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DESCRIPTION METHOD AND APPARATUS FOR READING DATA FROM A DISC CARRIER 5 The
invention relates to a method of reading data from a disc carrier and
applying the data to an output comprising the steps of; i)   reading data
from the disc and writing it into a buffer memory, ii)  reading the data
stored in the buffer memory to the output at a 10  first given data rate,
iii)  detecting any interruption in the reading of data from the disc to
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 which 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, inter alia, in US-A- 



4,796,247, EP-A-0 429 130, EP-A-0 550 097, WO9111 1002 and WO91/11003.
WO 98/03975                                           PCT/IB97/00775 2 In
all these documents a buffer memory is provided so that a continuous output
of data can be obtained when mechanical shocks occur which cause the
reading head to become temporarily misaligned with the data track on the
disc. Thus by reading out the data from the buffer memory the effect of a
limited 5   duration shock on the output can be eliminated, i.e as far as a
listener to a compact disc player is concerned the shock has no effect on
the output. In order to achieve this result data is read from the disc and
written into the buffer memory at a higher rate, for example twice, than
that at which it is read out from the buffer memory. It is possible to read
the data from the disc 10   continuously at the higher rate, to interrupt
this reading when the buffer memory is about to overflow, and restart the
reading when the buffer memory empties to a predetermined state, as
disclosed in EP-A-0 429 139. Alternatively, the data may normally be read
from the disc at the same rate as 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 emptying 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 25
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 worn 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.    WO 98/03975
PCT/IB97/00775 3 One object of the invention is to enable the provision of
a compact disc player in which for a given buffer memory size a greater
immunity to successive shocks than is available with current compact disc
players may be achieved. Alternatively, a smaller buffer memory could
enable the same successive shock 5   protection as in current compact disc
players to be obtained. The invention provides a method as set forth in the
opening paragraph comprising the further steps of: v)   reading data from a
position on the disc subsequent to the point 10   at which the shock
occurred and writing it into the buffer memory as soon as it becomes
available after an interruption,and 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 revolution so that the reading head is in the
same position relative to 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 already 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   particularly 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 consequently 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 to fill the buffer memory the    WO 98/03975
PCT/IB97/00775 4 speed at which it empties is reduced and consequently a CD
player can tolerate a longer series of repetitive shocks before the output
is interrupted. Step i) of the method may be carried out at said second
given data rate, the method then comprising the further steps of; 5
vii)  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. 10         By continuously reading data from the
disc at the higher data rate the disc can be rotated at a constant linear
velocity, i.e the velocity of the disc past the head, the angular velocity
varying as the head moves radially across the 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    WO
98/03975                                          PCT/IB97/00775 5
increment addresses during the period that data read from the disc is
interrupted to create a gap in the addressing sequence which creates a
space for insertion of the data which was lost during the interruption.
This is a convenient way of creating spaces in the memory for later filling
5   and will consequently enable sequential locations in the memory to be
written with sequential data from the disc even though the data is not read
from the disc sequentially when recovering from a shock. The invention
further provides an arrangement for reading data from a rotating disc
carrier, the arrangement being as set forth in the second 



10   paragraph and further comprising means for writing data from the disc
into the memory during at least part of a 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. 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 allows
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.    WO
98/03975                                            PCT/IB97/00775 6 Such
an arrangement may be used with many different types of apparatus in which
data is read from a disc. Examples are CD-Audio players, particularly
personal players and in-car players, CD-Video, CD ROM, DVD all 



of which are optically encoded. It could equally be used with magnetically
5   coded media such as hard or floppy disc readers as used in computers or
with magneto optic re-recordable discs. The above and other features and
advantages of the invention will be apparent from the following
description, by way of example, of embodiments 10   of the invention with
reference to the accompanying drawings, in which: Figure 1 shows a disc
carrier in the form of a compact disc; 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 filling 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 illustrates 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 valid data is no longer read out from
the disc and consequently there is no data available to be written into the
buffer store. This is illustrated in Figure 2 where the 30   ordinate
represents an increasing quantity of data stored in the buffer store and
the abscissa represents time. Thus starting from time t[err] at the start
of the track 1 the buffer store is steadily filling until time t[err],
which corresponds to the time    WO 98/03975
PCT/IB97/00775 



7 that the reading head reaches position 2 on the track 1. At that time
data ceases to be available and since data is being read out from the
buffer store the buffer store starts to empty. In a conventional shock
buffer the buffer store will continue to empty until the reading head
recovers to the position 2 on the 5   track 1 which will be determined by
the time taken for the disc to rotate one revolution. Thus the buffer store
will then commence refilling at time t[err]. This, of course, assumes that
the shock duration plus recovery time is less than the time for one
revolution of the disc, which in this example it is. Similar considerations
apply, however, even if the shock lasts longer than the time 10  taken for
one revolution of the disc as the shock duration is unlikely to be an
integer multiple of the disc rotation period. In the example shown the
reading head recovers from the shock at 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 result 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    WO 98/03975
PCT/IB97/00775 8 address generation for the buffer memory if this strategy
is adopted. It will be apparent that valid data which has not already been
written into the buffer memory is being read from the disc from the time
t[err] at which the reading head has reached position 3, which in this
example is well in advance 5   of the time t2, which is the time that the
disc takes to rotate so that the reading head reaches position 2. During
this time in the prior art method the buffer memory is continuing to empty
since no valid data is being read from the disc which is not already
present in the buffer memory. It has been recognised, however, that it is
possible to write new valid data into the buffer memory from 10   the time
t[err], which is the time taken for the disc to rotate so that the reading
head is at position 3. Thus from the time t[err] until shortly before the
time t[err] data is written into the buffer store, i.e. data from the
position 3 on the track 1 until the start of the dotted line at position 4
when the reading head jumps in one track. At time t2 data from the position
of the track between positions 2 and 3 15  is written into the buffer
memory. Thus in Figure 2 the solid line 20 from time t[err] to time t[err]
represents the quantity of data held in the buffer store increasing
linearly before the shock occurs. From time t[err] to time t[err] 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 t2, but using the present invention
data is written from the time t[err] when the head recovers to position 3
on the track 1 until time t[err] which is shortly before time t2, 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 quantity of data in the buffer memory then
reduces linearly until time t[err], 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 t3 and t4 cannot be used until the data on the
disc between positions 2 and 3 has been written into the buffer memory and
that although the actual quantity of data in the buffer    WO 98/03975
PCT/IB97/00775 9 memory increases as shown by the dotted line 22 the
effective quantity decreases along the same line 21 as in the prior art
until time t[err]. Shortly after time t2 when the back filling has taken
place, that is the data from the portion of the track of the disc between
positions 2 and 3 has been read into the buffer 5   memory the effective
quantity of data in the buffer memory jumps to position 42 since the data
represented by line 22 now becomes valid since that represented by line 24
fills in the gap in data held in the buffer memory enabling continuous
audio represented by the data to be read out. When the disc has rotated so
that the reading head is at position 3 the head is stepped 10   out
following the dotted line to position 5 where it is aligned with the next
track. During this process no data is written into the buffer store and
hence the quantity of data in the buffer store reduces linearly as shown by
line 25. When the reading head reaches position 5 and is aligned with the
next track data is again written 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 repeats 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    WO 98/03975
PCT/IB97/00775 10 observed from Figure 2 that in the event of a single
short duration shock there is little benefit to be gained from this
procedure since the dotted line gradually comes close to the solid line 31
which represents the situation in the prior art. If, however, there are
repeated shocks then the efficiency of filling the buffer 5   memory is
increased using the method of the invention. Repeated shocks could occur,
for example, when the disc is played in a portable body-worn audio CD
player particularly if the listener is indulging in physical activity, such
as jogging, while listening. It is of course necessary when storing the
data in the buffer memory to 10   keep track of where on the disc the data
is being read from when it is being stored since it is necessary to read
data out from the buffer memory in the order in which it is actually stored
on the disc. This may be effected either in 



the write address generator or the read address generator of the buffer
memory. If it is 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    WO 98/03975
PCT/IB97/00775 11 to the invention. As shown in Figure 3 the CD player has
a motor 31 for rotating a disc 40. A read head 32 reads the data from the
disc. A CD controller 33 produces in known manner control signals to
control the speed of the motor 31 and the radial position and focusing of
the read head 31. The CD 5   controller 33 communicates with a micro
controller 34 which controls functions such as track selection. The CD
controller 33 produces a data stream from the 



data read from the disc by the read head 31 and will include the usual
error detection and correction circuits and means 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 written into a buffer memory 35 under the
control of an address generator 36. The address generator 36 generates both
the write addresses for writing data into the buffer memory 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
controller 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 controller 33 is written
sequentially in the buffer memory 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 25  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.    WO 98/03975
PCT/IB97/00775 12 



The write address generator comprises two counters which are pre- loadable
and which are incremented by a clock signal synchronised to the data rate
of the data read from the disc so that successive data bytes are allocated
successive memory locations. The first counter is incremented while data is
5   read from the disc before a shock occurs, thus causing data to be
written sequentially into the buffer memory 35. When a shock occurs, i.e.
at point 2 in Figure 1, the CD controller 33 detects that no valid data is
being received from the disc and the microcontroller 34 logs the point on
the disc at which the shock occurred and 10  the corresponding write
address generated by the first counter in the address generator 36, that is
it stores the count reached by the first counter. Writing data to the
buffer memory is inhibited 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 track 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 to 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 enabled 



and the first counter is incremented by the clock signal.    WO 98/03975
PCT/IB97/00775 13 When the reading head 32 reaches point 3 on the track
writing of data into the buffer memory 35 is inhibited. It will be noticed
that at this point the buffer memory 35 holds in successive locations data
read from the disc from before the shock occurred to the point 4 on the
track. 5        The microcontroller 34 then instructs the CD controller 33
to move the reading head 32 out one track to the position 5 as shown in
Figure 1. When the reading head reaches position 5 the count of the second
counter is loaded in to the first counter, the first counter is incremented
by the clock signal, and writing of data into the buffer memory 35 is again
enabled. Thus, as the disc 10   is rotated data read from the track between
positions 5 and 6 is written into successive locations of the buffer memory
35. It will be apparent that since the second counter was being incremented
while the reading head 32 moved from position 4 to position 5, via
positions 2 and 3, the count loaded into the first counter from the second
counter causes a gap in the addressing sequence 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 6 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 writing to
the 20   buffer memory 35 is inhibited. The microcontroller 34 instructs
the CD controller 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 30  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.    WO 98/03975
PCT/IB97/00775 14 It will be apparent, from the above, that the first
counter generates all the write addresses for the buffer memory 35 while
the second counter generates the gaps which are later filled. Thus the
count from which the first counter increments is preset whenever a shock
recovery takes place so that a gap in 5   the addressing sequence is left
to enable the missing data to be subsequently written in the order it would
have come off the disc in the absence of shocks. The read address generator
will comprise a third counter which is clocked by a crystal controlled
oscillator to cause the data to be read out from the memory at the standard
data rate for CD audio so that audio samples can 10   be applied to the DAC
39 at the standard rate. The frequency of the clock for the address
generator will depend on the speed at which the disc is rotated and may for
example be twice that of the read address generator clock although there is
no requirement for a fixed relationship between the two clock signals. It
is, of course, necessary for 15   recovery from shocks that the write
address generator clock is at a higher 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.
WO 98/03975                                            PCT/IB97/00775 15
The data being read is monitored and when a match is found with the data
already stored ahead in time filling of the buffer memory is stopped. The
read head is then moved out one track and as soon as good data is recovered
the buffer memory filling is restarted again at a higher position in 5
the memory to leave a gap to be filled at a later time as described above
and this procedure continues until all the tracks have been written into
the buffer memory. From reading the present disclosure, other modifications
and variations will be apparent to persons skilled in the art. Such
modifications and variations 10   may involve equivalent features and other
features which are already known in the art and which may be used instead
of or in addition to features already disclosed herein. Although claims
have been formulated in this Application to particular combinations of
features, it should be understood that the scope of 



the disclosure of the present application includes 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 same 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.    WO 98/03975
PCT/IB97/00775 16 CLAIMS 1.   A method of reading data from a disc carrier
and applying the data to an output comprising the steps of; 5         i)
reading data from the disc and writing it into a buffer memory, ii)
reading the data stored in the buffer memory to the output at a first given
data rate, iii)  detecting any interruption in the reading of data from the
disc to the buffer memory, and 10        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 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 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         vii)  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 controlling a write address generator for writing the
data into the buffer    WO 98/03975
PCT/IB97/00775 17 memory in such a manner that the 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. 5 4.   A method
as claimed in Claim 3 in which the further step comprises causing a write
address generator to increment addresses during the period that data read
from the disc is interrupted to create a gap in the addressing sequence
which creates a space for insertion of the data which was 10  lost during
the interruption. 5.   A method as claimed in any preceding 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 memory 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 30  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.    18 8.   An arrangement as
claimed in claim 7 in which the means for writing data from the disc into
the memory includes 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 to accommodate the data to 5   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.
10        9.   An arrangement as 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 from the memory in the same order as it is arranged on
the disc. 



15        10.  An arrangement 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 claimed in Claim 10 wherein the compact disc player
forms at least part of an in car entertainment 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.    


