TRACI NG DI SCRETE SPI RAL PATH RELATI VE TO OPTI CAL DI SC
BACKGROUND Many types of optical discs include a data
region and a | abel region. The data region is where
t he machi ne-readabl e binary data is witten to,
whereas the |abel region allows the user to record a
human-r eadabl e | abel or inmage on the optical disc. A
"l aser or another type of optical beamcan be used to -+
read from and/or wite to the data region and the
| abel region of an optical disc. For exanple, in the
patent application entitled "Integrated CD/ DVD

- Recording and Label" [attorney docket 10011728-1],
filed on Cctober 11, 2001, and assigned serial nunber
09/ 976,877, a type of optical disc is disclosed in
which a laser or other optical beam can be used to
wite to the | abel region of an optical disc. In sone
optical discs, the data region and the |abel region
may be on opposite sides of the disc. The data side
of such an optical disc typically has one spira
track or a nunber of concentric tracks preconstructed
thereon in the formof grooves. Therefore, an optica
drive is able to enploy a feedback-type process, such
as a closed | oop-type process, to ensure that it is
properly following a track when witing data to or
re si de
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optical disc described in the patent application
assi gned serial nunbBACRSROIMNIB77, usually does not
have any preformed tracks. As a result, it can be
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In some optical discs, the data region and the label region may be on
opposite sides of the disc. The data side of such an opfical disc typically has
one spiral track or a number of concentric tracks preconstructed thereon in the
form of grooves. Therefore, an optical drive is able to employ a feedback-type
process, such as a closed loop-type proéess, to ensure that it is propetly
following a track when writing data to or reading data from the track. However, -
the label side of an optical disc, such as the label side of the optical disc
described in the patent application assigned serial number 09/976,877, usually
does not have any preformed tracks. As a resul, it can be difficuit to properly
follow a track when writing to the label side of such an optical disc.



FIG 3 is a diagramof a discrete spiral path that an
optical nechanismof an optical drive can trace
relative to an optical disc, according to an

enbodi rent of the invention. FIG 4 is a diagramof a
portion of the discrete spiral path of FIG 3 in
detail, according to an enbodi nent of the invention.

- FIGs. 5A, 5B, and 5C are di agranms depicting how'the
di screte spiral path of FIG 3 can be traced by an
optical nmechanismin a portion-by-portion manner,
according to an enbodi nent of the invention. FIG 6 is
a diagramof a portion of the discrete spiral path of
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SIzed and eqwdlstantly spaced due to maintaining a constant linear velocity of

the optical mechanism throughout the path portion, according to an embodiment

of the invention.

FIG. 7 is a diagram of the discrete spiral path of FIG. 3, depicting how the
angular velocity at which the optical disc rotaies can be set based on a radius
halfway between the starting and ending radii of the path, where this angular
velocity cannot be changed while an optical mechanism travels the path,
according to an embodiment of the invention. .

FiGs. 8A and 8B are flowcharts of a method for optically writing an image
to the label side of an optical disc, according to an embodiment of the invention.



Representative optical drive FIG 1 shows a
representative optical drive 100, according to an
enbodi ment of the invention. The optical drive 100 is
for reading fromand/or witing to an optical disc
102. More specifically, the optical drive 100 is for
reading fromand/or witing to an optically MW|tabIe

| abel side 104A of the optical disc 102, and/ or an-
optically witable data side 104B of the optical disc
102", which are collectively referred to as the sides
104 of the optical disc 102. As depicted in FIG 1
the optical drive 100 is ready for reading from and/ or
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The optical drive 100 is depicted in FIG. 1 as including a beam source
106A and an objective [ens 106B, which are collectively referred fo as the
optical mechanism 108. The baam source 106A generates an optical beam 108
that is focused by the objective lens 106B onto the opfical disc 102. The optical
beam source 106A may be a laser beam source, such that the optical beam 108
is a laser beam. The optical mechanism 106 may include other components
besides those depicted in FIG. 1. For example, the optical mechanism 106 may

include one or more mirrors, as well as a photodetector, so that reflections of
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spindle 110A. The optical drive 100 al so includes a
detector 112 situated near or at the spindle 11 DA
The detector 112 is for detecting alignnent marks
preformed on the inside circunference of the | abe
side 104A of the optical disc 102, as is described in
nore detail later in the detail ed description. Such
“alignment marks may be visible fromboth the data . _.
side 104B and the | abel side 104A of the optical di sc
102, where the substrate of the optical disc 102 is at
| east substantially transparent. The detector 112 nmay
i nclude an optical light source and an optica
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a coarse actuator 114B, a fine actuator 114C, and a rail 114D, which are

collectively referred to as the second motor mechanism 114. The coarse
actuator 114B is or includes a motor that causes the sled 114A, and hence the
fine actuator 114C and the optical mechanism 106 situated on the sled 114A, to
move radijally relative to the optical disc 102 on the rail 114D. The coarse
actuator 114B thus provides for coarse or relatively larger movements of the fine
actuator 114C and the optical mechanism 1086.

By comparison, the fine actuator 114C also is or includes a motor, and
causes the optical mechanism 106 to move radially relative to the optical disc
102 on the sled 114A. The fine actuator 114C thus provides for fine or relatively



novenent of the spindle notor 1108, and thus controls
rotation of the optical disc 102 on the spindle 110A,
such as the angular velocity of the rotation of the
optical disc 102. The coarse actuator nechani sm 116B
_controls the coarse actuator 114B, and thus novenent
‘of the sled 114A on the rail 114D. The fine actuator
- mechani sm 116C controls the fine actuator 114C, and

t hus novenent of the beam source 106A on the sl ed
114A. The controller 116 may further include other
conponents besides those depicted in FIG 1. For

i nstance, the controller 116 can be responsible for
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FIG. 2 shows the optical disc 102 in more detail, according to an

embodiment of the invention. Specifically, the label side 104A of the optical disc
102 is depicted. The optical disc 102 has an inside circumference 204 and an
outside circumference 206. On the label side 104A, around the inside
circumference 204, are a number of alignment marks 202A, 2028, . . ., 202N,
collectively referred to as the alignment marks 202. The alignment marks 202
are preformed around the inside circumference 204 at equidistant intervals. The
alignment marks 202 are preformed in the sense that they are not optically



i mage may be optically witten on the | abel side 104A
In order for such an inmage to be optically witten on
the | abel side 104A, the optical nechanism 106 of

FIG | traces a path over the surface of the |abe

side 104A, and selectively wite narks to pixels of
the | abel side 104A in accordance with this inage as
the path is traced. Enbodinents of the invention .
achieve in particular a discrete spiral path, as is

now described. FIG 3 illustratively shows a discrete
spiral path 302 that can be traced via the optical
mechani sm 106 of FIG | rel at ive to the | abel side

wBEb 5 e e R 2l R oo P SR i { e
akﬂjrmanel_:rﬁrlsmmake qlmﬁd’aecﬁﬁfl@n%;esbmrtgrameﬂ thyintilde op;I i cal
oREERBRRIE Foukt Sppdamé by bkl SERRSBL TS |
cRPnferenehH. fduefamw of the ajigiment erdksi202 aresshee inopGi 2al
d?“nﬁ:etrét% cta'ﬂgr‘ I Q&uﬁiﬁﬂmeﬂé)ﬁay 9@%5@&% Sihd ehr?mﬂ&ﬁt' cal

nmechani sm 1 | ows or traces di screte Spl ral

rrﬁ&ﬁr?%o%@%%.%@ﬁﬂ% meg®EPessed than as depicted
i n FiHelalssl siauqbzmham on§é1ﬁ§dd&l%ntabﬂ|¢all3ihﬁtamet Fee surface

elsperdee oot fpimaygs peristay Shicaffee Grdtpedieagie ,
tﬁéQﬂeVlms@eﬁbectpaimtlappi&amramgaammdbmm 09/878,87 - WBich3
{sglo?és' 4 %lég\b( vyrﬁ?]b% @B%Its}ﬁe o?Qr‘? o;%‘c’:'lpcﬁ&t ?ﬁ%?l'cﬁ aal deg?&p 302
nnq;g@nmnobmomﬁlivewnttem@attha lgbel side 1844, slnmﬁdamr@@@n am

wﬁéad' tQ %E%ﬂuééﬂy %ﬁél‘l Srlhb Rk sﬂé"ﬁ)dﬂpﬁﬂe%?{lca'f'ﬁl% M ge06

| owm ng” t di screte sw ral , such t hat
C'f IF]‘@Y é tragesn% P?@QHW&E%S%C? REL g!ﬁbpk%qle ‘tPAﬁv@*dﬂ?d?WP Yy
wrieS mbiks tdgikels BEthe %bl@?&ZMAhﬁiﬁcﬁmand@\ﬁltH Bistimagd éEGtthEhe
uch.,a ma e
sehitraied g Bl Risstinr i ira e Geiea

spiect pathj ssis bO® describad.t i cul arly advant ageous in

rel 6\'—‘! o8 uﬁn&r&tﬂ?ﬁ%ﬁ?@&b ﬁié&&g%ﬁ?@jﬁ{h StOE(?ha? egljhﬁea{rac%idsc

102, ecause
vprtbe orticelmeshanies 196 ofjFiso v aelativgite ﬂ@rl@bﬂl sxﬂﬁ APAA eitee

Pf i@ EETReR, %Eé&&\ﬂ?ﬁlarf@ﬁ%ﬁ n?é?@l)f th@ﬁﬁzeﬁ’ffoﬁ ﬁﬁ@rﬂéfﬁr\e@ ihe

ol | owm n pti cal cha in_a feédback
coRreis ALl POaaK Bl e by ot ORRTE GRS PRGUIG. oy
r&l@tw@rt@ﬁ@rda&ds@émMEofdﬁ dptishldiscang. Uk eisdra@lspiraMpiaine
of Bobafidhf retharr Bl RS paieR Big e b ol ' °
gensTated by itteaddtigalcnecbaism 108 &l oenorsrad8sl AThe3gtBete spiral
a2 19 b kAR e G8nbREdd1RAY ad ElfidRf Fic® RSudnRat
substantially the entire surface of the label side 104A of the optical disc 102 is
covered by the path 302. However, the discrete path 302 is depicted in a more
expanded manner in FIG. 3 for illustrative clarity.

The discrete spiral path 302 is followed by the optical mechanism 1086 in
an open-loop manner. That is, there is no detection performed to confirm that
the optical mechanism 108 is following the discrete spiral path 302, such that
there is no feedback to the optical drive 100 to verify that the optical mechanism
1086 is tracing the discrete spiral path 302. Such a manner by which the discrete



concentrically circular segnents 304. Each of the
concentrically circular segnents 304 is part of an

i magi nary circle that is concentric with the imaginary
circles of the other concentrically circular segnments
304. Stated another way, each position along the
concentrically circular segments 304 has the sane

“radius relative to the center or hub of the opticat -

disc 102. The imaginary circles are depicted with
dotted lines that connect to the endpoints of each
segnment 304 in FIG 3. The discrete spiral path 302
is a spiral path as is evident fromFIG 3, and as is
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spirai path 302 par’ucularly has the same radius as that of the other points along

the same concentrically circular segment. The segments 304 are thus the
discrete segments of the discrete spiral path 302. The concentrically circular
segments 304 tagether farm the discrete spiral path 302, but individually are
circular, and not spiral, in nature. If the segments 304 each included a single
point, or pixel, then the spiral path 302 would be a continuous spiral path.
However, because the segments 304 each include more than one point, or
pixel, the spiral path 302 is a discrete spiral path.



206. FIG 4 shows in detail a portion of the discrete
spiral path 302, to depict how the concentrically
circular segnents 304 of the discrete spiral path 302
can be particularly traced by the optical nmechani sm
106, according to an enbodi nent of the invention.
Starting with the optical mechanism 106 properly
positioned to formthe segnent 304A, the-opticaf —— -
mechani sm 106 of FIG 1 is not radially noved
relative to the optical disc 102, such that it has the
sane radius relative to the center of the optica

disc 102 during the tracing of segment 304A. The
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positidrhag which the optical mechanism 106 is situated relative to the optical
disc 102.

Along the segment 304B, the oplical mechanism 1086 is again not radially
moved relative to the optical dis¢ 102, such that it has the same radius relative
to the center of the optical disc 102. The segment 304B is thus also achieved
because the optical disc 102 is being rotated. Once the optical disc 102 has
been rotated by a given amount, such as a given angular amount, the discrete
spiral path 302 transitions from the segment 304B to the segment 304C, at the
circled area 402B, again by decreasing the radial position at which the aptical
mechanism 106 is situated relative to the optical disc 102. This process of



opti cal nmechanism 106 is adjusted so that the discrete
spiral path 302 noves fromthe segnent 304A to the
segnent 304B, as indicated by the circled area 402A
St at ed anot her way, the transition between the
segnents 304A and 304B occurs at or near a radial
line 404A outward fromthe alignment mark 202A. It is .

“noted that the transition fromthe segnent 304A to the
segnent 304B is depicted in FIG 4 as a |ine segnent
radially outward fromthe center of the optical disc
102. However, because the optical disc 102 conti nues
to rotate as the optical nechanism 106 is noved
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at or near a radial line 404N outward from the alignment mark 202N. As with
the transition from the segment 304A to the segment 304B, the transition from
the segment 304B to the segment 304C is depicied in FIG. 4 as a line segment
radially outward from the center of the optical disc 102. However, because the
optical disc 102 continues to rotate as the optical mechanism 108 is moved
radially inward, in actuality the transition will be an arbitrary curve or line
segment.

The discrete spiral path 302 is thus traced by the optical mechanism 106
of FIG. 1 staying at a constant radial position relative to the optical dis¢ 102



transitions between two of the concentrically circular
segnments 304 of the discrete spiral path 302. The
novenent of the optical nechanism 106 is generally

achi eved by wusing the coarse actuator 114B and the
fine actuator 114C of FIG 1. The fine actuator 11 4C
provi des fine novenent control of the optica
nmechani sm 106, while the coarse actuator 114B
provi des coarse novenent control of the optica
mechani sm 106. The fine actuator 114C al one, however,
of ten cannot cause the optical nechanism 106 to
radially nove relative to the optical disc 102 from
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embodiment of the invention. Referring first to FIG. 5A, the coarse actuator
114B moves the optical mechanism 106 to a radial position such that the optical
mechanism 106 begins tracing the discrete spiral path 302 at the point 502.
Each fime the optical disc 102 has been rotated a given amount, such as each
time one of the alignment marks 202 is detected, the fine actuator 114C
decreases the radial position of the optical mechanism 106. The opfical
mechanism 106 thus traces the discrete spiral path portion 506 of the discrete
spiral path 302. At the point 504, however the fine actuator 114C has moved to
the end of its range, and cannot decrease the radial position of the optical
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be noved further. Referring next to FIG 5B, the
coarse actuator 114B noves the optical nechanism 106
radially outward. \Wen the coarse actuator 1148 is
noved radially outward, the fine actuator 114C is
noved radially to a maxi numinward or outward
“position, so that it has a nmaxi numrange of notion
rel'ative to the new radial position that is noved to
resulting fromthe coarse actuator 1148 having been
noved. As the coarse actuator 1146 noves the optica
nmechani sm 106 radi ally outward, however, the optica
di sc 102 continues to rotate. Therefore, uItinater

th h 106
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Referring next to FIG. 5C, the coarse actuator 114B again moves the
optical mechanism 106 radially ouiward. Because the opfical disc 102
continues fo rotate during the radial outward movement of the optical
mechanism 108, the optical mechanism 106 begins {racing another discrete
spiral path portion 514 of the discrete spiral path 302 at the point 512. Also as
before, each time the optical disc 102 has been rotated a given amount, the fine
actuator 114C moves the optical mechanism 106 radially inward, so that the
optical mechanism 106 traces the discrete spirai path portion 514. This process
continues until the discrete spiral path portion 514 meets the previously traced
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coarse actuator 1148 noves the optical nmechani sm 106
radially outward, and the fine actuator 114E noves
the optical mechanism 106 radially inward, for the
opti cal mechanism 106 to trace the discrete spiral
path 302 Alternatively, the coarse actuator 1148 may
 move the optical nmechanism 106 radially inward, and :
‘the fine actuator 114B may nove the optical rechani sm -
106 radially outward, for the optical nechani sm 106
to trace the discrete spiral path 302. Alternatively
still, both the coarse actuator 1148 and the fine
actuator 114B may nove the optical mechani sm 106 in
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Cupetantiinger vefaeithpt i cal mechani sm 106 sel ectively wites
to the pixels on the |[|abel side 104A of the optical
di scA4 D2 opticansethemisnt €06 clihye gpticalniripe X@0 of AIG. heacesithe
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amptspmgmlxels do not have marks optically written thereto, so that the end
resulf is the image being opticaily written to the tabel side 104A of the opiical
disc 102. That the optical mechanism 1086 selectively writes to the pixels on the
tabel side 104A of the optical disc 102 means that for any given pixel, it may or
may not optically write a mark thereto, such that a desired image is ultimately
optically written to the label side 104A of the optical disc 102.

FIG. 6 shows in detail a portion of the discrete spiral path 302, to depict
pixels 6802, 604, and 606 to which the optical mechanism 106 can optically write

12



mechani sm 106 can optically wite marks are equal ly
sized and equidistantly spaced is concerned. The
concentrically circular segnent 304A of the discrete
spiral path 302 includes pixels, or positions, 602A,
6028, ..., 602J, collectively referred to as the

pi xel s, or.positions, 602. The concentrically circul ar

segnent 304B of the discrete spiral path 302 includes -

pi xel s, or positions, 604A, 604B, ..., 604K
collectively referred to as the pixels, or positions,
604. The concentrically circular segnent 304C of the
dlscrete spiral path includes pixels, or positions,
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are further inward towards the center of the opficat disc 102, for any given
angular velocity at which the optical disc 102 is rotating.

While the optical mechanism 108 is tracing the concentrically circular
segment 304A of the discrete spiral path 302, it is at the same radial position
relative to the opfical disc 102. The optical mechanism 108 is able to frace the
segment 304A because the optical disc 102 is rotating, as has been described.
To ensure that the pixels 602 are equally sized and equidistantly spaced, the
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optical disc 102 during this tinme, rotation of the
optical disc 102 at a constant angular velocity
ensures that the optical nechanism 106 is tracing the
segnment  304A of the discrete spiral path 302 at a
constant linear velocity. (It is noted that in
actuality the linear velocity may not be perfectly
‘constant, and may vary slightly, such that the
tern1no|ogy "at | east substantially constant |inear
vel ocity" can be nore accurately used to denote that
the linear velocity is essentially constant, but may
vary a little in actuality.) Wen the optica
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capable of witing to pixels that are

be smaller in size and/or |ess spaced out (in other words, more pixels per unit
distance along the segment) as compared to the pixels 602 of the segment
304A. This Is because the linear velocity of the optical mechanism 106 while
tracing the segment 304B would be lesser than while tracing the segment 304A
if the angular velocity of the optical disc 102 remains the same. In other words,
the lesser radial position of the optical mechanism 106 at the segment 304B

compared fo the segment 304A means that the optical mechanism 106 moves

14



defined every tine a given period of tine has el apsed.
If the angular velocity of the optical disc 102 were
the sane for both the concentrically circular segments
304A and 304B, then the optical nmechani sm 106 woul d
travel less during this given period of tinme at the

" segnment 304B. As a result, the pixels 604 of the

segment 304B woul d be spaced out |ess than the pixets— -

602 of the segnent 304A at the sane angul ar velocity
because the optical nechanism 106 travels |ess

di stance al ong the segnent between pixels while
tracing the segnent 304B than while tracing the
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velocity. The angular velocity of the aptical disc 102 is changed by the rotation
mechanism 116A of the controller 116 of FIG. 1 causing the spindle motor 110B
to slow or quicken its rotation of the spindle 110A of FIG. 4, and hence of the
optical disc 102 situated on the spindle 110A.

The amount by which the angular velocity of the optical disc 102 is to be
so changed to ensure the same linear velacity of the optical mechanism 106 can

be expressed mathematically. The linear velogity of the optical mechanism 1086,

15



(rpm by the followi ng equation: L = 260 (1) 1In
equation (1), r is the current radial position of the
optical nmechanism 106 relative to the optical disc
102 in mllimeters (m). For a change in radial
position Ar, the angular velocity change AA to

mai ntain a constant linear velocity L is as follows:

"AA= AAr (2) (r+Ar) Therefore, when the optical
mechani sm 106 has its radial position changed by a
di stance Ar at the transition between the segnents
304A and 304B indicated by the circled area 402A, the
angul ar velocity of the optical disc 102 is changed
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Similarly, when the optical mechanism 106 has its radial position changed by a
distance Ar at the transition between the segments 304B and 304C indicated by
the circled area 402B, the angular velocity of the optical disc 102 is changed by
AA. This change in the angular velocity of the optical disc 102 ensure the same
linear velocity of the optical mechanism 106 at both the segments 304B and
304C, and thus that the pixels 604 and 608 are equidistantly spaced and
equally sized relative to one another.

The embodiment of FIG. 8 presumes that the optical drive 100 is able to
change the angular velocity at which the optical disc 102 rotates at any time and
wherever the optical mechanism 1086 is radially positioned relative to the optical
disc 102, specifically at transitions between adjacent concentrically circular
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wherever the optical mechanism 106 is radially
positioned relative to the optical disc 102. For

i nstance, sonme types of optical drives are just able
to change the angular velocity of the optical disc
102 between predefined concentric rings, or tracks,
bet ween whi ch the optical nmechanism 106 travels when
radially noving relative to the optical disc 102. As
anot her exanpl e, sonme types of optical drives are
just able to change the angul ar velocity of the
optical disc 102 once per revolution of the optica
di sc 102. For such an optical drive, if transitions
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vary the angular velocity of the oplical disc 102 as the optical mechanism 106
moves along the discrete spiral path portion 506, such that the embodiment of
FIG. 6 is not applicable fo such an optical drive.
The optical drive first determines the starting radial point, or position, 502
of the discrete spiral path portion 506, and the ending radial point, or position,
504 of the discrete spiral path portion 508. Based on these two points 502 and
504, the optical drive then determines a radial point, or position, 702 that is

radially halfway between the points 502 and 504. (lt is noted that the radial
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poi nt having this sane radius.) The angul ar velocity
of the optical disc 102 is set for the entire path
portion 506 as if all the pixels along the path
portion 506 have the same radius as the radial point
702. That is, the angular velocity of the optica
disc 102 is set so that the pixels having the sane
-radi'us as the radial point 702 are properly spaced
and si zed. Because the radial point 702 is hal fway
between the starting point 502 and the ending point
504 insofar as its radius is concerned, on average the
pi xel s, or positions, at which the optical mechani sm
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becausé there will be no error at ejther the 18

portion that is in a given concentric ring or track at which a smgle constant
angular velocity of the optical disc 102 can be set is advantageous over the
alternatives. For example, the angular velocity of the optical disc 102 could
alternatively be set based on the radius of the starting point or fhe radius of the
ending point of the spiral path pottion. In either such instance, however, the
maximum absolute error in pixel spacing and pixel sizing will be approximately
double that which resuits from setling the anguiar velocity based on the radius

of the halfway radial point. This is because there will be no arror at either the
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starting point or the ending point, and then the error
W ll increase to the ending point or the starting
poi nt, respectively, until a maximumerror is reached.
By conparison, setting the angular velocity based on
the radius of the halfway radial point neans that at
“the starting point half the maxi numerror occurs,
whi ch then decreases until the hal fway radial” point~is
reached, and thereafter the error decreases in the
opposite direction until half the maxi mum error again
occurs at the ending point. That is, the pixels are
too large and too far apart at the starting point,
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traveling at the radlus of the radial point 702, This faster then slower linear
velocity effectively averages to a desired linear velocity. Thus, on average, the

opfical mechanism 106 has a constant linear velocity.

Method and conclusion

| FiGs. 8A and 8B show a method 800 for optically writing an image to the
optically writable label side 104A of the optical disc 102 with the optical drive
100 of FIG. 1, according to an embodiment of the invention. The method 800
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may thus be perforned by the conponents of the optical
drive 100 that are shown in and have been descri bed
inrelation to FIG 1. At |least some conponents of
the nethod 800 may be inplenmented as conputer program
parts of a conputer program stored on a

conput er -readabl e nedi um The nedium may be a

“‘magnetic storage medium such as a hard disk drive, an

opti cal storage nedium such as an optical disc,

and/ or a sem conductor storage nedium such as a
menory, anong other types of conput er -readabl e nedi a.
The opt|cal disc 102 is initially rotated within the
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optical mechanism 106 to have a constant linear velocity, on average, relative to
the optical disc 102, while traveling the current portion of the discrete spiral
path.

As the optical disc 102 is being rotated, the fine actuator 114C of the
optical drive 100 is adjusted each time the optical disc 102 has been rotated by
a given amount, to cause the optical mechanism 1086 to trace the discrete spiral
path {812), as has been described in relation to FiGs. 3, 4, and 5A-5C. The fine
actuator 114C may be adjusted by the fine actuator mechanism 116C of the
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20 controller 116 in this respect. In one enbodi nent,
detection of one of the alignnment marks 202 preforned
on the inside circunference 204 or the outside
circunference 206 of the | abel side 104A of the
optical disc 102 (814) results in concluding that the
optical disc 102 has been rotated by the given amunt
~«(-816)". Such detection may be acconplished by the T
detector 112 of the optical drive 100. Furthernore,
i n one enbodi ment, adjustnent of the fine actuator
114C may be acconplished by increasing or decreasing
the current of the fine actuator 114C (818), to cause
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and equally sized, at least on average. That is, if 820 is performed, then the
pixels are absolufely equidistantly spaced and equally sized. However, if 804 is
performed, then the pixels are equidistantly spaced and equally sized on
average. Once the desired image has been completely opiically written to the
label side 104A of the opfical disc 102 (824), then the method 800 is finished
(826). However, where the desired image has not been completely optically
written (824), if the fine actuator can still be adjusted, and the current portion of

the discrete spiral path has not yet met the previous portion of the discrete spiral

21



the discrete spiral path has not yet net the previous
portion of the discrete spiral 21 path (where such a
previ ous portion has already been traced) (828), and a
conpl ete revolution of the optical disc 102 has not
yet been made (829), then the nethod 800 is repeated
begi nning at 812. This situation is, for instance,
--that” whi ch has been described in relation to FIGs.
5A-5C. However, if the fine actuator can still be
adjusted, and the current portion of the discrete
spiral path has not yet net the previous portion of
t he dlscrete spiral path (828), and a conplete
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repeate ereo Reset
the coarse actuator mechanism 116B of the controller 116 The coarse actuator

114B confrols the movement of the sled 114A on the rail 114D of the optical
drive 100, to correspondingly control movement of the fine actuator 114C and
the optical mechanism 106. The fine actuator 114C is further reset (832), so
that it can again be adjusted within a given range of motion as previously
described, and the method 800 is repeated af 804 thereof. Resetting the fine
actuator 114C may include setting the current of the fine actuator 114C to an
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actuator 114C may include setting the current of the
fine actuator 114C to an 22 initial or default val ue,
by the fine actuator mechani sm 116C of the controller
116. It is noted that there can be an alternative
enbodi nent for performng 828 of the nethod 800 of
FIGS. 8A-8B. In this alternative enbodi nent, which is
‘not depicted in FIGs. 8A-8B, whether a conplete -
revol ution of the optical disc 102 has been conpl eted
Is used as the basis for determ ning whether the

met hod 800 proceeds after 828. If a conplete
revolution of the optical disc 102 has not been
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Writing a human-readabl e i nage on a | abel side of an
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any arrangement calculated to achieve the same purpose may be substituted
for the specific embodiments shown. This application is intended to cover any
adaptations or variations of the disclosed embodiments of the present invention.
Therefore, it is manifestly intended that this invention be limited only by the

claims and equivalenis thereof.
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*+10 each tine the optical disc has been rotated by a
~gi'ven anount (812), to cause an optical nmechani sm-of

the optical drive to trace a path relative to the
optical disc, the path conprising a plurality of

concentrical «circular segnents and path transitions

bet ween 15 adj acent segnents, wherein the path
transitions are caused by Glemdj ust nents of the fine
actuator and wherein a plurality of path transitions
are arranged wthin a.single revolution of the
optical disc; and, 20 as the path is traced by the
opti cal mechani smof the  optical drive, the optical
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10 optical disc (818). :
as the path is traced by the optical mechanism of the
optical drive, the optical mechanism selectively
writing the human-readable image on the label side of
the optical disc (822}.

2, The method of claim 1, wherein adjusting the I{ine
actuator of the optical drive each time the optical
disc has been rotated by the given amount comprises:

detecting one of a ‘plurality of alignment maxks
preformed at equidistant intervals around an. inside
circumference or an outside circumference of the
optical disc (814); and,

in response, concluding that the optical disc has been

rotated by the given amount, such that the fine
actuator of the optical drive is adjusted (816).
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4. The method of claim1, further conprising:

~-adj usting a coarse actuator of the optical drive to .

15 radiall'y nove the optical mechani smof the optica
drive to a new radial position relative to the optical
disc (830); resetting the fine actuator (832); and,

20 repeating adjusting the fine actuator each tine the
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25 disc. 5. The nethod of claim4, wherein the coarse
act uat ehafging he eptiemt 6fi vRei §iAd) Hetadt¥hENsbhehat the

fine t e Leal_driv annat be adj uste

any fﬁﬁg%ﬁgrgé Egg%é@ﬁ‘g&#ecf%oadlo n%% M ,c‘"\‘r/\ﬁéa éa%nﬁe of the
adj ust PReLEhe it SB183cét GBror of the optical drive

causes the optical nechanismof the optical drive to

radi al NE. site.dir Lon. ., [ C

e T [ SRSl AL R Che, g e
causesPife bhtixaged FOCFREARsANt Ut el FirGunieregwer of the
The medgioitz0f cl ai m 6, wherei ndilse coarse actuator of(g1ig;.
the optical drive is adjusted when the optical

chanism of the optical drive has noved, due to

ggjust?ﬂﬁnm%ﬁhqqu?fPFﬁélﬁc%uaFB?tQﬁrtqﬂﬂﬂﬂkﬁ%ﬂﬂ’ drive,

5 'such that a current portion of the path traced by

the Oﬁj&ﬂidﬂi‘cgaﬁﬁﬂbée'a@‘i;hé{@olroo‘fh%ﬁ%ao%;‘}@icéji S8rive to
neets a %Srgous org%;)n og_thf Eatg tracedfby rtlhe L cal
opti cafad ani"SHrr i QREYGP nBeERERtt @fscthqoogtica
The ned#iioe dfo ¢l aiew Gadikér ppaibdpmste kap e Hd idve optical

disc (830);

resetting the fine actuator (832); and,

repeating adjusting the fine actuator each time the
cptical disc has been rotated by the given amount, and
as the path is traced by the optical mechanism, the
optical mechanism selectively writing to the optical
disc.

5. The method of claim 4, wherein the coarse actuator of
the optical drive is adjusted when the fine actuator
of the optical drive cannot be adjusted any further.

6. The method of claim 4, wherein adjusting the coarse
actuator of the optical drive causes the optical
mechanism of the optical drive to radially move in an
opposite direction in which adjusting the fine
actuator of the optical drive causes the optical
mechanism to radially move.
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actuator of the optical drive causes the optical

- nechanism-of the optical drive to nove in a first -~ .-

radial direction relative to a hub of the optical

di sc, and adjusting the coarse actuator of the optical

15 drive causes the optical nechanismto radially nove

in a second radial direction opposite the first
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furt herﬁeé’l‘?em).{én?'ﬂ&aé@ed%beﬁﬂbnb?gléaﬁtﬁéé.ng radial |
position of a current ortion of the path (806);
determ ni ng an endi ng radl al position of the current
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equal | girediziash .pi xel s of the optical disc (810) 11. A
device adapted for writing a human-readabl e i mage on
9. The method of claim 1, further comprising adjusting an
angular velocity of the optical disc each time the
optical disc has been rotated by the given amount, so
as to maintain a constant linear velocity of the
optical mechanism of the optical drive relative to the
optical . disc, and so that the optical mechanism
selectively writes to equidistantly spaced and equally
sized pixels of the optical disc (820).

10. The method of claim 1, further comprising:

determining a starting radial position of a current
portion of the path (806);

determining an ending radial position of the current
portion of the path (808); and, ‘

adjusting an angular velecity of the optical disc for

the current portion of ‘the path to maintain on average
a constant linear velocity of the optical disc based
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a | abel side of an optical disc, the device (100) 10

--conprising: a notor to rotate an.optical disc at an . . .. -

angul ar velocity (1106); 15 a.detector to detect
alignment marks prefornmed at equidistant intervals -
around an inside circunference or an outside
circunference of the optical disc (112); an optica
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di sc, HESB?QEEC q&ﬁha a%ﬁ;b§é€ a@ fway betwe?n the

positi onha F el di's¢Tin
nannersﬁﬁﬁtFHGreFaﬁﬂéﬁ t@oﬁhFéﬁnthénéptﬁéﬂ (ﬂ%ﬂ?ﬂ%ﬁ;%ﬁdlal

i tnearlpughaﬁbﬁy é&?ﬁ) tha® ghél ?ﬁ‘éﬂ@éy&ﬁ@éhéﬁsrﬁ hﬁe}lectlvely
opti Ca chaplL-sm u ea ti 0 tr
E.'F Eg Hasgvg 8 Lyzl ?e%taf Ctri ?acie%e add eh:;%ally

allgnneﬁ Besh%= defet
optlcaﬁiﬁ@@hanﬁéﬁﬁﬂé trade a thath PEFaFﬁ%e t gisge  (810).

optical disc (114C), the path conprising a plurality
Of Conﬁeﬁé{ri%é' a&ée}#: afoﬁ%ﬁ%g.ﬂgngshﬂﬂgnpgégdabl% image on
tranS|t|ons

cen wher ei n
path t Paﬁﬁ%%n%l%?eoéaﬁ%doﬁwcﬁhe didiCust FRMt §€"8Fcf’he(100)

fine actmptbsimnd wherein a plurality of path

transitions are arranged within a single revolution

of the optical disc; 35 and at |east_on of 27 a

first frediifismtCo BAFEEE 1A SRGEFAF VISR A&F of? aRgular
opt i catretlbsttpatliiad)ver one of the ali gnrrent mar ks

has been detected to naintain an at | east

subst anti const ant near yel oci the o ca

5 rrechﬁnl‘%fﬁ%/ S ¥R t%e?"'l‘fét oﬁﬁﬁgﬁﬁne'a\ysé“a%ﬁchpte‘ﬁé?med at
the optitdlspathanntarvals oasehedt aveljnside ecigrunference
equi di stagh | yuspated andn@uahby skzeRe phpelsanfaidie (112);

an optical mechanism te write to the label side of the
optical disc, the optical mechanism being movably
positionable relative to the optical disc in a radial
manner and in relation to which the optical digc has a
linear velocity {(106); '

a fine actuator for the optical mechanism to be
'adjusted each time one of the alignment marks has been
detected to cause the optical mechanism to trace a
path relative to the optical disc (114C), the path
comprising & plurality of concentrical circular
‘segments and path transitions between adjacent
segments, wherein the path transitions are caused by
the adjustments of the fine actuator and wherein a
pluralify of path transitions are arranged within a
single revolution of the optical disc;

and at least one of:
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.optical disc (116A); or, 10 a second mechanismto
_.adjust the angular velocity of the optical disc to . —

mai-nt-ai n""on average an at l-east substantially

constant |inear velocity of the optical nechanism

relative to the optical disc, such that the optica

mechanismis to selectively wite to on 15 average

equi di gt antlsy spasrthised wiuadiysisi zed pigellar ofelbkéty of

OptlCakhglggtgé%fA%isgseach time one of the alignment marks
has Dbeen detected to maintain an at least
substantially constant linear velocity of the optical
mechanism relative to the optical disc, such that the
optical mechanism is to selectively write to
equidistantly spaced and equally sized pixels of the

optical disc (116A}; ox,

a second mechanism to adjust the angular velocity of
the optical disc to malntain on average an at least
substantially constant linear velocity of the optical
mechanism relative to the optical disc, such that the
optical mechanism is to selectively write to on
average equidistantly spaced and equally sized pixels
of the optical disc (11lBA}.



