1 4 SEP 2004 1 METHOD AND SYSTEM FOR DETECTI NG CRACKS I N OPTI CAL DI SCS
FIELD OF THE | NVENTI ON The present invention relates to opticaj diS¢®s 28
disc drives. In 5 particular, the present invention relates to the nethod

and device for nonitoring and detecting small damages on optical discs.

BACKGROUND Optical discs are typically nmade of pol ycarbonate at a thickness
10 of around 1.2mm 1In a disc drive, the disc is placed onto a turntable by

the disc | oader nechanism and clanped onto a clanper for spinning. Due to
normal wear and tear, or user m shandling when renoving/returning the disc

fromto the case, BAFTHOTCANDEFSTENYFORDETEETING CRACKS IN OPTICAL BISCS

typically created at the inner edge of the 15 optical disc (edge defining
the centre hole) and extend radially outwards towards the outer edge.
These cracks have a tendency to propagate into the data area of the disc,

particularly durg t i ﬁ&ﬁﬁq spinning used in the disc drive for
readi ng. Once tﬁgggDégggagqngFOM/or "cross over" into the region used for
the table of content, the- 20 optical disc cannot be read by the disc drive

any nore. 1 4 SE P 2Wprésent invention relates to optical discs and disc drives. In
5 particular, the present invention relates to the method and device for

monitoring and detecting small damages on optical discs.

BACKGROUND

Optical discs are typically made of polycarbonate at a thickness

10 of around 1.2mm. In a disc drive, the disc is placed onto a turntable by

the disc loader mechanism, and clamped onto a clamper for

spinning. Due to normal wear and tear, or user mishandling when

removing/returning the disc from/to the case, hairline cracks may be

created. These cracks are typically created at the inner edge of the

(\- 15 optical disc (edge defining the centre hole) and extend radially
outwards towards the outer edge. These cracks have a tendency to

propagate into the data area of the disc, particularly during the high

speed spinning used in the disc drive for reading. Once these cracks

grow or “‘cross over’ into the region used for the table of content, the

20 optical disc cannot be read by the disc drive any more.



SUMMVARY OF THE | NVENTI ON For the foregoing reasons, there is .lal’nﬁgp bo04
detect cracks and to reduce the damages to the optical discs. The
detection principle is based on the fact that cracks in a transparent
material, 5 such as pol ycarbonate, act as a mrror, reflecting optical
signals that are directed at them Accordingly, the present invention
provides, in one aspect, a device for detecting a crack in an opti cal

disc. The device uses a transmtter to prgpagate an optical signal through
the optical disc. At |east one receiver i§ then used to detect the 10
propagated signal that enmerge fromthe disc. Fromthe pattern generated by
the received si gSMMARY OF JHmINVENHONakes an analysis to determine if a

crack is present on the optical disc. In one enbodinent, the receiver is

positioned to detect the pnreflected . propagated,light. | n_anothery
enbodi nent, the receiver Fgr Eﬁgi Olr%%(gHBt 6& Sde*thgf: Pef BSFadE%r %tgﬁgt ed
light. In another aspect, the crack detection device is incgrporated into

a conventional driackarangbtoedsiceehe daaderie the BRticRl Jises-shhe getedian cal

di scs. The crack detection nechanismmay be installed into the disc drive
with the traver sprincigld iadmsedechahisfast thEtiecracks nrarstransparept opatgaiads a
i ght signal through the disc, and in and at |east one receiver is used to

detect the psopagatiedsSpaifahrbonat, attdseh mig@neraficeting raptichhsignedeithad
signal, is analysed by the

are directed at them. -Accordingly, the present invention provides, in

( one aspect, a device for detecting a crack in an optical disc. The

device uses a transmitter to propagate an optical signal through the

optical disc. At least one receiver is then used to detect the

10 propagated signal that emerge from the disc. From the pattern

generated by the received signal, a microcontroller makes an

analysis to determine if a crack is present on the optical disc. In one

embodiment, the receiver is positioned to detect the unrefl‘ected

propagated light. In another embodiment, the receiver is positioned to

( 15 detect reflected propagated light.

In another aspect, the crack detection device is incorporated into

a conventional disc drive as a new crack detection mechanism for
optical discs. The crack detection mechanism may be installed into

the disc drive with the traverse and loader mechanisms. The

20 transmitter propagates a light signal through the disc, and in and at
least one receiver is used to detect the propagated signal. The
pattern generated from the received signal, is analysed by the

microcontroller to determine if a crack is present on the optical disc.




Jmcrocontroller to determine if a crack is present on the optical disc. 1 4
SEP 2004 3 In a further aspect, a nethod for detecting a crack flni &SEP 2004
optical disc and for preventing further deterioration is provided. The

met hod starts with the |oading of the optical disc into a disc drive,

foll owed by spinning, and reading of the Table of Content. An optical
signal is 5 propagated through the optical disc along a path that crosses
the region where crack detection is desirgd. The propagated signal is

t hen received and anal ysed to determne if“a crack is present. From the

resul ts of the anal y§ g fuAReABBPOR! bahBtHIN TR té&ir@lﬁegxahR ihnen ditRS) .
to the I SC

drive. In the preferred enbodi nent, the comran 10 drirve w |
operate at nornaly.s i o crack i.s detected. 1f one.or re_cracks are
detected, then a 'Saﬁogﬁﬁ f\%{ PFer?@t'Qgﬁf"tﬁ%r &ﬂ%ﬂag&o’n é?n&ro‘f'ﬁ%d‘d' 1 rﬁf"h@rcan
mai ntain the | ow speed, or halt the spi nni,ng] altogether. 15 BRI EF

DESCRI PTI ON OF THEEMSRain Ness leadiing oF thenoptiel 1dise iratosa klismeliive. folowag sby o
show the top and side views of a CD drive according to the present

i nvention. Fi gurepinb@ig,Easthowatiing sf dimaTablee ofiCardetly Ameptieakisigarali is Fi g.
1A over 2 revolutions of the rotating optical disc in the absence (Fig.1
C) 20 or presenppoigate thiduphl thd opticAMBist FangEl SathCifat crosses the

region where crack detection is desired. The propagated signal is

then received and analysed to determine if a crack is present. From

( the results of the analysis, an appropriate command is given to the
disc drive. In the preferred embodiment, the command to the disc
10 drive will operate at normal speed if no crack is detected. If one or
more cracks are detected, then an alert will be sent to the user, and
the disc drive can maintain the low speed or halt the spinning
altogether. |
(- 15 BRIEF DESCRIPTION OF THE DRAWINGS

Figures 1A and 1B are schematic drawings to show the top and side

views of a CD drive according to the present invention.

Figures 1C-1E show the signals received by the receiver in Fig. 1A
over 2 revolutions of the rotating optical disc in the absence (Fig.1C)

20 or presence of one (Fig.1D) or two (Fig.1E) cracks.

Figures 2A and 2B are schematic drawings to show the top and side

views of a CD drive according to the present invention.




JFigures 2A and 2B are schematic drawings to show the top and side views of
a CD drive according to the present invention. 1 4 SEP 2004 4 Hi uBER 20p42E
show t he signals received by the receiver inFig.2A over 2 revolutions of
the rotating optical disc in the absence (Fig.2C) or presence of one
(Fig.2D) or two (Fig.2E) cracks. Figures 3A and 3B are schematic draw ngs
to show the top and side 5 views of a CD drive according to the present

i nvention. Figures 3C 3E show the signals received by the receiver in Fig.
3A over 2 revolutions of the rotating optical disc in the absence (Fig-30

or presence of O'ﬁ?lﬁl@SgZ@-@E Show e GldriiSRceRCEy thléSF%ég\Fl;errzEF FgZZ)g QyeLy

perspective view of part of the CD drive shown in

with the positio di C 1 in . dotted lines, Flgure 4
is a schematic d%&@é@%% Hgg\??[ggta@ﬁﬁc‘ﬁftfc 9\9@%0 &b e cﬂtbsgﬂgecfégié:é@ef’écti on
and CD handling processes, Figure 5Ais flowhart to illustrate the nethod
of crack detecti GFESFNFe AEor e M) oTdwRcEd-dEN§rackst he pref erred

enbodi ment of the present invention. Figure 5B shows part of a CD drive

with a disc | oadegfhe lﬂtgn&@% Bre SERKafe AN ﬁ)ygﬁcﬁﬂltﬁg%%dgnn sife One

;
enbodi nent of the Ppresen
5 views of a CD drive according to the present invention.

Figures 3C-3E show the signals received by the receiver in Fig. 3A
( ) over 2 revolutions of the rotating optical disc in the absence (Fig.3C)

or presence of one (Fig.3D) or two (Fig.3E) cracks.

Figure 3F is a perspective view of part of the CD drive shown in
10 Figures 2A and 3B, with the positions of the disc and crack shown in

dotted lines.

Figure 4 is a schematic diagram to show the circuitry to control the

crack detection and CD handling processes.

Figure 5A is flowchart to illustrate the method of crack detection and
15 CD handling according to the preferred embodiment of the present

invention.

Figure 5B shows -part of a CD drive with a disc loaded therein and a
crack detection system according to one embodiment of the present

invention.

20




JAdnvention. 20 1 1, SEP 2004. 5 DESCRI PTI ON OF THE | NVENTI ON Referring first

to Figure 1A and 113, one enbodi nent of the present invention sLh(yEsp ?rm]lf
transmtter 22 and a receiver 24 nounted on the periphery of L disc rve
26. The disc drive 26 contains an s optical disc 28 that is |oaded into the
chassis (not shown) and clanped onto a turntable 30 by a clanper 32.
Turntable 30 is coupled to spindle notor 34. The disc contains an outer
edge and an inner edge 35 that defines the centre hole 36. The Tabl e of
Content of the disc is typically found in°a concentric area 28a pr oxi mat e

the inner 10 edgg,_:{%@;mm“c@Tﬁﬁﬁngéﬁntly avail abl e, the Table ofthe

content is typica mmfromthe i nner edge. In this enbodi nent,
transmtter 22 is position such that the |ight signal (shown by the dotted
arrows) is propagat eReferoimgafimtitot ngnré A airicer1 B2 dgre 0émbbaiméehts Gofatik al ong
the plane of the disc. In this enbodinent, the direction 15 of the

propagat ed li ght p?éédafm'ein\fglﬂngti?ﬁ anpNd tRhEMittdPPP NG Alroldvdings halfteddde

35 of the disc, and th t path comes wthin a sho drstance o
i nner edge of th ngbacg%r-r T sgﬁ:ée stc %'ri\sléaibc.e‘l'r?e (Rs?é Hve 5 ecct':ﬁtgms %erllth and

t he edge of the d
5 optical disc 28 that is loaded into the chassis (not shown) and
clamped onto a turntable 30 by a clamper 32. Turntable 30 is coupled
( to spindle motor 34. T_he disc contains an outer edge and an inner
edge 35 that defines the centre hole 36. The Table of Content of the
disc is typically found in a concentric area 28a proximate the inner
10 edge. For optical discs currently avaifable, the Table of content is
typically 15.5mm from the inner edge. In this embodiment, the
transmitter 22 is position such that the light signal (shown by the
dotted arrows) is propagated from a point on the outer edge of the
disc and along the plane of the disc. In this embodiment, the direction
15 of the propagated light signal 31 is approximately tangential to the
inner edge 36 of the disc, and the light path comes within a short
distance of the inner edge of the disc. The shortest distance d
between the light path and the edge of the disc depends on the
minfmurﬁ size of the crack that is to be detected. For example,
20 detecting a crack with a minimum length of 2mm from the inner edge
35, the closest distance d between light path and inner edge is 2mm.

It is clear that distance d can be adjusted and determined according

to design requirements. Ideally, distance d should be shorter than the



Jmnimum size of the crack that is to be detected. For exanple, 20 detecting
a crack with a mnimmlength of 2nmfromthe inner edge 35, the closest

di stance d between light path and inner edge is 2nm It is cldak $EEHZU04
di stance d can be adjusted and determ ned according to design
requirenents. ldeally, distance d should be shorter than the 1 4' SEP 2004
6 distance fromthe Table of Content, such that a crack may be detected
before the Table of Content is affected. The receiver 24 is positioned at
a short distance on one side of the transnftter. In this enbodinent, the

position of the | nvenient | ocation_that i not
directly in the g%ﬁﬁh%fﬁggwﬁ]ﬁ?ﬁ?@écﬁg%o 'ﬁggﬁbgagﬁgﬁptﬁ 8%."1%&1)%%%0?%‘?

expl anation, the relatjv sition between the transm tter and the

receiver is exprQ@gﬁﬁ th§era'=ﬁ’?%r?6l@r(t§%'5r@{J@Ct‘?l‘ﬂrrrjé’ﬁ%lfeQﬁzV@rnz‘f:iﬁg.PPA)UQFF%SI
make with the center of the disc. In this enbodinment in which the receiver
i s designed to rataishertdibtancecen pnesidmotthe rammitiehdnathid embodidtent,
preferably | ess than 90 degrees. Figures 1C 1E show how radi ati ng cracks

can be detected tHeapesition éfhesiegsinks MBCEE \@EnpYcdrivenicet abstion Rederd i ng
first to Figure 1C, no propagating signal will be received by the receiver

in the absesce Rft GFEQKSINPLISA %f% BHFB?{%%?&&%&%%%? 55@%9 F3f 'eF'&bf 1A)

15 will exit the disc at a point 40 approxi mate e poin
entry of explanation, the relative position between the transmitter and the

receiver is expressed as an angle (see ref. numeral 42 in Fig.1A) they

g

make with the center of the disc. In this embodiment in which the
receiver is designed to receive reflected propagated fight, the angle is

10 preferably less than 90 degrees.

Fégures ‘iC—1E show how radiating cracks can be detected
based on the signals received by the receiver. Referring first to Figure
1C, no propagating signal will be received by the receiver in the
absence of cracks because the propagated light (see 39 of Fig. 1A)

15 will exit the disc at a point 40 approximately opposite the point of entry
into the disc, and a constant, low base signal will be detected. For
ease of explanation, propagated light that is not interrupted or
reflected by a crack is referred to as unreflected propagated light. In
the presence of a crack at the prescribed distance (i.e. distant d) from

20 the inner edge, the propagated signal 31 will be reflected onto the
receiver every time the rotating crack falls into the prescribed position
41 in Fig.1A. The path of the reflected signal is shown by arrow 43 in

Fig.1A. When there is only one crack, one voltage peak (at Vcc) is




Anto the disc, and a constant, |ow base signal will be detected. For ease
of explanation, propagated light that is not interrupted or reflected by a

crack is referred to as unreflected propagated light. In the T)reg%r?,cg@f a
crack at the prescribed distance (i.e. distant d) from 20 the rlfn e 8 s

t he propagated signal 31 will be reflected onto the receiver every tine
the rotating crack falls into the prescribed position 41 in Fig.1lA The
path of the reflected signal is shown by row 43 in Fig.1lA Wen there is
only one crack, one voltage peak (at Vcc) i1s 1 4 SEP 2004 7 detected in

each revol ution, dé"t%c%’tPYWebEh Eé%l[]ﬁoﬁl-[és \‘;\h@{?\mt WPF@’U@@HD lVWReR &S chagsent

(i ndicated as ref nunmeral's 41 and 45), two peaks be detected in each

otation of the [k % AFPEH %@ﬁ%‘@@e&?{ ?ﬁﬁ%?&i?ﬁf%@ddr*?? RGP, 1 ne

i nner edge of the disc falls into the prescribed posi |on The duration of
the peak i s depefiileRe @rfecied in eagh H%‘P'Ui‘ﬁ@ 35 SORWNRET &1 i1y Bk Regk
Fig. 1A, a second set of transmtter 22e and receiver 24e is used to show
the flexibility repréesentpribs geriodavieningdhe rbtatiohCoftthesdiex amytlech taheragikgnal
25a is generated by transmtter 22e. The position of receiver 24e relative
to the transm ttgriheasreberifed iRISRE fram thedhaedddge bf tive alsacialls ntprpgent on
the disc, signal 25a will be

prescribed position. The duration of the peak is dependent on the

length of the crack.

Referring back to Fig.1A, a second set of transmitter 22e and

receiver 24e is used to show the flexibility of the present invention. In

10 this example, the signal 25a is generated by transmitter 22e. The
position of receiver 24e relative to the transmitter can be expreésed

as angle 42a. If a crack is present on the disc, signal 25a will be
reflected along path 25b every time the crack is rotated to position

25c¢. Receiver 24e will thus pick up the reflected propagated signal

15 and show a signal-pattern similar to the ones shown in Fig. 1C to 1E,
except that the spikes will appear at a different position along the time

axis.

Figures 2A and 2B show an alternative embodiment of the

present invention in which the receiver 24a is positioned opposite the

20 transmitter 22a. In this embodiment, the transmitter propagates a
signal 31a within the disc 28a and along the plane of the disc similar

to path 31 of Fig.1A. The position of the receiver 24a allows it to

receive the signal 39a when no crack is present in the disc. The



,reflected along path 25b every time the crack is rotated to p05|t|on 250
'Recei'ver 24e will thus pi ck up the reflected propagated signal %}ﬂ;

a signal. pattern simlar to the ones shown in Fig. 1 Cto 1 E, pt2
that the spikes will appear at a different position along the tinme axis.

Fi gures 2A and 2B show an alternative enbodi nent of the present invention
I n which the receiver 24a is positioned opposite the 20 transmtter 22a. In
this enbodinment, the transmtter propagates a signhal 3la within the disc
28a and al ong the pI ane of the disc sim!ldt to path 31 of Fig.1A The

position of the Io Lt = e] ' n no
crgck ibs present ?rH: 'leéﬁagiﬁt ek bftt‘%ﬁgﬁ %Eéﬁ{(g t'??@%g%?entﬁﬁgr%act I ve
i ndex between air and the transp arent rraterl carbonate i.n

present exanpl e){pol¥carbgiaie; 'HtT@eaEr@@GHt eX[EP e)dét(’etl"“‘ré'?n"ﬁ@ ARECWY A
position and direction of the receiver. (The change in angle caused by the
di fference in redetecminiegithei exactspesitioreandi diregtignpof ytbar mseatas. i(dhgot
shown in these drawings for ease of illustration). The direction of signal
3la is again apgHahgeTahebyigleangrietalbyt the hdifferemee adgesfBdaivef indieedi sc

defining center hole 36a, and a distance of dl fromthe edge 35a. Distance
di 5 between air and polycarbonate is not shown in these drawings for
ease of illustration). The direction of signal 31a is again
approximately tangential to the inner edge 35a of the disc defining
center hole 36a, and a distance of d1 from the edge 35a. Distance d1
(also referred to as the prescribed distance) defines the position of a
10 detectable crack relative to the inner edge of tﬁe disc. For cracks that
originate from the inner edge and radiate outwards toward the outer
edge, distance d1 also defines the shortest crack that can be

detected by this detector. The same principle applies to the

prescribed distance d in the embodiment shown irt Fig.1A-1C.

15 The prescribed positions (such as 41, 25c and 41a) discussed
above are only used as examples to iliustrate how uniform cracks that
are radiating directly from the center of the disc are utilised as mirrors
to practice the present invention. It is clear that the same receivers
can detect non-radial andfor non-uniform cracks, but the prescribed

20 position at which the reflected light is captured by the receiver may

vary from the ones used for illustration in the drawings.

Examples of the signals received by receiver 24a are shown in

Figure 2C-2E. In this embodiment, the receiver will receive a constant



(also, referred to as the prescribed di stance) defines the position of a 10

detectabl e crack relative to the inner edge of the disc. For crﬂcysséga
originate fromthe inner edge and radi ate outwards toward the odter 'edéﬂg,[i‘

di stance dl1 al so defines the shortest crack that can be detected by this
detector. The sanme principle applies to the prescribed distance d in the
enbodi nent shown in Fig. 1A-1 C. 15 The prescribed positions (such as 41,
25c and 4l1a) discussed above are only usedq as exanples to illustrate how
uniformcracks that are radiating directly fromthe center of the disc are

utilised as m ”@ﬁi@h”té?grﬁ’élag\%c‘}east B gis%sggfrqai i ia%@en#:é Sa & % é%ﬁ:

the sane receivers™ can detect "non-radi al /or non-unitormcrac
t he prescribed 20, posit.iop. at Lch. the reflected light is captur by the
Focelver may- vabPBRPoh RSt ebC ude AMPOP A0 (o rERsan 3 readiabet 4 HE8.
Exanpl es of the signals received by receiver 24a are shown in_ Figure
2C-2E. In this erpodianéntignahds retiestedr tavnath rédeiween benstaglk reagheep
2004 9 "high" signal (Vcc) as the disc spins in the absence of a crack, as
shown in Fi gure PGsitioh 4t (seeaElg. 24\ ancd 28Nt Thia reeglteimt coé shhgp dgoins tlent
signal is reflected to path 43a when the crack reaches position 4la (see
Fig. 2A and 2B). siftat p&s¥bidiulioh,088 SRGWR fH Figlrel DO SifStwe dradiey (ref.
revolution, as shown in Figure 2D. If two cracks (ref.

numerals 41a and 45a) are present, two dips per revolution in the

signal results, as shown in Figure 2E.

Figures 3A, 3B and 3F show a third embodiment of the present
invention in which the transmitter 22b is positioned below the optical
10 disc, and the light signal 31b (see Fig.3F) is directed upwards at an
angle towards the inner edge 35b of the disc. When no crack is
present, the light path 31b traverses the plane of the disc, and the
light exits the ldisc along path 39b without being detected by the
receiver 24b. When a crack is preéent in the disc at the prescribed

15 distance d2 (see Fig.3A) from the inner edge 35b and rotates to the
prescribed position 41b during the course of rotation, the light will be
reflected ba'ck along path 43b and detected by the receiver 24b. Thus,
the signal detected by the receiver is a constant low signal in the
absence of a crack near the inner edge as shown in Figure 3C. When
20 a crack is present, as shown in Figure 3F, the signal is reflecfed to

the opposite side of the normal line to the crack along path 43b.

Examples of the signals received by receiver 24b are shown in

Figure 3C-3E. In this embodiment, the receiver will receive a constant



nunerals 41a and 45a) are present, two dips per revolution in the signal
results, as shown in Figure 2E. Figures 3A, 3B and 3F show a t’%[ﬂ&

enbodi ment of the present invention in which the transmtter 3 2004
positioned bel ow the optical 10 disc, and the |light signal 31b (see
Fig.3F) is directed upwards at an angle towards the inner edge 35b of the
disc. When no crack is present, the |ight path 31b traverses the pl ane of
the disc, and the |light exits the disc algng path 39b without being
detected by the receiver 24b. Wien a crack is present in the disc at the

prescribed 15 di skancgofld dsog fid s I M8 biSehangr aeclagy 320 shBd i at es

to the prescribed pos tion 41b during t e course of rotation, the |ight
will be reflect hack ~al @n ath 43b and detected b h 24b.
Thus, the si gnal lPesEad! B eowede: RNt T darpbRR IREF N 450 ne
absence of a crack near the inner edge as _shown in Figure 3C. Wen 20 a
crack is present refigctagqpto ithe pegeiver Iesulting ﬁl@W&lP?QkﬂéfﬂEtﬁéﬂ"ﬁopeEhe
opposite side of the normal line to the crack along path 43b. Exanpl es of

t he signal s recerevadution, racshoem Mbigire SBountwo dragks 41bCaBH. 4bh ate s
enbodi nent, the receiver will receive a constant 1 4 SEP 2004 10 "I ow'

signal as the di presemitnive Pehke pRPTENSILGH iR 156 idnal eseieWasi Bholhgiy e 3C.

If one crack is present, the transmtted light will be
Figure 3E.
( Figure 4 shows one example of a simple electrical circuit for

practising the present invention. In this examble, a light emitting diode
50 is provided in the transmitter 22¢. The receiver 24¢ contains a light
10 sensor 52 that is coupled to a micro-controller 54. The micro-
controller 54 is in turn coupled to a second light emitting diode (LED)
56 and the spindle motor driver 59 that drives spindle motor 34 of the
CD drive. Thus, the loading of a normal disc without cracks gives a
constant high or low signal to the receiver, depending its position, as
16 discussed in the embodiments shown in Figures 1A-E, 2A-E and 3A-
E. When the signal is interrupted due to the presence of one or more
cracks, the micro-controller sends a command to LED (light emitting
diode) 56 to start blinking to warn the user of the presence of cracks

in the disc, and to apply a brake to the spindle motor, either to stop it
20 or slow it down.
Figure 5A shdws a flowchart illustrating a process

microcontroller in a CD drive for detecting disc cracks and preventing

further deterioration. |In step 502, the optical disc is inserted into the



reflected onto the receiver, resulting in one peak in the signal per
revolution, as shown in Figure 3D. If tw cracks 41b and 45b ar ngﬁmq
two peaks per revolution in the signal results, as shown in F|gur%

Figure 4 shows one exanple of a sinple electrical circuit for practising
the present invention. In this exanple, a light emtting diode 50 is
provided in the transmtter 22c. The receiver 24c contains a |ight 10
sensor 52 that is coupled to a mcro-contrpller 54. The micro- controller
54 is in turn coupled to a second |light emtting diode (LED) 56 and the
spi ndl e notor dr diser df@e.tTied cridkvelseckingedbigingp604, 34 ddsdribed @bode, well
Thus, the loading of a normal disc without cracks gives a constant high or

| ow signal to theer;%qﬁrr«f«%rd,toclﬁr@%mbnerdcw IP%'éré&(Hs aétéc%%ai'tﬁ@%%dwum the

enbodi nents shown in Figures 1A-E, 2A-E and E. When the signal Is
I nterrupted due

m cro-controll erbge%ﬂﬁ g&ﬁ%ﬁt&%l 8'“%3? ncﬁ% 8%’?#%(530%%888?"?@“8': start
blinking to warn the user of the presence of cr in the disc, and to
apply a brake to"PHBALFRPING aHiting pRgFationss %@.505)216 B cratiolingt isdown.
Figure 5A shows a flowhart illustrating a process mcrocontroller in a CD

drive for det ectd@f@ctﬂdadherlabkgralttmgoldmﬁlﬂm(kﬁﬁ) willrftasér (slep 506); ainidéor. | n
step 502, the optical disc is inserted into the 1 4 SEP 2004
the speed of the motor will be lowered (step 508). An alert is also

sent to the computer to ask for further instructions from the user 510.
The users manual will also expfain the meaning of the flashing diode
as shown in step 506. Then the user has to decide whether to
10 perform a backup operation as a damage is detected in the disc. Itis
clear that the speed of the initial monitoring phases (step 5ﬁ4) and
subsequent reading phase (either 505 or 508) may be determined by

the manufacturer,

Figure 5B shows the parts of a CD drive containing a crack

15 detection system according to the present invention. In this figure,
some of the details of the CD drive, such as the loader gears are not
shown so as not to obscure the iliﬁstration of the present crack
detection system. It is understood by one skilled in the art that CD
drives contains loader and traverse mechanisms with the appropriate

20 gears to function. In the embodiment shown in Fig.5B, an optical disc
60 is loaded into the chassis 62 of a CD drive. Transmitter 22d and
receiver 24d are mounted on the same side of the chassis a short

distance apart. Transmitter 22d generates a light signal 31d that is



11 di,sc drive. The crack-checking routine 504, as described above, w |
be performed to check for cracks. If no crack is detected, thev]dglg@pvxgdﬂlg}
perform normal optical drive functions such as conmencenent of'" nornma
reading and witing operations (step 505) If a crack lineis 5 detected,
the light emtting diode (LED) wll flash (step 506), and/or the speed of
the notor will be lowered (step 508). An alert is also sent to the
conputer to ask for further instructions fr,gmthe user 510. The users
manual will also explain the neaning of the flashing diode as shown in

step 506. Then t heropegatdiRsvithin deS idis: wheitdieto ;b@thlsn ReFiQ1 A RebakbR4d

operation as a damage is detected in the disc. is clear that the speed

of the initial 3);58§|{18§e@h@5%%ev'%t§é?§%9&% gd}gaa FHOR AR (s Ble Ry DRASe

(either 505 or 50 e determ ne nu acturer. shovvs
the parts of a CD drj taining a.crac 5 det ct on system accord| ng
to the present i #t' n‘fﬂ]rﬁtrﬂ'cggqq'ﬁ[ﬂ“@rk(§'8f1r§h8‘fvn Ha H%%‘i tpapdlyee hep
drive, such as the | oader gears are not shown so as not to obscure the

il lustration of tHgnpisedereivedadod dwtidetthen uspst apgording stouriber stetbadby

one skilled in the art that CD drives contains | oader and traverse

mechani sms wist h tdescappdapiigt €C2E gadrs.t o function. In the enbodi nent
shown in Fig.5B, an optical disc 60 is |oaded into the chassis 62 of a CD

drive. Transm tter 22d ?
While the present invention has been described particularly with

(. 7 references to Figs 1A to 5B with emphasis on a CD drive, it shouid be
understood that the figures are for illustration only and should not be
taken as limitation on the invention. In addition, it is clear that the

10 method and apparatus of the present invention has utility in many
applications where crack detection is required. It is contemplated that
many changes and modifications may be made by one of ordinary
skill in the art without departing from the spirit and the scope of the
invention described. For example, there are many other positions that

( 15 the transmitter and the receiver may be placed to practice the present
invention. The sensor in the receiver and the light emitting diode of
the transmitter may also be positioned a distance from the spinning
disc, and the light signals transmitted to the disc (and from the disc to

| the receiver) through optical fibers. Other types of disc drives can also

20 be installed with the present features, examples include, but are not
limited to, CD-ROM, CDRW, CDR, DVD-ROM, and rewritable DVD
drives. Furthermore, the present invention may be practised as a

stand-alone crack monitoring device for optical discs, in which case




recei ver 24d are nounted on the sane side of the chassis a short distance
apart. Transmtter 22d generates a light signal 31d that is 11 g §E$EP2004
12 propagated within the disc simlar to path 31 in Fig.1A. Recéi vert24404
is positioned to receive reflected signal when a crack is present in
position 41d. A mcrocontroller (not shown) is used to analyse the signals
received and notify the user according to the nethod 5 described in Fig.
1C- 1E and 5A. Wile the present invention has been described particularly
with references to Figs 1A to 5B with enphasis on a CD drive, it should be

understood that tthe disguiree ear Heon siipst matdrofor Pidinipgd tsd AR Rk %e
taken as limtation on the invention. In addition, it iS clear that the 10

met hod and appar abusivef drde tiRheRfikdr iSﬂ\ég{ﬁ'}%ér@ d_BPﬂ%er‘ kd icﬁwég%;\‘,gf%?%g(sf At

applications where crack detection is r tis con

many changes and g {4 I de by .one of ordjnar skill in the
art without deparﬁ@ﬁ%édpg@%bfgéng@% ?fergﬁ'@ lt"‘f% 'gEr(%? Sétret Ctgﬁvent i on

descri bed. For exanple, there are nany other positions that 15 the
transmtter and the receiver may be placed to practice the present
invention. The sensor in the receiver and the light emtting diode of the
transmtter may al so be positioned a distance fromthe spinning disc, and
the light signals transmtted to the disc (and fromthe disc to



p—

, the receiver) through optical fibers. O her types of disc drives can al so

20 be installed with the present features, exanples include, but are not

limted to, CO-ROM CDRW CDR, DVD-ROM and rewitable DVD dri¥%f.
Furthernore, the present invention nay be practised as a stand'a éﬁg gpg%k
nmoni toring device for optical discs, in which case 1 4 SEP 2004 13 the disc
drive can be a sinple notor for spinning the disc, with a receiver and
transmitter strategically placed to check for cracks. A mcrocontroller
can then alert the user if cracks ®re detected. 1 4 SEP 2004 14 CLAIMS 1

An apparatus for detecting cracks in optical discs, said disc having an
outer 5 edge and an inner. edge, said apparatus conprising: a disc drive
for spiguAmg said optical disc; at |least one transmtter for propagating a
i ght signal parallel to the surface through the interior of said optica
di sc; at |east one receiver for receiving said propagated |ight enmerging
fromsaid 10 disc; and a mcrocontroller coupled to said receiver for

anal ysitng siangrppsratigdor detdctingltedckefin optical discs, said disc having an outer
5 edge and an inner.edge, said apparatus comprising:
a disc drive for spinning said optical disc;
at least one transmitter for propagating a _Iight signal parallel to the surface
through the interio__r of said opﬁcal disc;
at least one receiver for receiving said propagated light .emerging from said
10 disc; and

a microcontroller coupled to said receiver for analysing signals received

thereof,

2. An apparatus according to claim 1 wherein said light signal is propagated
15  across the plane of said disc and in a direction approximately tangential to the inner
edge of said disc, the closest distance between the path of said propagated light

and said inner edge being the length of shortest crack to be detected.

3. An apparatus according to claim 2 wherein said receiver is adapted to

20 receive unreflected propagated signals emerging from said disc.

4. An épparatus according to claim 2 wherein said receiver is adapted to




.2.. An apparatus according to claiml wherein said |light signal is
propagated 15 across the plane of said disc and in a directioq L Sgp 2004
approximately tangential to the inner edge of said disc, the closes

di stance between the path of said propagated |light and said inner edge
being the length of shortest crack to be detected. 3. An apparatus
according to claim2 wherein said receiver is adapted to 20 receive
unrefl ected propagated signals energing fromsaid disc. 4. An apparatus
according to claim2 wherein said rgceiver is adapted to received

propagatsed siag 4@ hQordish BY cighn | @ Ahkreii8aif lightksidridl AghEpdllaty 1 4 SE P
2904 15 5. Anr?gggrat us a@gbordfng to clgi mlI v:g'gr('agln S&Z{%rdpz-lﬂjl ght signal is

Pr opagataRitgal 418 it Raldrséd'Ble PISRY ST SREoptRE) BEARBIOPath Fabkeroh issgul disc, said
path traversing said disc at a position proximte said innef edge. 5 6. An

appar at @isc a5 poshictoprbmateddm mn¥h&igel n sai d receiver is adapted to receive
uni nterrupted propagated signals energing fromsaid disc. 7. An apparatus

according to claim5 wherein said receiver is adapted to received
propagated signals reflected by at | east one crack in said disc.-10 8. An

opt i g2l di SCANIkErFATRELCRAIAG 18 JdifVS "\ AordR AN SNeP is SapRiyng sai d di sc

and retrieving rntormation om sai d oader necha m tor | oading

1219 o Bepnd i HEERD APEIADI G Y AGacK dtect] o rechan s
7. An apparatus according to claim 5 wherein said receiver is adapted to
received propagated signéls reflected by at least one crack in said disc.

10
8. An optical disc drive comprising a traverse mechanism for spinning said disc
and retrieving information from said disc, a loader mechanism for loading said disc
onto said traverse mechanism, and a crack detection .mechanism, ‘said crack
detection mechanism comprising:
15 a transmitter, mounted on said disc drive, for propagatiﬁg a light signal
parallel to the surface through the interior of said spinning optical disc; and
a receiver mounted on said disc d.rive and having a light sensor positioned
to receive unreflected propagated light emerging from said disc; and
a microcontroller, coupled to said receiver, for analysing signals received

20 thereof.

9. An optical disc drive comprising a traverse mechanism for spinning said disc

and retrieving information from said disc, a loader mechanism for loading said disc
onto said traverse mechanism, and a crack detection mechanism and a

25  microcontrolter for controlling the operations of said drive, said crack detection




.15 a transmtter, nmounted on said disc drive, for propagating a |ight

signal parallel to the surface through the interior of said spinning
optical disc; and a receiver nounted on said disc drive and havi,n % | i ght
sensor positioned to receive unrefl.ected propagated |ight ené?éi%@ f e

said disc; and a mcrocontroller, coupled to said receiver, for analysing
signals received 20 thereof. 9. An optical disc drive conprising a
traverse mechanismfor spinning said disc and retrieving information from
said disc, a |l oader mechani smfor hgading said disc onto said traverse
mechani gechatingh goraprddig: det ecti on mechani sm and a 25 microcontroller for
controlling the operations of said drive, said crack detection 1 4 SEP 2004

16 mechani sng gangmitsr famroﬁagaﬁ %m%httsﬁgnaﬁ Parafé] & B@adurfade érbiighthesi gnal
parallel to the surface through the 1interior of said spinning optical

di sc; oftrior 6faRS SpRININgUPEAISligega® r ecei vi ng nmechani sm nount ed on said disc
drive at 5 a position that is adapted to receive reflected propagat ed

l'ight enmer gi Nepckierechipriding® feeeivingintbohBhibAGhEshied el asidtdist drivalit gener at ed
by a crack positioned along the path of said propagated light. 10_ A

met hod £ phsitibl St is RAlated 4 Fedeive GRfldctet] preb%a?e@ﬁgmrénﬂ?@ag frokPs4i@t ati ng sai d
optical disc; propagating an optical signal parallel to the surface through
sai d r fist 556 reflected propagated light generated by a crack positioned along the path

of said propagated light.

10. A method for detecting cracks in optical discs comprising:
10 rotating said optical disc;
propagating an optical signal parallel to the surface through said rotating
optical disc;
receiving said propagated signal; and
analysing the pattern of the received signal to determine if a crack is present

15  in said optical disc.

11. A method for detecting cracks in optical discs comprising:

loading said optical disc into a disc drive;
rotating said disc drive at a low speed;

20 7 propagating an optical signal paralle! to the surface through said optical disc;
receiving said propagated signal from said optical disc; |
analysing said received signal to determine if a crack is present on said

~ optical disc, and

sending the appropriate command to said disc drive.

25




.optical disc; receiving said propagated signal; and anal ysing the pattern
of the received signal to determne if a crack is present 15 in said
optical disc. 11. A method for detecting cracks in optical dqsgssgp 00
conprising: loading said optical disc into a disc drive; rotating é%lé
disc drive at a | ow speed; 20 propagating an optical signal parallel to the
surface through said optical disc; receiving said propagated signal from
said optical disc; analysing said received signal to deternmine if a crack
is present on said optical disc, and sendi'ng the appropriate command to

sai d di 3¢. dr jAv@ethdd abcdrdfBRo 20 177 whdrein/ BRIk 96 pReeRY i g bigecl ai m 11
wherein a crack is present in said disc, and said comrand conpri ses:

sendi ngahdE4t @BihRANd cBmpfgesuser to indicate that. a crack has been
detected; and 5 requesting said user to select between a first and a

second opt i 08endRy iffohhatith 9Rhé BSerGBTRNiEE Bt FBdrabhAY Pébrs@itdaopt i cal disc

rotating in a slow speed, and retrieving information fromsaid optical
di sc, sahf second option conprising stopping

5 requesting said user to select between a first and a second option, said first
option comprising maintaining said optical disc rotating in a slow speed, and
retrieving information from said optical disc, said second option comprising stopping

said rotation.

10 13 A method according to claim 10 said optical signal is further propagated

along a path that is approximately tangential to the inner edge of said disc.

14. A method according to claim 10 wherein said light signal is propagated

along a path that traverses the plane of said optical



said rotation. 1o 13. A nethod according to claim 10 said optical signal is
further propagated along a path that is approximtely tangential to the
i nner edge of said disc. 14. A nethod according to claim 10 vmﬁrLeiE‘rE%@i{]glz,
i ght signal is propagated along a path that traverses the plane of said
optical ABSTRACT METHOD AND SYSTEM FOR DETECTI NG CRACKS I N OPTI CAL DI SCS A
device for detecting a crack in an optical disc including a transmtter to
propagate an optical signal through the optécal disc and a receiver to
detect the propagated signal. Fromthe pattérn generated fromthe received
signal, a mcrocontroller nmakes an analysis to determne if a crack is
present on the optical disc. The met hodxﬁﬁil'RB@T i ncorporated into a
conventional disc drive as a new crack detection nechanism FIGURE 1B
METHOD AND SYSTEM FOR DETECTING CRACKS IN OPTICAL DISCS

A device for detecting a crack in an optical disc including a

transmitter to propagate an optical signal through the optical disc and a

receiver to detect the propagated signal. From the paftern generated

( from the received signal, a microcontroller makes an analysis to
determine if a crack is present on the optical disc. The method may be

incorporated into a conventional disc drive as a new crack detection

mechanism.

FIGURE 1B



