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DESERI PTI ON METHOD AND APPARATUS FOR READI NG DATA FROM A DI SC CARRI ER 5 The
.invention relates to a nethod of reading data froma disc carrier and
applying the data to an output conprising the steps of; i) readi ng data
fromthe discwg,gp t|ng it into a buffer menory, ii) ream;ﬁ”?ata
stored in the menory to the output at a 10 first gi a at e,
iii) detecting any interruption in the,eading of data fromthe disc to
the buffer nmenory, and iv) readi ng_daté fromthe disc at a second given
data rate whi CHD$€ glggs&it han the first given data rate after an

I nterruption i %'n ta from1l5 the disc to the buffer nenory to
restore the quantity of data in the buffer nmenory to a given level to

enabl e uni nterrupted reading. of ta to the o ut t he. presence of
shocks which cause a teW’gQ ﬂﬁépmwyﬁbﬁh@ﬂ@ rnﬁm data fromthe
disc. The invention further rel atPROWAaﬁISﬁbNMFRm for reading data from
a 20 rotating disc carrier, said arrangenent 1 ncluding a shock

conpensati ¢n nenory for providing output data when a reading head is

m sal i gned with inf é}ﬁtﬁ I sing
nmeans for re- ali gnﬁﬁgﬁé\{]gm?{'ea I'n t‘ﬂ éﬁ#bﬁ@a?ﬁ?dﬁg{‘gérﬁ%%ﬁ%cﬁ%rﬁépﬁ
means for det edpplmgﬂherdﬂh&odnmﬁﬁtﬁ&:onﬁnhudhé@t&psnﬁmhon vvhere t he
reading head is |oc ted 25 tS|de 0Si tio nnent
occurred, neans for® causf%&"ﬁ%@a ﬁ’l'g‘é&"?&’ﬁﬂ '\ﬁg %H@Ep

track(s) so that Itnregareaaurrdle.ematatstorédmthﬁﬂb@rfertrhemmyewmemmit ata
occurred, and [gg%ns for causmg data to be witten into the nmenory at a

rate great’é’r t Mch it is bei ng read out until the nenory

becomes substanti al jjy f“&étectﬁ% aWF intetruBtion O i FeaingPSTRAR frontthe disc o

di scl osed, inter alia,
the buffer memory, and

iv)  reading data from the disc at a second given data rate which is

. higher than the first given data rate after an interruption in reading data from
15 the disc to the buffer memory to restore the quantity of data in the buffer
memory to a given level to enable uninterrupted reading of data to the output
in the presence of shocks whiéh cause a temporary interruption of the reading
of data from the disc.
The invention further relates to an arrangement for reading data from a
20 rotating disc carrier, said arrangement including a shock compensation
memory for providing output data when a reading head is misaligned with
information tracks on the disc, said arrangement comprising means for re-
aligning the reading head at a later location on the track, means for detecting
when the disc has rotated to a position where the reading head is located
25 outside the position at which misalignment occurred, means for causing the
reading head to move in one or more track(s) so that it regains the position at
which the misalignment occurred, and means for causing data to be written into
. the memory at a rate greater than that at which it is being read out until the
memory becomes substantially full.
30
Such a method and arrangement has been disclosed, jnter alia, in US-A-
4,798,247, EP-A-0 429 130, EP-A-0 550 097, W091/11002 and WO91/11003.



4,796, 247, EP-A-0 429 130, EP-A-0 550 097, W09111 1002 and WD91/11003.
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all these docunents a buffer nmenory is provided so that a continuous out put
" of data can be obtai ned when nechani cal shocks occur which cause the

readi ng head to becone tenporarily msaligned with the data track on the

di sc. Thus MO9883¥Sng out the data fromthe buffer nmenory PRUEETRE®R of a
limted 5 duration shock on the output can be elimnated, i.e as far as a
listener to a conpact disc player is cdncerned the shock has no effect on
the output. In order to achieve this result data is read fromthe disc and
witten into irhallthese documentsy buffenmempneis pravided se thata-oantinueys @uput han
that at which_jt, | ‘ InBidROSS| o read
the data fromot @E{agféﬁaq%%{aé%én‘fﬁhﬁﬁ'?%gﬁﬁ' @Bﬁlﬁé’gﬁg&&r {f:{'t?"ed,i’i té%dglén?‘é%rupt
this readi ng rvéuling headto fecomestempyrarily misalignedwitly thef datatragk onthe disct t he

readi ng wh ffer, t] det ) -
i scl osed 1 EPUREY teaging:ayt the BFA rbi, B, Surer BRnny R AHeSt AL WRlRe | oo
fromthe gi scgptatiohesticaR®n thecouaputi dan be lefifihated) el 4 farudd arlistareerty a t he

buffer menory being initially filled before 15 .output begins and then in
the case of tﬁ@"ﬁaﬁﬁ@ﬁc9@9&5@“88@&9%3@0%’@%9%#3&9% ‘P“tPlé'Qdi ng data

fromthe disc due @%ﬁsﬁ$£m%ﬁ&mﬁutea?%u dtb/rdm e BRRIndl withtintd he

rate of reading of e data I's increased (doubled) until the buffer nmenory
is re-filled. tenbufferroemery at a higher yatesfor exampleciwica, dhan that afwhich iés dat a

i 2 s, 4 DS e O g, ik i 1T et B8 foiline i, 1,
duration sof acehtimiouely ath therhigher crate; ctos intercugtythisu edading avhen trebuffer s, of
Cength' shook TSR ALBET BaE et ad Tealin Bt rEB o0 3% hUFeTRERBHTL ,
read out all ichsptidat foia pleieleriingd rstate) Vas Alisbidsedndh | EP-A-0s ei29es138f 25
Shorter ShoCK e matiyely_the dats may normally b réad fom the dlsc'alThe same it s | ¢! &Mt
it is read from the buffer memory, the buffer memory being initially filled before
15 output begins and then in the case of the buffer emplying because of an
interruption of reading data from the disc due to head misalignment caused by
a mechanical shock the rate of reading of the data is increased (doubled) until
the buffer memory is re-filled. Once the buffer memory is full the rate of
reading the data from the disc is restored to the original rate. This has the
20 disadvantage that the speed of rotation of the disc has to be changed.

The duration of a shock which can be compensated by such an
arrangement is, of course, limited by the capacity of the buffer memory, i.e the
maximum length shock which can be compensated for corresponds to the time
taken to read out all the data in the buffer memory. Additionally, a series of

26 shorter shocks may also exceed the memory capacity if there is insufficient
time between the shocks to re-fill the buffer memory, i.e as the frequency and
number of shocks increase .the buffer memory is progressively emptied.
Successive shocks may occur, for example when the arrangement is used in
a personal CD player which may be womn by the user whilst jogging or taking

30 part in other physical activities. Another circumstance which can give rise to
successive shocks is use in a car or other vehicle.



time between the shocks to re-fill the buffer nmenory, i.e as the frequency
and ‘nunber of shocks increase the buffer nenory is progressively enptied.
.Successive shocks nmay occur, for exanple when the arrangenent is used in a
personal CD player which may be worn by the user whilst jogging or taking

30 part in ur!ﬁ;ca ysical activities. Another circunstanc n give
rise to succeg}swe shocks is use in a car or other vehicle. W%%Q?S
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a conpact disc player in which for a given buffer rrermry size a greater

I munity to successiNe shocks t co I sc
pl ayers may be achi eé'éﬁ.o&ﬂc{( gﬁ'tﬁ?ﬁt'&%‘??g'sgio ﬁ%bfee% r?g r%?ﬁf’ﬁg
enabl e t he sameplayerdnwhichefosagivenduffepmetnory sigea atér:mmu &osomsshedl sc
pl ayers to bengp g?(rfed The |Eyeent.| onwgén(%w descg?ﬁst hod asmget forth jn the

openi-ng paragr a than & avpilaple with ¢ isc\players E?ﬁiﬁt?ﬁ;; aghie¥edr om a
position on theAﬁérﬁﬁmiél‘P%%ih@l& bhﬁeﬁrﬁ@m@ﬂi cVuld'éhableithe\¥aivie Suc

occurred and witin into the buffer rmenory as soon as it ecomes

avai | abl e aesterpr@tea%nn@srlupurrent epropact)dise playera 4o betobtaineth t he buffer
menory to the output in the same order as it is stored on the disc carrier.
By reading the data as soon as it becones avail able after a shock, i.e 15
as soon as the readiThe inventidnoprovides aanethod @asssep farth indhe opehing paragrapbn t he

di sc after the point.at . wh ck occurred, and witing it into an
appropriate Ioc 'PB’:‘F'"%“!%@?‘SE g@ng?ore rather than waiting until the
di sc has conpl eted a)f ul lreading duta feomOpésiisn 6 the' dise salsseqnent tothe pointe
same position relative to the disc as it_ was when the_shock commenced, it

i s possi bl & t o 3gwhich the,shogkpecurrad and witing, ihiinta %Pﬂﬁ?"smﬁ@ﬁ’ﬁga$ 839N 8% om
the disc but isj ggéﬁﬁgya%,gb@aﬁé} arhmdtriptieh,amamory. It will be appreciated

that in the prior art solution

vi)  reading data from the buffer memory to the output in the same

‘order as it is stored on the disc carrier.
By reading the data as soon as it becomes available after a shock, i.e
15 | as soon as the reading head has recovered to a position on the track on the
disc after the point at which the shock occurred, and writing it into an
appropriate location in the buffer store, rather than waiting until the disc has
completed a full revolutibn so that the reading head is in the same position
relative fo the disc as it was when the shock commenced, it is possible to
20 reduce the time during which data is being read from the disc but is aiready
stored in the buffer memory. It will be appreciated that in the prior art solution
where the reading head is restored to a point on the track prior to that at which
the shock occurred, there is an effective minimum duration for each shock of
the time taken for a disc to rotate through one whole revolution, which
25 particutarly towards the outside of the disc is a relatively long time. If a further
shock occurs towards the end of that time a further full revolution of the disc
has to take place before re-filling of the buffer memory commences. All this
time, of course, data is being read out from he buffer memory and
consequent(y repetitive shocks can quickly empty the buffer memory after which
30 the music output is interrupted to the annoyance of the user. By utilising the
time between recovery of the reading head onto the track and the rotation of
the disc to the point at which the shock occurred fo fill the buffer memory the



where the reading head is restored to a point on the track prior to that at
whi.ch the shock occurred, there is an effective mninmumduration for each
shock of the tinme taken for a disc to rotate through one whol e revol ution,
* which 25 particularly towards the outside of the disc is a relatively
long tine. If a further shock occurs towards the end of that tine a further
full revol utWePseP?st he di sc has to take place before re-fi PCEARS706778 he
buf fer nenory conmences. Al this tinme, of course, data is being read out
fromhe buffer nenory and consequent!| yd4repetitive shocks can quickly enpty
the buffer nmenory after which 30 the nusic output is interrupted to the
annoyance of sheed satrwhitly iuemplies rig retuced and wonseguentlyca\GD \playert ¢an

di head . e ' ' . | nt at
Wi ch Pho - eho et Aiphdet senBl Br RiuvE ShdckE riiorb M At Wi s °
P|CT/ | B97/ 0077|5 4 tsstapci) of theimethod tnayrr{cetéamecg gu:traﬁcinhﬁcbognd gﬁ\;ymu?l?téj yta tCD _

ayer can tolerate a Jonger seri repetitive shocks before the outpu
!Ds iynterrupt emegegwq%eﬁmismﬁﬁﬁg“m%%%ﬁri ed out at said secondIo
given datg rate, t{g mehitpRiptilg the Witihg ofdatd e the! bulfer nfensdty vilien the

vii) interrupting the witing of data to the buffer nmenory when the

quantity of dguaniity ofifiatain the bulisrompmosy, serchies 7 first deveb wieravthe buffer
ot e o NS SR g 210 V1) e D Lle i e o g
to a second | ower Viiyelresaming the writingy ot data intwtise pufferthiempry avizert them t he
Vel ool ty, . o dpgtty o gl it bifertrindif BB Tp aCsuRl WbeelT o vel oc ¢y
varying as the heaBymontisuously readingadata from the diss @t thehhighet dati ratditten dat a
the. di 5o passEEdD Haelital at.8 Sanstantnent wrpa | ins Vaiogy .l the g mast "
nul tiple of omite head| thei amguRi veloityl vainy 4 tHeReddPAiOVES rdiany Serosd tieoved
disc. The rate at which data is read from the disc is, of course, determined by
the velocity with which the disc passes the reading head. The interruptions will
15 last a multiple of one revolution of the disc with the reading head being moved
in one track as each revolution is completed so that it regains the position at
which data was last read out.
‘The method may comprise the further step of controlling a write address
generator for writing the data into the buffer memory in such a manner that the
20  data is written into selected locations in the buffer memory, the selected
locations being such that when data is read out of the buffer memory using
sequential addresses the data is in the same order as it appeared on the disc.
It is, of course, necessary that data is read out from the buffer memory
in the correct order, that is for an audio compact disc the data should arrive at
25 the output in the same order as it was pressed into the disc, at least during the
playing of a single track, otherwise the music will be distorted. This can in
principle be achieved by using either the write address generator or the read
address generator. That is the write addresses can be modified enabling a
sequential reading of the data or the data can be written sequentially and the
30 jumps in reading the data from the disc can be stored and used to control the
read address generator accordingly.
The further step may comprise causing a write address generator to



In one track as each revolution is conpleted so that it regains the
posirtion at which data was |ast read out. The nethod may conprise the
further step of controlling a wite address generator for witing the data
into the buffer menory in such a manner that the 20 data is witten into
sel ected | ocafjo .0 the buffer nenory, the selected | ocations being such
t hat when dat ngsﬁ#ggd out of the buffgr menory usi ng sequerﬁqu esses
the data is in the sane order as it appeared on the disc. It is, of course,
necessary that data is read out fromthe buffer menory in the correct

d t hat f t h houl d t he
output i -t he: SARBTETY GpIdgsses Hiing, dbs Sprrcd it wataaresd Tiom tBe s ng
the playing of iatevhiptdcbtodréaté.a @ap iy the 2ddidssinglseigbenée whieh c@bﬁé@btspéceThl s

can in principle be achieved bé using either the wite address generator or
the read addr esfor insedion:ofithe data whichiwas Ist duringdhe dfeypliom be nodifi ed

Sequent Lai |y and"t hel S ¥tcieflent i ofindatiia drEed Bitfe ibndly el fillno
stored and usedandwilmonsequently anabie seguestial legations:irotheauemptyi toghe writter
gg,r g 23;5“ P MaYint SERNdritar GAHUTHII the Wst! %eﬁ%&?g%sthgé}ﬁ% Eég%bf#%ﬁgWe

i ncrenent addr edisesequantially when pecovering from dehock ead fromthe disc is
interrupted to create a e addreSS| uen ich creajes a
space for insertion ﬁ%rﬁmr}aftﬁﬁ RIOViES ap meﬁg?‘{‘ﬂﬁa ‘Hgé{af%b'

This is a conveptding uRY @méf ekl BffafgEREH béinéhﬁs G Oforth | Y tl‘lélts%boﬁdﬂ l'ing
5 and wi Il consequently enable sequential |ocations in the nenory to be

witten with s&ﬁ!@ﬂﬂapbla"@afk’ﬁhﬂrmﬂfﬁﬁ‘gdﬂ%"ﬁ?éW’#‘n@dgﬁ‘ff(ﬂ'@th&?ﬁcl@or"@? read
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carrier, the arreadiggrhead iscealigned apdithe mstantuwhmnbesewm head is moved tO
- the point at which the mlsahgqment occurred.
Such an arrangement has the advantage that data can be read from the
15 disc and written into the buffer memory from the time that shock recovery is
- achieved and it is not necessary to wait until the disc rotates so that the point
at which the shock commenced is once again adjacent to the head. This
minimises the time when no data is being written into the buffer store and
consequently aliows the use of a smaller buffer memory for a given repetitive
20  shock immunity or gives a greater immunity to repetitive shocks if the same
size memory as the prior art arrangement is used.
The means' for writing data from the disc into the memory may include
a write address generator arranged to write data into memory locations, the
write address generator being arranged to skip a set of locations in the memory
25 to accommodate the data to be read from the disc in a second period starting
when the head is re-aligned with the position on the disc where the original
“‘misalignment occurred and ending when the reading head reaches the position
where the first period started.
The arrangement may comprise a read address generator for reading
30 data from the memory locations, the read address generator being arranged to
read sequential locations of the memory so that data is read from the memory
in the same order as it is arranged on the disc.



10 par agraph and further conprising nmeans for witing data fromthe disc
into the nenory during at |east part of a first period between the instant
when the reading head is realigned and the instant when the reading head is
" nmoved to the point at which the m salignment occurred. Such an arrangenent

has the advantage that data can be read fromthe 15 disc and witten into
the buffer Wﬂ%’%&"’?romthe time that shock recovery is actROVEBYYMAS it is
not necessary to wait until the disc rotates so that the point at which the
shock comenced is once again adjacen® to the head. This nminimses the tine
when no data is bei n% witten into the buffer store and consequently all ows
the use of a smal ISsichbanfarangamant may be gisedh withpmeny | different types,

| mmuni ty or QitaRarfs § GAIc datd Bl frohPa RS Etdrieled BRESD-Adaid PyBAT® i e

menory as the p\pérl or art arrangenment 1S us e neans for wi |n& dat a
from the di sparticularyhpersenalrplayesy and in-gaeplayess; CE-YidepCD RONe DMD all

bei ng ar r angell VSRS aptidtEREded, R o oyl o iabe v hERRCBERY 001 o
the data ¢ 0 hdedadedia soch as hdrdsor floppy distoeadersars wsddh gompatersioewithhe head

Is re-aligned with the positia&)}lo .the disc where the original msalignnent
occurred and TBASRESY RHE FeTeROTOANR; head reaches the position where the

first period started. The arrangenent may conprise a read address generator
for reading 30 data fromthe nenory |ocations, the read address generator

bei ng arranged t o Theaabavenchether feajures; andsadvantages of the inveptiom il Bt o i s
read fromthe ' : hir wl r idh e . WO
coad trom t et thé foldaily Géstfibtors by wey G SR dendiidieds
an ar r angenensf theynvention svthviefarencento thefaccompanying dsawingsigpavhighis i n whi ch

per sonal  piayer s ARBEL SuWE AR el R doin b RbffoRes ARGy | ' °11Y
Figure 2 illustrates the method of filling the buffer memory according to
the invention; and :
Figure 3 shows in block schematic form a compact disc player according
15 to the invention.

Figures 1 and 2 illustrate a method of filing a buffer store with data
recovered from a rotating disc storage medium, for example a compact disc,
according to the invention. Figure 1 represents a spiral track 1 on a compact

20 disc which contains the data, for example audio tracks together with time code
and error correction codes, to be read out by in this example a laser reading
head. Figure 2 iliustrates how the data is entered into the buffer store.

It is assumed that the data is being read out correctly and loaded into
the buffer store until the reading head reaches the point 2 on the spiral track

25 1. At this point a shock occurs which causes misalignment between the
reading head and the track on the disc. The occurrence of this shock may be
detected as described in US-A-4 796 247. When the shock occurs vaiid data
is no longer read out from the disc and consequently there is no data avaitable
to be written into the buffer store. This is illustrated in Figure 2 where the

3o ordinate represents an increasing quantity of data stored in the buffer store and
the abscissa represents time. Thus starting from time t, at the start of the track
1 the buffer store is steadily filling until time t,, which corresponds to the time



of which are optically encoded. It could equally be used with nmagnetically
5 .coded nedia such as hard or floppy disc readers as used in conputers or
‘W th magneto optic re-recordabl e discs. The above and other features and
advant ages of the invention will be apparent fromthe follow ng

descri ption, E%’ f exanple, of enbodinents 10 of the i ' W th
reference to QK) a c%rrpanyi ng drawi ngs, in which: Figure 1 s%w.}éoggfsc
carrier in the formof a conpact disc; E}'gure 2 illustrates the nethod of
filling the buffer nmenory according to tthe invention; and Figure 3 shows in

bl ock schematic,forma co ct,dis | ayer cordi 5 t, he..i nvention.
Figures 1 and 20 {h?sﬁa&fft?jée%ﬁﬂ?ﬁeng%ﬁP{'iaig"ﬁ%E%r‘-st‘@rféawl‘ﬁ a
recovered fromgpakes # beGvailstie ahd shite dediis!Boing Fead vatib® the LumBAsforéli SC,
according to the invention. Figure 1 represents a spiral track 1 on a

conpact 20  dithe buffecsiotsiads semply. dagronventionpbshnck biffer thethuffex store
t th i th ty, . i :
ogether w ‘}ng;%gﬁﬂglf:a%wea | ! rbﬁ&hbgﬁiapfedé&eré ibiﬁ%og\slv&ﬁ n’2bn'te | N

this exanple a eadi | : _egure ITlustrates the data I's
entered into t Headkt whichewilirhe determined dwithedime, takentfor the: disc 4o petateyonead

out correctly eg | 1er r ' ' h

reaches the poiar%go’yeg'ﬂ' ?Hgﬁst% édz;fér? ?%@"&@J"“ ‘%’Mﬁ%“""%%ﬁtegm’dé%gﬂ h%qé‘hg@%’
Oﬁcu& S Wwhi % E C anfooarse, assurgenmf i ttHeeShthMutdtbnrpmid iecgv%ry&id*nece}isdesﬁgag tiek on
t he di sc. € Qccurrence o i S ck jay etected as . described.in

US- A4 706 247 Smdpr @he valod B e 9, whieh b R4S (amAR AT 5 -8Bl r om
the disc and cojpsremitions dppy, however élehaf Beashadkl isfsdoRger'thahithe tinié O t he
buffer store. This is illustrated_ in Eigure 2 where the ordi nate

3
repr esent s'an itAkeneiprione revalytion of the dise as e shock duration is ynlikelydo he-anng
the abscissa r idfid dists ' fromtine t[err] at the start
qgﬁgéﬁﬁ@?é Bfthe 'did ro‘iéﬁiintfbéﬁbdi |

of the track 1 r store is stea filling until tinme t[err],
whi ch corresponds t d¢nithe example shw%(yg@%ﬁg head recovers from the shock at
PCT/1 897_/ 00775--position'3 on the track 1. It should be noted that in the method according to
the invention the reading head is recovered to a position, point 3, on the disc
15 in advance of the shock position whereas in the prior art the head is recovered
to a point on the track before the shock position so that until the disc rotates
so that the reading head reaches position 2 data that is read from the disc has
already been stored in the buffer memory. As a resuit of recovering the head
to a position in advance of the shock position data is now being read from the
20 disc which has not yet been stored in the buffer memory. It is, of course,
necessary to move the reading head in radially by one track slightly in advance
of the disc rotation to the position 2. This is illustrated by the dotted line
extending from position 4 on the disc in Figure 1.
The present description assumes that the period of the shock is less
25 than the time taken for one revolution of the disc. If, however, the shock lasts
for longer than the time taken for one revolution of the disc (which will be
comparatively short when the reading head is reading data from tracks near to
the centre of the disc) then the reading head is recovered to a position on the
disc which is where it would have reached if the shock had not occurred, which
30 may be two or more tracks outside the position where the shock commenced.
it is not, however, essential that the reading head is recovered to that position,
merely that it is in advance of the shock start position, but it does simplify the



7 that the reading head reaches position 2 on the track 1. At that tine
dat.a ceases to be available and since data is being read out fromthe
buffer store the buffer store starts to enpty. In a conventional shock

" buffer the buffer store will continue to enpty until the readi ng head
recovers taq éh ?ssiti-on 2 on the 5 track 1 which will be determ ned by
the time ta¥ HSP% the disc to rotate one revol uti on. Thu¥FBMFFer store
will then cormmence refilling at time t[err]. This, of course, assunes that
t he shock duration plus recovery timne8 s less than the tine for one
revolution of the disc, which in this exanple it is. Simlar considerations
appl y, howevedddress-generation-fos tha: huffersnemopsif this stiategy licadepted.10 t aken for

one revol ution of u;m bé o a?eiﬂﬁﬂh?véff@&#ta%ﬂi@% ﬁ%h&t%lﬂéﬁ&%h&{aﬂvfﬁ&eﬁﬁn?”
integer nultiple of the di'sc rotation period. In the exanpl'e shown the
readi ng head theduifer meamony is theinghread fromtheidiscofior the tinhe t3f atawhich .the t

head i s recoverdd fiall he et isifth(S s i buioid B ol h ag)anke "ot T

shock posi ti cof thétimests, which iscthe tinme that thet disc fakesito rotate so\thatitietreading0i Nt on

the track before the shock,position sq.that until fhe disg rotates so that
t he reading Hﬁg rP@&E%Q"%S'F ?'ro u@%&i‘%“ﬂ?a‘f‘%@ R"@é@'tfmﬁﬁ\q’ eot? Thas
al ready been mémoRfisi dontifiding 6 eAiptyTSIABE o vafid datads beingteati HonyY tid disc t he
head to a position in advance of the shock position data is now being read

| o0 the . J
fromthe 20 Wwhickds fpt alkeadyspregentip; thg huffes mareory; it has beenreeognisask y. |1t
i's, of coursgowie Wial RN tﬁfg ' ' s track
slightly in g‘(?vancg'stggl%/ﬁe&gig?ﬂ%@?i on té(!ﬁt e g’é%ﬁe[%ﬂ*eglrﬁém% S
i |l ustrated dhetime tomhich isithe time takehfor theodisp és irotatensal that the geading i n

Figure 1. Th [ . ' f. ck is
eas 55 1 naropeaS B poSiiar 3 RS ot eidiite | Ubly SniFp Rercfit R g € GHEC
t he shock | ads written ihtorthe buffenstote)d.et data frarh ¢he positiam8 andheItrsick dnuntil t he
disc (which wll _ be rativel hot t n the readin ead is reading
data fromtre ﬁ?‘?‘fﬁ&fﬂ{ggg?w '&'&%‘%@Wﬁ@%ﬂé@?' HQP%QMHB? MyoRRad is
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the posits on SMatteninio CEBITMA¥ed.
- Thus in Figure 2 the solid line 20 from time t, to time t, represents the

quantity of data held in the buffer store increasing linearly before the shock
occurs. From time t, to time t, the quantity of data in the buffer store reduces
linearly as no data is being written into the buffer memory but data is being
20 read out at a given rate. In the prior art as represented by the solid line 21 the
buffer memory continues to empty until time t,, but using the present invention
data is written from the time t; when the head recovers to position 3 on the
track 1 until time t, which is shortly before time t,, i.e. until the head reaches
position 4 on the disc and moves in one track. This is represented by the
25  dotted line 22 which shows the quantity of data stored increasing linearly until
point 23 which represents the position 4 at which the head is. moved in one
track. The guantity of data in the buffer memory then reduces linearly until time
t,, after which the data which was missed during the shock is written into the
buffer memory. This is represented by dotted line 24. It should be noted that
30 the data written into the buffer memory between times t, and t, cannot be used
until the data on the disc between positions 2 and 3 has been written into the
buffer memory and that aithough the actual quantity of data in the buffer



It is not, however, essential that the reading.head is recovered to that
posttion, nerely that it is in advance of the shock start position, but it
~does sinmplify the WO 98/ 03975

PCT/ 1 B97/ 00775 8 address generation for the buffer menory if this strategy

I s adopted. | ' e apparent that valid data which has no r been
witten into %ﬁ%h%érger menory is being read fromthe disc f&%ﬂ#?ﬁ@gﬁine
t[err] at which the reading head has reached position 3, which in this
exanple is well in advance 5 of the ti t2, which is the tine that the

disc takes to rotate so that the reading.,head.reache sitiron 2. During
this time int h@eﬂ?qr&r'"ﬁﬁeﬁ%ﬁoﬂ"‘f% b@fumeea g f%&g%rﬁwwldwﬁﬂ{@npt y
since no valid daérdasés Bhdthe S@fle i@ M tdacin Whe pricart Uinfiltinit, BHorafter
present in the buffer nmenor s been recogni sed, howeveér, that it is

. It ha

possible to wri ti@ertewhﬁmthq\t/»aeh filling, has takenninge; thatdsthe datadremdhe portiont i ne
t[err], which i ' ' I t readi ng
head is at posi t6 f%ﬁq?%ﬁbﬁ%%éﬁﬁgﬁwbﬁ%ﬁf ﬁ%i%e@ﬁg%?%obe %?fgét he
ti me t[err]sdat memoryuthe effectivatquantity of datain theobufferimemonysjumpsrtorposition
position 3 on t L ac ' te h o] | t o bt l,on 4
when t he readi ngfhéééa Jk'fﬂln?)’g&lt ngpﬁéﬁ%c : h'% z?i 'ri%vgt ;’teggrtnégf (')' ?'ﬁ‘géﬁ)ésﬂ tion
of the t rﬁck betewesenmxtéibyir]lniszlﬁ fgaldnSthiaS%ap $n \atd theld imtie blaffeb widmaory ]
menory. Thus in Fiqure 2. .the solj. i ne rgmti err] t I, e err
represents the ﬁﬁ%ﬁ?‘gt?“ﬁ“%%‘d‘fkm’?%’%ﬂa;’%&q é?tgg?i?kéeﬁk&“gaw the
l'inearly bef or edighhat totifedss that thé:féaaﬁr? Réad is&it lpbsitien B the Helag'is stdpped
guantity of data in the buffer store-reduces Ilnearlﬁ/ as, no data i s being

witten int'® th_Bu‘B'B”‘N!!P fhsgotedine tg pogition 5%?1@_“2%3_9@&@% ngxt fagk-ven
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menory continues to e unti|l tinme , but using the present invention

data is writtenqeansity otdateimthethusier store taduces linraily asshowsrby ling 2fsWheon 3
o e he e Bt TRablBhis Sl 5 5 hheSh ' Al ool dhcfs
is represent ed bgainlvwritten into the buffer store and the quantity of data in the buffer store
15 increases linearly as represented by line 26. This continues until the disc has
rotated so that the head is located at position 6 where it is stepped in one track
and no data is written into the buffer memory while the head travels between
positions 6 and 4 on the disc and consequently the quantity of data in the
buffer memory reduces linearly. This is represented by line 27. Data is then
20 written into the buffer memory while the head traverses the track 1 between
positions 4 and 5 and the quantity of data in the buffer memory increases
linearly as represented by line 28.
When the reading head reaches position 5 it is stepped out to the next
track again and becomes aligned at position 7. Again no data is written into
25 the buffer memory during the time taken for the reading head to traverse
between positions 5 and 7 and consequently the quantity of data in the buffer
memory reduces linearly as represented by dotted line 29. Writing to the buffer
memory is resumed when the reading head reaches position 7 as represented
by line 30.
30 This process repeais at each revolution of the disc with the head
stepping in and out by one track at the appropriate points and data being read
whenever the head is aligned with the track and is reading valid data. It will be



25 dotted line 22 which shows the quantity of data stored increasing
linearly until point 23 which represents the position 4 at which the head
is nmoved in one track. The quantity of data in the buffer nmenory then

- reduces linearly until time t[err], after which the data which was m ssed

during the shock is witten into the buffer nenory. This is_represented by
dotted |ineWa98¥¥Sshoul d be noted that 30 the data wri tt%ﬁ”ﬁ?’@’?’he

buffer nenory between tines t3 and t4 cannot be used until the data on the
di sc between positions 2 and 3 has bed@ witten into the buffer nmenory and

that al though the actual quantity of data in the buffer WD 98/ 03975
PCT/ | B97/ 0077 8bservedifrom Figures2 that imthe-gventofia sinale shert duratiomshack there

ef fective quagty %ﬁg% | | ' rt
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pl ace, that i sombs clibsedothesolidlingdt which represeststthe situation indhelipsior gt ween
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gquantity of d tgo‘f"ﬁv?rh bl § gﬁep @Fﬁ%? &E% ﬁ% dat a
represent gd byndnidty i8 Ancreaséth usig the ahettiod iof the tilviintionpr Reputited! shucks ne 24
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audi o repr esefodd 9ssUL.HOr SXAMPG, When the,disg s inya Poriable bedy-Wem o <o
that the read hgaiofm(élléy%r phrticaRrily ifdfe Astehier I8 aidLigiAg 5 pRyIchI ABtivityostich

followng the dotted Iine to position 5 where it is aligned with the next
track. Duri ngastieagingowkileslisteningit a is witten into the buffer store and

'Tne 25. when the’ RELgf Ghies Rebeiall Wheh sfohifih iné Bataiftne blfict mimaly &0
next track dakeep traclaifwhere ondhe idiscothetdataist being sead Fommwhendt iglheing ty of
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- memory. Ifitis effected in the write address generator it is arranged that gaps
15 are left in the memory which will allow the data read from the disc between
positions 2 and 3, 4 and 5, 6 'and 7, etc. to be later stored between the data
read from the disc between positions 3 and 4, 5 and 6 etc. If it is effected in
the read address generator it is necessary to keep track of where the different
blocks of data have been stored and to step the read address generator
20 accordingly.
It will be appreciated that the speed of rotation of the disc is arranged
so that data is written into the buffer memory at a rate which is greater than
. that at which it is read out, at least during the time when recovery from a shock
is taking place. US-A-4 796 247 describes an arrangement in which the disc
25 speed is doubled when a shock has been detected. Other arrangements have
been proposed, for example that described in EP-A-550097, where data is
always read into the buffer memory at twice the rate at which it is read out and
that when the buffer memory is about to overflow writing of data is inhibited
until the buffer memory empties by a given proportion. The reading head is
30 then recovered to the position at which writing stopped and data is then written
to fill the buffer memory.
Figure 3 is a block schematic diagram of a CD audio player according



buffer nmenory reduces linearly. This is represented by line 27. Data is
then 20 witten into the buffer nenory while the head traverses the track
1 between positions 4 and 5 and the quantity of data in the buffer nmenory
increases linearly as represented by |ine 28. Wen the readi ng head reaches

position 5 it '5“5351;50ped out to the next track again and be ned at
position 7. Aggln NoO data is witten into 25 the buffer W&ﬁ#ﬁ%g t he

time taken for the reading head to trav ﬁse bet ween positions 5 and 7 and
consequently the quantity of data in the' buffer nenory reduces linearly as

represented by ted line 2 I ti.ng..to t ry IS re d when
he readi ng hodd the davRntos s sBhwh i Figde: 4.dae L0 Hayer s 250196 31 or
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player parti culaarnhxangﬁed With Itna&k@aﬁ the ansbndtﬂegdé&dea datyy/ prodated by ithe CD such
as jogging, while |istening i s of course necessary when storing the

data in the bucpelolipsIiy wmewto abuffer mematy 8p "ﬂﬁé?@ecﬁ‘?"%’ﬂ'é’f(ﬂ"s%d B8 dat a
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on the disc. THerswriting data inte the buffesimeraeryi 35 and read addresses for reading data
from the buffer memory into a digital to analogue converter (DAC) 39 from
whence an analogue output can be derived at an output 37 or to a direct digital
15 output 38.
In operation the CD controlier 33 controls the motor 31 to rotate the disc
40 at a variable speed such that the track moves past the read head 32 at a
constant linear velocity. The speed of the motor 31 is controlled such that
decoded data from the CD. controller 33 in normal operation is available at a
20 data rate of twice that at which it is read out from the buffer memory 35.
in normal operation decoded data from the CD controlier 33 is written
sequentially in the buffer membry 35, which is arranged as a First in-First Out
(FIFO) buffer, under the control of the address generator 36. The address
generator 36 also produces sequential read addresses to allow the data to be
26 read from the buffer memory 35 into the DAC 39. As has been stated earlier
data is written into the buffer memory 35 at a greater rate than that at which it
is read out, in this example twice the rate. It is preferred that this double rate
writing is continuously used although it would be possible to only use the faster
rate when recovering from shock interruptions. When the buffer memory
30 becomes full, the writing of data is inhibited for a time and then resumed when
the buffer memory is emptied by a given amount or after a fixed number of
revolutions of the disc. Such an arrangement is disclosed in EP-A-550 097.



the wite address generator or the read address generator of the buffer
menmpry. If it is effected in the wite address generator it is arranged

t hat gaps 15 are left in the nenory which will allow the data read from
"the disc between positions 2 and 3, 4 and 5, 6 and 7, etc. to be later
stored between the data read fromthe disc between positions 3 and 4, 5 and
6 etc. If itWPEPPEcted in the read address generator it PETABYOESIy to
keep track of where the different blocks of data have been stored and to
step the read address generator 20 attordingly. It will be appreciated
that the speed of rotation of the disc is arranged so that data is witten
into the buffer neffbeywrite addrase generatori comprisesciwa bountetsawhigh amipre-it is
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control | er 33 dutetbiredbuifetMemmory isdakibiked>and the state of the first counter is copied
' to the second counter which is incremented by the clock signal. The CD
controller 33 then recovers the reading head 32 to the point on the track that
15 it would have reached at that time in-the absence of a shock, in this case point
3. When it is detected that valid data is being read from the disc the state of
the second counter is copied to the first counter, the first counter is again
incremented by the clock signal and writing to the buffer memory 35 is enabled.
In this way data from the portion of the track between positions 3 and 4 is
20 written into higher locations in the buffer memory 35 and a gap is left to enable
the data between points 2 and 3 on the track to be written into the buffer
memory 35 at a later stage.
When the reading head 32 reaches point 4 on the rack the contents of
the first counter are copied to the second counter, the second counter is
25 incremented by the clock signal and the microcontroller stores the count
reached by the first counter. At the same time the CD controller 33, under the
control of the microprocessor 34, causes the reading head 32 to move in one
track and writing of data fo the buffer memory 35 is inhibited.
When the reading head 32 reaches point 2 on the track the first counter
30 is loaded with the value previously stored by the microcontroller 34 when the
shock originally occurred at point 2. Writing to the buffer memory 35 is enabied
and the first counter is incremented by the clock signal.



data read fromthe disc by the read head 31 and will include the usual
error detection and correction circuits and neans for detecting when the
‘read head 31 is aligned with tracks on the disc. The decoded data produced
by the CD 10 controller 33 is witten into a buffer nmenory 35 under the

control of a generator 36. The address generator 3 s both
the wite add gg@?for witing data into the buffer mmryq’éﬁﬁﬁﬁﬂ"g
addresses for reading data fromthe buffer nenory into a digital to

anal ogue converter (DAC) 39 from whence‘'dan anal ogue out put can be derived

at an output 37 or a rect,. di out peratlo the CD
control l er 33 contrwg ﬂ]—??ﬁiﬂ l?ﬁa‘f%z F?ﬁchﬁpP @e4tf)a°§‘tw'§'r(9a? a8 e
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di sc. Such an ecand caenter was being|inerementedowhile the reating head P nuwed Iors
PCT/ _'. 897/ _00775 (i'o%i_tlpn_ 4 to position 5, via posﬁnons__Z-and_;:, the count _Ioaded-mto ‘the first
. counter from the second counter causes a gap in the addressing sequénoé i
15 which can later be filled when the reading head follows the track directly from
positions 4 to 5.
When the reading head 32 reaches position 8 on the track the contents
_of the first counter is again copied to the second counter and stored in the
. microcontroller 34. Again the second counter is incremented and wrifing to the
20 buffer memory 35 is inhibited. The microcontroller 34 instructs the CD
controlier 33 to move the reading head 32 in one track and when it reaches
position 4 the first counter is loaded with the value previously stored in the
microcontroller 34 when the reading head 32 reached position 4 for the first
time. The first counter is incremented by the clock signal and data read from
25 -~ the disc is written into the buffer memory in the gap generated by incrementing
the second counter while the reading head 32 traversed from position 4 to
position 5 via positions 2 and 3. When the reading head reaches position 5 on
the disc, that is has travelled directly from position 4 to position 5 writing of
data to the buffer memory 35 is inhibited and the microcontroller 34 instructs
a0 the CD controller 33 to move the reading head out one track. When the
reading head reaches position 7 the contents of the second counter are copied
to first counter and the above _procedure is repeated.



The wite address generator conprises two counters which are pre- |oadable
and which are incremented by a clack signal synchronised to the data rate
of the data read fromthe disc so that successive data bytes are all ocated
< successive nenory |ocations. The first counter is increnented while data is
5 read fromthe disc before a shock occurs, thus causing data to be
witten seqU@sR¥TS, into the buffer nmenory 35. Wien a sho®@kTEBTMNES | e.
at point 2 in Figure 1, the CD controller 33 detects that no valid data is
bei ng received fromthe disc and the ni4rocontroller 34 | ogs the point on
the disc at which the shock occurred and 10 the corresponding wite
address generated Htywill be apparent, fioomtherabiove; that thadirst sounfengenaratesalithe hat i s

it stores the cqunt ' ae, Ll rém@
buffer nenory Wr@e%qﬁf%iggg&g%b & SH{F%Vg?%‘%@?%{f‘;dgﬁr@g&éggwpl ed to
the second couhé grapstwitith iate ilater fillezht FHud the beunt| foork whicnihe fifh eoiter
controller 33 .then recovers .the readin ead 32 t.o,the point,on the.track
Chat| 35 it dbramentici arasetomienievena BhoRt ook Bikd BieRe 58 et pAg R
this case oi rhe %dd%gmﬁi dequenéipisaet Bslendlié theamisdingadata itebb subsequently f r om
the disc the state of the second counter is cog ed.to the first counter,

the first courwdten io thgarder hwprlddhave rome off the dise in the,abgensa of shoeksng t o
t he buffer nmenory | ' @ f tyi t he
track between posi ﬁ?gnzeﬁ]gﬁﬁsii&%}kﬁmw&e 'lg?ltéoqﬁnl'(i %P 5&3’1‘?%2;3 in
the buffer nmentogkedbyamarystal spnirelledscillator ¢ cause ﬂ\ﬁéﬂa@ghb%aade@!t fieMints 2

2Ta0e. “non’: 1B8 ey s bird 8 AP LD GlIgTETN BB Neb L
of the fikst dseiappiieddodhe QAG E9tab therstandarimatezounter, the second counter
count reached by t fRerTeaiengy g e ok of e aciferR qereraiL il gebnd oBiE, 53
under the contggdedodt wiieh the Hise!io cotatsd aid mayelos esarmple bieetwice dhdtafth82 to
Uhen t he. I ead 1980 aiRToN opnERccinc Athud fefs s no BapRement Gr e fiRder 50
i's |oaded Wi t hyeldiRn¥RipUsetWea ithe W 66N Signhls. t hds,bEcouse! heddssary3fornwhen
e o a Craoovor) f?gc_urhr %I(zs ?ﬁatptggnvamg'advgrégsl ngnetrgtotrhco uifsfanetra *E'r’g*ﬁ)erry 35
i s enabl eds recovery trom sho g
frequency than the read address generator clock at least until the buffer
memory 35 has been substantially filled.
~ To summarise, the compact disc player implements a method according
to the invention as follows.
20 Data is read from the disc and written into the buffer memory which
starts filling either because data is not read out until the buffer memory is full,
or nearly so, or because data is written into the memory at a rate which is
greater than that at which it is read out.
Some time later a shock occurs and when this is detected decoding is
25 stopped and the absolute time and last samples of audio are stored.
The track is then.recovered and as soon as good data is recovered and
an absolute future time is found the buffer memory filling is started. This filling
takes place at a higher point in the memory to make a gap to be filled later.
When it is detected that the read head is one track outside the missing
30 audio it is caused to jump in one track and filling the buffer memory is stopped.
Data read from the disc is monitored until a match with the absolute time

and audio stored after the-shock and filling of the buffer memory is resumed.



and the first counter is increnented by the clock signal. WD 98/ 03975
PCT/-1 B97/ 00775 13 \Wen the readi ng head 32 reaches point 3 on the track
witing of data into the buffer menory 35 is inhibited. It will be noticed
that at this point the buffer menory 35 holds in successive |ocations data
r ead fromthe‘gb%%om before the shock occurred to the point_4 on the
track. 5 crocontrol ler 34 then instructs the COPEHHY8¥ %, 33
to nove the reading head 32 out one track to the position 5 as shown in
Figure 1. Wen the readi ng head reaches sition 5 the count of the second

counter is |loaded in first ount er, the fi st (of0) er ncr enent ed
by the clock signal, Tbﬁd’[ Pﬂnﬂde 'stjﬁpg't‘?rﬁf’@'\d ?‘fh?f'@ chém dlB‘?!'?'? gai n
enabl ed. Thus, adatd Bﬁeéhysﬁoﬂéa ahelad if Gt $ffing Tf he Bafer meoh) iR §t66§éﬂ bet ween
positions 5 and 6 is_witten into successive |ocations of the buffer nmenory

35. I't will be appar aht'-‘ "??F&heg‘i iscthen faoved Qi enedrask and\@sssenn as gped dateent ed
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counter causes &gapmoryttn&auaa gapstonke fileguatra latersime asidescribed abaveraride
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the first count eerheryagai n copi ed to the second counter and stored in the

m crocontrol | er 34 ain t econd ounter is.increpented an witing to
the 20 buffer M £eqain '59;‘35 » ORI TR F's§ﬂ ivAgations: s
the CD control | g 3§abﬁar€ﬁt/t% ﬁéﬁﬁbrfs%ﬁﬂéﬂ% ihafaf-t ?é’udhrrnedmcétfoﬁs lana@Nariddiens 1 t
reaches position 4 the first counter is |oaded he val ue previously

stored in tiRe ninaYJEVRIve savivalentfeaivies @M@é@?ﬂ!ﬁeﬁ\%@hﬂe alrgadekngwsin i on
and data read f Sy aBand fpichi hy 6B el inkiSa o4 of Y BUBfiof Ho ORI Sieath 2
gap generat ed byisclesedherginnlithough claims have been formulated in this Application to
Pparticular combinations:of features, it should be understood that the scope of
the disclosure of the present application ihcludes any and every novel feature
15 or any novel combination of features disclosed herein either explicitly or
implicitly and any generalisation thereof, whether or not it relates to the same
invention as presently claimed in any Claim and whether or not it mitigates any
or all of the sa[ne'technical problems as does the present invention. The
Applicants hereby give notice that new claims may be formulated to such
20 features and/or combinations of such features during prosecution of the present

application or of any further application derived therefrom.



the second counter while_the readjing head 32 traversed from position 4 to

position 5 via positions and 3. Wien the'readi ng head reaches position 5

e o AN 7 P25 P

m crocontrqgller 34 instructs 30 theSCD*controller 33 to nove the reading
head out oMOMWHYE \wen the reading head reaches positi oRCHIBSHBOTEHNt ent s
of the second counter are copied to first counter and the above procedure
i s repeat ed. WD 98/ 03975 16

PCT/1B97/ 00775 14 It wll be apparent, fromthe above, that the first
counter genefdAMSal| the wite addresses for the buffer memory 35 while
t he second counter generates the gaps which are later filled. Thus the
count fromwhich the first counter increnents is preset whenever a shock
recovery takes place b method of geading data frotmea atist carsien gnd cxpplyingethes | ef t

to enable th 1 S.SU : tly witten in the order it would
have cone of ?a{gn@ A(Jfggﬂlﬂ%@?rh@n%ﬁ%%glgggsghocks. The read address generat or
Wil conprise a tiird readingaatavirorhthesdisd and editihy itdntory buffér memong! | ed
oscillator to cauge the datg to, be read oyt fromthe neno at the standard
data rate for CD Budi J®@ '“935? dggﬂﬁ{?r%‘gwp“@sb@%ﬁ memoryje fﬁ%m &R the DAC
39 at the Stﬁ&@ghﬂnrdﬁtﬁfatﬁhe frequency of the clock for the address
generator will depend on the speed at Which the disc is rotated and may for

exanpl e be twice What dstesting any intesaupiior in thereadingrof data from thedigmta here i s

no requirenmegye Eﬂferamé%ﬂp an@l ationshi p between the two clock signal s. It
is, of course, necessary for 15 recovery from shocks that the wite

addr ess 1gener at or V| ocieatlingzdata fiemyther disc atjasecond giventdata rate dhichlises s
g 8o ! ek b A A B, B TR RG50S FORT 1 g
t o the i nventhendisastof thiel ouffer memory to restore the quantity of data in the buffer
memory to a given level to enable uninterrupted reading of data fo the output
in the presence of shocks which cause a temporary interruption of the reading
15 of data from the disc,
characterised by the further steps of;
v) reading data from a position on the disc subsequent to the point
at which the shock occurred and writing it into the buffer memory as soon as
it becomes available after an interruption,and
20 vi) reading data from the buffer memory to the output in the same
order as it is stored on the disc carrier.

2. A method as claimed in claim 1 in which step i) is carried out at
said second given data rate, the method comprising the further steps of;

25 vil)  interrupting the writing of data to the buffer memory when the
quantity of data in the buffer memory reaches a first level where the buffer
memory is substantially full, and

viii) resuming the writing of data into the buffer memory when the
quantity of data in the buffer memory falls to a second lower level.

30

3. A method as claimed in Claim 1 or Claim 2 comprising the further
step of controliing a write address generator for writing the data into the buffer



20 Data is read fromthe disc and witten into the buffer nenory
whi ¢h starts filling ei s not read out until the buffer

menory is full, or nearl se data is witten into the nenory at

a rate which is greater mﬁmm m,mh it is read out. Sone tine |ater

a shock occur en I'Se I'St decoding is 25 s t he
o AR eRE

absolute tine an ast sanples of audio are stored. The tra
recovered and as soon as good data is rf.fovered and an absolute future tine
is found the buffer menory filling is started. This filling takes place at

Geteotod {nat (REmPRER SHER mangKaie o B b Spien o' siectd Boapentifine .

caused to junp buffepenioryClhe seléctad locatidnt beingLsuch thatwivern/data is teidiod of Dat a

read fromthe disc is nonitored until a natch with the absolute tinme and
audi o stored aftheputferamemopiusing sequentialaddresses the data s j-thespme-ordeEdsied.
WD 98/ 03975 it appeared on the disc. PCT/ 1 B97/ 00775 15
The data being read is nonitored and when a match is found with the data
already stdred ahead in tinme filling of the buffer nmenory is stopped. The
read head is then myved AUmeffter bk2akinklf! P CIEAP'S 33 WABK ME! furknir goYer o
the buffer menmory filling I'sS restarted again at a hi gher positron in

the nmenory to |cemprises gaysinga wetef address genesatbeiodncrement addresses duiag theove
and this procedure,continues until all the tracks hayve been witten nto
the buffer mnﬂ'@&ﬁ%"?&a%h’%% gdisc & P CreRtRC? 9ARM &yt i ons
and vari ati ons atidréssing segpensewhich createa spade fo ndeitiontof thedsta whithwas

nodi fications gnd variations 1Q.  may invol ve equival ent features and ot her
features wh chalﬁgé’ugpggé%y‘qﬁrﬂb‘?%‘?“i n the art and which may be used instead

of or in addition to features already disclosed herein. Al though clains

have been fornulated in this Application to particul ar conbinations of
features, it shoul dSbe ufdeetpd®s claimed incany praceding claim in which the disc

carrier is an optically encoded disc bearing a spiral information track.

15 6. A method as claimed in Claim 5 in which the disc carrier is an
audio compact disc.

_ 7. An arrangement for reading data from a rotating disc carrier, said
arrangement including a shock compensation memofy for providing output data
20 when a reading head is misaligned with information tracks on the disc, said
arrangement comprising means for re-aligning the reading head at a later
position on the track, means for detecting when the disc has rotated to a
position where the reading head is located outside the position at which
misalignment occurred. means for causing the reading head to move in one
25 or more track(s) so that it regains the position at which the misalignment
occurred, and means for causing data to be written .into the memory at a rate
greater than that at which it is being read out until the memory becomes
substantially full, characterised in that the arrangement further comprises
means for writing data from the disc into the memory during at least part of a
so first period between the instant when the reading head is realigned and the
instant when the reading head is moved to the point at which the misalignment
occurred.



the di sclosure of the present application includes any and every novel

feature 15 or any navel conbination offeatures disclosed herein either

explicitly or inplicitly and a%lugueneral i sation thereof, whether or not it
Il

“relates to the sane invﬁullmn H ly clainmed in any d ai mand whet her
or not it mtigates any ;

: y me technical problens as does the
present i nvABYP’SThe Appl Tcants hereby give notice that PEEABSTWIT: may be
formul ated to such 20 features and/ or conbinati ons of such features
during prosecution of the present appMBcation or of any further application
derived therefrom WD 98/ 03975

PCT/ | B97/ 00775 16 &LAI ¥ arrangement: ap glaimed émdiaing 7dint whichdthe ameanscforarri er

and appl yi ng ,%,ﬁ@nr#j b Si R ' )
reading data fro té%% fm?ﬁ%%&% ttﬁ%%ntloﬁ'}'%(I)M;sbﬁwfig{a%%gg?nqrﬂor

readi ng the dawangedtomdité datatintolmérnery iosations, the writecaddress igerserator béingt gi ven
data rate, ii}] Chin i rruption in the reading.of, dagta fromthe
disc to the b%fh'@%r%hg sgﬂéf lggét%ns "ﬂhq Wmo%{bd?‘??&"lﬁ‘?&t? F’Eﬁr&?ﬁ@di sc at
a second gi vetse prdfromithe Wiscin d Sedondpekioll [saitind'Wheh i head R redalighedat €
after an mterru&t‘lon i.n reaﬂ_ienng data fromthe disc to the buffer nmenory to

restore the g¥ithihe positiop.an, lsq wharesthe arigingl nisaliognmeny oscurced and
enabl e uni nt egridiy WhencBé Réditig Aead rbactiedotheUdition ﬂhg&etﬂérlgé? fbo%fiogf

shocks whi ch cause a tenporary 1 nterruption of the reading at a
from the di scStad®hr act eri sed by the further steps of; v) readi ng data
froma position on the disc subsequent to the point at which the shock
occurred and witing it into the buffer nmenory as soon as it becones
avai | abl & af t er arf.i nt &narpangementds claimed in Claim 8 comprising a read address

generator for reading data from the memory locations, the read address
generator being arranged to read sequential locations of the memory so that
data is read fromthe memory in the same order as it is arranged on the disc.

15 10.  Anarrangement as claimed in any of Claims 7 to 9 comprising a
compact disc player.

11. A compact disc player as claimed in Claim 10 wherein the
compact disc player is a portable or personal player.
20
12. A compact disc player as ciaimed in Claim 10 wherein the
compact disc player forms at least part of an in car entertaihmant or information
system.

25 13. A compact disc player as claimed in any of Claims 10 to 12
arranged to play discs encoded according to a format selected from the group
comprising CD audio, CD-Video, CDD ROM, Mini Disc.



20 vi) reading data fromthe buf fer memory to the output in the

sane order as it is stored on the disc :carrier. 2. A nethod as clainmed in

ctaim1 in which step i) is carriéd out at said second given data rate, the
- method conprising the further steps of; 25 ' vii) interrupting the

witing of data to the buffer menory mhen the quantity of dgdmofootrise

buf fer nennryn? s a first level where the buffer nenory is

substantially full, and viii) resum nggt witing of data into the buffer

menory when the quantity of data in thé ffer menory falls to a second

| ower |evel. 30 3. A method as clainmed in Caiml or Claim2 conprising
the further step of controlling a wite address generator for witing the
data into the buffer WD 98/ 03975

PCT/1B97/ 00775 17 nmenory in such a ng that the data is witten into

selected locations in the buffe el ected | ocations being such
that when data is read out of neENDry M |ng sequenti al addresses
the data is in the sane orgér g& j [ g 5 4. A et hod
as claimed in Caim3 in yhi - causing a wite
address generator to incyeny ) 8 that data read

fromthe disc is interr G g i &\ adyr essi ng sequence
whi ch creates a space f : S s 10 lost during
the interruption. 5. \ A ing claimin which
the disc carrier is anfop ' [ g alspiral information
track. 15 6. i i b Jin whi ch the disc
carrier is an audi o cohpa
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7. An arrangenent for reading data froma rotating disc carrier, said
arrangenent including a shock conpensation nenory for providing output data
20 when a reading head is msaligned with information tracks on the disc,
" said arrangenent conprising nmeans for re-aligning the reading head at a
| ater position on the track, means for detecting when the djSfmd tated
to a positioﬂ"ﬁﬂ@?ﬁwthe readi ng head is | ocated outside the p05|??gﬁpat
whi ch m sal i gnnment occurred, nmeans for cgusing the reading head to nove in
one 25 or nore track(s) so that it ré%Zﬁns the position at which the
m sal i gnment occurred, and means for cadsing data to be witten into the
menory at a rate greater than that at which it is being read out until the
menory becones . substantially full, characterised in that the arrangenent
further conpris means for witing data fromthe disc into the nenory
duriang at least psyyt of a 30 first period between the instant when the
readi ng head is rea\igned and the instant when the readi ng he is noved to
the point at which t m sal i gnment occurr ed. 18 8. An arjrighgenent as
claimed in claim?7 in ich the neans for witing data fromt isc into
t he nenory incﬁugéa a WN e address generator arranged to witle data into
menory | ocations,\f{he wit\ address generator being arranged tlo skip a set
of locations in theymenory - accommpdate the data to 5 be rlead fromthe
disc in a second per%Qd startNog when the head is re-aligned th the
position on the disc where the Wiginal msalignnent occurred jand endi ng
when t he reading @gaGJreaches th osition where the first perjfod started.
10 9. An arrﬁﬁgsuent as cNinmed in Caim8 conprisingf a read
address generator for beéaing data fNomthe nmenory |ocations, fhe read
addr ess gener at or beiﬁé~4¢ranged to rexd sequential |ocations pf the nmenory
so that data is read ﬂﬁonlthe menory inXYhe sane order as it i arranged on
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15 - - MY An arrangenent as clained in any of dainms 7 to 9@8@39@[@?
a conpact disc player. 11. A conpact disc player as clainmed in C aizgplo

. Wherein the conpact disc player is a portable or personal player. S A

conpact disc player as clainmed in Claim 10 wherein the conpact gssc pl ayer

forns at least part of an in car entertainnment or infornation e em 25

13. A conpact d@gl ayer aSvorivdtsidciui mostreiorSAngiafion 10 t 0 N M
pl ay discs encod cording to a forlpemetiosatPee®t od from the group conprising
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(54) Titlee METHOD AND APPARATUS FOR READING DATA FROM A DISC CARRIEy V

(57) Abstract

A method of reading data from a disc carrier having a spiral information track comprising reading data from the track into a solid
state buffer memory to allow for a continuous replay of the information when shocks cause misalignment of the reading head and the track.
After a shock the reading head is recovered to a position ahead of where the shock commenced and as soon as good data is detected it is
written to the buffer memory in a location which leaves a gap between the currently written data and that written before the shock occurred.
When the disc sotates so that the reading head is radially in line with the position when the shock commenced it is moved into that position
and the gap in the buffer memory is filled with the data which was missed during the shock. The application of the method to a shock
FIFO for a CD Audio player is desctibed.




