; XYe3eEBL(tD6zT. 4" 0 4 JUN 2003 ' 166166' 1 Recovering Recorded Information
'-fromlgn‘ Optical Disk Field of the Invention The present invention rel ates
to a method for reading recorded information froman optical d sb
particularly a wite-once optical disk which is subject to 5 0k ﬂp@%n due
to ageing. It relates also to apparatus for perform ng the nethod.
Background of the Invention Optical wite-once discs, such as &R and
DVD-R di sks, are widely used for data stofdage. Such a disk @resentl has a

cross-sectional structure as shown 10 in Fig. 1. It is prjm M@Immmmk

di sk-shaped plastic substrate 3 which was fornmed with a "
extending in a spiral across its recording face (the upper one in Fig. 1).

Subsequently, a layer 7R@éox/é¥iﬁ8i@eéo%g&%fegrﬁéiié(ﬂ'%n%%_'rﬁdpgﬁgf Qis’Rg face, a
reflective layer 8 (su er 7, and a

protective layer 9 is forned on the reflective |layer 8. The 15
cross-sect i ofrielfl affiee divaotigh this stage is as illustrated on the left of
Fig. 1. Datais witten to the disk using a first [aser beam ("wite

| aser") which-il | um nat sk fro | viewed in Fig, 1. at

sel ected | ch'tqeoﬁge_seﬁ? nS%err{t#ag\n%I%tpsttﬂegnﬁgtpgyoﬁié’gagl\ﬁ@hreggrfqgg{nf?qm%gqr} at ed
general Iy as fih athbslicaalisi, reticdlbyial Wateedndy ophiealdick aiieis ey subjeet W1 t &

| aser alters the dye |layer as 20 shown in area 12, changing its reflective

i ndex. A 8ubsPaugtionefly@de ageinge turelatefy abyvde sapparatusafort Rerfpimeingr e i s
def orned, ingj d schematically in Fig. 1 as configuration 11. Portions
of the pre-groove which were not exposed to the wite |aser (such as the
area shown on the left of the figure) are referred to as "lands". Portions
25 whi ch hav8dokgroundiokthe Inventiom write | aser, such as portions 10, are
called "pits". Due to the change in the reflective index of the dye as

between & PR B 8Bos HiSES 30t o5 DR AT BUBREdES 8o Widdl§ 800"
data storage. Such a disk presently has a cross-sectional structure as shown
10 in Fig. 1. It is produced from a disk-shaped plastic substrate 3 which was
formed with a “pre-groove” 5 extending in a spiral across its recording face
(the upper one in Fig. 1). Subsequently, a layer 7 of dye is formed overlying
the recording face, a reflective layer 8 (such as aluminium) is formed on the
dye lyaer 7, and a protective layer 9 is formed on the reflective layer 8. The
15  cross-section of the disk at this stage is as illustrated on the left of Fig. 1.

Data is written to the disk using a first laser beam (“write laser”) which
iluminates the disk from below as viewed in Fig. 1, at selected locations. At
portions of the pre-groove, such as that illustrated generally as 10, which have
been illuminated by the write laser, the write laser alters the dye layer as
20 shown in area 12, changing its reflective index. A subsidiary effect of the
writing process is that the pre-groove is deformed, indicated schematically in

Fig. 1 as configuration 11.

Portions of the pre-groove which were not exposed to the write laser (such as
the area shown on the left of the figure) are referred to as “lands”. Portions
25 which have been exposed to the write laser, such as portions 10, are called
“pits”. Due to the change in the reflective index of the dye as between a pit
and a land, a second laser beam (“read laser”) incident on the disk (again
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frombel ow as shown in Fig. 1) is reflected with a difference in optical

" path distance between a "pit" and a "land". This difference makes it

possi ble to detect the recorded information by an optical pickup. A typical
conventional wite-read process is illustrated in Fig. 2(a)._In step 21 5
digital data is input to a signal processing unit. In step 284 d0% 2003
converted to a known standard ("EFM or "eight-fourteen nodulation"”). In
step 23, recording software uses the resulkt to generate a pul se stream for
switching the wite |aser on and off as the wite | aser scans along the
pre-groove 5. Thus data is witten to the wite-once optical disk. 10 In a
conventional read process, illustrated in Fig. 2(b), a read |laser (which is
of |ower po ' ihasigr | I e,
Teasur i ng Che e o D T B P R e P o).
The data is ctistascedietweencd “piteapeNa Skeaddar bis(differeree) makesdt poesitieite al

nstabi |1 1y GetentafebEred FEATS by Gl biokdBay e i 1) decay over

period of years. Wien the dye decays, the recorded pattern within the dye

can no | ongerA bgicsicnreentiony whte-readdroceseisilloétrated. inKi§) 2(d)endstep 2P a
potential |oss of data. K To address this problem sone researchers are
trying t oSdevigity daia s inpuite au§ignpbpcessing it dy step R3dlgisrcanyerteddo a
Summary of t v ' u @l e S5 1hnyRRtd es
that a wi te?@r?g@ g%hbggﬂ tﬁi@ﬁ%\%’%@%%%@?ﬁ%n onj'ilt‘, g%ﬁ?@&%?é@@ﬁo
corrupti on scadftweretusesdttearaesaltniot gerenabad pylsa stogararfor endichingathepwritess,

is read by renoving the e, layer (and 25 other layers thereo t 0, expose
Lhe surtace droanaT aniaft & 816 Wik (3R 5oae alia herserarobta s Hysatats oq
by the wi tevﬂﬂtf&?ﬁtheﬂﬁﬁ'te%d@&gétﬁdwdtslke data fromthe neasured

def or mati ons. Q 4 JUN 2003 3 Specifically the invention proposes a nethod

for retrieving recorded information froman optical wite-once disk
conpri si A a IBubsenvedional readipeoaesseillustratedyinrfga2(tc errgaddaser fvdveh d$ t he

substrate, digi e d . cordi S dar Vi n een
recorded on t elbg)iegﬂ?cb@eraﬂﬂca%bwec% |t%l?§ér?psrcgg(§2®,e {5%3 %ﬂﬂgt ecB'%ﬁaﬁoﬁvﬁg t he
steps of: measuring the degree of reflection of the laser from the surface (step 26). The
data is converted out of the EFM standard (step 27). Thus the digital data
written on the disk is extracted (step 28).

15 Due to the inherent instability of the organic dye layer to light, the dye will
decay over a period of years. When the dye decays, the recorded pattern
within the dye can no longer be recovered by the read process of Fig. 2(b),
leading to a potential loss of data. To address this problem, some
researchers are trying to develop new organic dye layers which have a longer

20 life.

Summary of the invention

In general terms, the present invention proposes that a write-once optical disk
having data written on it, and subject to corruption so that the data cannot be
read by a conventional read process, is read by removing the dye layer (and
25 other layers thereon) to expose the surface of the substrate, measuring
deformations to that layer caused by the write process, and extracting the

data from the measured deformations.



removing the dye layer fromthe recording surface of the substrate to

" expose the recording surface; neasuring the topography of deformations of
the recording surface to 10 extract numerical paraneters of sections of the
di sk; using the extracted nunerical paranmeters and the recordi nf4sdith@esd
to classify the sections of the recording surface; and extracting the
digital data fromthe classification of the sections. The disk is generally
of the known type described above in whicf the data is 15 recorded
sequentially along a spiral pre-groove extending around the axis of the
disk and froma radially inward position to a radially outward position.
The sections are then sections of the pre-groove, and the neasurenent of

t he topography is a neasurenment carried out along the entire length of the
pre groove. 'S’béﬁﬁddllﬁ%ﬁé ifveRtion MprbscesPad arRitRe$ Ediarafe®irnd Crecorded
deformati ons of 20 the pre-groove caused by the wite process.” Furthernore,
the digital dafoamaton e caneptical writenonea disle campkising a sybsirate amd gi dye and

e The of SRS et ARG RRRES I oY e Bl £ GO R SRERREE b
correspongi ngetordante stdnddrdsieavit@eseer re@tdrded dmrtde dibk The aexbpcdiedrite
nuneri cal paraneters preferably 1nclude at |east the I engths of |ands and

of the def or REEFIs the matkpdsampgsing theisteprsraby may further include 0 -
~uN 2003 4 the widths of deformations corresponding to pits, and/or any

ot her nunerical p oieTelols i 1 J ose
that the classifi ?gﬁ@&%?‘fﬁgg% I?ée‘yrréprl oys tg@?érct&gﬁ ﬁgﬁgg?‘ﬂe’gﬁe %g?%%ra%gb? but
not necessar idxpoat lthe odcdrtimgmeuriacecal paraneters extracted fromthe 5

t opography. The cl assification can then be considered as being based on a

plurality of regians_defingd jn that s nd..corr ondi ng. respectively
to the predeterm _r{egai)lgﬂgeﬁ}?s{o%géﬁ@egfﬁgw?@%t@ﬁ OE?’E‘? 6?%%'35'% e Ell%?sgq fied
by det er apni rextralet AOmetichhSaragwitonsoftdeetions aftieediskext racted for that
section of the pre-groove falls into. The process of selecting the

classification process 10 thus corresponds to sel ecting which of the
extracted paramet &5 e gpiragted nwpaeedl RarpRBtenseand thansecardingastandard
where the bojgelshl et SOl dibbshpaal flai n that space. The
second of theSe processes mmy be perfornmed by observing how extracted
nunerical paraneters are clustered in the space. The regions should be

sel ect ed such t hatextacting the digjitahdsatatfoora thé cldssiication Bf Hfecsediions. t hi s
process is performed automatically. For exanple, the classification process

may be perforned usi.ng a neur nefwor k., as cl.assi fi cat.i on, it . Jhe.

par anet ers ofﬁ%@'sﬁéﬁ%ﬁne@@v\%ﬁ?e %tytpt?n@%scérggar%hoﬁ(ﬁ 'Powr&'ﬁﬁ\%ﬂe gaé%rlsi t hns
to set ths b@éd&@%dpéeo[dmiémbm érspﬁrbepﬁélgwmfeeéxtéﬁ@iﬁg-araﬁndjtthéSanisaéﬁi bl e
to test the classification process to determne the accuracy of the

cl assi fi cat i dhe gliskcard froppp radighy irwardneosiieni tmayadinlly ipatwargspogifient Tha

PE o e s Tousecints e En SEiBEs | MBLE™ hRoyer hiahelBadftan il B e
to two regi onspographytife arasusayenf cdrmeddutsHong ¢iae ieplire fargtis ©f whe lprbe

|l ow, and the 25 classification process may be nodified. For exanple, the
defini tion ofdreP¥e.rlBgpyHisulan theenwreHsd RAragplels sharaplerisgHrjeanations of
Al t er nat byel || &Wmeeﬁv A5 y be enployed, i.e. with
di fferen?Mongg?%ngﬁiiJe:%l#% ed par gmet er%gggnd/or a greater nunber of the
extracted paraneters.

Furthermore, the digital data is preferably written on the disk as a series of

(D

pits and lands of predetermined types associated with the recording standard
(e.g. EMF). The classification includes classifying sections of the optical disk
corresponding to one of these types of pit or land.

25 The extracted numerical parameters preferably include at least the lengths of
lands and of the deformations corresponding to pits. They may further include



~ ~r JUN 203 5 The neasurenent of the topography of the recording surface

" may be performed by atomic force microscopy. As nentioned above, a knomn

di sk typically conprises one or nore further |ayers, i.e. ref | edt4 WN 2003

| ayers) and protective layer(s), covering the dye layer 5 and thus
overlying the recording surface of the substrate. In the case of such a

di sk, the renoval of the dye | ayer further includes renoving the further

| ayers. Furthernore, the invention propos#s an apparatus for carrying out
the nethod according to the invention. Specifically, the invention proposes
an apparatus 10 for retrieving recorded information froman opti cal
write-once disk conprising a substrate and a dye | ayer overlying a

recordi ng surh@gfdis dih@eforationd eorrds dpbﬁcﬂhg d6 pits cARGE AnYYothef BOATticad
standard havi ng been recorded on the sk by .an optical wite process, the

appar at us cop@ramietys atdhe torograpnessasiptedwithpity. ayer fromthe recording
surface of the 15 substrate to expose the recording surface; a m croscope

uni t for %Hb%afm%t HR@%%@B@BB GBE8E ‘(r)ﬁﬂBis of cér@ﬁarr‘ﬁﬁ%gi ?&C@érsf ace

to extract nu properti sectons e recording sur
cl assificati ameynut nobmecsssarily redl) rod itiee incahe rjxsal mmeterar&ktnabtedmorredw di ng

standard to classif cti, of the recording, surfac nal

processing u ?POQ@P}Q@SX?EQC(? foqai;gn ﬁ}ﬂ gﬁt%?nﬁ&’c%? 6?'592‘? eégf’ﬁc% of

the sections.p|ialigf gﬁfdsFHéfmédQﬁ tﬁﬂ%ﬁd@%@c&%sﬁbn@i@@sﬁ%@ﬁv&% té fife

I nvention w II now be escribed for the sake of exanpl e onl

ref erence t o predeteomined mpaterngr Eachnsegtionhof the pre-groove ls classified by
determining which of the regions the parameters extracted for that section of
the pre-groove falls into. The process of selecting the classification process

10 thus corresponds to selecting which of the extracted parameters to employ in

constructing the parameter space, and where the borders of the regions
should be located in that space. The second of these processes may be
performed by observing how extracted numerical parameters are clustered in
the space. The regions should be selected such that each corresponds to a

15 cluster. Preferably, this process is performed automatically.

For example, the classification process may be performed using a neural
network as a classification tool. The parameters of the neural network may be
tuned according to known algorithms to set the borders of the regions in the
parameter space.

20 Itis possible to test the classification process to determine the accuracy of the
classification process. For example, the accuracy of the classification process
is related to the degree to which the regions are well separated. If it is found
that a high proportion of the deformation patterns are close to two regions,
then the accuracy of the classification process will be low, and the

25 classification process may be modified. For example, the definition of the
regions in the parameter space may be changed. Alternatively, a different
parameter space may be employed, i.e. with different one(s) of the extracted
parameters and/or a greater number of the extracted parameters.



0 ~ JUN 2pp3 6 Fig. 1 shows the construction of a known wite-once optical
“disk; Fig. 2, which is conposed of Fig. 2(a) and Fig. 2(b), illustrates the
steps of known read and wite processes; Fig. 3 illustrates the 5tRNs20y a
read process according to the present 5 invention; and Fig. 4 shows
illustrates the concept of clustering in paraneter space which is used in
the classification step of the process of Fig. 3. Detail ed Description of
embodi ments 10 Turning to Fig. 3, the enb8di ment of the invention conprises
the followng steps. Step 31 is to recover the recording surface of the
substrate | ayer by 15 separating it fromthe protective |ayer and
reflective layer, and cleaning away the dye layer. Care is taken to attenpt

to cause no daErgRehsurehrerdedprtnat topogradhyt e fr%:crédbnam@wm@, naand e

recording surface is cleaned for nmeasurenment. Specifically) the
prot ect i ve/ r dEreEmeddy alpais fergs miEressPBYed by appl yi ng a transparent
adhesi ve tape, and the dye |ayer may be renoved 20 by ethanol or |PA

| | al j i i Lgalod i X
Gef or mat T on- axe TetionBleR%, 2 khBwATASK AR BEBRRCE on OO RiERE fBRnEE °
such as an ARaydras osi ceflfantive |Byengsang\prote2tivetiayerds, icovenng lthe dykylaybe

t opography informtion into, di screte pit/land.| engt e.g.. 3T to 11 T for
EM o ghab)  BRLTE BRI eC e EaReo BurapRer fis atbarah. Buktie p4ea Abseeth
standard, thenqyk KREWdmdal tdfethdl tije Wayér fimtr! iﬁBﬂHEsW‘é’n?dw%@ tAe fupheeer
nunber of "bits", between 3 bits (referred to as "3T") and 30 11 bits

(referred tolagersil ). 0 ~4 JUN 2Lb3 7 This transformation is possible
for any recording standard because there is a high dependence of the

s @l screte fufriRe Berhieh poRESEEHE pbBMRle P Ao g P inen ™
spaces ("| andictoldihgeenhdeafvertn. Specifically, taechasstidn pebposes 4 agparates!

cl asses &e.g. in the case that the data is encoded with EFM_ the pits and
| ands canObe fel ealgeyingqecardsedsipformation fram an BPE'%alé!VfdieTCH]ﬁ@sg'SB)PW'Slng

fol low ng step§ypstrate and a dye layer overlying a recording surface of the substrate,
digital data encoded by a recording standard having been recorded on the

disk by an optical write process, the apparatus comprising:

means for removing the dye layer from the recording surface of the
15  substrate to expose the recording surface;

a microscope unit for measuring the topography of deformations of the
recording surface to extract numerical properties of sections of the recording

surface;

a classification unit for using the numerical parameters and the
20 recording standard to classify the sections of the recording surface; and

a signal processing unit for extracting the digital data from the

classification of the sections.

Brief description of the figures

25
An embodiment of the invention will now be described for the sake of example

only, with reference to the following figures in which:



10 1 ) Select a set of paraneters (e.g. length and depth) of the

def ormati on topographies as the features to forma feature space @;mg@ﬂ
select a set of paranmeters (e.g. length) of the spaces ("land") b é e
deformations to form another feature space S'. The two-di nensional feature
space Sis shown in Fig. 4(a). 15 2) Fornmulate all the collected
deformation ("pit") topologies in the feature space S and the space between
the deformations ("land") in feature spacé S respectively. The data will
aggregate to formdisjoint distributions in respective spaces. This is
illustrated in Fig. 4(b), where each of the pits is 20 nmarked as a dot, and
the arrow 40 indicates a cluster of dots corresponding to a length a and

width b. The arrowigl1 sAgwsaheE ToAstPESRIALIH kﬁé\ﬁrﬁmﬁfte-@%é op#ital&igk;a known
classification method (e.g. a neural network with _a known | earni ng

algorithm to cl addgfd, whichiheoampoped of Fig. 2(a) dnd Figm2(bhilbispratesdtbei ned 25
classes (e.g T nd 3T to 11 T lands in space S')
in respecti vét‘%’p Q%Mfés)éqtén# Wr@@f‘?ﬁegéegn Fig. 4(c), where regions 42,
43 are construct eFigreilestratescthestepsofid redd prazeps eiccyrling td thd sredleper m ned
that these cl usters correspond to pit patterns 3T and 4T respectively. 0

4 J U N 2pp3investion: 89dof the embodi ment is to save all the pit/land

i nformation al ong € f
out er nost di anet erlﬁ@ed{qﬁgﬁwlggﬁ%‘ﬁ%zééf?f@ﬁ%&ﬁcgh&ﬁ@ﬂ%%hgg 'ﬁﬁgvﬁﬁe{?(?égga was
recorded). Thhickesulsed B theadadsification stemohthef probespokBigf. Bned pit and | and

types) such as "3T pit/4T 5 land/ 11T pit/ 10T land..." Step 35 is to recover
recorded binary data by a pre-known decodi ng nethod (e.g. EFM decodi ng

which is wel Igégmbei\;&ﬁ@%&hgf SRKBdindts| and information saved in step 34.
This data can sen Srgnal processing unit in a 10 playback system
to conpl é0e t he pl ayback. Although the invention has been descri bed above
inrelation n variations are sible within the
scope of ¢ ne TRBRPEIS.E e S himelEPY 15 Y it Serfpis &he Bl Gutinpon- o
Caims 1. A medgypd for retrieving recorded information froman optical

write-once 5 disk conprising a substrate and a dye | ayer overlying a
recordi ng surface of the substrate, digital data encoded by a recording

et hod compr ERPRG o0 BEGHET Sre PacorBnsiitant e RubEera ool Pecoraing
surface 0§ tisepard:t&tgnafrem meI&OMOSQayéT%ﬂda@ﬂédmmla%f,fami&:leanlng away

the dye layer. Care is taken to attempt to cause no damage to the

deformations of the recording surface, and the recording surface is cleaned

for measurement. Specifically, the protective/reflective layers can be removed

by applying a transparent adhesive tape, and the dye layer may be removed

20 by ethanol or IPA (isopropyl alcohol).

Step 32 is to measure topographical information of all deformation on the
substrate layer. This can be done by use of equipment such as an AFM
(Atomic Force Microscopy).
25
Step 33 is to classify the topography information into discrete pit/land length
(e.g. 3T to 11T for EFM signal) information. For example, if the data is
encoded in the EFM standard, then we know that the pits will have length
which is an integer number of “bits”, between 3 bits (referred to as “3T") and
30 11 bits (referred to as “11T").



measuring the topography of deformations of the recording surface to
“extract one or nore nunerical properties of sections of the recording
surfacte; using the extracted numerical paraneters and the recording
standard to classify the sections of the recording surface; and0#5JUN 2003
extracting the digital data fromthe classification of the sections. 2. A
nmet hod according to claim1lin which the data is recorded sequentially

al ong a spiral pre-groove extending around the axis of the disk and froma
radially inward position to a radially outward position, the neasurenent of
t he topography including a nmeasurenment of the deformation 20 of the
pre-groove caused by the wite process along the entire length of the
groove and the sections being sections of the pre-groove. 3. A nethod
according to_claim2 in which the digital data is witten on the disk as
consecut i ve ddlietansipsmetiomiaratsiblgfof apy secardingrsiandard kacaysadnenedd aby t he

i ‘an e ! . di v 0
of 25 tha e Lt eReadin & arRk dfamar S o o R RalEsBRId SoBRE" | ancs.
4. A nethod anddhdiorginal stgral s Sistretefiihak seharatgelr Al e défandations s EFM

Q 4 JUN 2003 ,10 5. A method accordjng to claim3 or claim4 in which the
ext ract ed5nuﬁé?‘ﬁsga?nﬂgg%1§8?%?§%i?§fd hg%t"‘fer?é‘ q?%fﬁﬂﬂﬁ%o'?ﬁv caadg ¢assitied inte

recordi ng Sun- a8y sw&n@.qqmﬁﬁbtsﬁtﬁmhé@%@éis ﬁm%@%ﬂ?ﬁmq%di ng to

claim3, claim4 or c‘lﬂal m 5 e 5 extracted nunerical paraneters

i ncl ude t he witdtams lahdseborhentlassifi¢dirde S, éiis..of1T pids erd darmtls)dysthef ace
correspondi ng liqo .Bi }? 7. A nethod according to any preceding claimin

whi ch the cl &8'GYWNE&GRhH i s performed by a classification process sel ected
based on a clustering of the numerical paraneters in a space defined by one
or nore of the nunerical 10 paraneters. 8. A nethod according to claim7 in
whi ch t hé0cl d3si f iSededtansetofqaranetersii{g.gatengih andideptipy afdbe slefegmatiaret hod

according to,an recedin . m.i ich.the classification |s rfornmed
isi g a neur A64RrBRERES 2 BeToRlubn & MBS Rl WP RS LA PRk ROk A m i n
whi ch the nmepavaBRts (8. Idmyth PoltEEapared(“lAnt?) betvdaH the dafofmaonsSto
performed by atom c force mcroscosfyr 11. A nethod according to an

-ulr

precedi ng cl 4onm aRother deature spaek St uhenwo-dimgnsienal fepfure)spags 8 is @%QWQr

| ayers overlmgpgéyﬂg)recording surface of the 20 substrate, each of the
further layers being a reflective |ayer or a protective |ayer, the renoval
step further including renoving the further |ayers.

2) Formulate all the collected deformation (“pit”) topologies in the feature
space S and the space between the deformations (“land”) in feature space S’
respectively. The data will aggregate to form disjoint distributions in
respective spaces. This is illustrated in Fig. 4(b), where each of the pits is

20 marked as a dot, and the arrow 40 indicates a cluster of dots corresponding to
a length a and width b. The arrow 41 indicates a second cluster of dots.

3) Use a known classification method (e.g. a neural network with a known
learning algorithm) to classify all the disjoint distributions into pre-defined

25 classes (e.g. 3T to 11T pits in space S, and 3T to 11T lands in space S’) in
respective spaces. This is illustrated in Fig. 4(c), where regions 42, 43 are
constructed enclosing clusters 40, 41 respectively. It is determined that these
clusters correspond to pit patterns 3T and 4T respectively.



12. An apparatus for retrieving recorded information froman optical
writeonce disk conprising a substrate and a dye | ayer overlying a recording
surface of the substrate, digital data encoded by a recording Staﬁgaﬁﬁh
havi ng 25 been recorded on the disk by an optical wite process, 2003
apparatus conpri sing: 11 neans for renoving the dye | ayer fromthe
recording surface of the substrate to expose the recordi ng surface; a

m croscope unit for measuring the topography of deformations of the
recording surface to extract one or nore nunerical properties of sections
of 5 the recording surface; a classification unit for using the extracted
numeri cal paranmeters and the recording standard to classify the sections of
t he recor di n@tepaYastahe nsbadifiedt i tordreasisthedittand infefmatidn akingnaet he
digital data fromthe classification of the sections. 10 13. An apparatus
accor di ng t o pce-girapvefrom the; Ianetm@strﬁlemetefdgéheﬁuterc@ﬁbdiamean atoni c

f t t

Lo Sk e 2 SeRBpridy f TRPAREISKS BRES AR e LSl S i

%8}'“\52 AZ[ ch]Aa (i,‘bnt{huciﬁs&ra‘]ﬁ oAtl"iﬁde ] e&h% |tRaanid Iq]nd ty]/pes] sui:h a]s “3i|' lt]/4T] lcal
Xsni cal calcal.c a] ca] cal] ca] c ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c

a] ca] ca] c3a] é%ﬂd!a E f{':ﬂll Qﬂé’] calU]ca]ca]cal O

4" 1 0{Q@1hJO| wr rrhc"Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] calcalca]ca]c

a] ca] ca] ca] cal] ca] ca] cMa] ca] ca] ca] ca] ca] ca] ca] ca! oq| ~ q |

[ 1TV #" p" " #\ #8186 RIS 18reCe& ratadpiNYinary |dadd ba]a:pxjeela‘]am] dec]:coxh]\gar]eih])da] caJc

a] Ca] ?g]( (L:J?]( ((:% %%ae]co%ca\khlc is \E/is}eﬁzﬂ anS?r] l é E%a]dc Han%]ln%rmg%&&&&&# L

>+p, nﬂf%ﬁéd@l cahipd salcaml sab sl toakk %ﬁjn%@b?oﬂe §ih alether] cal cal ¢
a] ca] ca] ca] c"a] cal] ca] ca] ca] ca] cal ca ca] cal] ca] ca]ca! Y3[ 3h3j 4440555Q6w66666
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1. A method for retrieving recorded information from an optical write-once

5 disk comprising a substrate and a dye layer overlying a recording surface of
the substrate, digital data encoded by a recording standard having been
recorded on the disk by an optical write process, the method comprising the
steps of:

removing the dye layer from the recording surface of the substrate to
10  expose the recording surface;

measuring the topography of deformations of the recording surface to

extract one or more numerical properties of sections of the recording surface;

using the extracted numerical parameters and the recording standard
to classify the sections of the recording surface; and

15 extracting the digital data from the classification of the sections.

2. A method according to claim 1 in which the data is recorded
sequentially along a spiral pre-groove extending around the axis of the disk
and from a radially inward position to a radially outward position, the
measurement of the topography including a measurement of the deformation
20 of the pre-groove caused by the write process along the entire length of the

groove and the sections being sections of the pre-groove.

3. A method according to claim 2 in which the digital data is written on the

disk as consecutive selections from a set of types of pits and lands defined by

the recording standard, the classification including classifying the sections of
25 the recording surface as these predetermined types of pits and lands.

4. A method according to claim 3 in which the recording standard is EFM.
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of the recording surface corresponding to pits.

7. A method according to any preceding claim in which the classification
is performed by a classification process selected based on a clustering of the
numerical parameters in a space defined by one or more of the numerical

10 parameters.

8. A method according to claim 7 in which the classification is selected by
an automatic process.

9. A method according to any preceding claim in which the classification
is performed using a neural network.

15 10. A method according to any preceding claim in which the measurement
of the topography of the recording surface is performed by atomic force

microscopy.

11. A method according to any preceding claim in which the disk further
comprises one or more further layers overlying the recording surface of the
20 substrate, each of the further layers being a reflective layer or a protective

layer, the removal step further including removing the further layers.

12.  An apparatus for retrieving recorded information from an optical write-
once disk comprising a substrate and a dye layer overlying a recording
surface of the substrate, digital data encoded by a recording standard having
25 been recorded on the disk by an optical write process, the apparatus

comprising:
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5 the recording surface;

a classification unit for using the extracted numerical parameters and

the recording standard to classify the sections of the recording surface; and

a signal processing unit for extracting the digital data from the

classification of the sections.

10 13. An apparatus according to claim 12 in which the microscope unit

comprises an atomic force microscope.

14. An apparatus according to claim 12 or claim 13 in which the

classification unit comprises a neural network.



