMEARARISBILRBALERE SRBURRRIS 1O

cdhths BRIGSiERHARAUIADEAREE SRR $eE0 FBiANbISoR & IBve [BSel on an optical
_interpolation operations performed as part of the conversion of box 85

digcSHHRSe able to make effective use of the higher resolution of the

labeljngsysterBnbiderm§MBAdimenedhe SREAS IIRSTapAUASIRSISr tAGSurce
resolution iIs matched to the track and mark spacing of the optical disc

reBERNASyHEIR 11139 J04BIEBMANP BriRRE cah RS Bre pRRTRUAME match

beQRIERIQHS t@BQ&Whﬁﬁabéowééﬂﬁtﬂﬁ'%m% &E@@V@étiﬁa@{iprgﬁﬁlﬁbﬂ@) and
halftoning methods are utilized. Some methods push the halftoning errors

reRP AN BRI ASRGRhciE < SPHIFRASS NG 1]E [A5HEEH BIRdR RSt BRRIS too

lolpVeespesipbigiteopaations e dmaaied Rigine 80tabFEenvarsisi of box 85
rectangular-based halftoning methods are 25 used at box 84. These

MaAYe RGN B AAURBER LIEOH\G M5R B HheaNF5eT FesRINY Pr e fealapeling
sysiedin seivHeeshydbienepticahdlise lnbeegtayiienr Faster image resolution is

matched to the track and mark spacing of the optical disc labeling system 10.
[0049] Binary printing can produce perceptually continuous tones when
known matrix-based or stochastic (error diffusion) halftoning methods are
utilized. Some methods push the halftoning errors to high spatial frequencies
that humans find less objectionable than other lower spacial frequencies. In the
imaging pipeline 80 of FIG. 5, such rectangular-based halftoning methods are
used at box 84. These methods may be tuned to each specific optical disc
marking process and media sets used by the optical disc labeling system 10.
[0050] In one embodiment of the conversion (box 85), the halftoned
pixels are directly mapped to the curved rasters using a “nearest neighbor”
selection process. In the “nearest neighbor” selection process, the optical disc
labeling system 10 selects, for each curved raster marking location, the halftone
pixel value in the rectangular array having a corresponding label position that is

nearest, or closest, to the marking location of the curved track. This method
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[0050] In one embodiment of the conversion (box 85), the halftoned pixels
are directly mapped to the curved rasters using a "nearest neighbor"
selection process. In the "nearest neighbor" selection process, the optical
disc 30 labeling system 10 selects, for each curved raster marking
20@BasHen, the halftone pixel value in the rectangular array having a
corresponding label position that is nearest, or closest, to the marking
location of the curved track. This metftéd 200315685 14 does not
dogge sl e RAlAR PeRVRPEMElfBIsctRieaedbideiarrgiBtaajh s iey. Stated
arfStARIRL AN TR SSESE SGINHCE SRV D ISOCES SHE S AR LB earest

nearest rectangular raster image pixel is selected for each marking
reeagsiAb  asietimagar abke Whersie Rl dpicfan b agréagation on the

cUREANGHIN RMELIBRY 1R SBIBSREHNGIOME HERGHRR FREliGRyar %&Rﬁelﬁy be

the rectangular image is near two marking locations on the curved track.

bigsesh |nTREMEAESCHEIY iPbFSEIdefiorPpPbtdsefdhanies AR dMage is near

WEHRIRING | Soati6RIBAGRE KuRRAMER onto the curved tracks without
introducing objectionable artifacts into the resulting printed labels.
s

AltholP PeSERing&iatPemapisstintodiesass: tkeFRIERInGalftoned
relQBARMEr 056 Eae ifiyed tiClhdhpiadaniaens eé delratad. daokdeivithout

for the nearest neighbor selection process to achieve representative

INYQRIIRG StRiRCTePRIguRILITRSIR ts ihRdegiine QIKS1abelS thehlthough

sIRROBEORHithE sREANEIYT SOURR AALE éhmédrﬁammjymabbﬁ@%ng the

the resolution of the curved tracks for the 15 label. [0052] In one

cusmashiinsénths Rftening drdinhogieated is' Borrdrldandhg F@&é‘%@u‘i‘&ighbor
sdlBa@snaNst esURYSHORIR X elafbIgsAtile recidplingr thagk rectangular

h correspaonding to marking locations along this raster are computed. FIG. 6

KNS PROGIRERSS JRekRetitfid BReliiPRaRtdher ineidpgidiar source

infiige 2hahgliagorpsiamaiel heitdhsHatiesarRasess. the BURBAT hcks for the
concentric circles is reduced and the spacing between the circles is

Iaﬁ?&reased. An inner radius of the raster is Ro and the outer radius is R,,,

whergospleplie Spits mPYaMPRING! acensestticcclictlia asleks PiseRfated to
optical disc rotates counterclockwise when viewed from the writing side,

a fiRE'RAGKAL ANAGRBRL RURINLC UsE op6 R hualis kiR BentRsTapgdar image
cdhexsEndh i e magikio ¢imstakode aflong this raster are computed. FIG. 6

illustrates one embodiment of a concentric circular raster of the optical disc
labeling system 10. For illustrative purposes, the number of concentric circles is
reduced and the spacing between the circles is increased. An inner radius of
the raster is Rp and the outer radius is R,, wherein n represents a number of
concentric circular rasters. Since the optical disc rotates counterclockwise when
viewed from the writing side, the tracks are marked clockwise.

[0053] The marking control stage (box 86) of the imaging pipeline 80 of
FIG. 5 augments the halftoned curved raster data with laser control data, which
may be processed by the controller 26 of FIG. 1 to move the laser beam 16 and
other mechanism control commands, such as commands to move the optical
disc 14 with the disc spindle motor 17 and the sled 19 with the sled motor 21.
These data and commands control the optical disc labeling system’s 10 labeling
along the concentric circular tracks or the continuous spiral track on the label

surface of the optical disc 14. Further, synchronization commands may be
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FIG. 5 augments the halftoned curved raster data with laser control data,
which may be processed by the controller 26 of FIG. 1 to move the laser
beam 16 and other mechanism control commands, such as commands to
move the optical disc 14 with the disc spindle motor 17 and the sled 19

2008tt5é88 sled motor 21. 30 These data and commands control the optical
disc labeling system's 10 labeling along the concentric circular tracks or
the continuous spiral track on the labéP surface of the optical disc 14.

insefigr abyARRFBRATRIGoIPEaHMNANHS maghtl Fte3akbeesvsrenivniamanted to
cARRSPRAEB paEaI SN AbIaRE) ligQbspiare me&msn%éﬁrm%%@glaser

optical disc labeling system 10 in"order to synchronize the laser beam 1
b%ﬂtr&@vitﬁ%@btﬁ@ﬁ eé@%a‘?%‘%cﬂﬁﬁ%‘%ﬁ@%v@?ﬁéh@@Ffbom%%}%ts of

cRhPuneniicat %cdaﬁséina@mmhq & 90kA Pepending on the specific

system architecture, the image pipeline 80 (FIG. 5) components of the
opticHP &R 1abeReydinde AN o0hgaySPECififp| SYERTEd BIFtHE RS dritg, image
piftinEnBEaieIar Bar ggﬁéﬁi@ epHsal speealcaRENRBYRIRY S} StePh AW may be

combination thereof. [0055] In another embodiment, the method for

impiamaRiRslayo theehest Eiig ke fHspantage RREWRROF 4R qRligal disc

laBelinges) WiEhP1eo HIRKE SRTISN BtibEEHERRIgNcludes curved rasters. In this
embodiment, the method includes designating a marking location on a

curvé 8RRk, Su@NBiReE R iosikistiotiRiomelipsfehsopyarting a source
reStAIRGRIMIR Y TPRAE SBas @t AR Yabflp At 8 cCuskadAdCk: ddiftinuous tone

method includes designating a location of the marking 15 location in a

PriysFotiatdng/uien, CiiMpds asiahtal-1AntunmRNEosiRIRAte YiRmIRthod includes

dexipigimi amagioadorRiamis epmRUERHEEM @RR, OsMRPrakactaagulanarking
raster image pixels. For continuous tone printing without ha_Iftoningt it is

logatieanF MGiePepfivofiate T RTERIGAYe Yhiv/ehySBaerd dBirek Ry the

cupgad regien of tie sadtedMAgRIHean Hé%i'éﬂﬁﬂr t gejgbagsnmsithee marking
utilized for binary printing. A 20 representative value of each markin
r@%@naystem,

logStb NS CHAPIIG SHFP IR rebteh R RAURIIRRIGE R RO5HAY

wiRedRCtREHNKIAG RS dETRIE i EbputeediragiesnBrivit. iebldexaggular raster
__another embodiment, the method for converting a source rectangular

IMagRPHEIRye PG LRSI RHAYH: LB ARG, diks¥Rically more

appropriate to interpolate or average over a corresponding local region of the
source image than the “nearest neighbor” method utilized for binary printing. A
representative value of each marking location is computed from the rectangular
raster image, thus converting the rectangular raster image into a curved raster
print.

[0056] In yet another embodiment, the method for converting a source
rectangular raster image onto a curved raster may be used on a display element
that includes curved rasters. In this embodiment, the method includes
designating a location of a marking location, such as a display pixel on a curved
raster, such that each display pixel corresponds to a substantially uniformly
spaced interval along the curved raster. The method includes specifying the
location of the display pixels in a coordinate system, such as a radial-tangential
coordinate system, wherein a display pixel is computed from one or more
source rectangular raster image pixels. For continuous tone displays, it may be

appropriate to interpolate or average over a corresponding local region of the
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25 that includes curved rasters. In this embodiment, the method includes

designating a location of a marking location, such as a display pixel on a

curved raster, such that each display pixel corresponds to a substantially

uniformly spaced interval along the curved raster. The method includes
209pesslANg the location of the display pixels in a coordinate system, such

as a radial-tangential 30 coordinate system, wherein a display pixel is

computed from one or more source ré&tangular raster image pixels. For
SQUBRENESIRNGHAIISsIEy IMeaRynse BishropaERsttoaabRlateeshadditibeed for

biRXBY BratiFRSPANFiRPdeEAtd8AODM e84 aR8RalpSiisRy be computed

rectangular raster image than the "nearest neighbor"'method utilized for

frmatPPriSOMCA rEgFenmiRfvaasiae Jmaas dispiay pRRYGHIObdhe  source
reCRARBUIGH r 418} ThfBRURR'ELARRMAREREIiEpREe thus converting the

source rectangular raster image onto a curved raster display. 5 [0057]

The H4tRAH oFRsPIBYiRY PleckieRlrine demeRiir Sl saStReimage on

thei SRS ENERERBYIAGISY VB A B3 RIS EPa N5 ORE UABI REE PaRBENHNRIRNage
enhancement, scaling, and dithering on the source image's rectangular

enaanGeMant FEAHBENGRACHRERE PBINE SHPHEIISHEPS deRiBRFHREFRTErS,
arf@seracliiy tl fgitpriaa nevulodn the/ diKINES S BlisEatps Rl OWFARE TS,

depicting 10 acts of one embodiment of a method of converting a source

rectatRiingl rREIRTIEJRON B lGed rdBRSFifRdlesyatedatyiavvelgthdericting
adAyhseEMedhyibef ePHsalbiacdresine tygfemsbbretréztdndigr raster

_ method includes providing the source rectaggular raster image at box

image (R GneUbHashipsienimrgesneerabL@h %F'?é&t@ﬁﬁwaﬁeeabﬁ#@fﬁg by the
optifiraRe datlingdssieast Ipdiors®f the thaneitindd 1ReItHe 3 BauRTy the

114-126, may be performed by the rectangular to curved converter of box

SOYEQR L ERNER A EARIRT dIRBFRCRINBtdfheing IthONELRBHOLLRS e diReRgurce
reetthgoRieiRgiR pYFiage atmaihsdhdrene @ubrdinratatheairgesimstest the

geometry and coordinate system are defined in a continuous spiral with a

MEHRGENtEP cSHINARL A TR 146, Zhd MRRAG RS RHBSdiRétheHeggnaular to

cuvBedoavetaeompty asd Fagrdnaterpesiprtiase dedoaddnaescastiiing the
circles with radial-tangential coordinates, at box 118. 5%9)5? The method
d

CUHATEFARELAE ALK ARG AFINGIR SYSIS SRt fbet & BptRagiment,
theiseiabglirgeystrvnMerat Hndosadydnaredysesrmaeteefined in a continuous

spiral with a tangential coordinate, at box 116, and in another embodiment, the
curved raster geometry and coordinate system are defined in concentric circles
with radial-tangential coordinates, at box 118.

[0059] The method further includes tracing along the curved raster
generated by the optical disc labeling system 10 at uniformly spaced increments
at box 120 and computing curved raster data from the source rectangular raster
image at box 122. The curved raster data may be computed from the source
rectangular raster image with different embodiments including interpolating
raster data from a local image region at box 124 or employing a nearest raster
data image region element at box 126. The method also includes creating a
curved raster image at box 128. The curved raster image may be created on
the optical disc 14 by forming marks at appropriate marking locations on a set of

concentric circular tracks at box 130, by forming marks at appropriate marking
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at box 120 and computing curved raster data from the source rectangular
raster 25 image at box 122. The curved raster data may be computed
from the source rectangular raster image with different embodiments
including interpolating raster data from a local image region at box 124 or
20081pBBEINg a nearest raster data image region element at box 126. The
method also includes creating a curved raster image at box 128. The
curved raster image may be created d1i 30 the optical disc 14 by forming

|lopRAIRRSAO B b repriRE QHAIRIPIALEAGENELIPPY detof OE dNeslsRYiRaQIe curved
ralRfksreh RRpiaPe nfermg Blaiis at appropriate marking 200315685 17

locations on a continuous spiral track at box 132, or by displaying the

curvd80RteldAROUSS I Sy BRI IhxCLEMe thRSIIMMbRRFraced along a
nc?rﬂlhﬂfﬂ?ﬁﬁ*,”béﬁ@q%‘%fgdﬁét% BRYRShLiBCEAiAIpNLE GomifRemly spaced

periodic spacing in addition to or in place of the uniformly spaced 5

INfereRTEAtShIoNx 129, FEPINEEIRIEan KosRMBaMAY SisMmE e aavaative
mERIKY SR TLPIHE SHSHaM MAY Aot URRSHNGERIGSREHSRMEBg. I

In these systems, the $pacinﬂ of the marks may be alternated in order to

theeRiSYSIAHS alliR atRARIAB LA Y68 STRY IRE AHBHRRENI QEdRbik:gchieve

thBeipdraje Hidskapwriaghow the 10 optical disc labeling system of the
present invention is able to adapt rectangular halftoning techniques to

curvd898dierd sy SROBRIBY D GSHIRARAg T eINaRs ) ustiaib of how the
opiNekICingG: aaBaNeg $95t8m ARIREGIABERIRRANIONSE YIRS aB80 ey ular

and described with respect to various exemplary embodiments, various

halHianiBes [REIBHHRS dAd HBRACARBIRS Shif! aFiSEnABERE Lheiaying on a

digpthfasyesHBhiniHreuaihE AvBiah daeriutentionpeiianIhevereddintialenibn has
or specifically described herein, are deemed to lie within the scope of the

b&R%esHOW & BHBRTSHESEH WIRNECRARRYILY YRS 2XnBkxY pRedments,

vadficlriragditrrs, AlB1eiided fireP Ryt Roies e e rapipslinageatdérson of
curved raster image, comprising: 5 providing the rectangular raster

orm{}@g; skill in the™art to which™the invention pertains, ‘even if not shown or

specifically described herein, are deemed to lie within the scope of the invention

as encompassed by the following claims.
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defining a curved raster geometry and coordinate system on a curved
track, thus forming a curved raster; tracing along the curved raster to
define a plurality of data locations; computing curved raster data for each
of the plurality of data locations from the 10 rectangular raster image,

20tBisag®ating the curved raster image. 2. The method according to claim
1, wherein the rectangular raster image comprises halftoned data. 15 3.
The method according to claim 1, whéfein the rectangular raster image
comprises continuous toned data, the method further comprising:

wihaktening g gentinuous toned data to form halftoned data. 4. The
method according to any one of claims 1 through 3, wherein 20 defining
the ciirved rastBeiag J@érﬁﬁ’f&t@rﬁg}gténr@éﬁﬁ%@é d@ﬁFﬁﬁdrHaGBniﬂw@o%rVed

raSRahdEbadaRgRRiiggcoordinate system. 5. The method according to any
one of claims 1 through 3, wherein defining the curved raster and

preyistia dhe Jpstanottah fASKS HBABRG at least 25 one concentric circle
detiiiihg radianaaopial C@é’éﬂg@%‘i ayRieBofdihBR msiarhasROEIRGRD track,
LW

any one of claims 1 through erein the curved raster is traced along
unifoF§ EYEBE RGEVRMIESIES traced along periodic spaced

trARRETARIMS-RE RORAEPRATCI Y0 kiR MPSIRFBPHRg canymne of

claims 1 through 6, wherein computing the curved raster data from the
CopReigaIar NAetrantag 8 aaniprisashinkipp Rl et ok IRcalerafsom the

from glesabimace sesion & éheniesaaatiny tRsiRrBadastkesinage.
method according to any one of claims 1 through 7, wherein computing

the curved raster data from the rectangular raster image comprises

selecting datq&refethed estapedilay Bstgaimagelties @r@?@ﬁaﬁdadiag raster
position that is nearest data on the curved raster. 10 9. The metho

IMQAe FARPIE SRV BIOBELIRIR 1 through 8, wherein

3. The method according to claim 1, wherein the rectangular raster
image comprises continuous toned data, the method further comprising:
halftoning the continuous toned data to form halftoned data.

4, The method according to any one of claims 1 through 3, wherein
defining the curved raster and coordinate system comprises defining a

continuous spiral with a tangential coordinate system.

5. The method according to any one of claims 1 through 3, wherein
defining the curved raster and coordinate system comprises defining at least

one concentric circle with a radial-tangential coordinate system.

6. The method according to any one of claims 1 through 5, wherein
the curved raster is traced along uniformly spaced increments or is traced along

periodic spaced increments.
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creating the curved raster image comprises forming a mark on at least
one concentric circular track on an optical disc, forming a mark on a
continuous spiral track on an optical disc, or displaying the curved raster
image on a display 15 element. 10. An apparatus for creating a label

200BasEB®N an optical disc, comprising: a source for generating a beam of
energy; 20 an arrangement configured to radially and tangentially move
the source relative to a label side of @8 optical disc; a controller

configured thhfeAeHeGigreMdiadaudNhens ofcelaiftstAdthipusiydmuherein
CW@H@W%CQUF@!? ra3RPIatY Sy rﬁomg reethiny lﬂgfe?hgi'@r"’mﬁ&gmﬁﬂbrises

_ to trace a curved track adjacent the optical disc; 25 compute curve
infeeledAG: W@n@lﬁ‘é%W%Wc%@JFﬂW&%ﬂ@P%HQ@Q%[@'@t%&’ﬁﬁ@eare(?tangu|af
rag@gyﬁqéag'ger image; and periodically operate the source to form a plurality

of marks on the curved raster of the optical disc corresponding to the

curved raster image, thus creating the label image. 30

8. The method according to any one of claims 1 through 7, wherein
computing the curved raster data from the rectangular raster image comprises
selecting data from the rectangular raster image having a corresponding
position that is nearest data on the curved raster.

9. The method according to any one of claims 1 through 8, wherein
creating the curved raster image comprises forming a mark on at least one
concentric circular track on an optical disc, forming a mark on a continuous
spiral track on an optical disc, or displaying the curved raster image on a display

element.

10. An apparatus for creating a label image on an optical disc,
comprising:
a source for generating a beam of energy;
an arrangement configured to radially and tangentially move the source relative
to a label side of an optical disc;
a controller configured to generate signals to control the source and the
arrangement, wherein the controller is operatively configured to:
direct the arrangement to trace a curved track adjacent the optical disc;
compute curved raster data from a source rectangular raster image, thus
creating a curved raster image; and
periodically operate the source to form a plurality of marks on the curved
raster of the optical disc corresponding to the curved raster image,

thus creating the label image.





