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WD 2004/ 066294 PCT/ GB2004/ 000241 1 THE COPY
PROTECTI ON OF OPTI CAL DI SCS The present invention

WO edoae9t o a nmet hod of copy protecting opti caPCHGBE®H/000241

to optical discs when so copy protected, and to a data
file for enabling digital 5 data to be recorded in an
encoded and copy protected forlmon an optical disc.
Optical discs, such as the various formats of conpact

‘discs (CDs) and of digital versatile discs (DVDs) are

i ncreasi ngl yTHECQORY PROTECTIONDEQRTIGAL THECSrany
different applications. The information encoded onto

the optical discs is 10 generally very val uabl e, and )
accor fihegresentriavyention ralﬁteéé@ﬁﬁgﬁ%%fpfy @@Ppypirotecting optical discs,

Pt Rickaiven 5Y r&?grpf@fe%ted ey t@aé)ﬂﬂtmé foﬁ@ﬁla@lihg digital

dtactorts Eﬁ%ﬁ%@%gg &ﬂcé’daﬂéé@r g@éy'egfﬁ&é:& a5t )951 an optical disc.

avai |l able to the donestic consuner. Recordabl e DVDs

d DMD i
e [ apiEa Sk, SR s HREAHEbe BeRBEL A cRphCafistd (oDs) and of
drgdabﬁéreatlle\wsm([h\d@s) ace incogasinglyusedifag camyinganformation for

it O\?//ﬁjdﬁ‘ér‘:‘enrt %%Eh%é’tg) h?hé’ E)rﬁéﬁﬂétnér?éﬁ@édléﬂ‘ oﬁﬁﬂf‘% é;S’tlcal discs is

e new pro ection Acco (Y
aemqer.aﬁy veepeitable @Wé aﬁ@@r ly,i theyare dicreasingly c;,ople

%Wbﬁéﬂeﬁs %wﬁéﬁn@@keofremaabler@mcammmmmtsl f@awrmng the
SC CO rsin

of di di
Ao eBRIa Age g AU SEOMAtS s preapaeadiy
bgaiEble gtk domgistie comsumenf Reverdatule Didds dingi DY D widtess are

UBheL 85 BefBrio pol A RIEHRPnehort 8RR, AAS g et rew
an@.etﬁaptmametbﬁds ey @nmcprqtecttngeomfwah disgsarerequired. he
information on an optical disc can play the

i nforpati on recorded thereon despjte the unbal anced dc

~ cont ehie RrgsRdRVentioy, aeks or Provide Rewme! 06 alioopy protection.

experience difficulties in accessing the 30

1t ehecaiting REAnmAsrRRE OF i, ot yBRB Tab s provided a

me:blbd)damﬁcmpye praiectng s epticahdise aomnprigiyg tha stept efterdaiding and

ﬁqogfgyb él%‘%t&%nt(% ﬁ?@BgM%n?dafﬁeér qu?'gfeﬁ?ﬂﬁ&ﬁ is éﬁ?nged to give
somezy thpdgeprsiegddigial daia Lmhaéﬁfg?@@i 4G cefent-ol | ed to

play the data on an optical disc. This mght be, for

G oo BEstotnly dbesaSaenohe ca it suaives 10 sEIettad areas of the

recorded digital data on the disc.

In the main, players of the information on an optical disc can play the
information recorded thereon despite the unbalanced dc content. However,
readers of the information will experience difficulties in accessing the
information, and, for example, may be caused to jitter. The unbalanced dc
content causes graver problems when attempts are made to copy exiracted data
by known “ripping” techniques.

In this respect, in this specification the term “player” is used to refer to
players and drives arranged or controlled to play the data on an optical disc.
This might be, for example, the audio data on a digital audio compact disc
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(CD-DA), or the video data on a digital versatile disc
(DVD). Such players will include, therefore,

weomme2dal | y avail abl e CD nusi ¢ pl ayers whi chpéTia82008/000241

solely to play the nusic or other audio on the CD, and
commercially avail able DVD pl zyers whi ch function
solely to play the filnms or other video on the DVD. It
5 is generally required that the copy protectlon

(PR AT b e fER o7 3iGh Vrai Bs? (PS8R phabers win

iohodd, itberefone, cbmmemllyotmaabm«igrrhusm plagestrstwhichffenction

BBleg} {%ﬂag% ﬁ QEH |ca Iﬁg@ a@%@é@%ﬁﬂall&@yaﬂable

BMD aweﬁ@w@achm@tlag &oi@y aaptayrtherﬁlmae:rmtlser vigaoton the DVD. It
F!;' GORES \A%‘]V\—édmréd‘@ﬂa\?'% cbpy§ ﬁft@&ﬁt?r? F%tﬁig}é Bf‘ﬁ}?qgvéntlon do not

tro rea
8?9??@'&/ '@E’ﬂﬁ?o&a'ﬁ u;‘SHﬁ? ose%g tipp of gushralayers’, it is

required to enable drives to play legitimte optical

the. ol 815 pheR RREGH el G Lottt et Gr il bayers

ahd dtives sirahigedrorasordrdiieditowead the tataden diie bpécal disc, for

ST B A0 P DAL Sl gy
e%ndj@D:bdtl‘éﬁﬂ wheo cohéigeracher controlled to

ﬁe%ldi‘éﬁ éﬁré’dt%il@l@ﬂgtéJfréﬁﬁé SO Nethis MEIgHRE S frebhﬁed to enable
Lnven rovi de f aut hent'i ca

Gf'vﬁ%h = I%@'ﬁ@?tﬁﬁﬂ’? Igal é'ﬁcgrw |’f<a@re\§rtjﬁ*awr é%mfbﬁ'”g Used to
eikisact the miatd from teepdists or o esdlablisatile icoprestbftbeidiscs.
genuine or if a signature has been prOV|ded it is

necessary only to |l ook to the predeterm ned selected
ar easIn an sshadimentymethadsi of the matWernmcfudhec compnise 25

?%r@%ﬁlbgf%}ﬂ%ége&%ﬁ%ggﬁgﬁf MEF | ng P@t’asgg Y’&ﬁgcﬁ%"%e to be
givegdinbalanged de epnteatdi gi t al data which are to be

gi ven unbal anced dc content. 30 In an enbodi nent, the

et DO b e P 3% eERiSARob el &t inventon
magtalsaabt Keprevidedfonraetheritivatiop of yenlintcéidcs aneitgtteBrovide

SO e T B P R

$'QnﬁN§?ﬂl§@S Jracanpreyidad, d is qecessayautly lmldokdodhe predetermined
SIHERM dradto KeaPthe t&h%tﬂﬂé‘r&:e&@@& ﬁt%l%'i’ sel ect ed
area havi ng unbal anc dc content contains Téess than 2

sectors.
In an alternative method of the invention, the method further comprises

randomly selecting the selected areas of the recorded digital data which are to
be given unbalanced dc content.

In an embodiment, the method may further comprise recording the digital
data onto the optical disc in frames, and providing that each selected area
having unbalanced dc content contains less than 100 frames.

The method may comprise recording the digital data onto the optical disc
in frames arranged into sectors each having a plurality of frames, and providing
that each selected area having unbalanced dc content contains less than 2
sectors.
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WO 2004/ 066294 PCT/ GB2004/ 000241 3 For exanpl e, each
sector contains 98 franmes. The sel ected areas which

wae@4goozen unbal anced dc content are preferabl PCT/6B2004/000241

restricted in size such that a player can treat the
tracking errors caused thereby as burst errors. In

this situation, therefore, a player will generally be

able to continue playing information fromthe disc

wi t hout degradation. In an enbodi nent, the nethod

further conprises giving sonme of the to recorded

di gi tFair edamplenéadrasecdr dontaing 8dfranyeser ovi di ng t he

recorded digital data with poor DSV characteristics.

For exanple, the DSV of the recorded digital data may

have Ter sgleatedaareas avhiem arg givensinkatangashde p9nmﬁ5$ preferably

rééﬁ'l%fc{sﬁﬁw' § léucﬁ 'ﬂ‘fat%ﬁ!\@ér EBR ticae ﬂﬁéjﬁﬁclﬁhg idr@drs @éh@ed thereby

t
o BWeh Ao | ) i S isno farRioTe A diakas Wi gehsraldaable t

CORYinud PIAANE irfulraktion fran tredibe edtrout egragztioant s.
Preferably, the recorded digital data on the optical

disc is given unbal anced dc content by encoding
sel edheth embadinént, the diedihod furtharacanpriresegivipgaormsef the

rgﬁgquaeﬁt(‘ﬁh téltd§t§ %n%éléor‘ﬁ:%%r@é Egntbgt By@%\h&ﬁ’\g the ﬁééérdéfd digital

rovide rot ect ed
dafa ivatl p@KDl'sBSPv{aﬁhaf@C‘@H%@ﬁad digital data recorded

thereon, and wherein sone of the dlgltal dat a

recorded on the op i SC h ed dc

Cont difr e, 18 DGk Heecaies A8Ts ey bave a rapid rate
ofdhnad@ke. di sc of the invention, selected areas of the
recorded digital data on the optical di sc have

unbal anced dc content. 35 I n one enbodi nent, sel ected
ar easAdditiohally and/od alediagively, thiaD$ Vi e reﬁa:ﬁted digital data may

SR BREE BeSAIE Taus e et erm ned. W0

Additionally and/or aiternatively, the DSV of the recorded digital data may
have substantial low frequency components.

Preferably, the recorded digital data on the optical disc is given
unbalanced dc content by encoding selected areas of the digital data to have
poor DSV characteristics.

According to a further aspect of the invention, there is provided a copy
protected optical disc having encoded digital data recorded thereon, and
wherein some of the digital data recorded on the optical disc has unbalanced dc
content.

In an embodiment of a copy protected optical disc of the invention,
selected areas of the recorded digital data on the optical disc have unbalanced
dc content.

In one embodiment, selected areas of the recorded digital data which
have unbalanced dc content have been predetermined.
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In an alternative enbodi nent, selected areas of the
recorded digital data which have unbal anced dc

weontee29have been random y sel ected. Prefer abP@T/GBh@4/000241

size of each said selected area is restricted. 5
Were the digital data recorded onto the optical disc
has been arranged in franes, each said selected area
havi ng unbal anced dc content nmay contain |ess than

100 flﬁaéwgll‘teﬂu%h% %%%&ﬁe%‘t géél&]:teg aatréaé g? @‘[edleedco V\ﬁ%cﬁ digital data

the o een drrange

which heyet unbalaneed de sgntend |hawa|beteyl r@ndbrr&wss ectatth
said selected area having unbal anced dc content may
contain _less than,2 sectors. Preferably, each sector
cont ariederbly, thasize afeaqh saig selegted greddso@strisied. sone

of the digital data recorded on the optical disc has

ecor HEtFFS e ARAT 8t hofdes ool B ARl distdhasforn amanged
ifrdrarmas,ngdch saldeseMYedfareahawmgwrdmiamime;i dalcodterd nmaay contain
@g%/ﬂ.'éh liaa |darﬁé’§e 20 of change, and/or high absol ute

ues /or substantial | ow frequency conponents.
The present |nvent| on is relevant to all formats of

OIOt i Wm&ﬁ%ﬁé didiee! da@‘@ﬁé’r@ed bﬁﬁ) ﬂ‘fét Zﬁlﬁial le%%é@b!e&?aﬁanged

been sub ect ed to encodi

ip m,ecggfﬁ.vwﬁt egrl seqiQy cse ainipgs mrelﬁm frapes e@%bﬁ@éﬁt gglected

ér@a u&bam@édmﬁ: cdriteni malycontdia |esy/giain D8ettdrs. Preferably,
| be| gglve of the type of information
0590? g @%%i sc. For exanpl e, the digital

data recorded on the optical 3o disc nay be one or

mor e Iﬂf tr%dd%’ﬁﬂodlmétﬁ Osé’tﬂeebf Jﬂ% %Pdlta‘t aafﬁat&gr%f &5 Yl the

dat a,

epiieal dlsodrﬁﬁ a@@egye@atrsbalarr\@#d;dc cgﬁterﬁtbrydcrrowﬂtreg therkgcorded

dugmrﬂat@wm gQOEBBQPQ%rb@te?Isﬁéé.a file enabling digital
data to 5 encoded and copy protected by a nethod

as defi ned above. Such a data file may be arranged to
be exEoueedrnple, e D@ALDHE2REORISD GighaDdatadhay have altapid rate

5, B0 sBaRuE VAR abf sltbfortl Bl Bhyonoy

mpemﬁsprot ected formon an optical disc, the

The present invention is relevant to all formats of optical discs, for
example, the optical disc may be a CD which has been subjected to EFM
encoding, or the optical disc may be a DVD which has been subjected to
EFMPIlus encoding.

Similarly, the invention is applicable irrespective of the type of information
carried by the optical disc. For example, the digital data recorded on the optical
disc may be one or more of: audio data, video data, graphics data, visual data,
animation data, numerical data, program data, control and access data, and/or
any other data.

The invention also extends to a data file enabling digital data to be
encoded and copy protected by a method as defined above.

Such a data file may be arranged to be executable.
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data file having an algorithm for enabling the

selection of digital data to be 5 specially encoded,
wae@4obem f or enabl i ng encodi ng of the sel ect eBCTHGHRG081000241

data such that it has unbal anced dc content. A data

file of the invention, which gay or may not be an

executable file, is intended for use by an encoder

for the optical disc. For exanple, the.data file 1o

may be utilised by the encoder of a | aser beam

recorder during mastering of an optical disc.

Th

encod& Rresentipvention alsoredendsip agiateh éileafogmabﬁﬁg digital data

e o g
i.ng,. . i
deis Bledhing A laarithet fossaribing he Referionr il i be
- spbeially @ntetiedpdid tisert forlemabliog éedod'zjgrrg‘ tEEMeEintﬁd idigital data
ing inserte

stiob it B8 LBbeRy TR S Tt he. data rilc

al gorithm enabl es nerge bits to be chosen to give poor

DY) AP N 0t I i Bb L@l e i
e, SBEEPBIthy Sonknl Rrihinsg a7 8 Pl e i
irtepdad for wse Py ancerspder ek theQpticabaisc & axaamRle; thedata file

neAEbeTutiis 60 By tRe @ncbabF ofl§ Iddr bfami RedordBPadEng hitstering of an
Od@ﬁtsgleqfiflsl e al gorithmenables 16 bit channel words to be

fo give 25 poor DSV characteristics to the
selected digital data. In an enbodi ment, the algorithm

chosdiy Sfeasds sREBE & cdrRuELiBY B addled f SBect groas of
the igitat dath far speiciet engodipgr ansldbipiteis spesiallepsptingrwhich adds
t%@?ﬁbmd?ﬁ:%dt&@c&ﬁ’t fto ﬂ‘\% ﬁ\é@f@??jljéé? be contained

I'n one sald selected area of the digital data. One
said selected area may have | ess than 100 franmes. 35

I'n ag/_\lﬂﬁtwﬂiéfﬂi@itﬁl dae JQ&@@Fiédtvaﬂdd@ﬁtL@nﬁ@ qu;M bhgc_)di_ng with merge
ncodi ng for each sai sel ect.ed area of the. digiia
RN st P acosiag s RiaeR i teSaelks CofnHbl Bits, the data
fibe ajgaridismt éreabies dhdpgy bitaltadenthdsen torgide peonDEAl ciBcteristics

004/ 066294 PCT/ GB2004/ 000241 6
teéﬁ'i%ggls t ehgﬁ%!)glgr% for each said selected area such

that the DSV value approaches the predeternined val ue
wher afyieR® tHe Bigiardataas t6 besdrcodiedl Bsing EFVIPILG éir®ding where

sai | ected grea. 5 Enbodi nents of the_pres .
e bR aard IR Pposd S gl iz Shoiba OByl T8 bit channe
words, the data file algorithm enables 16 bit channel words to be chosen to give
poor DSV characteristics to the selected digital data.

In an embodiment, the algorithm enables selected areas of the digital
data to be chosen for special encoding, each selected area being restricted in
size.

For example, the algorithm determines the number of frames to be
contained within one said selected area of the digital data.

One said selected area may have less than 100 frames.
In an embodiment, the algorithm determines the encoding for each said

selected area of the digital data which would provide good DSV characteristics,
compares the good DSV value with a predetermined DSV value, and then
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way of exanple, wth reference to the acconpanying

drawi ngs, in which: Figure 1 shows an enl arged view
wo@Rooa/0&9showi ng the pits and | ands, Figure 2PGITGR2008/000241

section through a pit and land illustrating the data

encodi ng thereof, 10 Figure 3 4llustrates the DSV

corresponding to the encoded data, Figure 4 shows

schematically the manner in which nerge bits can be

SRR B iy RN ERE SBICRe aled SPHERHIDI value
apyoaehes thepredeteigined valye wherehit BROHRRY ¢haracteristics are

@0&@ b Bgch llIE81Bte1aMsa. sSchemat i cal |y part of a
piral track on an optical disc and its tracking,

Figure 9 illustrates poor DSV characteristics to be
ePCOdEngsdimeﬂtsibﬁme presgntriavéftion Wiisherairedterive déseibed, by
of poor chara st : e
S Ryenle s Brernde o tp obhear G pisdngg i avaiah:
assocFiguea 1dshaveserenjargad vidvgof @ (gD@(tlos\hrag\ihﬁgpltﬁ and lands,
di st ofi | ' [ t : i

ar aphy S 2 SR H s oBoRoRgn 16 B IpATHlusatHg g data
elecedingthereofpeci fical | y expl ains the encoding of a

CD- ROMsd 3tiflestrates4rg DBV thaeBpEREING th e ehtoded data,
copy Er otecti

h vt !
appr eEloed ?"F]Fg‘l’g gﬁ@%@ﬁ?@@%feméﬁﬁ%’@h “l"lsuch ﬁeqqent?lfse%an be
tRostsie With a CD- ROM and finds :application to all
g , . . ¥ ¢
nvenf RS ECshRs sEerRbegh BRIt datagifio a Op,
al | f bigwe$ idbsiDaes.a framedortbaeneoded daf@, descri pti on
whi ChFLc{?Jré‘?"@%Qﬂr%@% ERRPRICERSIiRG. t he encodi ng of
0 a . h

2 Plbuie® shwecharmatenn bt ol Fiahk 28 sipetedl diso and
ltgllmiabgm Lo the encodit ng]c node. Fihgu_re 1Hs]hovv_s an

arged vi of part q shqQwi. | .
her cbpoks TSl dadipSy cralatflitibs b bhiodag Sgto a disc,
spi r aFiguraclO ilustratesshefedfest obpoohBSY¥ charantéristies, with Figure
ORIy i RV Ena AR PRSP0 1380

contedty and oW Gmehowing tbrdtisiedions 1A ausio PRadysadsthereby, and
and | F('l"jtjifredpl §edpHicHam@stEates B ¥nésding Gidorthrhut

instead represent transitions fromone state to
another. The data signal is

This description specifically explains the encoding of a CD-ROM and the
use of the present invention for copy protecting such a CD-ROM. However, it
will be appreciated that the present invention is not limited to use with a CD-
ROM and finds application to all data carrying optical discs. Specifically, the
invention is applicable to all formats of CDs and to all formats of DVDs.

Furthérmore, the description which follows gives one example of the
encoding of data onto a CD. Other encoding modes are possible and it will be
appreciated that the invention is not limited to the encoding mode.

Figure 1 shows an enlarged view of part of a CD showing the pits 6
thereon. As is well known, these pits extend along a spiral track on the surface
of the disc and are separated by lands.
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stored in NRZI form (Non-Return to Zero Inverted),

where the signal is inverted 5 every tine a lis
wen@manei2es ed. Figure 2 shows the binary val ue POLGBO®A/000241

The data stream al ways consists of pits and | ands of

at least 3 bits and at nost %1 bits long. This is

sonetines referred to as a 3T-1 IT where Tis a |l bit

period. A 3T pit has the highest signal frequency

(720 I It it PIWVREB IRl i
_freq%rgag(q%%%g a%%&'&@ggp g@@l%% I|t diqgmlgieri vgéﬂ#%@hh?hhé) w data
is BAERIRT BR & 4P- pl he PR @NAJARdS deHw! reprsgapERIngnyRg/and 1s, but
inNEA8 répregunt Fansiviens fewl oas siteEbMrivtiganal Thd data signal is

sHr B NRAToR B Betih bisd ForetFRDY RpSis U808 is inverted
aevepy tiverd $ is epcoualeded h&iguret2eshavs thesbinaes valiwerG) 100010.

EFM represents a |land. As each data bit is read, the
DSV is increnmented or decrenented dependi gg upon

whet e date siaam iglwayseersipisafpiisand lndset a4 \eagid bits and at
st TObERIRY. | ThiE i 4bmetimdd aréiRYd ke ad Y STMMNCHNBYe T is a 1 bit

assigning the value +1 20 tp_each |la T and -1 .
Reson. (b 8 Tpit haw e piohest S80el RamPr2Rfhatand ey H it has
the feiddtsidrial fraduencyr(@9bkivsl . | f the DSV has a rapid

rate of change over a significant period of tine or

if the DSV has substantial |ow frequency conponents

t hen A tata signai isiderivedrfrarhdh&Rngthg nfithepigs beddands.edhe

oARAD S 58 KShARS S oy AL T el sum
veie PRV hisriheyUnRing HERETEsPeMea e Iymber of T values where the
EENIREPrEstREs a Pl and YRS Rahibeér of Fuifed ahdrd 8id BFRS rdgreBents a

th . This s .di scussed her bel ow. ,.Oi gi nal

T RS 6a0H Gate hifisaead; B, Q8VS Memiied O dbchanented
degeindihd=iddn eviatienidet datarbittcoreespoad$4ola pit sy atlahg.,

often referred to as channel bits. The 30 set of 14

bit synbols is_especial I%/ desi gned: to |evel out the

numbéis ipdigated in figuraidhe OS\hE getermines by basigningthe value +1

tBR¥ch land Tt @in@n—sﬂt&eb&@ﬁiittm eFd%aﬁ%ﬁh@‘D§V’§P@u% WhiagBs little as
he EFM codi n te T-11 35

bre S . ot her

Ry bl Fiom s tene. 3% 158 Dev e pungiclate of chands avesa
signifitentt geriod ofitivherordf theuDS Wetsvsulrstantal %%rdtﬁ:ency

P~ e g | . .

S ot Geh i B8 LRS T bW Panatmab &8 Siipd gy their
idealivaluesandiguitihe mbilty ohiradking amdrfonus ettcuiteineCDwalagers or
drives to maintain optimal head positioning may be compromised. This typically
causes read failures from the CD. This is discussed further below.

Original data, in 8 bit bytes, is passed through a process called EFM
encoding to produce the 14 bit symbols, often referred to as channel bits. The
set of 14 bit symbols is especially designed:

to level out the number of pits and lands, to help maintain balanced DSV;
and

to ensure that there are no symbols which break the EFM coding scheme
of 3T-11T.

Another way of regarding the 3T-11T run length limiting rules is that the
number of successive zeros must be greater than two and less than ten. lItis
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bit synbols follow one after the other. Accordingly, a
set of 3 nerge bits are added between each 14 bit

wa@ bobe2and the one following to ensure that tPET/EB2@MO00241
no violations of the 3T-11T coding schene and to
ensure that a suitable 5 DSV §s mai ntai ned. Figure 4
shows schematically the manner in which the nerge bits
can be chosen. In Figure 4 there are shown two 8 bit

:rﬁﬁfe@»a%m;faréﬁt th’éhaﬁg r@amrerﬁeﬁmggi Ué%@nbm%édMﬁere two 14

el S eren
ot SVl Blon ans attef B iEERe Ackaidinglu. b set bt & inSisr Phare
adyet) Petwden ereh 1dheit symbol angthe bheifollovgng ub esisutentret there
Bk r [ C .
AR b it b B ST T o REhGRE St L8RSt o suitabie
DE\§is mantainedee conbi nati ons of merge bits 15 XMM are
possi ble. Figure 4 shows the transitions for the
merged words for each choice of the ne [

rge pbits XMM,
and &iggedehaws aehematisalicibeanannel anNh'gaége MRCeeits can be
chaséme Ir?FTgQﬁ'é W;Etﬁbre hteishowh edo 8 |bne da@r Q;anbls&%@omhésef are

ePgped i 170 Tt Phanie dare 32 b arplh B rBispelge o a look
updable. Themdstensasethattthe resultant npdnged raymimls w2l heet the run
SRR e THAE il S, "Bl kRBhy apgcosive

cbaooeii sygnlodis & a onto a CDin the form of pits 6 and

| ands 8. Inltlally, and as indicated, there are 2048

bytes of user Thi i ndi ateda
i1l V1 ode e Bxemple ustaGil B Midwad B oeeappinaions,bdne e bits
pussiside Figte)4 $Hows the transitions rf@:cﬂheqnengatbwords for
S te
9%559" i ﬁ&ﬁ%bﬁﬁqﬂﬁ P shRs P DY Fipgitted with
el$§hd2h°|'@t Intthe errbodisnentridpstiated, therme®e bithe0a give aDSV
vafud 8f MNefe @Wlt‘éﬁ%ﬁﬁﬂﬁg%sﬁ‘t vahfie %?Lﬁg aﬁﬁ thé Mnélg® bits 001
gor | e scr seeks to reduce

94'\1%|D$\2@autahfa +6y) ugmt @aﬁ%éa@rqfarqa dbe @Pﬁ@déf wilkghoose the
novige bitsOOD tagiveahé epwbst SEHOIBIOBY Vighud)SV probl em

causing patterns by effectively random sing the data

across a sector. As indicated at 20, the data is then
passdigure G hkows RChematidally thﬁwenccﬁﬁng:deatmontdaea Cvin the form

ogfaﬁggﬁe%{\% fagld%y Irgilély ahﬁtﬁmﬁl?:%g%cggﬁ?&c%%sﬁ%ﬁpme&f user
datRodBis @z*nwﬁeteéi atht0.g Then, asdliystratadiat 12.ca synmblogkea header,

dd%@oﬁd@te@;ﬂorbbbdé@ 1)1042%%%3?{@05@@&6#baaet{izb%)areeare added
t(\)/\%ose orlg%%??otté3 y{

To help ensure that the final arrangement of pits and lands meet the EFM
coding rules for DSV, the data at 12 is then scrambled as shown at 18 using an
XOR algorithm. The scrambling seeks to reduce the likelihood that plausible
repeating patterns of user data would inadvertently correspond to DSV problem
causing patterns by effectively randomising the data across a sector.

As indicated at 20, the data is then passed to the CIRC encoder. The
CIRC encoder, by means of delays, distributes the data across a number of
sectors. The data is then passed to the EFM encoder 22 where the 8 bit data
words are translated into the 14 bit channel words and the merge bits are
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inserted to formthe pattern of 1's and 0's. It is the
EFM encoded data which is converted into the series

woRoogioseand | ands on the disc. As is al so knoniT/GBR@4/000241

encoded data on a CDis arranged in franes. The 5
format of a frame is illustrated in Figure 6 which
shows that each frame has sync data, sub-code bits
providing control and display symbols, and parity bits

In@@ﬁtbhetb fofrh the! Qbﬁeﬁ'l &51'sERRhosr 4‘1“‘% th8 ‘EF‘M %I?ngggﬁ Y88 which is
&%'%ﬁ?ees%ﬁ'%s %Pg'ﬁﬁ)aegéé&% ﬁt%ﬁ@&: ned in ever y

frarre and designated as P, Q R S T, U V and W

he. abti s ag Aol the PPoltad it BA% CLL8 fthdRf i flpgs. The

forenat of @fframg i¢ dlustrates ingriguree@ which showe ¢hatreacnttantechas sync
t
ééﬂé %Ggfcd?i'et l§tsf ;'r‘n‘g)gl(dlﬁ’& ﬁ&r&lrmals?[fy %ﬁﬂ)@lg Sﬁ? g’%ﬁ'ty bits

form sub-cod

@9%'%@%%6%3 Bs-eEaeh drame inclides dinbytesfcdataswhich, for a

Coapes fod éxdriple, WwPaudi d#taf erent subchannels, P to W
are forned. T?]ese subchannel s contain control data for

the disc. The P- and @ subchannels incorporate
t i mi nfharedaresd® sghtdooie bits coritainedhia eveay franenandieesignated as P,

ST LV aPRVe. 106AGHN oMl et Qoo it P lised in
the aikdieofaunate We atanceed requitasiihat 08raf dhelframes of Figure 6 are

edl iRf ¥ setfor] §nd!‘ He 8 B%Eérﬁftstﬁbrﬁ%é @%rfrﬂflég IreirQ‘acoHected to
heecodln norvat’heru

'809\% al /i3 qAresult-code P&quH§§@n§1€P¢ﬂeé’oﬁ bmte ata
hﬂme framta8 Sbcclissiviedrames!t e tieis wrg), nglﬁéll‘%#ﬁﬁﬁb@ﬁé'nnels PtoW,

I VDs ar.e. wel |
SR A e Ry i S B8 B o S - ane
do sHbehanpgls incorpdtata tiotding @ndarevigatidn datadogthetrasksisn the
gigecri bed above. DVDs use an encodi ng schene known as

EFMPlus which is schematically illustrated in 30
Figure 7. In EFMPlus, the 8 bit data words indicated

at 30Thé @ata éﬁﬁd)@ihg(bri 8CD-BA ahdbﬁ%‘@ﬂlﬁoyomﬁoh is priefly
YRR, el Sht s paani T Hrslory standards
Ao«:ﬂcrdmgly,abﬂsemtudecebsmydwfdahar desaribectheferfcoding, thdrithe rules to
ori
4585 gl 89651 Pyl S A3 AR i m

@he 16 bit words 32' to 35 mininise and control DSV.
WO 2004/ 066294 PCT/ GB2004/ 000241

Similarly, the encoding schemes and compliance rules for DVDs are well
known and will not be described in detail herein. In this respect, DVDs do not
use an EFM encoding scheme with merge bits as described above. DVDs use
an encoding scheme known as EFMPlus which is schematically illustrated in
Figure 7. In EFMPlus, the 8 bit data words indicated at 30 are translated into 16
bit channel words, indicated at 32, by way of the EFMPlus modulator 34. This
EFMPlus modulator 34 incorporates a number of look up tables which provide a
choice of four 16 bit words 32" for each input 8 bit word 30'. The algorithm
controlling the modulator 34 manipulates the choice of the 16 bit words 32’ to
minimise and control DSV.
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10 As set out above, one of the reasons for wishing to
keep good DSV characteristics is that poor DSV

W@ b@nae2es i stics can provide tracki ng probl enspCT/GB2004/000241
exanple, in disc readers and players. In this respect,
the DSV represents the dc coptent of the data signa
derived fromthe pits and lands on the disc. If 5
that output data signal has a dc offset, tracking

pr Obhgrgt BPFaB%iro%é: bg’tl'feere%séh Yor \ﬁ%bﬁ'@t‘d l@@éﬁ %o@@'ijsv

a spira he sur ace oO
cha@e;t%rrsalcg it RO RASY cbﬁrqﬁte%st@&qm@w erﬁ@clﬁng problems,

f&r&(dn%lgimad@c tOadsts efrﬁ?ﬂa?érso NA thls r@@béo’d a5 DS\ fé}iresents

f
thy A6 Fentans oF i date: siarahderiiast row e s ane’ BrcRat i gisc.
thatetitpet dathistgmet itashe teetiset, teadkaseprobéems 42naooturhe
track 40, and between the Iaser beam 42 and t he

transition boundaries between the pit and | and areas.
| f t Figurd& shavgsahematisalhoparafa spifel ipek 40pmifieeswiface of an

?’095\ @%kﬂah&‘é’lh%fs éHGHﬁ%ﬁﬁ gﬁt@%‘ th%Y@ihaWhéjﬁlté?QﬁH %ﬁdé fire to be

s the ri tor wl

read by opgtorgnore; lasgre gt salqwgﬁrvéﬂ? Vﬁ abrAMy g3 k*ZWhlch IS
fod e d SRR Fagdop|R¥eNS MBS ee/qwimzu 1 mhwﬁaimrm@cls@t e
slianient Befesn theabPabeBii? Ratine el ot an@igonBEfthe taser

besai eindtthe ttarsiiombgosydaries beisvaen therpit ancland areas. lfthe -

d{ag {gﬁg?{i?ég nggﬁée q ﬁrokgapﬁhfa%e%?%#gaﬂ& Ié\n%cd bﬁgh that the

ONBBB‘MG sotentisezeras tharads the Bsk thattha septo mwrnwléﬁg‘tegut of
Hdé]@%?éﬁt%tﬁﬂ?@ﬁackhow || be appreciated that this

spee crease occurs because the tangential speed of
the pits is equal to the radius nmultiplied by the

Speefbl@é reﬁdﬁgﬁ[ﬁrﬂﬁ?ﬁ%% reeprolides. wilthappfopriate racking systems
v ut yar e

@fbhwRMOdearAR st hed £RLAilcEd BR B ek B As plays a

ChdApbr eabmpile,che tracking system has tascentinuadly nodia thenlaser

d?)r%\&a{igf%frkt%aéénﬁg gfr eagfsgkl&ﬁ’lghﬁs[ |t§f)§|‘?;5‘ﬁé®mAs ferder moves

sSc at "a con t
auiwerdly the pitp 80nave pastthelaser bpamd? ahan ppregpe 16"?’

iAgleas §k513éd1 eft Vil Betéﬁﬁreénbﬁe”detlﬁ@trﬁﬁl%ﬁ@éd hecrentemdedrs because

e eSS i S ol BF ]t speec o
valhier ehe Biadsrevolveiss Trasrefare| §s theglasee ddvesaouteaediyathe spindle

O|(ﬁp€ Iﬁwrﬁ)e@nlch@gat%gﬁh% @%\é ﬁﬁgt?’slag/ttha%ga%ga d&ﬂhe optical disc.
Iaahlsaway itisenserackthey the piio H@Nelspasmhg Iasﬁrtt@am at a constant
S5 SG0R: NE Wty IS 'Alad ROmIRE dieSat 8 2ongatt il e 10 2

hi on ese requlrenments ensure
bal anced

It is because the laser tracks the spiral of data using the pits that there
cannot be extended gaps where there are no pits in the data track. This leads to
the run length limiting rules described above.

Thus, it is generally required to encode data onto a disc such that the
DSV does not have high absolute values, does not change rapidly, and does not
have low frequency components. This latter requirement means that the DSV
does not oscillate in a regular fashion. All these requirements ensure balanced
dc content. As set out above, a balanced dc content helps the tracking system



10

15

20

25

30

35

dc content. As set out above, a bal anced dc content
hel ps the tracking system WO 2004/ 066294
wEOIMeB2904/ 000241 11 of a reader or player tRPCREBp004/000241
the | aser beam centred on the track during data read
out. The applicants now, radigally, suggest that
digital data recorded on an 5 optical disc should be
gi ven an unbal anced dc content, and that the

it %%%4%%%3&' o B R e BUR LA e
mad e, shown in Figure 9, in one enbodinent the DSV

val ue of the encoded data is changed rapidly in Iess
than 100 franmes. In the 1o exanple shown in Figure

i n | e5iRe eRpkcands ovaradicely suggest thad sigjta deta rﬁqprde@ on an

i é SN ane émﬁnu b@céﬁvagahrurwéhcég@ §?gtlréﬂug§d flAthe unbalanced
deGoient Srdted GANEyESH 19 v Soty pBtapi far Optical iscs.
conprom sed so that no tinmng violations are

t d ' -t hatg - .
oV caereskbeb Sl AShOBR TSI, i dfe RhbE et Hhe DSV
valoé af tha encaded data isnchangeddiapidiy ielgsatibear 100Heames. In the
?%érnégl%' *ﬁ‘ﬁ)v@ﬁ |NP@?{JDQ@CW s tﬁ?ﬂﬁ@@tfré{iﬁéé the Eﬁ\ﬂ@éﬂé’nged from O

Servo or reader to nov

93000} apd dpen bagkiagaiftin Ovvlltt'ﬁ thw*ﬁﬂh%w ereaitie dc content is
blﬁwaﬁéed hﬁqé§§ mérhﬁmv 88étors) Ctﬁé rdﬁ |Sreth SiRlitinG r@es are not

i ntrod uce re restr
SOBROTHREd arbitel modiim g Vida ot e spiotiuiceR, LS Aisg touant that
the vatae ef tlees DBV san derinceased upstogw(mthhoubaMy such violations
Bﬁﬂﬂlln by players. In this respect, audio and video

ayers traditionally play at a speed of 1x, which
equal s a data transfer rate of 176.4 kbytes per

g 8§ Ogﬂs dideis3e %lfaéfr‘?/gs thé"@k@férﬂ&@zbsfrds?ﬁﬂléﬁce@ §cg§8ﬁte9& would
S Bl B h G ear AVt BA BIAEERF Foa0eIIDUmPER AUt of proper
aligreneningith e sppabtraciot Hoiveder ?ie@alls;d ttlﬁe( Dabﬁb%imsd dc content is
FoBLclE T BBt BRIl A5 g o
contphhgppearsdora playefr oo neagsriasdpurst suersvand is generadly well

qgﬁ'(g! I‘%ﬂﬁw?fé'pglntntgmts llégpléab%ha @%QBeocﬂEgggtradltlonally play at
Fé@ﬁﬁéle WGt eralse Oat EnsighTale of 4¢6.4 kbigsthies second.

Datfrédters S\ﬁﬁicﬁfméy readRbh slpiéfea of 50X &d grddter, ,aré'ﬁﬁhch more

PSPl 5 treceisfincs i nbaldnied A faPt Pini feadgraccessing
thentepyt proméctebejatmnwlbkpmencm éreot Imessages,adata ezlors land/or

fith:

However, it is software provided for the purpose of copying or ripping
content from optical discs which is the most susceptible to the unbalanced dc
content. Traditional ripping software, which uses buffering technology to retrieve
data from a disc, reads the data in a sector for input into a first buffer, and then
reads the data again in the same sector for input into a second buffer. The
software requires the contents of the two buffers to be the same as a check that
the data extracted is correct. The loss of tracking caused by the unbalanced dc
content makes it difficult, as set out above, to reliably extract the data at all.
However, it is even more difficult for the software to access the same position on
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35 the data extracted is correct. The |oss of tracking
caused by the unbal anced dc content nekes it

waledotioeazbs , as set out above, to reliably extrBCr/GBh@4/000241

data at all. However, it is even nore difficult for
the software to access the sa position on WO
2004/ 066294 PCT/ GB2004/ 000241 2 two separate
occasions and to retrleve the sanme data therefrom It

ilo SEBEE B nechiBlas Wi 1o refi/ethnbcaatiie AAtS heetinmani s Sxpected
Sratssuch ripping fecitriques il ﬁa:ifto rewievethe datedThosthe unbalanced
GRS AU EE o0y HhOWSE ER AR B M R,

an optical disc protected by a nmethod of the

l nventﬂngme 1lmmu§tratl&s9ch§|péﬂ;?|b§%\§h!cﬁ @E?grﬁéﬂv@@{}g&% when it
gré%’iw eaonadiom e Sbiaadiscvetediod P ethempbihaventon. In

qurest.od therdissshowh lafﬁtér@bld?ml%fa) I 28X @ﬁ'ﬁhéop‘hbﬁl <E?§é/ in which the

000 53 f sh
?#a%??)ﬁg%e CUREE P TG UEPRVARY A LS PUTTRET AR drips. In this
ilvstration, fonexasiple FihguD8V Idestb e OnesenbsIframest iRigsre 10b

'sﬂo@l%qb\g n?c?}dnﬁé&‘ thcﬁcfeﬂrtt&qt ?ée?sog eettﬁcgﬁx{ltht ecsoag\i? %ﬂ%ae gt’ﬂ'Leodisc whilst
EigirertOcashaws ngevxad@ao iPAS M gud@ arsing derimg @nsatiempt to copy an
QQHIH Ra@Odhidenae ey sﬂblé’%éﬁ@&@ﬁaléﬁ@e@ﬂ@ %‘%ntgnt as illustrated

un al angﬁd dc content "applied to an opti cal
9s required. Currently it is proposed to
|ntroduce unbal anced dc content in the formof rapidly

DSV Tt h
e e T o LR B8RO e llmances
drseonterirappliedita andoptidad discocant bechosey agrretaired.oCusrently it is
Qobdiﬂ.%rdt ‘doflhﬁ'éﬁheé‘ uh%% g@H‘%ﬁ: coménﬂlﬂktf\le%ﬁﬁ & quldly increasing

e use
Eﬁ& & 5 O oSiiAtNGDSY pattarn; Thedinadlanced daicontent may be
kpplied Mﬂt@opﬂi@l@é@él@?ﬁ&ﬁ |rk\) Qﬂﬂtrti@)ﬁt(togtﬁ{iep%ﬁy bﬂﬁté%@ or
c_can en be checke 0 ensure a

r@ﬂg%xtign ﬁﬁﬁt@ {%hced data content at a parti cul ar
| ocation either to authenticate a disc or to control
its u
unbal ahe STEASTEAPEE cohtort AP AR LE fPB buihtigation or
signatule tackrique. dn dhisdespegtait will badwewnowhere the unkalanced
tontendhas BersSlocARdsEh allikce. aﬁ\Qj@c chRthén @%?kéé‘lté‘ ®nsure that

ekt uMBBRRC8datn SoBlkR A afartivuiar ot sier i authspticate a

discaor to control its use.

Furthermore, it is possible to apply the unbalanced dc content to localised
areas only of an optical disc to protect data in those localised areas from
access.

As set out above, for a CD the value of the merge bits is chosen by the
encoder, for example, of a laser beam recorder, to minimise the DSV on a
master disc. One method of adding unbalanced d¢ content to an optical disc,
therefore, is to require the encoder to introduce a specific combination of merge
bits at particular locations on the optical disc during mastering. This can be
done, for example, by the following encoding algorithm:
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master disc. One nethod of addi ng unbal anced dc
content to an optical disc, 35 therefore, is to

WO e@ulo6@94 he encoder to introduce a specific PCT/GB2004/000241
combi nation of merge bits at particular [ocations on
the optical disc during mastepning. This can be done,
for exanple, by the follow ng encoding algorithm WO
2004/ 066294 PCT/ GB2004/ 000241 13 1. Deternine the
Ien?t htl n }‘lrages of the segmnent where unbal anced dc
content w e created. 2. Determ ne the

1pat t Eatetyinertbatiengthdn drames attha %ﬁ&{ﬂevhwhg\?eshéggbﬁl?g%/d dc

stor%an{g}ﬁmﬁlb%e&e?{edDSV required after each frame in
t he segment vect or

f th
2t he gningst hﬁr%ﬁﬁé@dgfagy%@@é rﬁreatu@ ' e élggpﬁsmnal vector
f r angyiiigh Ehtes 288 RAILes DI DSV reqaicdd Bfidt eadln éfamenirt fhe segment.

f 14

Elr:ﬁl/l I&F‘%n'? P@nivgcto%)& %&"fﬂ%rﬁéﬂi’%ﬂa&beg%ffé%rﬂél 2 e egment.
f;mﬁﬂcg@dmhtBaMetlmEMSegmenént and fol I owi ng EFM

o2 1 By aﬁ?'&'vf%?ﬂb%ﬁ%%ﬁm? (& mﬁ?%ﬁé‘o%"?ﬁ?i

after the 3.fdl.I Baaddhefollowjng &FM ..3.2. Calculate

the differg 329 flg@féﬁ‘ﬁﬁ’ﬁb H@Ie‘éﬁﬁbémﬁlr@‘ﬁ%ns\(ﬂrﬂ@rge bits between

pr edet er m ne or the th

cal cul ated in 30‘1"%""13'&2{01'021"“93%5&@ H@Pcorrbl ﬁ;tl on

gf 1”? ge g&bﬁ? \fhbﬁbach ligal sembirtationvef mergenbitsil at ed i n

of merge bits e§ s%é Eg[?g’&%tgqﬁ%ﬂw%?ﬁ{ée@ﬁﬁs [ n?&,‘é%ﬁerthe
EFM si gnal transition {gliowinghabfM symbphnd-pit). 3.2

Encode the fra inNg I
ol oulated |1 amgAs! ZZSC%!@Iéfgltgg rc{ﬁ{éreﬁ@é@e‘t\ﬁééﬁﬁe desired DSV

graphi cal | y | n Fi gure yquerprﬁﬁetemméa B@‘S\Vﬁ m%af%%me and
desired for a sequencetﬁgto%[@m(ﬁaaﬁ&hdl cated. As

?ﬂngsvt 2? Bﬁg Igj'@o%gl{é% goh%géét?cg'ﬁgﬁﬁﬁ?@e Bits Wich Fhifnises the
value calculated in 3.1.3.2.

3.1.5. If more than one such combination of merge bits exists,
choose one that results in an EFM signal transition (pit-land,
or land-pit).

3.2  Encode the frame using the merge bit combinations calculated
in 3.1.

This algorithm is shown graphically in Figure 11 in which the DSV pattern
50 desired for a sequence of frames 52 is indicated. As shown, the DSV is
caused to increase at a rapid rate. The DSV at the end of one frame 54 would
be 250 or lower under normal encoding but, by way of the algorithm is brought to
be as near to 500 as possible. This process carries on with successive frames
52 such that the desired DSV profile is achieved.

It will be appreciated that variations in and amendments to the
embodiments as described may be made within the scope of this application as
defined in the accompanying claims.
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be 250 or | ower under normal encoding but, by way of

the algorithmis brought to 30 be as near to 500 as
w@omgiotd2es This process carries on with succesn@VGBﬂmMmmmu

franmes 52 such that the desired DSV profile is

achieved. It wll be appreC|aW€d that variations in
and anendnents to the enbodinents as described may be
made within the scope of this application as 35

defined in the acconpanyi ng,.cl.ajls. WO 2004/ 066294
PCT/ GB2004/ 000241 14 CLAl %é-.'&_'ﬂﬁ met hod of copy

protecting an optical disc conprising the step of

151 s RERet Gy fotfedted Bprc s BT 8 o
ehbeding anddedottling tdigital atata onteathenepiitall discdn teemanngr which is
affahged t&bi\@@mer&%ﬁewe&dga n@{éssa@ta ShBeheet!d fiftent.

ther  ~conpri sSi gi ving un ance
content to selected areas of the recorded dlgltal

2dat apofetifiry of &Spy éﬁbtéctmﬁg QﬁbbﬂéalQils@ aﬁwlmﬁ@daﬁtmmnan further
optical disc a ﬁ n&ﬂ %ﬁ %J ded
C@B\P&SITQ W&'nﬁr‘@gt@i% Rgop é%lsélﬁcé QF%%%OfotPetrﬁsor ©
diggtabddedonl iy tide. dat a Whl ch are to be given

unbal anced dc content. 15 4. A nethod of copy

protecting an optical disc as clained in Claim?2

3t ur t Aemettwahpf copy proteatingrap opdicalcdise gslaimadin @iee'as? further
085@139#{:@%9{ ‘?&‘?nlﬂ rgjn{t@ %é@gt@d"&?ﬁﬁg of FH@ rdcdré&d Qigi@ data which

copy protecting
ase topeigivan unb@laageemmemh any of laims 2 20 to

4, further conprising restrlct|ng the size of each
salds d_area of t cord ta.I
¢ ndmstned g 558 pleterfito ah SHEREdRC S iiialy £ urther
cbm sﬁigﬁdﬁdo‘mlytst&ectlr@smecmdmgeaemthda recartied diigjtal data which
frames, and 25 providing
&? bg ﬁerigﬁg%i\gggr A 9% unbal anced dc content

cont ains less than 100 franes. 7. A nmethod of copy

gPr ot %Hé?ﬁo&‘%f EBW gﬁ&r)te@hﬁ aﬁso;ﬁicél H@@ dsrblgn?édﬂﬁany of Claims 2

further npri.s ecor ital

to e 0T SOMBHYIBOITRSTCHRG ' P R RO Pk 6 ected BFe of the
reésidie@asgingl datgl urality of frames, and providing that
each sel ected area having unbalanced dc content
contains less than 2 sectors.

6. A method of copy protecting an optical disc as claimed in Claim 5, further
comprising recording the digital data onto the optical disc in frames, and
providing that each selected area having unbalanced dc content contains less
than 100 frames.

7. A method of copy protecting an optical disc as claimed in Claim 5, further
comprising recording the digital data onto the optical disc in frames arranged
into sectors each having a plurality of frames, and providing that each selected
area having unbalanced dc content contains less than 2 sectors.

8. A method of copy protecting an optical disc as claimed in Claim 7,
wherein each sector contains 98 frames.
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8. A nethod of copy protecting an optical disc as
claimed in daim7, wherein each sector contains 98
w0 p@a®662985 WO 2004/ 066294 PCT/ GB2004/ 000241 REI/GB20M4/000241
met hod of copy protecting an optical disc as clained
in any preceding claim furtfer conprising giving
sone of the recorded digital data unbal anced do
content by providing the recorded digital data with

?8{ @‘CD%YHEO {%ff"cgw éf‘qttécgt%&ggégtlfé dIrr%% B?%l%tne%oﬂgany preceding
cidnar furthermnmnsl@@ givirg semsr efdbedpgprded digital data ‘unbalanced dc
chARH tbpsdarﬁvng n rdédlglgﬁaf@a&tEWﬂ%o@pQB\P&ﬁ’ét%%térfwcs

an op c as clalne aim?9 Caiml
vvherel n the DSV of the recorded digital data has high

1@bs 0'Alﬁ@thd@of/@dwprotéatmg«am@a diéc esyaintez iCcCiairg 9,

Wiks sy shineretaenatotd g b fad arichahbe.

substantial |ow frequency conponents. 15 13. A nethod

1 oc SRARGLPERE? gRRRERS ilofoBto5E 8 Ty icpl g o

Qlaien dPt ivbereiditbe DSV gif ke reqdsded digitel data g@'ﬁh&h aB§0 ute
ing selected areas of the digital data to have

poor DSV characteristics. 20 14. A copy protected
optical disc having encoded digital data recorded

f2her gometMbe bf bﬁpg orsteefing a6 obitighl discdat claineedirdany of Claims 9

te iy it B E DSy dap era el gl AR Spsfaiphion
frédmremicy comtmaerts. areas of the recorded digital data
on the optical disc have unbal anced dc content. 16 A

opy protected optical disc as claiped in Claiml
\her ¢k mathed f copy grelegting easorsical discrasce/atiaed in any greceding

éi’éigg %@h\n@V@cﬁm aifandada &Ofﬁeeﬁétlcdwvéb iB&fiven unbalanced
i sc as

onigtl by copasibesiotiat akns ph i danat g e Gior ooV

dHzeactedisticked di gital data which have unbal anced dc

cont ent

14. A copy protected optical disc having encoded digital data recorded

thereon, wherein some of the digital data recorded on the optical disc has

unbalanced dc content.

15. A copy protected optical disc as claimed in Claim 14, wherein selected
areas of the recorded digital data on the optical disc have unbalanced dc
content.

16. A copy protected optical disc as claimed in Claim 15, wherein the
selected areas of the recorded digital data which have unbalanced dc content
have been predetermined.

17. A copy protected optical disc as claimed in Claim 15, wherein the
selected areas of the recorded digital data which have unbalanced dc content
have been randomly selected.
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35 have been randomy sel ected. WD 2004/ 066294
PCT/ GB2004/ 000241 16 18. A copy protected opti cal

waele@a/ne9L! ai med in any of Clains 15 to 17, WhET/6BR004/000241

the size of each said selected area is restricted. 19.
A copy protected optical disc,;as clainmed in Caim 18,
wherein the digital 5 data recorded onto the optica
di sc has been arranged in franes, and wherein each

aid sel ect unb
ot 45 FePY bEdeRrBbalfe! AR BaREE in 8y SRR 19 1017,
wipreirathedsize ofisach aniteskelented atiemis 8estribiedei n t he
digital to data recorded onto the opti cal di sc has
been arranged into sectors with each secto

1&nt & APRY PEotprigdenticpl discrasplaimed i Claiey @»ﬁ”@@'@fm the digital
osa?é YosSiieaidio e éptlaél\@l@@ hH8 *%bﬂrﬁ?%g&i iBFrdraBs, and wherein

CTEIENE R e

fﬁ:ﬁﬁégr 15 contains 98 franes. 22. A copy protected
optical disc as clained in any of Clains 14 to 21,

wherein sonme of the digital data recorded on the

2t i olalcopy proteatechepticajidiemas olabakd i Edaite 18 owherain e digital

S\He r'?j%dtci}ﬂ o'thé& 9@98% dsg h%@'be%‘?\té’rrdc}ﬁééﬁ Bﬁ?%e&%\’s Wi each

ar ac copy protecte

opt | cal
sao@rmtawm amﬂ#rahty Qitfeaaesn, amdwhereipreachigaid @@fﬁt&%@ area

Kh\ahg ahbeRineed e corftait cbritaing 186s s eec@ps24. A copy
protected optical disc as clainmed in aim22 or daim

23, wherein the DSV of the recorded digital data has
Mi.gh Alkeplpretectddiestica Wiscras olaympd it €taied 26 pwheedin each sector

di s¢. jned in any of Clainms 22 to 24, wherein
99@5'535?%#;3%' recorded digital data has substanti al
| ow frequency 30 conponents. 26. A copy protected

t ' CR'cogkzﬁoét%;cé"d 8p f'@ég Cdlfbs Q@h&la‘%e@lﬂ'aﬁ% o?‘blbﬁ’n@% to 21,
\yngﬁe@aﬁemet o e @F@(ﬂatﬁgewfgsgl) g Qﬂw Aissthas keen given
widlgnted de content by predidimg theyrezord@didigitall dataowith poor DSV
'Q\Pﬁ]?d' g{e{g .he optical disc is a DVD and has been

®Y-0 EFMPI us encoding. WO 2004/ 066294
PCT/ GB2004/ 000241 17 28. A copy protected opti cal

8% 5C A%op\rBREtdd opfidalUisChdicHimbd ih Tidifm 22, wherein the DSV of

the recorded digital data has a rapid rate of change.

24. A copy protected optical disc as claimed in Claim 22 or Claim 23, wherein
the DSV of the recorded digital data has high absolute values.

25. A copy protected optical disc as claimed in any of Claims 22 to 24,
wherein the DSV of the recorded digital data has substantial low frequency
components.

26. A copy protected optical disc as claimed in any of Claims 14 to 25,
wherein the optical disc is a CD and has been subjected to EFM encoding.

27. A copy protected optical disc as claimed in any of Claims 14 to 25,
wherein the optical disc is a DVD and has been subjected to EFMPlus encoding.
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wherein the digital data recorded on the optical disc
is one or nore of: audio data, video data, graphics

wolagoa/o66zpsual data, ani mati on data, numerical PEE/&B2004/000241

program data, control and access data, and/or any
other data. 5 29. A data file abling digital data to
be encoded and copy protected by a nethod as cl ai ned
inany of Clainms | to 13. 30. A data file as clained

hp Caim29 i,ch is arranged t.o be execu L e. 0
38, WA R prol il orlindl PR ES iahes Aot Glags 1410 27,
w@e_oeiddbe!digimi date cetetded dnahpyoptieabtiscti®dné @r more @f audio
. | I .

Qﬁ%%ﬁ@negd“’?ﬁﬂé chhiEe bl Wotal Bt riiefof ek, Hm8fical data,
BpRareR) fgtae woptreband aacessedatbo andfaatanymfheedatadi ng of
the selected digital data such that it has unbal anced
%é content. _ 15 SE, A data file as clained in GaimSl,

er ePrd3tRdilaiegapling digital data to b encadediand gopypretagted by a
RiEthdd 28 dbieie ieaeobClaimehiogef3 duri ng encoding are
i nserted between successive channel bits, and wherein
the data file algorithm enables nerge bits to be
88oseA datadile @aspiaimddSvi Claim &9, evhiich iscarrangaedto B executable.
selected digital data. 33. A data file as clained in

Claim31l, wherein the digital data is to be encoded

8di ngAcil file femeranling dipitalelatadn be recerdeskin ameaceded and copy
BROGERS iton SHgbaRsnERl lHevif h YgBBTrr oncbing
Hhe Salechiph of AR AatIOS pesialy RBGRRed. Al (heniobeneBing
eRaodipgasfitht isefectéd didital datesictotdit ¢t Hzp ursisdlancéd! dc sontent.
data file as clainmed 1n any of Clains 31 to 33,

wherein the algorithm enables selected areas of the
8Rgi t & dalatfie tas diaimdtine@lainrd s pdurain theadigital glata 3oto be

| . . \ ( _
SApJ008LSLEER SRATHG 0TS Hidfe s holeury efbocing are
Hsgpted beiwesnesuacessiveihannghbits, aid whereis theydata file algorithm

@ﬁﬂbﬁisﬁﬁ@g%é bité b BERhD3LA 16 YIRCHESH PEVEcHIratteRisitPid e
da@%&(ﬁa, ] A‘data file as claimed in Caim 35,

#A 981 dgiay sel ected area has |ess than 100

frames. WD 2004/ 066294 PCT/ GB2004/ 000241

33. A data file as claimed in Claim 31, wherein the digital data is to be
encoded using EFMPlus encoding where each 8 bit data word is encoded into
one of a choice of four 16 bit channel words, and wherein the data file algorithm
enables the 16 bit channel words to be chosen to give poor DSV characteristics
to the selected digital data.

34. A datafile as claimed in any of Claims 31 to 33, wherein the algorithm
enables selected areas of the digital data to be chosen for special encoding,
each selected area being restricted in size.

35. A data file as claimed in Claim 34, wherein the algorithm determines the
number of frames to be contained within one said selected area of the digital
data.

36. A datafile as claimed in Claim 35, wherein one said selected area has
less than 100 frames.
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36, wherein the algorithm determ nes the encoding for
weamhoeadd sel ected area of the digital data wdTB2004/000241

woul d provi de good DSV characteristics, conpares the

good DSV value with a 5 predgkerm ned DSV val ue, and

t hen changes the encoding for each said selected area

such that the DSV val ue approaches the predetermn ned

val ue whereby poor DSV characteristics are given to

each said selected area. 38. A data file as clained in
3any Afdath dileras laimed3n anpofddiaines 3drtarige avhaseipethetalgorithm

OGEERHEIG crihfy R Sl capiss hacht 1 gAY GUricn
W mes\é@ba rRsienatics. epmRRFRstheigoomD SA) ¥alpg with a

ﬂ%rd@t@f%lﬁéd qpqu;%ﬂuéileﬁr@ ﬂh@Wt dh@ng@gqﬁé @n@beinga*or @at:a said
recorded i al her ei n
selgcid gea suamnating DL Ao Hret eRgtrined value
wHeeBygsor BEY énatatteritics af@glvena‘bleamg stig isekeictethared. o
be recorded in an encoded and copy 20 protected form

on an optical disc, substantially as hereinbefore
38escAidatd file e claigtest israny ofClairgs &dclorianhial is arranged to be

e ANLBRS -

39. A method of copy protecting an optical disc substantially as hereinbefore
described with reference to the accompanying drawings.

40. A copy protected optical disc having encoded digital data recorded
thereon, substantially as hereinbefore described with reference to the
accompanying drawings.

41. A data file for enabling digital data to be recorded in an encoded and copy
protected form on an optical disc, substantially as hereinbefore described with
reference to the accompanying drawings.



