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_ The invention relates to a record carrier on which is recorded a data
signal representing data words, added codewords of a first type and added codewords of a
second type, the added codewords of the first type havir{g a predefined first relation to the
data words, and the added codewords of the second type having a second predefined relation
5 to the data words and added codewords of the first type, the first and second relations

determining’ a preliminary error correction, and the data signal being subdivided into blocks

which comprise each a control portion containing control data and a data portion containing
user-supplied data.

: The invention further relates to a device for reading a record carrier.

-_ 10 Such a record carrier and device are known, for example, by the name of
~ CD-ROM and CD-ROM player.

The user-supplied data on a CD-ROM is recorded in a so-termed main
channel. Furthermore, the so-termed subcode channel contains addresses in the form of so-
termed absolute time.codeé. The data in the main channel are subdivided into blocks
customarily referred to as sectors. Each sector comprises a so-termed sector header which
‘ contains, amongst other things, a sector address which corresponds to the absolute time code
in the subcode channel, and a data portion which contains the actual user-supplied data. Prior
to the data being recorded on the CD-ROM, these data are subjected to a so-termed CIRC
process which makes error correction possible. In this process so-termeci P-redundancy
20 codewords and so-termed Q-redundancy codewords are added. Besides, the data from the
same sector are distributed over a large portion of the recorded signal. The result of this
distribution (also denoted interleaving) is that, when the signal is read out, the data of a
sector will not be available until the time has elapsed that is necessary for reading the data
signal portion over which the data words (and associated P and Q-redundancy codewords) for
the appropriate sector have been distributed. Contrary to the data in the main channel the
data in the subcode channel are available nearly immediately. For a rapid search on a record
Carrier for a sector having a specific address, the address data in the subcode channel are

‘7- used. A drawback of the recording of a subcode channel is that, as a result, the space

:'ailable for recording the main channel is reduced.
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data signal whose length is smaller than the length of the data signal portion over which first-
type codewords have been distributed which are related to the data words of the associated
block.

As the length of the data signal portion over which the data words of a
block are distributed is relatively small, the time necessary for getting data words of the
control portions of a block available is relatively short. Although all the available redundant
data about data words of the control portion, which words might be received erroneously,
has not yet arrived thon, these still (partly) uncorrected data words are generally sufficiently

~ reliable to be used to search blocks on the record carrier. The control portion preferably

contains data words representing an address. The invention is not restricted thereto. It is
alternatively possible that the control portion either or not combined with the address data
contain other control data for which it is desirable that the latter be rapidly available during
the reading operation. .

A further embodiment for the record carrier is characterized in that the
control portion contains added data words which have a predefined relation to data words in
the control portion, whilst types of errors in the data words in the control portion can be
detected in response to the data words and the added data words.

Detection of erroneously received data words in the oontrol portion is
possible because of the added data words, so that search procedures based upon_erroneous
control data can be avoided.

A record carrier according to the invention may be read out by a device
comprising reading means for reading a data signal recorded on a record carrier, which
device comprises first and second error correcting means for correcting errors in the data
words in response to the added first and second-type code words, the device further
comprising decoding means for decoding the control portions of the blocks in response to
data words that have at most been corrected in response to first-type code words.

The invention will be further explained in the following with reference

the drawing Figures | to 4, in which:
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comprises a number of n-bit data words. In the embodiment described here n is equal to 8.
10 These n-bit data words will also be referenced (data) bytes. The blocks 1 are grouped in

clusters 4 of q blocks. Possible values for q are, for example, 4 or 16. The data signal is

intended to be recorded on a record carrier, for example, a record carrier of an optically
detectable type. However, other types of record carriers, for example, a2 magnetic type, are
y likewise possible. Prior to being recorded, the data words are extended by redundancy
15 codewords which make error correction possible. Subsequently, the data words and added
redundancy codewords are converted to a modulated signal which has'signal properties tuned
to the type of record carrier on which the modulated signal is recorded. In the modulated
signal the data words and added redundancy codewords are represented by a series of codes

which uniquely determine the data words and code words. The conversion of data words and

uuw

20 code words to the modulated signal may be of a type as described in European Patent
in application No. 94200387.2 (PHN 14.746). Altematively, however, other modulations such
as, for example, a so-termed EFM modulation are likewise possible. The sync portions 2 and
3 in the modulated signal are preferably represented by codes not used for the data words
and added codewords. Furthermore, there should be a preference for using for sync portions
; !5 2, accommodated in the first biock 1 of each cluster, different codes from those for the sync
portions 3 in the other blocks 1 of the cluster 4.

Fig. 2 shows in greater detail a preferred embodiment for a format of the
blocks 1. In the format shown the bytes (data words) are grouped in rows of four bytes each.
To the left of these rows is shown the serial number of the first byte of the row concerned.
At the top the position of the bytes in the column is shown by the numbers "+0", "+17,
"+2" and "+3". The first four byte positions, denoted "SYNC" in the format are intended
for the sync portion 2 or sync portion 3. In addition to the SYNC portion the block
comprises a control portion 20 (bytes "4" to "11" inc) and a data portion (byte "12" up to
and including the last byte of block 1). The control portion comprises three bytes which
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conta.in a sector address. The control portion may further comprise other control data, for

example, as they are customarily included in the subcode channei on a’Compact Disc. The- -
bytes containing these data. are referenced "Subcode”. These bytes preferably comprise a byte
denoting a so-termed Copy Right Class. The control portion further comprises a so-termed
5 MODE byte which denotes the type of format. This MODE byte has a different value from
the value used with CD-ROM. -
The Pos_in_Cluster byte indicates the position of the relevant sector in a
cluster.
Furthermore, there should be a preference for the control portion 20 to
10 comprise 20 CRC bytes. These bytes have a predefined relation to the other bytes in the 1

control portion, so that detection of an erroneous transfer of the control portion bytes is
possible. This relation may be one as described in detail in the title "THE ART OF
DIGITAL AUDIO" by J. Watkinson (ISBN 0-240-51270-7).
The data portion 21 comprises a Sub-Header, for example, one used in
15 the data blocks a CD-ROM or CD-I signal is divided into. Furthermore the greater part of
the data portion is formed by bytes containing the actual user-supplied data (User Data). The

1

data portion 21 may further contain a number of bytes EDC which have a predefined relation

to the other bytes in the data portion and which make a detection of erroneous data transfer

possibie. _ . :
20 In the format described hereinbefore, the boundary between the control IO

portion 20 and the data portion 21 is selected such that the Sub-Header belongs to the data |

portion 21. The boundary may, however, as well be selected such that the Sub-Header

belongs to the control portion 20.

Fig. 3 shows an embodiment for a device by which a .signal having the

25 block format shown in Fig. 2 can be recorded on a record carrier. This device comprises 2 5

block formatter 30 formatting, in the format shown in Fig. 2 and in a customary fashion, the

user-supplied data to be recorded. The whole block 1 is then formed except for the sync

portion 2 or 3.
The blocks formed by the block formatter are applied to a so-termed
30 interleaver of a customary type, which reorders the bytes of the blocks in that the bytes of
the various blocks are interleaved. For a detailed description of such interleaving, reference
be made to said title "THE ART OF DIGITAL AUDIO", more specifically, page 466. The
interleaver 31 is followed by a C, decoder 32 which adds Q-redundancy bytes to the

interleaved sequence of data bytes in a manner as described in chapter 7 of said title. The il
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not r e3F MIGITAL! namoe.- Thé séghience thus obtained of data bytes and added Q-redundancy
bytes and added P-redundancy bytes is applied to a modulator circuit 35 of a customary type

10 which converts the received sequence of bytes to a modulated signal adapted to the properties
¢ of the type of record carrier on which the data are to be recorded. In addition, the modulator
adds the sync portions 2 and 3 to the modulated signal. The sync portions 2 and 3 can be
supplied to the modulator 35 by a generator 37. The modulator 35 may be of a customary
type such as is 'known, for example, by the name of EFM modulator. However, this

15 modulator may also be of a different type as described in European Patent application No.

 94200387.2 (14.746). The modulated signal produced by the modulator 35 is recorded in
customary fashion on a record carrier 36, for example, a disc-like record carrier of an
optically detectable type on which the modulated signal is represented by an optically
detectable data pattern.

0 For the purpose of synchronization of the signal processing operations,
which are performed by the various parts of the device shown in Fig. 3, the device
comprises a clock signal generator 38 generating clock signals for the various parts.

Fig. 4 shows a device for reading the data recorded on the record carrier.
This device comprises a read head (not shown) which scans the data patt.ern available on the

5 record carrier and converts this pattern to a corresponding anal-og detection signal. The
detection signal is applied to a so-termed slicer 40 which converts the analog detection signal
to a corresponding binary read signal. The binary read signal is applied to a clock extraction
circuit 41 for extracting a clock signal from the binary detection signal. The binary detection
signal is further applied to a demodulation circuit 42 which reconverts the binary detection

% signal to a sequence of data bytes and P and Q-redundancy bytes. Besides, the demodulation
circuit detects the sync portions 2 and 3. A signal denoting that a sync portion 2 or a sync
portion 3 has been detected is fed to a signal line 44 by the demodulator 42. The data bytes
and the added P and Q—redundancy bytes are applied to a circuit formed by a C1 decoder 43,

an interleaver 46, a C2 decoder 47 and a deinterleaver 48, in this order. The interleaver 46
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furtherand transfers these data to data processing arrangements (not shown). To simplify the
establishment of the beginning of a block 1, the signal produced by the demodulator 42,
which signal indicates that a sync portion 2 or 3 has been detected, is 'applied to the block
10 deformatter via a time delay circuit 51 which delays the signal by a period of time
corresponding to the delay of the circuit formed by the elements 45, 46, 47 and 48.

Furthermore, the device shown in Fig. 4 comprises a control circuit 52 # .

which produces a plurality of clock signals which are in synchronism with the clock signal
extracted by the clock extraction circuit, and which synchronous clock signals are applied to

15 the various elements of the device to synchronize the operations performed by these
elements.

‘Due to the use of the interleaver 46 and the deinterleaver 48 which
reversely reorders the data bytes, the order in which the data bytes are produced by the
demodulator 42 corresponds to the order in which the corrected data bytes are produced by

20 the deinterleaver 48. This means that on the output of the demodulator 42 the data bytes are
produced for complete blocks 1 at a time. This is advantageous in that the data bytes of the
contro} portion of a block 1, be it in uncorrected form, become available on the output of the
demodulator 42 substantially immediately after the bytes following a sync portion 2 or 3 have
been read out. This control portion contains data used for searching for blocks recorded on

25 the record carrier 1. Due to this rapid availability it is thus possible to have a rapid search of
a desired block 1 on the record carrier in response to the data bytes available on the output
of the demodulator 42.

The C1 decoder corrects single errors in response to the added P-
redundancy bytes. Therefore, there should be a preference for using for the search control

30 not the data bytes becoming available on the output of the demodulator 42, but the data bytes
corrected for single errors, which bytes become available on an output of the C1 decoder.
For the purpose of the separation of ' the control portion, which portion is necessary for
search control, the device comprises a circuit 50 which is supplied with both the signal
denoting that a sync portion 2 or 3 has been detected by the demodulator and with the data
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conpri sing ordering means coupled to said error correcting means for
gathering the flrst type codewords fromsaid first portion.

“The inv be further explained in the following with reference to'
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7
' bytes processed by. the Cl decoder. The data separated by circuit 5O are transported to an
arrangement (not shown) for search control of blocks {"on the record ca.mer 36. There -
should be preference for having the circuit 50 comprise an error detector wmch detects, in |
response to the CRC bytes in the control portions 20 of the blocks 1, whether the received
5 Dytes in the control portions contain errors. In this manner the probability of an erroneously

received signal being used for searching for blocks 1 on the record carrier 36 is reduced.
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Fig. 1 shows a data signal; ' Frg 2 shows a format of th

data si gnal ; Fig. 3 shows a device for converting data
a nodul at ewasysgm suitabl e for recording, and - PCTABYS/IUIGE 4
shows a device for recovering dat a fromg signal detected froma record
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n-bit datd words.ln the enbodi mgp: descrr bed here n i $ equakEM-ACBD Thes|

n-bit dat be ref ackd/t es.
grouped | Imi m\'“l lﬂ bI ocks ﬁ es for q are, for exanple,
or a snghal +s |nten ded on a record carrier,

for exarrpl e, a record carrier of an optically detectable type. However,
ot her types of record carriers, for exanple, a magnetic type, are |ikew sd

possi ble, Prior to being recorded t he data words are extended, by
r edundanty Record carrier on which is recorded a data signal representing data words,

added codewords of a first type and added codewords of a second type, the added codewords
of the first type having a predefined first relation to the data words, and the added codewords
of the second type having a second predefined relation to the data words and added

5 codewords of the first type, the first and second relations determining a preliminary error
correction, and the data signal being subdivided into blocks which comprise each a control
portion containing control data and a data portion containing user-supplied data, characterized
in that the data signal portions representing data words of each of the blocks and second-type
codewords related thereto are distributed over a portion of the data signal whose length is

10 smaller than the length of the data signal portion over which first-type codewords have been
distributed which are related to the data words of the associated block.
2. Record carrier as claimed in Claim 1, characterized in that the control
portion contains added data words which have a predefined relation to data words in the
control portion, whilst types of errors in the data words in the control portion can be
15 detected in response to the data words and the added data words.
3. Record carrier as claimed in Claim 1 or 2, characterized in that the
control portion comprises data words establishing a block address.
4. Device comprising reading means for reading a data signal recorded on 2
record carrier, which device comprises first and second error correcting rnmns for correcting
20 errors in the data words in response to the applied first and second-type code words, the
device further comprising decoding means for decoding the control portions of the blocks in
response to data words which have at most been corrected in response to first-type code
words.
3. ' Device as claimed in Claim 4, characterized in that the decoding means
25 comprise error detection means for detecting errors in data in the control portion in response
to added data words.
6. Device as claimed in Claim 5, characterized in that the decoding means
comprise means for deriving a sector address from the control portion.
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added codewords of the second type have a second predefined relation to data words

5 and added codewords of the first type. The added codewords of the first and the second
type make an error correction possible according to a given algorithm. The data signal
is divided into blocks (1) which contain each a control portion (20) with control data
and a data portion (21) with user-supplied data. The data words and added first and
second codewords are ordered and interrelated in a manner in which the order of the

10 data words, once the error correction has been effected according to the given criterion,
is not affected. |

Furthermore, the application proposes a device for reading a data signal

recorded on the record carrier (36). The device comprises first and second error
correcting means (45) (47) for correcting errors in the data words in response to the

15 added codewords of the second type and first type. The device further comprises
decoding means (50) for separating the control portions (20) of the blocks (1) in
response to the data words produced by the first correcting means (45), whilst the

results generated by the second correcting means (46) are discarded.

(Figs. 2 and 4).
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DI G*TAL AUDI O' by J.. Watkinson (ISBN 0-240-51270-7).-
“The .data portion 21 conprises a Sub-Header ne used in
the data bl ocks a CD-ROM or CD-1 signal
greater part of the data portion i
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and the data portion 21 is selected such that thdg }J Header bel ongs to the
dat a portion 21. The boundary may, however,” as well be sel ected such
t hat the Sub- Header bel ongs to the control pé’F’Mn 20. '
Fig. 3 shows an enbodi nent for a device by which a signal having the
bl ock format shown in Fig. 2 can be recorded on a record carrier. This

devi ce conprises a THe! ifedntib rélites &5 2 3€:okd E4Fdiel oA GvhidNistrBcord&d gdhtashown
in Fig. 2 and in a customary fashiaon, the
signal representing data words, added codewords of a first type and added codewords of a
second type, the added codewords of the first type having a predefined first relation to the
data words, and the added codewords of the second type having a second predefined relation

to the data words.and added codewords of the first type, the first and second relations

determining a preliminary error correction, and the data signal being subdivided into blocks
which comprise each a control portion containing control data and a data portion containing
user-supplied data.

The invention further relates to a device for reading a record carrier.

Such a record carrier and device are known, for example, by the name of
CD-ROM and CD-ROM player.

The user-supplied data on a CD-ROM is recorded in a so-termed main
channel. Furthermore, the so-termed subcode channel contains addresses in the form of so-
termed absolute time.'codes."rhc data in the mam channel are subdivided into blocks
customarily referred to-as sectors. Each sector comprises a so-termed sector header which
contains, amongst other thingé,_ a sector address which cbrresponds to the absolute time code
in the subcode channel, and a &m portion which contains the actual user-supplied data. Prior
to the data being recorded on .the CD-ROM, these data are subjected to a so—fermed CIRC
process which makes error correction possible. In this process so—termed. P-redundancy
codewords and so-termed Q-redundancy codewords are added. Besides, the data from the
same sector are distributed over a large portion of the recorded signal. The result of this
distribution (also denoted interleaving) is that, when the signal is read out, the data of a
sector will not be available until the time has elapsed that is necessary' for reading the data
signal portion over which the data words (and associated P and Q-redundancy codewords) for
the appropriate sector have been distributed. Contrary to the data in the main channel the
data in the subcode channel are available nearly immediately. Fo_r'a: rapid search on a record
carrier for a sector having a specific address, the address data in the subcode channel are

- used. A drawback of the recording of a subcode channel is that, as a result, the space

available for recording the main channel is reduced.
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This object is achieved by a record car_r'icr as defined in the opening
paragraph, characterized in that the data signal portions representing data words of each of
the blocks and second-type codewords related thereto are distributed over a portion of the
data signal whose length is smaller than the length of the data signal portion over which first-
type codewords have been distributed which are related to the data words of the associated
block. |

As the length of the data signal portion over which the data words of a
block are distributed is relaﬁvely small, the time necessary for getdng data words of the
control portions of a block available is relatively short. Although all the available redundant
data about data words of the control portion, which words might be received erroneously,
has not yet arrived then, these still (partly) uncorrected data words are generally sufficiently
reliable to be used to search blocks on the record carrier. The control portion preferably
contains data words rebresenting an address. The invention is not restricted thereto. It is
alternatively possible that the control portion either or not combined with the address data
contain other control data for which it is desirable that the latter be rapidly available during
‘the reading operation.

A further embodiment for the record carrier is characterized in that the
control portion contains added data words which have a p;edeﬁned relation to data words in
the control portion, whilst types of errors in the data words in the control portion can be
detected in response to the data words and the added data words.

Detection of erroneously received data words in the com:ol portion is
possible because of the added data words, so that search procedures based UpOTLErroneous
control data can be avoided.

A record carrier according to the invention may be read out by a device
comprising reading means for reading a data signal recorded on 2 record carrier, which
device comprises first and second error correcting means for correcting errors in the data
words in response to the added first and second-type code words, the device further
comprising decoding means for decoding the control portions of the blocks in response to
data words that have at most been corrected in response to ﬁrst-rype code words.

The invention will be further explained in the following with reference to

the drawing Figures 1 to 4, in which:
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formatter 30. The Q redundancy bytes whi ch bel ong to datp bytes of a secfo
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Fig. 4 shows a device for recovering data from a signal detected from_a
record carrier. : |
Fig. | shows a data signal which is subdivided into blocks 1. Each of the
blocks comprises a synchronization (sync) portion 2 or 3 and a data portion. The data portion
comprises a number of n-bit data words. In the embodiment described here n is equal to 8.
These n-bit data words will also be referenced (data) _bytes. The blocks | are grouped in
clusters 4 of q-blocks. Possible values for q are, for example, 4 or 16. The data signal is
intended to be recorded on a record carrier, for example, a record carrier of an optically
detectable type. However, other types of record carriers, for example, a magnetic type, are -
likewise possible. Prior to being recordéd, the data words are extended by redundancy
codewords which make error correction possible. Subsequently, the data words and added
redtinda_ncy codewords are converted to a modulated signal which has signal properties tuned
-to the type of record carrier on which the modulated signal is recorded. In the modulated
signal the data words and added redundancy codewords are represented by a series of codes
which uniquely determine the data words and code words. The conversion of data words and
code words to the modulated signal may be of a type as described in European Patent
application No. 94200387.2 (PHN 14.746). Alternatively, however, other modulations such
as, for example, a so-termed EFM modulation are likewise possible. The sync portions 2 and
3 in the modulated signal are preferably represented by codes not used for the data words
and adQed codewords. Furthermore, there should be a preference for usihg for sync portions
2, accommodated in the first block 1 of each cluster, different codes from those_for the sync
portions 3 in the other blocks 1 of the cluster 4. '

Fig. 2 shows in greater detail a preferred embodiment for a format of the
blocks 1. In the format shown the bytes (data words) are grouped in fows of four bytes each.
To the left of these rows is shown the serial number of the first byte of the row concerned.
At the top the position of the bytes in the column is shown by the numbers "+0", "+1",
“+2" and "+3". The first four byte positions, denoted “SYNC" in the format are intended
for the sync portion 2 or sync portion 3. In addition to the SYNC portion the block
comprises a control portion 20 (bytes "4" to “11" iné) and a data portion (byte “12" up to
and including the last byte of block 1). The control portion comprises three bytes which
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Furthermore, there should be a preference for the control portion 20 to
comprise 20 CRC bytes. These bytes have a predefined relation to the other bytes in the
control porﬁen, so that detection of an erroneous transfer of the control portion bytes is
possible. This relation may be one as described in detail in the title "THE ART OF
DIGITAL AUDIO" by J. Watkinson (ISBN 0-240-51270-7).

The data portion 21 comprises a Sub-Header, for example, one used in
the data blocks a CD-ROM or CD-I signal is divided into. Furthermore the greater part of
the data portion is formed by bytes containing the actual user-supplied data (User Data). The
data portion 21 may further contain a number of bytes EDC which have a predefined relation
to the other bytes in the data portion and which make a detection of erroneous data transfer
possible. ) '

In the format described hereinbefore, the boundary between the control
portion 20 and the data portion 21 is selected such that the Sub-Header belongs to the data
portion 21. The boundary may, however, as well be selected such that the Sub-Header
belongs to the control portion 20. _

Fig. 3 shows an embodiment for a device by which a szgnal having the
block format shown in Fig. 2 can be recorded on a record carrier. This device comprises a
block formatter 30 formatting, in the format shown in Fig. 2 and in a customary fashion, the
usér-supplied data to be recorded. The whole block | is then formed except for the sync
portion 2 or 3. ' . ' | .
The blocks formed by the block formatter arc a.pplied to a so-termed
5 interleaver of a customary type, which reorders the byies of the blocks in that the bytes of

the various blocks are interleaved. For a detailed description of such interleaving, reference
be made to said title "THE ART OF DIGITAL AUDIO", more specifically, page 466. The
interleaver 31 is followed by a C, decoder 32 which adds Q-redundancy bytes to the
interleaved sequence of data.bytes in a manner as described in chapter 7 of said title. The
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i nt er | eavebytdHare applied to a C1 encoder which adds to the received bytes so-termed P-redundancy

bytes in 2 manner similar to the manner as described in chapter 7 of said title "THE ART
OF DIGITAL AUDIO". The sequence thus obtained of data bytes and added Q-redundancy
bytes and added P-redundancy bytes is applied to a modulator circuit 35 of a customary type
which converts the received sequence of bytes to a2 modulated signal adapted to the properties
“of the type of record carrier on which the data are to be recorded. In addition, the modulator
adds the sync portions 2 and 3 to the modulated signal. The sync portions 2 and 3 can be
supplied to the modulator 35 by a'generator 37. The modulator 35 may be of a customary
type such as is known, for examplie, by the name of EFM modulator. However, this
modulator may also be of a different type as described in European Patent application No.
94200387.2 (14.746). The modulated signal produced by the modulator.35 is recorded in
customary fashion on a record carrier 36, for example, a disc-like record carrier of an
optically detectable type on which the modulated signal is represented by an optically .
detectable data pattern.

For the purpose of synchronization of the signal processing opérations,
which are performed by the various parts of the device shown in Fig. 3, the device
‘comprises a clock signal generator 38 generating clock signals for the various parts.

Fig. 4 shows a device for reading the data recorded on the record carrier.
This device comprises a read head (not shown) which scans the data patt.em avaijlable on the
record carrier and converts this pattern to a corresponding analog detection signal. The
detection signal is applied to a so-termed slicer 40 which converts the analog detection signal -
to a corresponding binary read signal. The binary read signal is applied to a clock extraction
circuit 41 for extracting a clock signal from the binary detection signal. The binary detection
signal is further aﬁplied to a demodulation cirduit 42 which reconverts the binary detection
signal to a sequence of data bytes and P and’Qéredundancy' bytes. Besides, the demodulation
circuit detects the sync portions 2 and 3. A signal denoting that a sync portion 2 or a sync
portion 3 has been detected is fed to a signal line 44 by the demodulator 42. The data bytes
and the added P and Q-redundancy bytes are applied. to a circuit formed by a C! decoder 45,

an interleaver 46, a C2 decoder 47 and a deinterleaver 48, in this order. The interieaver 46



6 reorders the received bytes in a manner which is the-r'
I n which the bytes have been reordered by the dein

‘manner

FAGER EglgeSl:ﬁ]ET

dei nterl eaver 47 reorders the received bytes in a manner ich |s t he
reverse to the manner in which the bytes have been reordefed Hy2t¥8R 1997
interleaver 31. The Cl and C2 decoders detbect and correct} iln_response.i.q
the P and Q redundancy bytes, erroneously detected data bytes. The data
byt es t hus reovders ctecrdcaives WI inedmannen whichcis tkefeversatto e o

t he variou
processi ng

ineniin whichbe at es. |
B R 5 o A . AP 2 i 971
received bytes in a manner which is the reverse to the manner in which the bytes have been
reordered by the interleaver 31. The Cl and C2 decoders detect and correct, in response to
the P and Q-redundancy bytes, erroneously detected data bytes. The data bytes thus corrected
are applied to a block deformatter 49 which separates the various types of data in the blocks
and transfers these data to data processing arrangements (not shown). To simplify the
establishment of the beginning of a block 1, the signal produced by the demodulator 42,
which signal indicates that a sync portion 2 or 3 has been detected, is 'applied to the block

- deformatter vza a time delay circuit 51 which delays the signal by a period of ume

correspondmg to the delay of the circuit formed by the elements 45, 46, 47 and 48

Furthermore, the device shown in Fig. 4 comprises a control circuit 52
which produces a plurality of clock signals which are in synchronism with the clock signal
extracted by the clock extraction circuit, and which synchronous clock signals are applied to
the various elements of the device to synchronize the operations performed by these
elements. '

Due to the use of the interleaver 46 and the deinterleaver 48 which
reversely reorders the data bytes, the order in which the data bytes are produced by the
demodulator 42 corresponds to the order in which the corrected data bytes are produced by
the deinterleaver 48. This means that on the output of the demodulator 42 the data bytes are
produced for complete blocks | at a time. This is advantageous in that the data bytes of the
control portion of a block 1, be it in uncorrected form, become available on the output of the
demodulator 42 substantially immediately after the bytes following a sync portion 2 or 3 have
been read out. This control portion contains data used for searching for blocks recorded on
the-l record carrier 1. Due to this rapid availability it is thus possible to have a rapid search of
a desired block 1 on the record carrier in response to the data bytes available on the output
of the demodulator 42. _ |

The C1 decoder corrects single errors in response to' the added P-
redundancy bytes. Therefore, there should be a preference for using for the search control
not the data bytes becoming available on the-output of the demodulator 42, but the data bytes
corrected for single errors, which bytes become available on an output of the C1 decoder.
For the purpose of the separation of the control portion, which portion is necessary for
search control, the device comprises a circuit 50 which is supplied with both the signal
denoting that a sync portion 2 or 3 has been detected by the demodulator and.with the data
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carrier 1. Due to this rapid avallablllty8|t I's thus posjsi pt&T0 have a
rapi d search of a desired block 1 on the record carrier jn rqqp¢#§bﬁﬁﬂ the
dat a byt es ChAIMSibl e on the out put of the denodul ator 42 :
The O decoder corrects single errors in response to theladded P- <Lh£
redundancy bytes. Therefore, there should be a preference for using for
search control not the data bytes becom ng avail abl e on tHe-out put of the
denodul ator 42, but the data bytes corrected for single errors, which bytes
becone availabl e on an out put of the C decoder. For the purpose of the
separation of the control portion, which portion is necessary for search
control, the device conprises a circuit 50 which is supplied with both the

signal dendting that a Bpeardsarier on whick isFetnrdedha datasignak representing iata words,
demodul at ot 4 ARd: Bl '8 2 4B4Fype and added codewords of a second type, the added codewords
' of the first type having a predefined first relation to the data words, and the added codewords
of the second type having a seéond predefined relation to the data words and added |
codewords of the first type, the first and second relations determining a preliminary error
correction, and the data signal being subdivided into blocks which comprise each a control

portion containing control data and a data portion containing user-supplied data, characterized
in that the data signal portions representing data words of each of the blocks and second-type
codewords related thereto are distributed over a portion of the data signal whose length is
smaller than the length of the data signal portion over which first-type codewords have been
distributed which are related to the data words of the associated block.
2. Record carrier as claimed in Claim 1, characterized in that the control
portion contains added data words which have a predefined relation to data words in the
control portion, whilst types of errors in the data words in the control portion can be
detected in response to the data words and the added data words.
3. Record carrier as claimed in Claim 1 or 2,' characterized in that the
control portion comprises data words establishing a block address.
4. ‘Device compnsmg reading means for reading a data sxgnal recorded on a -
record carrier, which device comprises first and second error correcting means for correctmg
errors in the data words in response to the applied first and second-type code words, the
device further comprising decoding means for decoding the control portions of the blocks in
response to data words which have at most been corrected in response to first-type code
~ words.

5. | Device as claimed in Claim 4, characferized in that the decoding means

i comprise error detection means for detecting-errors in data in the control portion in response
to added data words. |
6. Device as claimed in Claim 5, characterized in that the decoding means

comprise means for deriving a sector address from the control portion.
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RECORD CARRIER AND DEVICE FOR READING SUCH A CORD CARRIER

ABSTRACT

A record carrier (36) has a data signal recorded

on it which represents data words, added codewords of
a first type and added codewords of a second type.
The added codewords of the first type have a
predefined first relation to'the data words. The
added codewords of the second type have a second
predefined relation to data words and added codewords
of the first type. The added codewords of the first
and the second type make .an error correction possible
accord:l.ng to a given algorithm The data signal is
divided into blocks- (1) which contain each a control
portion (20) with control data and a data portion (21)
with user- supplied data, The data words and added
first and fsecond .codewords are ordered and
interrelated :Ln a manner in which the order of the
"data words, once the error correction has been
effected according to the 'given criterion, is not
affected. Furthermore, the application proposes a
device for reading a data signal recorded on the
record carrier (36)' The device comprises first and
gsecond error correcting means (45, 47) for correcting
errors in the data words in response to the added
codewords of the second type and first type. The
device further comprises decoding means (50) for
separating the control portions (20) of the blocks (1)
in response to the data ‘words produced by the first
correcting means (45), whilst the results generated by
the second correcting means (46) are discarded.

FIGURE 3
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CLAI Ms: -1 Record carrier on which is recorded a
data signal representing data words, added first-type codewords and added
second-type codewords, the added first-type codewords having a predefined
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rand second-type codewords rel ated theretp havel bg ' tri]u ed over. @
portion of the data signal whose length'is s Fer” thap paj d2f} rmﬂﬁ"ti n
2 Record carrier as claimed in aim1l} characteri

in that the control portion contains added data words whlch have a
predefined rel atRetdtd tarietaind d¥videdSr reddirighfchCardéordtariie@s t i ony whi | st_types—ef
errors in the data words in the control portion can be detected in response
to the data words and the added data words. 3. : Record
carrier as claimed in Claiml or 2, characterized in that the control
portion conprises data words establishing a bl ock address.

The invention relates to a record carrier on which is recorded a data signal

' representing data words, added firs -me codewords and added second-type codewords, the .

added first-type codewords having a predefined first relation to the data words, and the added
second-type codewords having a predeﬁned second relation to the data words and added first-
type codewords, the predefined first and second relations enabling error correction in accord-

 ance with a predetemined algorithm, and the data signal being subdivided into addressable

blocks which comprise each a control portion containing control data words and a data portien
containing user-supplied data words. _

The invention further relates to a device for reading a record carrier.

Such a record carrier and device are known, for example, by the name of
CD-ROM and CD-ROM player. ' _

The user-supplied data on a CD-ROM is recorded in a so-termed main
channel. Furthermore, the so-termed subcode channel contains addresses in the form of so-
termed absolute time codes. The data in the main channel are subdivided into blocks

| customarily referred to as sectors. Each sector eomprises a so-termed sector header which

contains, amongst other things, a sector address which corresponds to the absolute time code
inthe subcode.channel, and a data portion which contains the actual user-supplied data. Prior
to the data being recorded on the CD-ROM, these data are subjected to a so-termed CIRC
process which makes error correction possible. In this process so-termed P-redundancy
codewords and so-termed Q-redundancy codewords are added. Besides, the data from the
same sector are distributed over a large 'portion of the recorded signal. The result of this
distribution (also denoted interleaving) is that, when the signal is read out, the data of a sector
will not be available until the time has elapsed that is necessary for reading the data signal
portion over which the data words (and associated P and Q-redundancy-codewords) forthe
appropriate sector have been distributed. Contrary to the data in.the main channel the datain
the subcode channel are available nearly immediately. For a rapid search on a record carrier
for a sector having a specific address, the address data in the subcode channel are used. A
drawback of the recording of a subcode channel is that, as a result, the space available for

recording the main channel is reduced.
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It is an object of the invention to provide a record carrier on which the
blocks recorded on the record carrier can be searched rapidly without using a subcode channel.

This object is achieved by a record carriér as defined in the openi_ng
paragraph, characterized in that the first-type codewords which are related to the data words of
an associated block have been distributed over a first portion of the data signal, which is

- substantially longer than the portion of the data signal occupied by said block, and the data

words of said block and second-type codewords related thereto have been distributed over a
portion of the data signal whose length is smaller than said first portion.

As the length of the data signal portion over which the data words of a
block are distributed is relatively small, the time necessary for getting data words of the
control portions of a block available is relatively short. Although all the available redundant
data about data words of the control portion, which words might be received erroneously, has
not yet arrived then, these still (partly) uncorrected data words are generally sufficiently |
reliable to be used to search blocks on the record carrier. The control portion preferably
contains data words representing an address. The invention is not restricted thereto. It is
alternatively possible that the control portion either or not combined with the address data
contain other control data for which it is desirable that the latter be rapidly available dunng the

reading operatlon.

A further embodiment for the record carrier is characterized in that the
control portion contains added data words which have a predefined relation to data words in
the control portion, whilst types of errors in the data words in the control portion can be’
detected in response to the data words and the added data words.

Detection of en'oneously received data words in the control portion is
possible because of the added data words, so that search procedures based upon erroneous
control data can be avoided. :

_ A record carrier according to the invention may be read out by a device
comprising reading means for reading a data signal recorded on the record carrier, which
device comprises first and second error correcting means for correcting errors in the data
words in response to the added first-type and second-type code words, the device further
comprising ordering means coupled to said error correcting means for gathering the first-type
codewords from said first portion.

The invention will be further explained in the following with reference to

the drawing Figures 1 to 4, in which:
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CLAIMS:

1 Record carrier on which is recorded a data signal representing data

words, added first-type codewords and added second-type codewords,
codewords having a predefined first relation to the data words, and the

the added first-type
added second-type

codewords having a predefined second relation to the data words and added first-type code-
words, the predefined first and second relations enabling error correction in accordance with a

predetermined algorithm, and the data signal being subdivided into addressable blocks which
comprise each a control portion containing control data words and a data portion containing

user-supplied data words, characterized in that the first-type codewords which are related to

the data words of an associated block have been distributed over a first

portion of the data

signal, which is substantially longer than the portion of the data signal occupied by said block,
and the data words of said block and second-type codewords related thereto have been

distributed over a portion of the data signal whose length is smaller than said first portion.

2. : Record carrier as claimed in Claim 1, characterized in that the control
portion contains added data words which have a predefined relation to data words in the control
portion, whilst types of errors in the data words in the control portion can be detected in response

to the data words and the added data words.

o 3. " Record carrier as claimed in Claim 1 or 2, characterized in that the

control portion comprises data words establishing a block address.

4. Device comprising reading means for reading a data signal recorded on a

record carrier as claimed in claim 1, which device comprises first and second error correcting
 means for correcting errors in the data words in response to the added first-type and second-type
code words, characterized in that the device comprises ordering means coupled to said error

correcting means for gathering the first-type codewords from said first portion.
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5. Device as claimed in Claim 4, characterized in that the device comprises

decoding means for decoding the control portions of the blocks in response to data words which

have at most been corrected in response to second-type code words.

6. Device as claimed in Claim 4 ors, characterized in that the decoding

means comprise error detection means for detecting errors in data in the control portion in
response to added data words. '

7. Device as claimed in Claim 4, 5 or 6, characterized in that the decoding

means comprise means for deriving a sector address from the control portion.
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RECORD CARRIER AND DEVICE FOR READING SUCH A RECORD CARRIER
ABSTRACT

A record carrier (36) has a data signal recorded
on it which represents data words, added codewords of
a first type and added codewords of a second type.
The added codewords of the £first type have a
predefined first relation to the data words. The
added codewords of the second type have a second
predefined relation to data words and added codewords
of the first type. The added codewords of the first
and the second type make an error correction possible
accord:.ng to a given alg'orithm The data signal is
divided into blocks (1) which contain each a contrel
portion (20) with control data and a data portion (21)
with user-supplied data.A The data wordas and added
first and . second codewords are ordered and
interrelated in a manner in which the order of the
data words, once the error correction has been
effected according to the 'given criterion, is not
affected. Fﬁrthermore, the application proposes a
device for read:l.ng a data s:.gnal recorded on the
record carrier (36) The device comprises first and
second error correcting means (45, 47) for correcting
errors in the data words in response to the added
codewords of the second type and first type. The
device further comprises decoding means (50) for
separating the control portions (20) of the blocks (1)
in response to the data words produced by the first
correcting means (45), whilst the results generated by
the second correcting means (46) are discarded.

FIGURE 3



