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The invention relates to a system for recording and reproducing a digital
audio signal on/from a re-recordable record carrier, comprising a recording arrangement
for recording the digital audio signal in a track on the record carrier and comprising a
reproducing arrangement for reproducing the digital audio signal from the track of the
5 record carrier, |
the recording arrangement comprising
‘ - an input terminal for receiving the digital audio signal,

- first conversion means for converting the digital audio signal in a data reduction step
into a second digital signal comprising synchronisation information, bitallocation

10 information, scalefactor information and audio signal information included in subsequent
frames of the second digital signal,
- second conversion means for converting the second digital signal into a third digital .
signal so as to enable an error correction to be carried out in the reproducmg
arrangement on the third digital signal read from the track

15 - write means for writing the third digital signal in the track on the record carrier,
the reproducing arrangement comprising | ,

. - read means for reading the third digital signal from the track on the record carrier,

- third conversion means for correcting errors in the third digital signal read from the
track, for generating an error-flag if it is not capable of correcting an error, and for

20 reconverting the third digital signal into the second digital signal, -
- fourth conversion means for reconverting the second digital signal so as to obtain the
digital audio s1gnal | .
- concealment means for concealing uncorrectable errors in the d1g1ta.l audio signal in
response to error flags generated by the error-correction means,

25 - an output terminal for supplying the digital audio signal, a recording arrangement and

a reproducing arrangement for use in the system, and to a record carrier obtained with

o

the recording arrangement.
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magnetic record carrier incorporated in a compact cassette like housing. The audio
signal reproduced has a substantially CD quality. '

The present invention enables a further improvement of the system, so
that it is possible to re-record a digital audio signal partly over a terminal portion of an
earlier recording, such that, during reproduction of the earlier recording and the new
recording, the probability of occurrence of an audible distortion as a result of the
reproduction over the boundary between the earlier and the new recording is
significantly decreased. _

To that purpose, the system is characterized the recdrding arrangement
further comprises signal processing means for further processing a digital signal in the
recording arrangement in response to the switching of the recording arrangement into a
recording mode, so as to mutilate information included in a start portion of the third
digital signal which is recorded in the track, the information inciuded in the start
portion being mutilated such that, during @mducﬁon, the mutilated information
included in the start portion of the signal read from the track, results in generating a
concealment control signal during a first time interval which is applied to the
concealment means so as to conceal the digital signal during said first time interval, the

-said first time interval at least including the start portion of the reproduced digital

signal.

As an alternative, the system in accordance with the opening paragraph is
characterized in that the recording arrangement further comprises signal processing
means for further processing a digital signal in the recording arrangement in response to
and directly preceding the termination of a recording mode, so as to mutilate
information included in a terminal portion of the third digital signal which is recorded
in the track, the information included in the terminal portion being mutilated such that,
during reproduction, the mutilated information included in the terminal portion of the
signal read from the track, results in generating a concealment control signal during a
second time interval which is applied to the concealment means so as to conceal the
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The invention is based on the recognition that, during reproduction, the
start portion of the second digital signal of the new recording need not be contiguous to
the terminal portion of the remaining part of the second digital signal of the earlier
recording. '

The term ’not’ contiguous’ means that the boundary, in the second digital
signal reproduced from the record carrier, between the original recording and the start
portion of the new recording is not exactly located at the boundary between two
subsequent complete frames in the second digital signal, the first one of the two
complete frames being the last frame of the original signal adjoining the boundary, and
the second one of the two frames being the first complete frame in the second digital
signal of the new recording. The two signals are not contiguous if the last frame of the
original signal and/or the first frame in the second digital signal of the new recording
are not complete. This can lead to an incorrect reconversion in the fourth conversion
means. As a result an audible distortion can occur in the reproduced audio signal.

- By mutilating, during the recording step, the information included in a
start portion of the new recording such that, during reproduction a concealment control
signal is generated so as to conceal the read-out digital signal, it has been assured that
the probability of occurrence of audible distortions is reduced to substantially zero.
Concealment of the digital signal can be realized in various ways. Concealment can
mean: repeating previous- correct signal samples or signal portions, interpolating
between correct signal samples or signal portions that are located around the start
portion of the new recording, muting the start portion of the new recording, e.g. by

- setting the samples to zero.

In the same way it may be possibie that the terminal portion of the
original recording lies beyond the terminal portion of a new recording on the record
carrier. This means that the terminal portion of the new recording is followed by the
remaining part of the original recording. The boundary between both can in the same
way be the cause of audible distortions in the reproduced audio signal. In order to
preclude this, it is preferred to mutilate the information included in a terminal portion of
the new recording as well, so that, during reproduction, a concealment control signal
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mutilation of the signal’ results in uncorrectable errors in the signal read from the

record carrier. As a result error flags are generated by the third conversion means,
which activates one of the concealment methods described above. The error flags form
in this case the concealment control signal, under the influence of which the:
10 concealment of the signal read out is activated.
’Mutilating the signal’ however also includes a signal processing step in
* which additionally concealment codes are added to the signal to be recorded. Those
concealment codes can be detected by a detector in the reproducing arrangement, so as
to generate the concealment control signal. |
15 As a further alternative, it should be noted that the concealment codes
need not necessarily b added to the digital signal and to be recorded in the same track
as the digital signal. It is equally possible to record the concealment codes in a separate
track. , .
It should be noted that published European patent application EP 414,310
20 Al, reference (11) in the list of references, describes record carriers of the write-once
type. Such record carriers can not be overwritten, so that a fault m the recorded signal,
. such as the recording of an undesirable signal, can not be corrected. The application
now proposes a mutilation of the undesired signal recorded previously in a record
carrier, so as to génerate error flags during reproduction and to activate a muting
25 function in response thereto. Contrary to this, the present invention proposes the
"mutilation’ of the start or end portion of the new recording so as to decrease the

probability of occurrence of audible distortions.

30 The invention will now be described in more detail in the following
Figure description, in which
Figure 1 shows a prior art recording _ai'rangement,
Figure 2 shows the format of the second digital signal,
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term nal portion of t[Régure 6 shows a prior art reproducing arrangement,

Figure 7 shows the second digital signal as it is read out, in the case of
the read-out of an original recording (Figure 7a), in the case of a new recording made
partly over an original recording (Figure 7b and 7c),

10 Figure 8 shows an embodiment of the part of the recording arrangement
. incorporating the invention,
* | Figure 9 shows another embodiment of a part of the recording
arrangement incorporating the invention, | '
o Figure 10 shows another format of the second digital signal,
15 Figure 11 an embodiment of the reproducing arrangement in accordance
with the invention,

Figure 12 shows the second digital signal as it is read out, in the case of
the read-out of an original recording (Figure 12a), in the case of a new recording made
partly over an original recording (Figure 12b and 12c),

20 Figure 13 and 14 show an embodiment in which a concealment code is
recorded in a separate track on the record carrier.

Figure 1 shows in (a) the first conversion means of a prior art recording

25 arrangement. An input terminal 1 is supplied with a wide-band digital signal; In this
context one may think of an audio signal having a bandwidth of about 20 kHz. The
audio signal may be a stereo audio signal. In that case only one of the two signal
portions (the left or right signal portion) of the stereo audio signal will be further
discussed. The other signal portion will then be subject to the same process.

30 Input 1 is supplied with, for example, 16-bit samples of, for example, the
left signal portion of the audio signal having a 44 kHz sample frequency. The audio
signal is applied to a sub-band coder 2 comprising an analysis filter means. The sub-
band coder 2 distributes the audio signal over M sub-bands by means of M filters i.e. 2
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the earlier pocks referenced 9. In such a block the sample frequency is reduced by a factor of M.
The signals thus obtained are presented at the outputs 3.1, 3.2, ... 3.M. At the output
5 3.1 the signal is presented in the lowest sub-band SB;. At the output 3.2 the signal is
presented in the lowest but one sub-band SB,. At the output 3.M the signal is presented
in the highest sub-band SB,. The signals at the outputs 3.1 to 3.M have the form of
successive samples expressed in 16-bit numbers or more, for example, 24-bit numbers.
In the present exemplary embodiment the sub-bands SB; to SBy; are all equally wide.
10 However, this is not necessary. In the prior-art publication (5), Krasner,
s proposes a subdivision into a plurality of sub-bands whose bandwidths approximately
~ ' correspond to the bandwidths of the critical bands of the human auditory system in the
respective frequency areas.
i The operation of the sub-band coder 2 w111 not be explained any further
15 because the operation of the sub-band coding means has already been extenswely
discussed. For this purpose, the reader be referred to the prior-art documents (1), (5)
and (7) which are assumed to be included in this application where necessary.
The sub-band signals are combined in consecutive signal blocks of q
successive samples, and applied to an associated quantizer Q; to Q. In a quantizer Q,
20 the samples are quantized to quantized samples having a number of bits n,, smaller than
16. : '
. Figure 1 shows how the left sub-band signals in signal blbcks of q
| successive samples are applied to an associated quantizer Q. In like manner the right
sub-band signals in signal blocks of q successive samples are applied to an associated
25 quantizer (not shown). During the quantization process the signal blocks (groups) of q
successive samples of the sub-band signal portions are each time quantized to a smaller
number of bits. For example, q is equal to 12. In addition, the q samples are first
normalized in a signal block 10. This normalization is effected by dividing the
amplitudes of the q samples by the amplitude of the sample having the largest absolute
30 value in the signal block. The amplitude of the sample having the largest amplitude in
the signal block of the sub-band SBy, produces a scale factor SFp,, see document (2).
Subsequently, the ampliiudes of the normalized samples which are now situated in an

amplitude range from -1 to +1, are quantized.
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5.1 to 5.M of bit need determining means 6. The bit need determining means 6
determines for time-equivalent g-sample signal blocks of the left and right sub-band
signal portions in the sub-bands SBy to SBy the bit need by,. The bit need b, is'a
relative number which bears a proportion to the number of bits with which the q
10 samples in a g-sample signal block in a sub-band signal portion should be quantized.
- The bit needs b; to by derived by the bit need determining means 6, are
* applied to bit allocation means 7. The bit allocation méans 7 determines the actual
number of bits n; to my4 with which the q samples of the corresponding signal blocks in
the sub-band signals SB; to SB), are to be quantized on the basis of the bit needs b; to
15 by Control signals corresponding to the numbers n; to ny, are applied to the
respective quantizers Ql to Q over the lines 8.1 to 8.M, so that the quantizers are
capable of quantizing the samples with the correct number of bits.
Documents (9a) and (9b) of the list of references éxtensively discuss the
operatiori of the bit need determining means 6 and the bit allocation means 7. |
20 The quantized samples in the signal blocks of the sub-band signals are
thereafter applied to inputs 4.1 to 4.M of a signal combining unit 14. In like manner the
’ bit allocation information formed from the numbers n; to ny4, after a conversion as
| required, is applied to the inputs 12.1 to 12.M of the combining unit 14. Also the scale
factor information formed from the scale factors SF) to SF), after a conversion as
25 required, is applied to the inputs 11.1 to 11.M of the combining unit 14. The signal
obtained at the output 17 of the signal combination unit 14 is the second digital signal,
whose format is shown .in Figure 2.
Figure 1b shows a second section of the recording afrangerﬁent, which
section further includes a second conversion means 15 in addition to the combining unit
30 14, as well as write means 16 for applying the signal presented at its input to the re-
recordable record carrier. In this case this record carrier is a magnetic record carrier.
In addition to the samples, the bit allocation information and the scale
factor information for the left signal portions in the sub-bands, also the samples, the bit
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éxx_enrsnialy discussed in document (2) of the list of references, which document is
assumed to be included in the present application where deemed necessary. Fig. 2
shows the second digital signal comprising the successive frames j-1, j, j+1 and shows
how a frame may be constituted. The frame comprises a first frame portion FD1 in
which sync information may be contained, a second frame portion FD2 in which the
allocation information may be contained and a third frame portion FD3. This third
frame portion first contains the scale factor information and then the samples of the
quantized signals in the sub-bands. For a further description reference be made to
document (2).

._ The second digital signal is applied to the input 18 of the second
coriwerter means 15. In this converter means another encoding is performed of the
second digital signal so that at the reproducer side an error correction of the received
information is possible. For this purpose, for example, a Reed solomon encoding and
possibly an interleaving is used for the second digital signal.

-~ Furthermore, the signal is encoded in such a way that the information to be
recbrded is suitable for recording on the record carrier. Therefore, for example, an 8-
to- 10 encoder can be used for the 8-bit words constituting the signal. Such an 8-to-10
conversion is described, for example, in European Patent Application 150 082,
dodument (10) in the list of references. During this conversion the 8-bit information
woxfrds are converted to 10-bit codewords. -

The third digital signal thus obtained is presented at the output 19. This
ouq;)ut 19 is coupled to input 20 of the writing means 16 for writing the third digital

signal in a track on the magnetic record carrier.
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Fig. 3 shows the record carrier 21 with the tracks provided on the record
carrier. On the A side there are n+1 tracks T, ; to T, ;. which are parallel with each
other and run in longitudinal direction on the record carrier. The B side likewise has
n+1 tracks Ty ; t0 Ty pa 1

The tracks T

a.n+1 and Ty ;.| are auxiliary tracks referenced AUX in
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Digitized and encoded audio information is recorded, together with
synchronization and system information in the tracks T, ; t0 T, ; and T, | 1o T, , on
the magnetic record carrier. The audio information is included in frames in the tracks.
These frames are all of substantially the same length.

Figure 4a shows a track T, ; and the structure of the frames in this track.
The other tracks are structured in similar fashion. The format of the track is extensively
described in European Patent Application No. 456,299, publication (4) in the Reference
List, which is considered included in the bresent Application where deemed necessary.

The track is constituted by consecutive frames ..., j-1, j, j+1, ...
interrupted by interframe gaps IFG. The interframe gaps are extensively described in
European Patent Application No. 448,160, publication (8) in the Reference List. For a
further explanation of these interframe gaps reference be made to that Patent
Application. A frame comprises a number of information blocks ..., Sp,_1, Sy Sm+ 1»

.. In the present example the frames comprise each 32 information blocks. Fig. 4b

- shows the contents of a block, such as the block Sp,. Each block is constituted by a first

block section (header) and a second block section (body). The header comprises a sync
word 23, a frame number FN, a block number BN and a parity word PAR. The
contents of the body are both the digital information representing the recorded audio
signal and parity information. The body contains 48 bytes of 10 bits each. For a further
explanation reference be made to publication (4). |
A further explanation will be given how the serial datastream of the
second digital signal is converted into the third digital as it is recorded in the track.
The information included in the serial datastream of the second digital
signal is divided in bytes of 8 bits long, and is stored, if needed. after an interleaving
step, in a RAM memory RM, see Figure 3, included in the conversion means 15. More
specifically, the RAM memory RM is capable of storing' the information included in
about 21 and 1/3 frames of the second digital signal in the part P1 of the RAM. In total

-2 number of a.c of bytes of the second digital signal are stored in the a rows and ¢ co-

lumns comprised in the part P1 of the RAM. A C; error correction coding step is

carried out row-wise over the a rows in the RAM, so as to obtain a number of d parity
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*5 applied to the 8-to-10 encoder. One could imagine that (c+d) equals the number n,
which is the number of tracks on the record carrier in which the third digital signal is to
be recorded. In that case the a+b bytes in a column are encoded and recorded in a
corresponding one of the n tracks. The information included in each of the c+d
columns of the RAM could be encoded by c+d corresponding 8-to-10 encoders.

_ 10 Another possibility is that the information in the c+d rows are encoded in time-
. multiplex by one single 8-to-10 encoder. In this last case, care should be taken that the
’ correct running DSV is used for the encoding of the information that should be recorded
in one track. The a+b bytes of 10 bits each are recorded in the body of the track
frames on the record carrier. Further, the header-information is added to the

15 information recorded. The n track frames that adjoin each other in the n tracks T, ; to
T, p form a tape frame.

Figure 6 shows in a diagram an embodiment of the prior art reproducing
arrangement. The reproducing arrangement comprises read means 30 for reading the '
third digital signal from the tracks on the record carrier.

20 The read-out third digital signal is applied to an input 31 of third
conversion means 32, In the means 32 first a 10-to-8 conversion is performed in an

* inverse way compared to the 8-t0-10 encoding described above. Then an error
correction operation is carried out and a possible de-interleaving of the information that
has been read out. The thus decoded signal again corresponds to the second digital

25 signal as is represented in Figure 2, and is presented at an output 33. The Second digital
signal is applied to an input 34 of a fourth conversion means, which comprise the
blocks 35 and 36. The block 35 derives from the frames shown.in Figure 2 the alloca-
tion information, the scale factor information and the samples for each signal block ixt
each sub-band. After dequantization and a multiplication by the scale factors the sub-

30 band signals SB; to SB), then appear at the outputs 37.1 to 37.M. These sﬁb-band
signals are applied to ihputs 39.1 to 39.M of synthesis filter means 36 which restores
the original digital signal from the sub-band signals. The operation of the synthesis filter -
means 36 is extensively discussed in document (7) of the citation index. The original

e
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5 _ the sub-band signals of the right signal portion are available. Synthesis filter means (not

5 shown) such as the filter means 36 i is available for reconstructing the original right
signal portion from these sub-band signals. '

Errors detected in the incoming information can be corrected in the third
conversion means 32. If an error turns out not to be corrigible, unit 32 will generate an -
error flag at an output 41. This error flag is applied to a control signal input 42 of

10 concealment means in the form of an error masking system.
’ Error masking can be realized in various ways.
| As a first possibility, an erroneous sample can be replaced by a correct
previous sample. A second possibility is that an interpolation is carried out between two
correct samples adjoining the erroneous sample on each side. If a number of
15 consecutive error flags occur, a muting of the audio information is required. This can
be realized by setting a number of samples to a zero value.
_ The error masking system may be arranged between the third conversion
means 32 and the means 35, as is shown in a diagram in Figure 6 by means of block 43
. represented in’ dashed lines. Error masking in response to error flags of the correction
20 unit 32 is then performed on the second digital signal. The moment an error flag of the
unit 32 occurs indicates to the masking system which information word in the serial data

stream of the second digital signal of Figure 2 is erroneous.

1,,... .

Another option is to perform error masking by muting the audio signal as
it is supplied at the output 40. This implies that the error flags are to be applied to a

iS ‘control signal input 46 of a error masking circuit 43, indicated in Figure by dashed
lines, which is coupled between the output of the synthesis filter means 36 and the
output 40. i

Next, it is described what happens if a new recording takes place when
recording over an earlier recording.

30 Figure 7a shows the serial datastream of the second digital signal, as it is
read out and converted in the third conversion means, assuming that no interruption of
the original recording has taken place. Subsequent frames ..., Fj-ls Fj, Fj_,. {s --.. follow
each other and are supplied to the output 17 by the third conversion means 14.
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between the remaining portion of the original recording and the start portion of the new

5 recording is at the location indicated by B. The first frame F, in the serial datastream of
the new recording already begins before the frame F;_; of the original recording is
terminated. Reconversion of the second digital signal into the various samples for the
various subbands, is realized in the block 35 by detecting the allocation information in
the second frame portions FD2 and counting the bits in the portion of the third frame-

10 portion FD3 that comprise the samples. In the same way, the samples are retrieved
- v - from the third frame portion of the frame F;_;. During reconverting, the block 35 is not
i aware of the fact that the boundary B exists between the original recording and the new
_recording, and thus continues counting the bits in the serial datastream past the location
B. This results in an erroneous reconversion of the frame P -1 in the block 35, so that
15 an audible distortion occurs in the audio signal supphed at the output 40. At the time (,
which is the start of the frame F; of the original recording, the reconversion circuit
expects to receive a new sync signal. As no such sync signal is detected, it waits until
the next detection of a sync signal, which is the sync signal of the frame F, of the new
recording. The audible distortion thus at least lasts during the occurrence of the frames
20 Fj-
' contained in frame F,. If the reconversion circuit requires at least two sync signals
h lying at the correct distance in time from each other, reconversion is resumed at a later

1 and Fy. Reconversion could now be resumed by reconverting the information

time interval after having received the at least two frames F; and Fj.
- Figure 7c shows another situation, where an original recordihg is partly
25 overwritten by a new recording. It should be noted that the beginning of the new
recording need not begin exactly with a complete frame, such as the frame F; in Figure
7b. Figure 7c shows that-the new recording starts with an incomplete frame F’:
The reason for this is that the first conversion means, comprising the
elements 2, 10, 14, and the second conversion means 15 are only loosely synchronized.
30 This means that, during recording, the start of the encoding of the second digital signal
in the second conversion means 15 need not exactly coincide with the start of a frame in
the second digital signal.
As a result, during reproduction, the block 35 continues counting the bits
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5. Figure 8 shows that part of a first embodiment of the recording arrange-
ment incorporating the invention. Figure 8 shows the second part of the recording
arrangement of Figure 1b. The arrangement further includes signal processing means, in
the form of a scrambler 50, having an input 54 coupled to the output 19 of the second
conversion means 15. The scrambler 50 is for scrambling the third digital signal in the

10 recording arrangement during a first specific time interval in response to the switching
of the recording arrangement into a recording mode. This switching into the recording
mode is activated by a user pushing a recording button (not shown). A central

processing unit 51 detects the actuation of the record button and generates a switching
control signal at an output 52 which control signal is applied to a controllable switch
15 53. The switch 53 is positioned in the down position under the influence of the control
signal, so as to couple the output 55 of the scrambler 50 to the input 20 of the write
means, so that the information included in a start portion of the third digital signal
recorded in the track is mutilated. The information included in the start portion is
mutilated such' that, during reproduction, the application to the third conversion means
_ 20 of the mutilated information included in the start portion read from the track, results in
generating error flags at the output 41 of the third conversion means 32 so as to mute .
“ the digital signal during said first specific time interval. As a result no audible distortion
occurs in the digital audio signal at the output 40 of the reproducing arrangement. From
- what has been said previously with respect to Figure 7b and 7c, the muting of the audio
25 signal should at least cover the time interval in which the information corE'spo_nding to
. the erroneously decoded frames Fj-l and F, in the second digital signal is supplied to
the output of the circujt 36, see Figure 6.
Preferably, only the information contained in the bodyportion of one or a
number of consecutive track frames is scrambled, whilst the information contained in
30 the header portion of a track frame remains unaffected. This makes it possible to
maintain synchronization during read out.
In a second embodiment of the recording arrangement in accordance with

the invention, the parity information added to the audio data in the second conversion
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i s reduced by meapsby stomprise/a parity generator in the form of error correction coding unit
ERCO 60, having an input coupled to an output of RAM memory RM and an output

5 coupled to a terminal of a switch 53 as well as to an input of a scrambler 50. An output
of the scrambler 50 is coupled to a second terminal of the switch 53. A third common
terminal of the switch 50 is coupled to an input of the RAM memory RM. The parity
generator 60 generates the C; and C, paﬁty codewords as a result of the audio data
included in the part P1 of the memory RM, which is applied to its input. With the

10 switch 53 in the position as shown in Figure 9, the generator 60 supplies the parity
information to the memory RM for storing the C; codewords in the part P2 and the C,
parity words in the part P3 of the memory RM.

The central processing unit 51 detects the actuation of the record button
and generates a switching control signal at an output 52 which control signal is applied

15 to the controllable switch 53. The switch 53 is positioned in the down position under the
influence of the control signal, so as to couple the output 55 of the scrambler SO to the
input of the memory RM. All the parity information included in the parts P2 and P3 of
the memory RM can be scrambled. This results during reproduction in the generation of
error flags and a muting of the audio signal during a first time interval that equals the

20 time interval corresponding to the length of time of the audio information included in a

tape frame. .
._‘ ' Another possibility is to inhibit the calculation of the parity information
| for the parts P2 and P3 of the memory RM. Inhibiting the calculation of the parity
information for the audio information included in the part P1 of the memory RM,

25 means that the parts P2 and P3 in the memory RM still comprise the parity information
corresponding to the audio information that was previously stored in the part P1. This
parity information has no relation to the audio information newly stored in the part Pl1.
Thus, during reproduction, again error flags will occur, leading to a muting of the audio
signal. _

30 But not all the parity information in the parts P2 and P3 of the memory
RM need to be scrambled. It suffices to scramble, or mutilate, so many parity
codewords in the parts P1 and P2 that a sufficient length of audio information, covering

the transition between the two recordings, is muted during reproduction.
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di scussed. For this purIpose the reader _be referred to the prior-art
docunents (8), (5) n again another embodiment, the recording arrangement is adapted to

insert concealment codes in the signal to be recorded, such that those concealment codes

can be detected during reproduction. Upon detection of one or more concealment codes,
the muting circuit 43 or 43’ mutes the audio signal during the first specific period of
time.

. 10 Figure 10 shows a frame in the second digital signal, generated by the

| first conversion means. The third frame portion FD3 is now further divided so as to

include a fifth frame portion FD5 behind the portion of the frame comprising the
samples. The format of the frame has been described extensively with reference to
Figure 23 in European patent application no. 402,973, reference (2). The concealment

i 15 code can now be inserted in the fifth frame portion of a frame, more specifically in the

sixth frame portion FDG6 of the said frame in the second digital signal. Another

-i possibility is to insert the concealment code in the system information (SYS INFOQ) in
the first frame portion FD1 of the frame. .

__ ' The concealment code can be in the form of one bit which is located on a

20 fixed location in the frame. If the bit is logical '1’, this can mean that the concealment
code is present. A bit which is logical '0’ means that no concealment code is present.

In the case that the concealment code is inserted in the frame portion
FD6, that is, at the end of the frame, it would suffice to include the concealment code
~ inthe first frame Fy or Fy’, see Figure 7b or 7c respectively, of the new recording.

25 Preferably, the concealment code is inserted in a number of frames of the second digital
signal by the first conversion means, more specifically by the unit 14 in Figure 1b, so
that during reproduction at least the frame F| or F’, see Figure 7b and 7c respéctively,
contain the concealment code. _

In the case that the concealment code is inserted in the first frame part

30 FD1, it is necessary to insert the concealment code in at least the first two frames F;
and F, of the new recording, so that also in the case of the situation described in Figure
7c, the concealment code can be detected during reproduction.

Again it should be noted that, in order to conceal the distortion, the
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the anpl it ulle cagabichef deenting thewvontgalirient tadeg, s asdsdRtiVALe the concealment function
during the specific period of time. The fourth conversion means 35 that receive the

second digital signal including the frames, such as the frame of Figure 10, is capable of
detecting the concealment code. Upon detection of the concealment code, the means 35
generate a concealment control signal at the output 41°, which signal is. applied to the

; 10 control input 46 of the concealment circuit 43°, so as to conceal the audio signal during

' ) the specific period of time.
r Concealing the signal can again mean a muting of the audio signal, which

i is in fact what Figure 11 shows. Another possibility is that the frame Fj_z lastly decoded

! correctly, is repeated, or that an interpolation is carried out.

! 15 Now, it will be described what happens at the end of the new recording,

i more specifically, in the situation where a terminal portion of the original recording is
not overwritten by the new recording and thus still is present after the end of the new
recording on the record carrier. |

Figure 12a shows the second digital signal generated at the output 33 of

. 20 the third conversion means 32 when reproducing the original recording. This Figure 12a

* in fact equals the Figure 7a. Figure 12b and 12c show situations where the original
' recording has been partly overwritten, so that a boundary B exists between the terminal
part of the new recording and the remaining part of the original recording. In Figure
- 12b, the new recording ends with a complete frame Fp. In Figure 12¢, the new
25 recording ends with an incomplete frame Fp’. =
In order to preclude the occurrence of disturbances in the audio signal
reproduced as a result of the presence of the boundary B, one of the measures described
above can be applied at the termination of the new recording, in response to the user '.
activating the ’record stop’ button on the recording arrangement.
30 Thus, a concealment function is activated during a specific second period
of time so as to conceal the audio signal during reproduction past the boundary B. The
second specific period of time should at least cover the time interval in which the

information corresponding with the incorrectly decoded frames Fp' and Fj, see Figure



s s - N e - e

In the signal block. The anplitude of the sanple having the |argest
Itude in the signal block of the sub-band SBm produces a scal e factor

, see docunent (2). Subsequently, the arrpThl Qﬁiﬁﬁa@eenﬁaﬁar mal i zqq

| es which are now situated in an anplitude .
guanti zed. e prior-art docunent ) t
extensi vely gﬁbck@ggg of Figs. 24, 25 andﬁgG and the re evant dezérq3 1(39
in that docupent. The antized sa i n ersr] are
then present &tfdre nggé‘béhﬁ?%"t gc'ﬂt égeg"%gﬂ/gtﬁﬁ%zh%gﬁ]ﬂf? i1g! erafl(S:a% M
are further ngg eueR b do ki iddbnd ﬁﬁﬁﬂﬁ&i—%ﬁ i nput s

In addition to the measures described above, it is advisable to start the
neW recording with an audio signal of very low (zero) level and to fade the audio level

in to the required level. In the same way it is advisable to termmate the new recording

W

with an audio level that is faded out to a zero level.

A further embodiment is shown in figure 13, and shows the recording of
the concealment code cc in the auxiliary track T, .| of the record carrier 21. The
recording arrangement comprises an auxiliary signal source 70 for generating the

10 auxiliary signal. The auxiliary signal includes table of contents (TOC) information, such
* as the sequence numbers of the musical items and position information relating to the
T start positions of the musical items recorded on the record carrier. The position
information can be in the form of timing information. The auxiliary information is
supplied to a first input of a signal combination unit 72, which has an output coupled to
15 aread head 73. The arrangement further comprises a concealment code generator 71
which generates a concealment code cc under the influence of a control signal supplied

by the central processing unit 51 via its output 52 to the generator 71. The control
signal at the output 52 is generated in response to the arrangement being switched into
the recording mode, which switching into the recording mode is detected by the central
20 processing unit 51. The concealment code is supplied to a second input of the ‘
: combination unit 72. The head 73 records the auxiliary signal and the concealment code
b (if present) in the AUX track T, . |-
Figure 13 further shows the top half of the record carrier. The original
recording is indicated by the portions of the tracks being hatched by lines from top left
25 to bottom right. The portions of the tracks being hatched from top left to Bottom rigth
as well as from top right to bottom left indicate the new recording. Clearly visible is the
concealment code, which is indicated by the black spot cc, and which is located in the
start portion of the new recording of the auxiliary signal.
Figure 13 further shows the reproducing arrangement, which now
30 includes a concealment code detector 75. During reproduction, the detector 75 detects
the concealment code and generates the concealment control signal which is sﬁppﬁed to
the control signal input 46 of the concealment means 43°.

Figure 14 shows the recording of the concealment code cc on the terminal
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1. A system for recording and reproducing a digital audio signal on/from a
re-recordable record carrier, comprising a recording arrangement for recording the
; digital audio signal in a track on the record carrier arid comprising a reproducing
f' arrangement for reproducing the digital audio signal from the track of the record
5 carrier, '
the recording arrangement comprising
- an input terminal for receiving the digital audio signal,

-~

- first conversion means for converting the digital audio signal in a data reduction step -
into a second digital signal comprising synchronisation information, bitallocation

10 information, scalefactor information and audio signal information included in subsequent
frames of the second digital signal,
- second conversion means for converting the second digital signal into a third digital
signal so as to enable an error correction to be carried out in the reproducing
arrangement on the third digital signal read.from the track,

15 - write meahs for writing the third digital signal in the track on the record carrier,

the reproducing arrangement comprising
- read means for reading the third digital signal from the track on the record carrier,
- third conversion means for correcting errors in the third digital signal read from the
_ track, for generating an error-ﬁag if it is not capable of correcting an error, and for
20 reconverting the third digital signal into the second digital signal,
- fourth conversion means for reconverting the second digital signal so as to obtain the

digital audio signal,
- concealment means for concealing uncorrectable errors in the digital audio signal in
response to error flags genérated by the error-correction means, .

25 - an output terminal for supplying the digital audio signal,
characterized in that the recording arrangement further comprises signal processing
means for further processing a digital signal in the recording arrangement in response to

the switching of the recording arrangement into a recording mode, so as to mutilate
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d shows how onstituted. The frane coO ses a first
fe portion FD l,ch“ sync *i nf or mat i on & Eas(Baéht}& bagd, a second.
portion FD2 i n vvh| ch the allocation inf ll[[gglﬂe cont ai ned and
|rdfra on FD3. This third fr p ont ai

e fact & ﬁ? ﬁatlon and then the sa%p[nlaes of the q zed s"ﬁg#a

t hei sub- bands. For e t r d to dogu (2)
The second imegmean Briyed 4L sAFRraEH bEReltfird SHGP sRy TR, L st the
converter r{ﬁgﬁ Sthé nfottfiatidi dcluaed & the rstamemoﬁlbeinhaﬁutﬁmduﬂgthhﬁ dRgihg Or fted
of the second di gital signal so that at the reproducer side an _error

correction gprodursionethe; netilated Arformatanninelydedinsihg start pesrior of gheptignabsead f or
S, o AATIO. S, SRS SR TAR] 13 GO L,
t hat the J ril;,@fvlamvhich is applied to the concealment means so as to conceal the digital signal

during said first time mterva.l the said first time interval at least including the start

portion of the reproduced digital signal.

2. A system for recording and reproducing a digital audio signal on/from a

re-recordable record carrier, comprising a recording arrangement for recording the

[0 digital audio signal in a track on the record carrier and comprising 2 reproducing
arrangement for reproducing the digital audio signal from the track of the record

7 carner,

' the recording arrangement comprising
- an input terminal for receiving the digital audio signal,

15 - ﬁrsf conversion means for converting the digital audio signal in a data reduction step
into a second digital signal comprising synchronisation information, bitallocation
information, scalefactor information and audio signal information included in subsequent |
frames of the second digital signal,

- second conversion means for converting the second digital signal into a third digital

20 signal so as to enable an error correction to be carried out in the reproducing

arrangement on the third digital signal read from the track,

* - write means for writing the third digital signal in the track on the record carrier,

the reproducing arrangement comprising
- read means for reading the third digital signal from the track on the record carrier,
25 - third conversion means for correcting errors in the third digital signal read from the
track, for generating an error-flag if it is not capable of correcting an error, and for
reconverting the third digital signal into the second digital signal,
- fourth conversion means for reconverting the second digital signal so as to obtain the
digital audio signal, '
%0 - concealment means for concealing uncorrectable errors in the digital audio signal in
response to error flags generated by the error-correction means,
" an output terminal for supplying the digital audio signal,

characterized in that the recording arrangement further comprises signal processing




orded is suitable for recording on the record carcier. Therefore, for
xanpl e, an 8- to-10 encoder can be used for the 8-bit words constituting
the signal. Such an 8-to-10 conversi-on is descnhislsﬁdtHafscBIeermealnqsﬂe in
Eur opean Patent Application 150 082, docunment ( t of
references. During this conversion the 8-bit in S are .
converted t PHN-14.08codewords. The third di29i tal "SI gna thus obt apned. i 199_,
presented at the output 19. This output 19 is coupled to input 20 of the

writing neanmeghs foofuridet b{-dtﬁssidgea ﬂiguuatisxgmzjlm dlie mcgriig amangememcilﬁ 1@5pdnke o
magnetic record carrier shows the recg‘rd carrier 21 wth the tragrks

provi ded on al“ﬁé“%@l‘)i’&”&‘élﬂg%& termypatinn, oh aJPCRIdING SR Cars@ 2§40 mutilaie ks [err]

to [err] whi l Nird

i roct | on' ortRgerol BoRlded iy Kbl Pori Gf o el efetel SR AL Reorted
to [err]. THe the tadls theinfprmationdncludes in] the térmimad pection being mutitatddssuch that,
refer enceg Ac%nng reproduction, the mutilated information included in the terminal portion of the

s1gna1 read from the track, results in generating a concealment control signal during a
second time interval which is applied to the concealment means so as to conceal the
digital signal duﬁng said second time interval, the said second time interval at least
including the terminal portion of the reproduced digital signal.
10 3. A system for recording and reproducing a digital audio signal on/from a
* : .. re-recordable record carrier, comprising a recording arrangement for recording the
' digital audio signal in a track on the record carrier and comprising a reproducing
arrangement for reproducmg the digital audio signal from the track of the record
carrier,
15 the recording arrangement comprising
- an input terminal for receiving the digital audio signal,

- first conversion means for converting the digital audio signal in a data reduction step
into a second digital signal comprising synchronisation informatijon, bitallocation
information, scalefactor information and audio signal information included in subsequent

20 frames of the second digital signal,
- second conversion means for converting the second digital signal into a third digital
' signal so as to enable an error correction to be carried out in the reproducing
| arrangemeht on the third digital signal read from the track,
- a signal source for generating an auxiliary signal,
25 - write means for writing the third digital signal in the track on the record carrier and
for writing the auxiliary signal in an auxiliary track on the record carrier,
the reproducing arrangement comprising’
- read means for reading the third digital signal from the track on the record carrier and
for reading the auxiliary signal from the auxiliary track on the record- carrier, |
30 -.third conversion means for correcting errors in the third digital signal read from the
track, for generating an error-flag if it is not capable of correcting an error, and for
reconvex;ting the third digital signal into the second digital signal, _
- fourth conversion means for recbnverting the second digital signal so as to obtain the

T . LT
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th synchronl zation and system i nfor

whi ch an auxiliary signal is recorded, as described in
nt Application No. 436,991, reference (3) in the Reference
ich are considered. included in the present Appl i cation where

ssary. Digitized and encoded audi o ThifShe .atsr&ymmﬁlaceacorded ceee

uded in frames in the tracks. These ‘rames are al

(q ggerr] On the magnetic 2%cord m} audid3.03 1993
i H [ ﬁ'

substantlally the fig¥gnhigngth. Figure 4a shows a track [err] and the
structure of digiﬁ% ‘f'rarres in_this track. The her traj‘(s ate structured icn

simlar fashi o&wmtm%fmcﬂm? s#‘aE‘WC TSI

AT ..

to
rcSPO"se

30

digital 'audio signal in
error flags generated by the error-correction means,
40 output terminal for supplying the digital audio signal,

o aract erized in that the recording arrangement further comprises s1gna1 processing

neans for further processing the auxxha.ry signal in the recording arrangement in
espOnse to the switching of the recording arrangement into a recording mode, so as to
4d at least one concealment code to a start portion of the auxiliary signal which is
recorded in the auxiliary track, the reproducing arrangement further comprising detector
means for detecting the at least one concealment code in the auxiliary signal read from
the track, for generating a concealment control signal during a first time interval in
response to the at least one concealment code detected and for supplying the
concealment control signal to the concealment means so as to conceal the digital signal
during said first time interval, the said first time interval at least including the start
portion of the reproducing digital signal.
4. A system for recording and reproducing a digital audio signal on/from a
re-recordable record carrier, comprising a recording arrangement for recording the
digital audio signal in a track on the record carrier and comprising a reproducing
arrangement for reproducing the digital audio signal from the track of the record
carrier, ' '
the recording arrangement comprising
- an input terminal for receiving the digital audio signal,
- first conversion means for converting the digital audio signal in a data reduction step
into a second digital signal comprising synchronisation information, bitallocation
information, scalefactor information and audio signal information included In subsequent
frames of the second dxgxtal signal,
- second conversion means for converting the second digital mgnal into a third digital
signal so as to enable an error correction to be carried out in the reproducing
arrangement on the third digital signal read from the track,
- 2 signal source for generating an auxiliary signal,
- write means for writing the third digital signal in the track on the record carrier and

for writing the auxiliary signal in an auxiliary track on the record carrier,

T
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the reproducing arrangement comprising

r acks [err] 't.o



ed in European Patent Application No. 456,299, publication (4) in
Ref erence List, which is considered included+na—the—present Application
ere deenmed necessary. The track is constitut e,(gqb CORSEGdbhe frames ...,
X, i, + ... interrupted by interframe gapé '- rframe gaps
ade extensively described in European Patent %Ap ‘ l 448, 160, h@qf
ublication PHN 14088e Reference List. Forpg fu K : ion @ . :
!Dnt erframe gaps reference be nmade to that Pat erEt Ahipl i cat : onJ.[ hA 't P r@ .
conpri ses a negilaheddk fbfealinB the thifd Ae#A si £ ckon! e_presen
exgprrpl e the f r’arreseéggr%fl se éach 32 | %f or't ntall o.n?{){ 5 ek °€1‘§‘? r%réﬁ%gr e
contents of Erieasing theiailiasy sigealtfrom khe auxiliary Hreck dnl the kedo?%‘&%ﬁ)&i,l El'ﬁt ed by
a first block cti header ). and_a.second bl ock section (body). e
header conpri Fshzr? %“g&ﬁ%’“\,{aﬁs A8 CaprecHing erTofs it °M9‘%8_&“§4GMOBMQM a
parity word R, fohgenefiting aherfr-fldgaf RadotEdpablt dF &?x%cﬁﬁghﬁ @Jroir'ynar tion
representing the recorded audio signal and parity infor I on.  The body
contai ns 48 K§eN¥eTE the third digitaksignat dntothe secone digital signal,
- fourth conversion means for reconverting the second digital signal so as to obtain the
digital audio signal,
- concealment means for concealing uncorrectable errors in the digital audio signal in

response to error flags generated by the error-correction means,
10 - an output terminal for supplying thé digital audio signal,

- characterized in that the recording arrangement further comprises signal processing
means for further processing the auxiliary signal in the recording arrangement in
response to and directly preceding the termination of a recording mode, so as to add at
least one concealment code to a terminal portion of the auxiliary signal which is

15 recorded in the auxiliary track, the reproducing arrangement further comprising detector
means for detecting the at least one concealment code in the auxiliary signal read from
the tracic, for generating a concealment control signal during.a second time interval in
response to the at least one concealment code detected and for supplying the
concealment control signal to the concealment means so as to conceal the digital signal

_ 20 during said second time interval, the said second time interval at least including the
A terminal portion of the reproduced digital signal. '
! 5. A system as claimed in Claim 1 or in Claim 1 and 2, characterized in
| that the signal processing means comprise signal combining means for additionally
. adding at least one concealment code to the start portion of the second or third digital

25 signal, the reproducing arrangement further comprising detector means for detecting the

at least one concealment code in the second or third digital signal read from the track

and for generating the concealment control signal during said first time interval in ‘
response to the at least one concealment code detected.
6. A system as claimed in Claim 2 or in Claim 1 and 2, characterized in

30 that the signal processing means comprise signal combining means for additionally

adding at least one concealment code to the terminal portion of the second or third

mromiam st it

digital signal, the reproducing arrangement further comprising detector means for
detecting the at least one concealment code in the second or third digital signal read

N




reference be made to publication (4). A further explanation

ven how the serial datastrearn of the second -digi-tatl—signal is

into the third digital as it is regor ' . The
aﬂﬁ Eﬁmm ital signal
¢l Lheeded. after an

i on included in the serial dat astrear’n'j
Is divittled in bytes of 8 bits long, and is sto )

I nterl eavi ng 4 hdk @ RAM nenory RM seeskiigure 5, included in t "
conver si on rm%%lsplfé{.)&l\/bre specifically, theZERAM menory RMis capabﬁg‘oang}‘
storing the i ’ ' i nel 0 . .of t.he second
digital si gnaf?é--rﬁ r%ﬁ%a h-éagg}‘fﬁ’[rég ﬁfhg& ?ﬁe%%ﬂ’"?ﬁdﬁoéég* glg&g&?}ﬂgg s%‘p Sgeqndos
byt es of the ire imetval igi resjonse @ike ableasSony @hceaimeinecode fdewstedand ¢’ co- | urins

conprised in the part Pi of the RAM A Perr] .error correction coding step
is carried ot row wi sdReSPEIing AFangeMSRL IorIse iR asXpEMsas glaimed ingnyione af the

nunber of d, Hﬂ'&i&liﬁg Claims.

5 8. . Recording arrangement as claimed in Claim 7, for use in a system as
claimed in Claim 1 or 2, characterized in that the signal processing means comprise
scrambling means for scranibling at least a part of the start portion of the third digital
signal. _ |
9. Recording arrangement as claimed in Claim 8, for use in a system as

10 claimed in Claim 2, characterized in that the scrambling means being further adapted to
*v scramble at least a part of the terminal portion of the third digital signél.

10. Recording arrangement as claimed in Claim 8, the second conversion
means being adapted to add parity information to the second digital signal, characterized
in that the signal processing means is adapted to mutilate parity information included in

15 the start portion of the third digital signal.
11. Recording arrangement as claimed in Claim 10, for use in a system as
claimed in Claim 2, characterized in that the signal processing means further being
adapted to mutilate parity information included in the terminal portion of the third
digital signal.

20 12. Recording arrangement as claimed in Claim 7, for use in a system as
claimed in Claim 3, 4, 5 or 6, characterized in that the signal processing means
comprise signal combining means for additionally adding concealment codes to the
auxiliary signal or to the second or third digital signal.

- 13, Re-recordable record carrier obtained with the recording arrangement as

25 claimed in Claim 12, characterized in that it includes concealment codes recorded in a
track. |
14. Reproducing arrangement for use in a system as claimed in Claim 3, 4, 5

or 6.
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ach row. Those parity bytes are stored in the part P2 of the

a Cerror correction coding step is carried out colum-w se over

rows in the RAM so as to obtain a nunber of b parity bytes for C
oM. Those parity bytes are stored in the part P3 of the RAM Next,

the RAMT's read-out colum-w se, and applied to the 8-to-10 encoder. One -'=:~/
coul d i nmagi ne 4e®§d) equal s the nunber V\/m ch is the nunber of tracks’;

on the record A in which the third di g§t signal is t be rediQkbdyy?

In that case thmw es in a colum are encoded and recorded in a
correspondi ng% he n tracks. The inf-ormati.on included in each of the

cnoder o no HEuR, BEMchhg o seipaent DU ANERIIATRORY foliiid heory

encoded in timgarienul tipl ex by one single 8-to-10 encoder. In this |ast
.case, care should be taken that the correct running DSV is used for the
encodi ng of the information that should be recordec

Ina system for recording and reproducing a digital audio signal on/from
a re-recordable record carrier, comprising a recording arrangement for recording the
digital audio signal in a track on the record carrier and comprising a reproducing
arrangement for reproducing the digital audio signal from the track of the record -
H 5 carrier, measures are provided to prevent audible distortion from occurring during a
9 transition from a terminal portion of an original recording to a start portion of a new
recordmg partly recorded over the original recording.
This has been realized by mutxlat_mg, such as scrambling, at least part of
the start portion of the new recording, so that error flags are generated during
10 reproduction. These error flags result in a muting of the audio information which
includes the audible distortion. Other ways of concealment are also possible to conceal
the audible distortion.
'Mutilating the signal to be recorded can also mean that a concealment
codeword is included indicating the transition. Upon detection of the concealment
15 codeword, the concealment control signal is generated, resulting in a cdncealing of the
distorted audio signal.

(Figure 8).
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. The a+b bytes of 10 bits each are recorded in the body of the
s on the record carrier. Further, the header-information is

he information recorded. The n track franes that adjoin each
other i'¥he n tracks [err] to Ta n forma tape frame. Figure 6 shows in a

dlagran1' embodi nent of the prlor art reproducing aLiéuEgﬁEﬂu~_iﬂu;___. ----- g

repr dducig arrangement conprises read nmeans 30 for - readln 4
? d

digital- signal fromthe tracks on the ord carrier. B
digital signal is applied to an input IJ17of third conv “ .
the nmeans 32 fTrst a 10-to-8 conversion i's performed i

conpared to the 8-to-10 encodi ng descri bed above. Then an error correctlon
operation is carried out and a possible de-interleaving of the information
that has been read out. The thus decoded signal again corresponds to the
second digital signal as is represented in Figure 2, and is presented at an
output 33. The sftond digital 1
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here. Needl ess to observe that the neans 35 has a further M

t which the sub-band signals of the right signal portion are

. Synthesis filter means (not shown) sﬁmhe“m‘rvr—ﬁeans 36

gpbl e for reconstructing the original rigfhisStegal BRARL; on, from .
ob- band signals. Errors detected in the in fon can be.’

corrected in the third conversion means 32. If an m @J

corrigible, unit 32 will generate an equ’r7fIag at “an ol Thi s> error
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setting a nunber of sanples to a zero value. The error

maski n m may be arranged between the third conversien+eans 32 and

t he mearis as is shown in a diagramin Figure G_Eé_nea Af enHePiadea 43
represent égffin dashed lines. Error masking in respo Sheet gs of
the correctfon unit 32 is then perforned on the secon H | .- The

nmonment an error flag of the unit 32 occurs indicates system
which information word in the serial da a/'}tream of the second digital,
signal of Figure-2 is efroneous. Another ‘option is to performerror masking
by muting the audio signal as it is supplied at the output 40.-This inplies
that the error flags are to be applied to a control ¢gygnal input 46 of a

error masking circuit 43", inpegcated in dgure 6iby dashed lines, which is
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detection of a sync signal, which is the sl;[igg_gﬁ\i_oi_tjm_t
the new recordi ng. -The audl ble distortion us at least-lasts
dur i ng he occurreéence of the franmes [err] and [err]. Thnfiﬂﬁ@msrﬁsm ?S‘uld
now be resunmed by reconverting the information cont a| g

t he reconversi.on circuit requires at |least two sync 5| ﬂ mg the
correct distance in time fromeach ot her7/7aconver5| o] esuned at. a
later time interval after having received the at |east tvvo frames [ers] and
[err]. Figure 7T hows anot her situation, Wwherean originaf- recor‘m ng is -
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The invention relates to a system for recording and reproducing a digital
audio signal on/from a re-recordable record carrier, comprising a recording arrangement
for recording the digital audio signal in a track on the record carrier and comprising a
reproducing arrangement -for reproducing the digital audio signal from the track of the
record carrier,
the recording arrangement comprising
- an input terminal for receiving the digital audio signal,

- first conversion means for converting the digital audio signal in a data reduction step
into a second digital signal comprising synchronisation information, bitallocation
information, scalefactor information and audio signal information included in subsequent
frames of the second digital signal,
- second conversion means for converting the second digital signal into a third digital
signal so as to enable an error correction to be carried out in the reproducing
arrangement on the third digital signal read from.the track,

- write means for writing the third digital signal in the track on the record carrier,
the reproducing arrangement comprising
- read: means for reading the third digital signal from the track on the record carrier,
- third conversion means for coneéﬁng errors in the third digital signal read from the
track, for generating an error-flag if it is not capable of correcting an error, and for
reconverting the third digital signal into the second digital signal,
- fourth conversion means for reconverting the second digital signal so as to obtain the
digital audio si_gnal,
- concealment means for concealing uncorrectable errors in the digital audio signal in
response to error flags generated by the error-correction means,
- an ourtput terminal for supplying the digital audio signal, a recording arrangement and
a reproducing arrangement for use in the system, and to a record carrier obtained with

the recording arrangement.
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arrangenment of Figure |Ib. The arrangenent further in
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The present invention enables a further improvement of the system, so

an T ApuUt—54-C

'._r r g%@%h§§%ﬁfl |

that it is possible to re-record a digital audio signal partly over a terminal portion of an
earlier recording, such that, during reproduction of the earlier recording and the new
recording, the probability of occurrence of an audible distortion as a result of the
reproduction over the boundary between the earlier and the new recording is
significantly decreased.

To that purpose, the system is characterized the recording arrangement
further comprises signal processing means for further processing a digital signal in the
recording arrangement in responsé to the switching of the recording arrangement into a
recording mode, so as to mutilate information included in a start porton of the third
digital signal which is recorded in the track, the information included in the start
portion being mutilated such that, during reproduction, the mutilated information
included in the start portion of the signal read from the track, results in generating a
concealment control signal during a first time interval which is applied to the
concealment means so as to conceal the digital signal during said first time interval, the
said first time interval at least including the start portion of the reproduced digital
signal.

As an alternative, the system in accordance with the opening paragrapi is
characterized in that the recording arrangement further comprises signal processing
means for further processing a digital signal in the recording arrangement in response to
and directly preceding the termination of a recording mode, so as to mutilate
information included in a terminal portion of the third digital signal which is recorded
in the track, the information included in the terminal portion being mutilated such that,
during reproduction, the mutilated information included in the terminal portion of the
signal read from the track, results in generating a concealment control signal during a
second time interval which is aﬁplied to the concealment means so as to conceal the
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the terminal portion of the remaining part of the second digital signal of the earlier

recording.

The term "not’ contiguous’ means that the boundary, in the second digital
signal reproduced from the record carrier, between the original recording and the start
portion of the new recording is not exactly located at the boundary between two
subsequent complete frames in the second digital signal, the first one of the two
complete frames being the last frame of the original signal adjoining the boundary, and
the second one of the two frames being the first complete frame in the second digital
signal of the new recording. The two signals are not contiguous if the last frame of the
original signal and/or the first frame in the second digital signal of the new recording
are not complete. This can lead to an incorrect reconversion in the fourth conversion
means. As a result an audible distortion can occur in the reproduced audio signal.

By mutilating, during the recording step, the information included in a
start portion of the new recording such that, during reproduction a concealment control
signal is generated so as to conceal the read-out digital signal, it has been assured that
the probability of occurrence of audibie distortions is reduced to substantially zero.
Conceaiment of the digital signal can be realized in various ways. Concealment can
mean: repeating previous correct signal samples or signal portions, interpolating
between correct signal samples or signal portions that are located around the start
portion of the new recording, muting the start portion of the new recording, e.g. by
setting the samples to zero.

In the same way it may be possible that the terminal portion of the
original recording lies beyond the terminal portion of a new recording on the record
carrier. This means that the terminal portion of the new recording is followed by the
remaining part of the original recording. The boundary between both can in the same
way be the cause of audible distortions in the reproduced audio signal. In order to
preclude this, it is preferred' to mutilate the information included in a terminal portion of

the new recording as well, so that, during reproduction, a concealment control signal
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amongst others a scrambling of the signal to be recorded. Another possibility is that the

parity information, normally included in the signal to be recorded, is mutilated. This
*mutilation of the signal’ results in uncorrectable errors in the signal read from the
record carrier. As a result error flags are generated by the third conversion means,
which activates one of the concealment methods described above. The error flags form
in this case the concealment control signal, under the influence of which the
concealment of the signal read out is activated.

. "Mutilating the signal’ however also includes a mgnal processing step in
which additionally concealment codes are added to the signal to be recorded. Those
concealment codes can be detected by a detector in the reproducing arrangement, so as
to generate the concealment control signal.

As a further alternative, it should be noted that the concealment codes
need not necessariiy b added to the digital signal and to be recorded in the same track
as the digital signal. It is equally possible to record the concealment codes in a separate
track. '

It should be noted that published European patent application EP 414,310
Al, reference (11) in the list of references, describes record mrdem of the write-once
type. Such record carriers can not be overwritten, so that a fault in the recorded signal,
such as the recording of an undesirable signal, can not be corrected. The application
now proposes a mutilation of the undesired signal recorded previously in a record
carrier, so as to generate error flags during reproduction and to activate 2 muting
function in response thereto. Contrary to this, the present invention proposes the
‘mutilation’ of the start or end portion of the new recording so as to decrease the

probability of occurrence of audible distortions.

The invention will now be described in more detail in the following
Figure description, in which '

Figure 1 shows a prior art recording arrangement,

Figure 2 shows the format of the second digital signal,
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Figure 6 shows a prior art reproducing arrangement,

h

Figure 7 shows the second digital signal as it is read out, in the case of
the read-out of an original recording (Figure 7a), in the case of a new recording made
partly over an original recording (Figure 7b-and 7c),

Figure 8 shows an embodiment of the part of the recording arrangement
incorporating the invention,

Figure 9 shows another embodiment of a part of the recording
arrangement incorporating the invention,

Figﬁre 10 shows another format of the second digital signal,

Figure 11 an embodiment of the reproducing arrangement in accordance
with the invention,

Figure 12 shows the second digital signal as it is .rad out, in the case of
the read-out of an original recording (Figure 12a), in the case of a new reéording made
partly over an eriginal recording (Figure 12b and 12¢),

Figure 13 and 14 show an embodiment in which a concealment code is
recorded in a separate track on the record carrier.

| Figure | shows in (a) the first conversion means of a prior art recording
arrangement. An input terminal 1 is supplied with a wide-band digital signal. In this
context one may think of an audio signal having a bandwidth of about 20 kHz. The
audio signal may be a stereo audio signal. In that case only one of the two signal
portions (the left or right signal portion) of the stereo audio signal will be further
discussed. The other signal portion will then be subject to the same process.

Input 1 is supplied with, for example, 16-bit samples of, for example, the
left signal portion of the audio signal having a 44 kHz sample frequency. The audio
signal is applied to a sub-band coder 2 comprising an analysis filter means. The sub-
band coder 2 distributes the audio signal over M sub-bands by means of M filters i.e. 2
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| 3.1 the signal is presented in the lowest sub-band SBy. At the output 3.2 the signal is

presented in the lowest but one sub-band SBy. At the output 3.M the signal is presented
in the highest sub-band SBy,. The signals at the outputs 3.1 to 3.M have the form of
successive samples expressed in 16-bit numbers or more, for example, 24-bit numbers.
In the present exemplary embodiment the sub-bands SB; to SBy, are all equally wide.,

However, this is not necessary. In the prior-art publication (5), Krasner,
proposes a subdivision into a plurality of sub-bands whose bandwidths approximately
correspond to the bandwidths of the critical bands of the human auditory system in the
respective frequency areas. '

The operation of the sub-band coder 2 will not be éxplained ariy further
because the operation of the sub-band coding means has already been extensively
discussed. For this purpose, the reader be referred to the prior-art documents (1), (3)
and (7) which are assumed to be included in this application where necessary.

The sub-band signals are combined in consecutive signal blocks of q
successive samples, and applied to an associated quantizer Qp t0 Q4. In a quantizer Qp,
the samples are quantized to quantized samples having a number of bits ny, smaller than
16. ' _

Figure 1 shows how the left sub-band signals in signal blocks of q
successive samples are applied to an associated quantizer Q. In like manner the right
sub-band signals in signal blocks of q successive samples are applied to an associated
quantizer (not shown). During the quantization process the signal blocks (groups) of q
successive samples of the sub-band signal portions are each time quantized to a smaller
number of bits. For example, q is equal to 12. In addition, the q samples are first "
normalized in a signal block 10. This normalization is effected by dividing the
amplitudes of the q samples by the amplitude of the sample having the largest absolute
value in the signal block. The amplitude of the sample having the largest amplitude in
the signal block of the sub-band SB,, produces a scale factor SFy,, see document (2).
Subsequently, the amplitudes of the normalized samples which are now situated in an

amplitude range from -1 to +1, are quantized.
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" The quantized samples in the sub-bands SBy to SBy, are then presented at

the respective outputs 4.1 to 4.M.

The outputs 3.1 to 3.M are furthermore coupled to the respective inputs

5.1 1o 5.M of bit need determining means 6. The bit need determining means 6

determines for time-equivalent g-sample signal blocks of the left and right sub-band
signal portions in the sub-bands SB; to SBy, the bit need bp,. The bit need by, is a
relative number which bears a proportion to the number of bits with which the q

samples in a q-sample signal block in a sub-band signal portion should be quantized.
The bit needs by to by derived by the bit need determining means 6, are

applied to bit allocation means 7. The bit allocation means 7 determines the actual

number of bits n; to ny, with which the q samples of the corresponding signal blocks in

the sub-band signals SB, to SBy are to be quantized on the basis of the bit needs b; to

byg- Control signals corresponding to the numbers n; to nys are applied to the

respective quantizers Q, to Q over the lines 8.1 to 8.M, so that the quantizers are

capable of quantizing the samples with the correct number of bits.

Documents (9a) and (9b) of the list of references extensively discuss the

operation of the bit need determining means 6 and the bit allocation means 7.

The quantized samples in the signal blocks of the sub-band signals are

thereafter applied to inputs 4.1 to 4.M of a signal combining unit 14. In like manner the

bit allocation information formed from the numbers n; to nys, after a conversion as

required, is applied to the inputs 12.1 to 12.M of the combining unit 14. Also the scale
factor information formed from the scale factors SF; to SFy, after a conversion as

required, is applied to the inputs 11.1 to 11.M of the combining unit 14. The signal

obtained at the output 17 of the signal combination unit 14 is.the second digital signal,

whose format is shown in Figure 2.

Figure 1b shows a second section of the recording arrangement, which

section further includes a second conversion means 15 in addition to the combining unit

14, as well as write means 16 for applying the signal presented at its input to the re-

recordable record carrier. In this case this record carrier is a magnetic record carrier.

In addition to the samples, the bit allocation information and the scale

 factor information for the left signal portions in the sub-bands, also the samples, the bit
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t he conceal nent code ] ]
extensively discussed in document (2) of the list of references, which document is

assumed to be included in the present application where deemed necessary. Fig. 2
shows the second digital signal comprising the successive frames j-1, j, j+1 and shows
how a frame may be constituted. The frame comprises a first frame portion FD1 in
which sync information may be contained, a second frame portion FD2 in which the
allocation information may be contained and a third frame portion FD3. This third
frame portion first contains the scale factor information and then the samples of the
quantized signals in the sub-bands. For a further description reference be made to
document (2). '

The second digital signal is applied to the input 18 of the second
converter means 15. In this converter means another encoding is performed of the
second digital signal so that at the reproducer side an error correction of the received
information is possible. For this purpose, for example, a Reed solomon encoding and
possibly an interleaving is used for the second digital signal.

Furthermore, the signal is encoded in such a way that the information to be
recorded is suitable for recording on the record carrier. Therefore, for example, an 8-
to-10 encoder can be used for the 8-bit words constituting the signal. Such an 8-to-10
conversion is described, for example, in European Patent Application 150 082,
document (10) in the list of references. During this conversion the 8-bit information
words are converted to 10-bit codewords. '

The third digital signal thus obtained is presented at the output 19. This
output 19 is coupled to input 20 of the writing means 16 for writing the third digital
signal in a track on the magnetic record carrier.

Fig. 3 shows the record carrier 21 with the tracks provided on the record
carrier. On the A side there are n+1 tracks T, ; to T, .| Which are parallel with each
other and run in longitudinal direction on the record carrier. The B side likewise has
n+1 tracks Ty 1 10 Ty n1-

The tracks T, .| and Tb.n. + are auxiliary tracks referenced AUX in
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Digitized and encoded audio information is recorded, together with

synchronization and system information in the tracks T, | to Tanand Ty ;0 Ty, on
 the magnetic record carrier. The audio information is included in frames in the tracks.
These frames are all of substandally the same length.

" Figure 4a shows a track T, ; and the structure of the frames in this track.

“The other tracks are structured in similar fashion. The format of the track is extensively

described in European Patent Applicmion No. 456,299, publication (4) in the Reference

List, which is considered included in the present Application where deemed necessary.
wilLiitl, L
interrupted by interframe gaps IFG. The interframe gaps are extensively described in

The track is constituted by consecutive frames ..

European Patent Application No. 448,160, publication (8) in the Reference List. For a
further explanation of these interframe gaps reference be made to that Patent
Application. A frame comprises a2 number of information blocks ..., Sp_1, Sy S+ 1

.. In the present example the frames comprise each 32 information blocks. Fig. 4b |
shows the contents of a block, such as the block Sp,. Each block is constituted by a first
block section (header) and a second block section (body). The header comprises a sync
word 25, a frame number FN, a block number BN and a parity word PAR. The
contents of the body are both the digital information representing the recorded audio
signal and parity information. The body contains 48 bytes of 10 bits each. For a further
explanation reference be made to publication (4).

A further explanation will be given how the serial datastream of the
second digital signal is converted into the third digital as it is recorded in the track.

The information included in the serial datastreamn of the second digital
signal is divided in bytes of 8 bits long, and is stored, if needed. after an interleaving
step, in a RAM memory RM, see Figure 5, included in the conversion means 15. More
specifically, the RAM memory RM is capable of storing the information included in
about 21 and 1/3 frames of the second digital signal in the part P1 of the RAM. In total
a number of a.c of bytes of the second digital signal are stored in the a rows and ¢ co-
lumns comprised in the part P1 of the RAM. A C; error correction coding step is

carried out row-wise over the a rows in the RAM, so as to obtain a number of d parity

I’T’Eﬂt_
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applied to the 8-to-10 encoder. One could imagine that (c+d) equais the number n,
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-out column-wise, and

which is the number of tracks on the record carrier in which the third digital signal is t
be recorded. In that case the a+b bytes in a column are encoded and recorded in a
corresponding one of the n tracks. The information included in each of the ¢+d
columns of the RAM could be encoded by c+d corresponding 8-to-10 encoders.
Another possibility is that the information in the ¢c+d rows are encoded in time-
multiplex by one single 8-t0-10 encoder. In this last case, care should be taken that the
correct running DSV is used for the encoding of the information that should be recordec
in one track. The a+b bytes of 10 bits each are recorded in the body of the track
frames on the record carrier. Further, the header-information is added to the
information recorded. The n track frames that adjoin each other in the n tracks T, | to
T, n form a tape frame. ' '

‘Figure 6 shows in a diagram an embodiment of the prior art reproducing
arrangement. The reproducing arrangement comprises read means 30 for reading the
third digital signal from the tracks on the record carrier.

The read-out third digital signal is applied to an input 31 of third
conversion means 32. In the means 32 first a 10-to-8 conversioh is performed in an
inverse way compared to the 8-to-10 encoding described above. Then an error
correction operation is carried out and a possible de-interleaving of the information that
has been read out. The thus decoded signal again corresponds to the second digital
signal as is represernited in Figure 2, and is presented at an output 33. TheSecond digital
signal is applied to an input 34 of a fourth conversion means, which comprise the
blocks 35 and 36. The block 35 derives from the frames shown.in Figure 2 the alloca-
tion info_rmatioﬁ. the scale factor information and the samples for each signal block in
each sub-band. After dequantization and a multiplication by the scale factors the sub- |
band signals SB, to SBy, then appear at the outputs 37.1 to 37.M. These sub-band
signals are applied to inputs 39.1 to 39.M of synthesis filter means 36 which restores
the original digital signal from the sub-band signals. The operation of the synthesis filter
means 36 is extensively discussed in document (7).of the citation index. The original
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Errors detected in the incoming information can be corrected in the third
conversion means 32. If an error turns out not to be corrigible, unit 32 will generate an
error flag at an output 41. This error flag is applied to a control signal input 42 of
concealment means in the form of an error masking system.

Error masking can be realized in various ways.

As a first possibility, an erroneous sample can be replaced by a correct
'previous sample. A second possibility is that an interpolation is carried out between two
correct samples adjoinixig the erroneous sample on each side. If a number of
consecutive error flags occur, a muting of the audio information is required.. This can
be realized by setting a-number of samples to a zero value.

' The error masking system may be arranged between the third conversion
means 32 and the means 35, as is shown in a diagram in Figure 6 by means of block 43
represented in’ dashed lines. Error masking in response to error flags of the correction
unit 32 is then performed on the second digital signal. The moment an error flag of the
unit 32 occurs indicates to the masking system which information word in the serial data
stream of the second digital signal of Figure 2 is erroneous.

Another option is to perform error masking by muting the audio signal as
it is supplied at the output 40. This implies that the error flags are to be applied to a
control signal input 46 of a error masking circuit 43°, indicated in Figure® by dashed
lines, which is coupled between the output of the synthesis filter means 36 and the
output 40.

Next, it is described what happens if a new recording takes place when
recording over an earlier recording. |

Figure 7a shows the serial datastream of the second digital signal, as it is
read out and converted in the third conversion means, assuming that no interruption of
the original recording has taken place. Subsequent frames ..., Fj'l'
each other and are supplied to the outout 17 bv the third conversion means 14_.

Fj, Fj4 s -... follow
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[err] and [er pptpgtelé 1p|tgg|¢a;e that 2 new recording has taken place over a termmal part of the
original recordxng. The boundary in the serial datastream of the second digital signal,

between the remaining portion of the original recording and the start portion of the new
recording is at the location indicated by B. The first frame F| in the serial datastream of
the new recording already begins before the frame F;_| of the original recording is
terminated. Reconversion of the second digital signal into the various samples for the
various subbands, is realized in the block 35 by detecting the allocation information in
the second frame portions FD2 and counting the bits in the portion of the third frame
portion FD3 that comprise the samples. In the same way, the samples are retrieved
from the third frame portion of the frame Fj-l- During reconverting, the block 35 is not
aware of the fact that the boundary B exists between the original recording and the new
recording, and thus continues counting the bits in the serial datastream past the location
B. This results in an erroneous reconversion of the frame F;_ in the block 35, so that
an audible distortion occurs in the audio signal supplied at the output 40. At the time t,
which is the start of the frame Fj of the original recording, the reconversion circuit
expects to receive a new sync signal. As no such sync signal is detected, it waits until
the next detection of a sync signal, which is the sync signal of the frame F; of the new
recording. The audible distortion thus at least lasts during the occurrence of the frames
Fj.; and F}. Reconversion could now be resumed by reconverting the information
contained in frame F,. If the reconversion circuit requires at least two sync signals
lying at the correct distance in time from each other, reconversion is resumed at a later
time interval after having received the at least two frames F, and Fj.

Figure 7c shows another situation, where an original recording is partly
overwritten by a new recording. It should be noted that the beginning of the new
recording need not begin exactly with a complete frame, such as the frame F; in Figure
7o. Figure 7¢c shows that-the new recording starts with an incomplete frame F,':-

The reason for this is that the first conversion means, comprising the
elements 2, 10, 14, and the second conversion means 15 are only loosely synchronized.
This means that, during recording, the start of the encoding of the second digital signal
in the second conversion means 15 need not exactly coincide with the start of a frame in
the second digital signal.

As a result, during reproduction, the block 35 continues counting the bits
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ment incorporating the invention. Figure 8 shows the second part of the recording
arrangemeni of Figure 1b. The arrangement further includes signal processing means, in
the form of a scrambler 50, having an input 54 coupled to the output 19 of the second
conversion means 15. The scrambler 50 is for scrambling the third digital signal in the
recording arrangement during a first specific time interval in response to the switching
of the recording arrangement into a recording mode. This switching into the recording
mode is activated by a user pushing a recording button (not shown). A central
processing unit 51 detects the actuation of the record button and generates a switching
control signal at an output 52 which control signal is applied to a controllable switch
53. The switch 53 is positioned in the down position under the influence of the control
signal, so as to couple the output 55 of the scrambler 50 to the input 20 of the write
'mans, so that the information included in a start portion of the third digital signal
recorded in the track is mutilated. The information included in the start portion is
mutilated such’ that, during reproduction, the application to the third conversion means

- of the mu.tilated information included in the start portion read from the track, results in
generating error flags at the output 41 of the third conversion means 32 so as to mute
the digital signal during said first specific time interval. As a result no audible distortion
occurs in the digita-l audio signal at the output 40 of the reproducing arrangement. From
what has been said previously with respect to Figure 7b and 7¢, the muting of the audio
signal should at least cover the time interval in which the information cortesponding to
the erroneously decoded frames F;_ ; and F, in the second digital signal is supplied to
the output of the circuit 36, see Figure 6.

Preferably, only the information contained in the bodyportion of one or a
number of consecutive track frames is scrambled, whilst the information contained in
the header portion of a track frame remains unaffected. This makas it possible to
maintain synchronization during read out. '

In 2 second embodiment of the recording arrangement in accordance with

the invention, the parity information added to the audio data in the second conversion



supplied to a first input of a signal conmbination unit 72, which has an
out put coupled to a read head 73. The arrangenent further conprises a
eonceal nent code generator. 71 which generates a conceal ment code cc under
the influence of a control signal supplied by the central processing unit
51 via its output 52 to the generator 71. The control signal at the output
52 is generated in response to the arranggqent being switched into the
recordi ng node, which switching into the recording node is detected by the
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of the scrambler 50 is coupled to a second terminal of the switch 53. A third common
terminal of the switch 50 is coupled to an input of the RAM memory RM. The parity
generator 60 generates the C; and C; parity codewords as a result of the audio data
included in the part P1 of the memory RM, which is applied to its input. With the
switch 53 in the position as shown in Figure 9, the generator 60 supplies the parity
information to the memory RM for storing the C; codewords in the part P2 and the C,
parity words in the part P3 of the memory RM. |

The central processing unit 51 detects the actuation of the record button
and generates a switching control signal at an output 52 which control signal is applied
to the controllable switch 53. The switch 53 is positioned in the down position under the
influence of the control signal, so as to coupie the output 55 of the scrambler 50 to the
input of the memory RM. All the parity information included in the parts P2 and P3 of
the memory RM can be scrambled. This results during reproduction in the generation of '
error flags and a muting of the audio signal during a first time interval that equals the
time interval corresponding to the length of time of the audio information included in a
tape frame.

Another possibility is to inhibit the calculation of the parity information
for the parts P2 and P3 of the memory RM. Inhibiting the calcularion of the parity
information for the audio information included in the part P1 of the memory RM,
means that the parts P2 and P3 in the memory RM still comprise the parify information
corresponding to the audio information that was previously stored in the part P1. This
parity information has no relation to the audio information newly stored in the part PlL.
Thus, during reproduction, again error flags will occur, leading to a muting of the audio
signal.

But not all the parity information in the parts P2 and P3 of the memory
RM need to be scrambled. It suffices to scramble, or mutilate, so many parity
codewords in the parts P1 and P2 that a sufficient length of audio. information, covering

the transition between the two recordings, is muted during reproduction.
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bei ng hat ched byclhdedss the g3 POXo that this in the same way leads to the generation of a
sufficient number of error flags during reproduction, resulting in a muting of the audio
signal.

In again another embodiment, the recording arrangement is adapted to
insert concealment codes in the signal to be recorded, such that those concealment codes
can be detected during reproduction. Upon detection of one or more concealment codes,
the muting circuit 43 or 43’ mutes the audio signal during the first specific period of
time. '

Figure 10 shows a frame in the second digital signal, generated by the
first conversion means. The third frame portion FD3 is now further divided so as to
include a fifth frame portion FD5 behind the portion of the frame comprising the
samples. The format of the frame has been described extensively with reference to
Figure 23 in European patent application no. 402,973, reference (2). The concealment
code can now be inserted in the fifth frame portion of a frame, more specifically in the
sixth frame portion FD6 of the said frame in the second digital signal. Another
possibility is to insert the concealment code in the system information (SYS INFO) in
the first frame portion FD! of the frame.

The concealment code can be in the form of one bit which is located on a
fixed location in the frame. If the bit is logical '1’, this can mean that the concealment
code is present. A bit which is logical "0’ means that no concealment code is present.

In the case that the concealment code is inserted in the frame portion

| FD®§, that is, at the end of the frame, it would suffice to include the concealment code
in the first frame F) or F;’, see Figure 7b or 7c respectively, of the new recording.
Preferably, the cohé&lment code is inserted in a number of frames of theé Second digital
signal by the first conversion means, more specifically by the unit 14 in Figure. b, so
that during reproduction at least the frame F| or Fy’, see Figure 7b and 7c resp;ectively,
contain the concealment code.

In the case that the concealment code is inserted in the first frame part
FDI, it is necessary to insert the concealment code in at least the first two frames F;
and F, of the new recording, so that also in the case of the situation described in Figure
7¢c, the concealment code can be detected during réproduction.

Again it should be noted that, in order to conceal the distortion, the
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frames F;.; and F| or F|’ is supplied to the output of the element 36, see Figure 11.

Figure 11 shows an embodiment of the reproducing arrangement which is
capable of detecting the concealment codes, so as to activate the concealment function
during the specific period of time. The fourth conversion means 35 that receive the
second digital signal including the frames, such as the frame of Figure 10, is capable of
detecting the concealment code. Upon detection of the concealment code, the means 35
generate a concealment control signal at the output 41°, which signal is applied to the
control input 46 of the concealment circuit 43°, so as to conceal the audio signal during
the specific period of time.

Concealing the signal can again mean a muting of the audio signal, which
is in fact what Figure 11 shows. Another possibility is that the frame Fj_z lastly decoded
correctly, is repeated, or that an interpolation is carried out.

Now, it will be described what happens at the end of the new recording,
more specifically, in the situation where a terminal portion of the original recording is
not overwritten by the new recording and thus still is present after the end of the new
recording on the record carrier. .

' Figure 12a shows the second digital signal generated at the output 33 of
the third conversion means 32 when reproducing the original recording. This Figure 12a
in fact equals the Figure 7a. Figure 12b and 12¢ show situations where the original
recording has been partly overwritten, so that a boundary B exists between the terminal
part of the new recording and the remaining part of the original recording. In Figure
12b, the new recording ends with a complete frame F,,. In Figure 12c, the new
recording ends with an.incomplete frame E,'.

In order to preclude the occurrence of disturbances in the audio signal
reproduced as a result of the presence of the boundary B, one of the measures described
above can be applied at the termination of the new recording, in response to the user
activating the 'record stop’ button on the recording arrangement.

Thus, a concealment function is activated during a specific second period
of time so as to conceal the audio signal during reproduction past the boundary B. The
second specific period of time should at least cover the time interval in which the
information correspondmg with the incorrectly decoded frames F,' and F;, see Figure
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In addition to the measures described above, it is advisable to start the
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new recording with an audio signal of very low (zero) level,'and to fade the audio level
in to the required level. In the same way it is advisable to terminate the new recording
with an audio level that is faded out to a zero level.

A further embodirﬁent is shown in figure 13, and shows the recording of
the concealment code cc in the auxiliary track T, .| of the record carrier 21. The
recording arrangement comprises an auxiliary signal source 70 for generating the
auxiliary signal. The auxiliary signal includes table of contents (TOC) information, such
as the sequence numbers of the musical items and position information relating to the
start positions of the musical items recorded on the record carrier. The position
information can be in the form of timing information. The auxiliary information is
supplied to a first input of a signal combination unit 72, which has an output coupled to
a read head 73. The arrangement further comprises a concealment code generator 71
which generates a conceaiment code cc under the influence of a control signal supplied
by the central processing unit 51 via its output 52 to the generator 71. The control
signal at the output 52 is generated in response to the arrangement being switched into
the recording mode, which switching into the recording mode is detected by the central
processing unit 51. The concealment code is supplied to a second input of the
combination unit 72. The head 73 records the auxiliary signal and the concealment code
(if present) in the AUX track T, ;4 1- |

Figure 13 further shows the top half of the record carrier. The original
fecording is indicated by the portions of the tracks being hatched by lines from top left
to bottom right. The portions of the tracks being hatched from top left to Bottom rigth
as well as from top right to bottom left indicate the new recording. Clearly visible is the
conceaiment code, which is indicated by the black spot cc, and which is located in the
start portion of the new recording. of the auxiliary signal.

Figure 13 further shows the reproducing arrangement, which now
includes a concealment code detector 75. During reproduction, the detector 75 detects
the concealment code and generates the concealment control signal which is supplied to
the control signal input 46 of the concealment means 43°.

Figure 14 shows the recording of the concealment code cc on the terminal
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1. A system for recording and reproducing a digital. audio signa
on/froma re-recordable record carrier conprising a recording arrangenment.
for recording the digital audio signal in a track on the record carrier and
conprising a reproduci ng arrangenent for reproducing the digital audio
signal fromthe track of the record carrier, the recordi ng arrangenent
conprising - an input termnal for receiving the digital audio signal, -
first conversion neans. for converting the digital audio signal in a data
reduction step into a second digital sigrgl conprising synchronisation
information, bitallocadon information, scalefactor information and audio
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carried. Outies f Sd¥dm AgH:hHicdd the-original recording. The portions of the tracks being

hatched from top left to bottom rigth as well as from top right to bottom left indicate

the new recording. Clearly visible is the concealment code, which is indicated by the

black spot cc, and which is located in the terminal portion of the new recording of the
auxiliary signal.
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arrangenment on the third digitaL signal read fromthe track, - wite neans
for witing the third digital- signal in the track on the record carrier,
t he reproduci ng arrangenent conprising - read neans. for reading the third
digital signal fromthe track on the record carrier, - third conversion
means for correcting errors in the third digital signal read fromthe
track, for generating an error-flag if it is not capable of correcting an
error, and for reconverting the third digit9l signal into the second
digital signal, - fourth conversion neans for reconverting the second
digital signalRBRERENGES:obtain the digital audio signal, - conceal ment

means for con i t,ahl.e [ $ed dknt ighdaal audio signal in
response to e;\(rﬁgr FP? S S%Jntgn(r?é;?’gg&g?ﬁE’ﬁ'efseglr'érkgr@%ﬂ'é%?gl?bn means, - an
out put term nd®) f oEuropean Brteny Alipphicatibn)ind 2402:073i BN th241). t he recording

arrangement st Neg, SO b3l dpsticdid nd'436 357 (BN 13.209).
5 (4)  European Patent application no. 456,299 (PHN 13.315).
(5) IEEE ICASSP 80, Vol. 1, 327-331, April 9-11-1980
M.A. Krasner "The critical band coder ..... Digital encoding of speech signals
based on perceptual requirements of the auditory system"”.
(6)  Dutch Patent Application no. 91.00.285 (PHN 13.596).

10 (7  European Patent Application no. 400.755 (PHQ 89.018A).
(8)  European Patent Application no. 448,160 (PHN 13.281).
(Sa) European Patent Application no. 457,390 (PHN 13.328).
(9b) European Patent Application no. 457,391 (PHN 13.329).
(10) European Patent Application no. 150.082 (PHN 11.117).
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A system for recording and reproducing a digital audio signal on/from a

re-recordable record carrier, comprising a recording arrangement for recording the

digital audio signal in a track on the record carrier and comprising a reproducing

arrangement for reproducing the digital audio signal from the track of the record

carrier,

the recording arrangement comprising

- an input terminal for receiving the digital audio signal,

- first conversion means for converting the digital audio signal in a data reduction step

into a second digital signa.l comprising synchronisation information, bitallocation

information, scalefactor information and audio signal information included in subsequent

frames of the second digital signal,

- second conversion means for converting the second digital signal into a third digital

signal so as to enable an error correction to be carried out in the reproducing
arrangement on the third digital signal read from the track,
- write means for writing the third digital signal in the track on the record carrier,

the reproducing arrangement comprising
- read means for reading the third digital signal from the track on the record carrier,

- third conversion means for correcting errors in the third digital signal read from the

track, for generating an error-flag if it is not capable of correcting an error, and for
sconverting the third digital signal into the second digital signal,

- fourth conversion means for reconverting the second digital signal so as to obtain the

digital audio signal,

- concealment means for concealing uncorrectable errors in the digital audio signal in

response to error flags generated by the error-correction means,

- an output terminal for supplying the digital audio signal,

characterized in that the recording arrangement further comprises signal processing

means for further processing a digital signal in the recording arrangement in response to

the switching of the recording arrangement into a recording mode. so as to mutilat

KL



re-recordm &t conprising a recording arrangenent for

recordi ng tﬁ\%sc;{é I{\\!"' signal in a track d—earfi er and
conpri sing gy ngement for reproducTHI§ SHEETARAR B&ENqudi o si gnal
fromthe t_rac\\ \ ecord carrier, the recofding REPLACEfenent jconpng an

I nput term nab*®or receiving the digital audi o~s+grrat——=fTTST Conversi on
nmeans for converting the digital audio s?bnal in a data reduction step into
a second digital signal conprising synchronisation information, )

bi t al | ocat i opfdrmatanniaeindad ingcwartperden pf thaftird digite)rsignaliwhil isorecrirdesain the

i nformation incl | f '&{bé' SR | Ly Shonal ,
second convemio%gqnggﬁ%w}@%%?{lfhﬁg tﬂie se_cor%gfgxl%g%t al@ugil g%tglduﬁﬂo adrd
di gi tal si gnghrodactas, te mnidedinformationoinclodedr ipahe sartiportios of aversigndl cead i n t he

reproducing aft angenEnte o hfiinldlifg’s ok VoD sighPflrdn el imk * 20K
" iterval which is applied to the concealment means s as to conceal the digital signal

T

during said first time interval, the said first time interval at least including the start
portion of the reproduced digital signa;.

2. A system for recording and reproducing a digital audio signal on/from a
re-recordable record carrier, comprising 2 recording arrangement for recording the
digital audio signal in a track on the record carrier and comprising a reproducing
arrangement for reproducing the digital audio signal from the track of the record
carrier,

the recording arrangement comprising |

. an input terminal for receiving the digital audio signal,

- first conversion means for converting the digital audio signal in a data reduction step
ir;to a second digital signal comprising synchronisation information, bitallocation
information, scalefactor information and audio signal information included in subsequent
frames of the second digital signal, _

- second conversion means for converting the second digital signal into a third digital
signal so as to énable an error correction to be carried out in the reproducing
arrangement on the third digital signal read from the track,

- write means for writing the third digital signal in the track on the record carrier,
the reproducing arrangement comprising

- read means for reading the third digital sigrial from the track on the record carrier,

- third conversion means for correcting errors in the third digital signal read from the
track, for generating an error-flag if it is not capable of correcting an error, and for
reconverting the third digital signal into the second digital signal,

- fourth conversion means for reconverting the second digital signal so as to obtain the
digital audio signal, '

- conceaiment means for concealing uncorrectable errors in the digital audio signal in
response to error flags generated by the error-correction means,

" @ output terminal for- supplying the digital audio signal,

REPLACEMEWEEP in that the recording arrangement further comprises signal processing

Iy
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wite nmeans Tor witing the third digital signal in the track on the record

carrier, the I‘[ﬁiasméum'snﬁn&erl enment conprising read neans jreadi ng the

third digital s I track on the r 1 1 ERS BEE@ ird
conver si on rreanH ‘r ng-errors in the l’}l r%ﬁ%‘_mgﬂal sidnal read
fromthe track, TOr generating an error-flag }f it —Ret—eapabl e of

correcting an error, and for reconverti @ the third digital signal into the
second digital signal, fourth conversion neans for reconverting the second

di gi tal -si gfmgensdfer émhr-ppmgesaihg atdé&itaii:sighz:l ﬁil M@:Qrdiln'g grmd.!\gcgen??n?te\gglpaﬁﬁt rolreans
| | : Fe&di Lerr. | e digi audi i

]; g;pgggge?oh@?&(‘)ﬂr&ﬁ??ags g%#grﬁrfl,d&%i} O?ﬁemcé’féjlgﬁgﬁ&%?ﬁ?&si BMYHANs, an out put

term nal foinferopponyinclydediin liegminal partich of the ghied digidiaign@Cwhigh Noregdri@Ngement

further COMR the 'trggc, the {n%]r%langt{ fhefuded nthe terminal portion being mutilated such that,

during reproduction, the mutilated information included in the terminal portion of the

D=

signal read from the track, results in generating a concealment control signal during a

second time interval which is applied to the concealment means so as to conceal the

digital signal during said second time interval, the said second time interval at least

including the terminal portion of the reproduced &igital signal.

3. A system for recording and reproducing a digital audio signal on/from a

re-recordable record carrier, comprising a recording arrangement for recording the

digital audio signal in a track on the record carrier and comprising a reproducing

arrangement for reproducing the digital audio signal from the track of the record

carrier, ' '

the recording arrangement comprising

- an input terminal for receiving the digital audio signal,

- first conversion means for converting the digital audio signal in a data reduction step

into a second digital signal comprising synchronisation information, bitallocation

information, scalefactor information and audio signal information included in subsequent

frames of the second digital signal,

- second conversion means for converting the second digital signal into a third digital

signal so as to enable an error correction to be carried out in the reproducing

arrangement on the third digital signal read from the track,

- a signal source for generating an auxiliary signal,

- write means for writing the third digital signal in the track on the record carrier and

for writing the auxiliary signal in an auxiliary track on the record carrier,

the reproducirig arrangement comprising

- read means for reading the third digital signal from the track on the record carrier and

for reading the auxiliary signal from the auxiliary track on the record carrier,”

- third conversion means for correcting errors in the third digital signal rud from the

track, for generating an error-flag if it is not capable of correcting an error, and for
REPL ACEMENE:S‘E : ting the third digital signal into the second digital signal,

1th-cofjversion means for reconverting the second digital signal so as to obtain the

= ' T




REPLACENMENT ET rreans e ther processing a di g| tal signal in the

recordi ng arra@g@ﬂm nse to and directly preceding the termnation

of arecordlng mutilate information a term nal

portion of the t Si gnal whichg s {qyEe SHEETOHABCBEEN ¥ he track,

the information i'nc uded in the term nal port#on beR Agg(gllaced such that,
Lpcl-getee-t-rmthe term nal

during reproducti of tgnﬁ mutilated informatio
portion of t ‘{jﬂ% Peread fromthe crack, results in generating a

conceal ment (d,gntr ent rgpans fohwoneegling sneasrectablererTonstia thextigintli idic sg gagdph i ed
to the concea means, so as to onca_ the di al .signal during said
second tine i gbgemlemt%g%ﬁ?%%gﬁdhﬁ' ﬂvé m%ﬁ >l east incl udi ng the
ti me of reprif cti ?Her&fmaﬁ Fm,{p{hem@w atdiefsignag reproduced di gital
signal. 3. stem recordi ng and reproducing a digital audio
signal onlf rom é’zenzed in that the recording arrangement further comprises signal processing

\

eans for further processing the auxiliary signal in the recording arrangement in
response © the switching of the recording arrangement into a recording mode, so as to
add at jeast one concealment code to a start portion of the auxiliary signal which is
cecorded in the auxiliary track, the reproducing arrangement further comprising detector
‘means for detecting the at least one conceaiment code in the auxiliary signal read from
the track, for generating a concealment control signal during a first ime interval in
response to the at least one concealment code detected and for supplying the
cealment control signal to the concealment means so as to conceal the digital signal

during said first time interval the said first time interval at least including the start

portion of the reproducing digital signal.
4. A system for recording and reproducmg a digital audio signal on/from a

con

re-recordable record carrier, comprising a recording arrangement for recording the
digital audio signal in a track on the record carrier and comprising a reproducing
arrangement for reproducing the digital audio signal from the track of the record
'carrier,
the recording a.rrangement comprising

© - an input terminal for receiving the digital audio 51gna.1
- first conversion means for converting the dxgnal audio signal in a data reduction step
into a second digital signal comprising synchronisation information, bitallocation
information, scalefactor information and audib signal information included in subsequent
frames of the second digital signal, _
- second conversion means for converting the second digital signal into a third digital
signal 5o as to enable an error correction to be carried out in the reproducing
arrangement on the third digital signal read from the track,
- a signal source for generating an auxiliary signal,
- write means for writing the third digital signal in the track on the record carrier and

the auxiliary signal in an auxiliary track on the record carrier,

cing arrangement comprising
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" re-recordabl e Fier, conprising a recording arrangement for

recording the ilgnal in a track er and
conpri sing ﬁg\m “N‘M“Engement for repro%r{';l‘s-SS-T'{&SU%%?E‘;T audi o

si gnal fro Mof the record carri ; r ec EBLAMEDar r andenent
conprisin - an input termnal for receivi the digital audl oI signal , d -
first conversj mean for ,.conveptin e.di taI audi nal in a data
reduction st effgfrir{?e@nﬁ orsreading tf B’I‘rtdacﬂ @g‘?ﬁﬁp Mo the Lras °§ @ FCOrd sarsifr and
i nf or mat i on, fopiréalingo@RtAuRliaky LighAlEdrR he §|9@ixﬁ'§'6k€dcﬁron' e QLR | 39“0' audi o

signal i nformatlon I ncl uded i n subsequent fraires of the secon I'gi t al
signal , - Bird copversioni meangdomeorresung Gmeesy ini thy thmcixgmbngnallrgdt fromsthgnal

b
carriod thdﬁf%é PEe beoBeRR an ek R Mo bR RLoc GoreRens & edpr g dar 1 e

from the traekonverting the third digital signal into the second digital signal,

- fourth conversion means for reconverting the second digital signal so as to obtain the
digital audio signal,
- concealment means for concealing uncorrectable errors in the digital audio signal in
response to error flags generated by the error-correction means,
- an output terminal for supplying the digital audio signal,
characterized in that the recording arrangement further comprises signal processing
means for further processing the auxiliary signal in the recording arrangement in
response to and directly preceding the termination of a recording mode, so as to add at
least one concealment code to a terminal portion of the auxiliary signal which is ,
recorded in the auxiliary track, the reproducing arrangement further comprising detector
means for detecting the at least one concealment code in the auxiliary signal read from
the track, for generating a concealment control signal during a second time interval in
response to the at least one concealment code detected and for supplying the
concealment control signal to the concealment means so as to conceal the digital signal
* during said second time interval, the said second time interval at least mcludmg the
terminal portion of the reproduced digital signal. '
5. A system as claimed in Claim 1 or in Claim | and 2, characterized in
that the signal processing means comprise signal combining means for additionally
adding at least one concealment code to the start portion of the second or third digital
signal, the reproduciné arrangement further comprising detector means for detecting the
at least one concealment code in the second or third digital signal read from the track
and for generating the co;xculment control signal during said first time interval in ~
response to the at least one concealment code detected. .
6. A system as claimed in Claim 2 or in Claim 1 and 2, chéfacterized'in
that the signal processing means comprise signal combining means for additionally
adding at least one concealment code to the terminal portion of the second or third
dlgna.l signal, the reproducing arrangement further compnsmg detector ;'ncans for
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-a signal source for generating an auxiliary signal, - wite neans for
writing the thlrd‘dT—T_I’—sTg’ngl—_l—ﬁhe track on the record carrier and for
Witing the auxili aﬁysﬁ,gegﬁglgeeﬁkﬁeeaum liary crack on the record carrier,

t he reproducing arra ing - read neans for readl ng the thlrd
digital signal from Wl@m e record carjie - RzdNNg the
auxiliary signal fro ary track on th Tmscﬁlﬂﬁf— c% er, }- third

conversion nmeans for correcti ng errors in the third cR&ﬂLﬁGED
fromthe track. for generating an error-flag if capable of th
correcting an r a e
-second digita gll ‘gﬁéﬁ‘ @i@gn %?értée?gﬁﬁﬁg tﬁéo%%ﬁe%ﬁ'ghpéé&oqégﬂél * g‘a{agn

digital si gnahme dnterval in ipatise té ke at least one concealment code deteted.

7. Recording arrangement for use in a system as claimed in any one of the
preceding Claims.

8. Recording arrangement as claimed in Claim 7, for use in a system as
claimed in Claim 1 or 2, characterized in that the signal processing means comprise
scrambling means for scrambling at least a part of the start portion of the third digital
signal. '

9. Recording arrangement as claimed in Claim 8, for use in a system as
claimed in Claim 2, characterized in that the scrambling means being further adapted to
scramble at least a part of the terminal portion of the third digital signal.

10. Recording arrangement as claimed in Claim 8, the second conversion
means being adapted to add parity information to the second digital signal, characterized
in that the signal processing means is adapted to mutilate parity information included in _
the start portion of the third digital signal.

11. Recording arrangement as claimed in Claim 10, for use in a system as
clmmed in Claim 2, characterized in that the signal processing means further being -
adapted to mutilate parity information included in the terminal portion of the third
digital signal. |

12. Recording arrangement as claimed in Claim 7, for use in a system as
claimed in Claim 3, 4, 5 or 6, characterized in that the signal processing means
comprise signal combining means for additionally adding concealment codes to the
auxiliary signal or to the second or third digital signal.

13. Re-recordable record carrier obtained with the recording arrangement as
claimed in Claim 12, characterized in that it includes concealment codes recorded in a
track. '

14, Reproducing arrangement for use in a system as claimed in Claim 3, 4, 5

(SO




audi o signal. conceal nent neans for concealing uncorrectable errors in the
digital audio signal in to error flags generated by the error-correction
means, output terrninal for supplying the digital audio signal. the
recording arrangement further conprising signal processing for further

processing the auxiliary signal in the recordi —ih. [ esponse to
the switching of the recording arrangement intd Tal$ &HEEHITHY. so as to
add at |east one conceal ment code to a stajg dor t i oREPEAGERe auxi!iary

signal which is to be recorded in the auxillary=track;, the reproducing

ar r angenent E@gorrprl sing detector neans for detecting the at |east
one conceal in the auxiliary signal read fromthe track, for
generating aSyswm dar reeotdigomid repradugingla digitalngigreal fon/fsdm tai reered e edcotd)
response to the at | east one conceal nent code dete and for supplying the
conceal nent eBREG 0l s gnal to the conceal nent neans so as to conceal the
di gi al signal

In a system for recording and reproducing a digital audio signal on/from
a re-recordable record carrier, comprising a recording arrangement for recording the
digital audio signal in a track on the record carrier and comprising a reproducing
arrangement for reproducing the digital audio signal from the track of the record
carrier, measures are provided to prevent audible distortion from occurring during a
transition from 2 terminal portion of an original recording to a start portion of a new
recording partly recorded over the original recording.

This has been realized by mutila;ing, such as scrambling, at least part of

the start portion of the new recording, so that error flags are generated during
reproduction. These error flags result in a muting of the audio information which
includes the audible distortion. Other ways of concealment are also possible to conceal
the audible distortion.

'Mutilating the signal to be recorded can also mean that a conceaiment
codeword is included indicating the transition. Upon detection of the concealment
codeword, the concealment control signal is generated, resulting in a concealing of the
distorted audio signal.

(Figure 8).
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during said first time interval, the said first tinme interval at |east

I ncluding the tine of reproduction of the start portion of the reproduced
digital signal. A systemfor recording and reproducing a digim audio
signaL on/froma re-recordable record carrier, conprising a recording
arrangenment for recording the digital audia signal in a track on the rerd
carrier and conprising a. reproduci ng arfangenent fdr reproducing the
digital audio signal fromthe track of the-record carrier. the recording
arrangenent conprising - an input termnal for receiving the digital audio
signal, - first conversion neans for converting the digital audio signal in
a data reduction step into a second digital signal ‘conprising

synchroni sation information, bitallocation information, scalefactor
information and aufiéo glgnal |nfornaHbon i ncluded in subsequent frames of

the second di g &
] Ll
ks —ygj 0 &
1, B ™ g
—BP |-|M 32 , - ¢
! &lam ) ¥ y
4 HP 8M y . _ uM ¢
30 8M
;FH o § 7
N ) s
b m | g
(a)
3 \ 2
i "L 7 12
\ ] q
bM 0
5M M M
1
u.z:g
LM,
Ll A
LM |
— - F: "
121, " 0
W F | o
n 7 "
—
TIM}5

TSI | e




- second conversion neans for converting the second digital signal into a

third digital signa

S0 as t

0 enable an error correction to be carried out

in the reproducing arrangenent on the third digital signal read fromthe
track, a signal source for generating an auxiliary signal, - wite neans
for witing the third digital signal in the track on the record carrier and
for witing the auxiliary signal in an ZBX|I|ary track on the record

carrier, the reproduci ng arrangenent co

reading the third digital si
auxiliary signal fromthe auxiliary track on the record carrier,

rising -24 read neans for
gnal fromthe track on the and for reading the
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- third conversion neans for correcting errors in the third digital signal

read fromthe track

far generating an error-flag if it is not capabl e of

correcting an error, and for reconverting the third digital signal into the
al signal, - fourth conversion neans for reconverting the

al signal so as co obtain the digital audio signal, -

conceal nent neans for concealing uncorrgftable errors in the digital audio

second digit
second digit

signal in response to error flags gener

- an out put
arr angemnent
processing t

ed by the error-correction neans,

termnal for supplying the digital audio signal, the recording

processi ng neans. for furt

Ek &E conpr|5|ng si gnal r
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~

means for detecting the at | east one conceal nent code in the auxiliary
signal read fromthe track, for generating a conceal ment control signha
during a. second tine interval in response to the. at |east one conceal nent
code. detected and. for supplying the . conceal nent control signal-. to the
conceal ment neans: so as: to conceal the digital signal during said second
time interval, the. said second tine interval at. least including the tine
of reproduction of the term nal. portion oﬁ'the reproduced digital signal 5.
A systemas claimed in CQaiml or in CQaiml and. 2, the signal processing
means conprising signal conbining neans for additionally adding at |east
one conceal nent code (cc) to the start portion of the cond or third

digital signal, .the reproduci R arrangere furthdr copprising detector
nmeans for detecting the at least|one conceal nent «6q9d8 Lh the second or
third digital signal readsfrjomthe track and for“ydBdE I ng the conceal nent
control signal during said fli=st+{tinme ijnterval in--g&8pehise to the at | east
one conceal nent code detecte&égz :
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6. A systemas claimed in Cdaim2 or in daiml and 2, the signa
processing means conprising signal conbining neans for additionally adding
at | east one conceal ment code (cc) to the term nal portion of the second or
third digital signal, the reproducing arrangenen further conprising
detector nmeans for detecting the at | east one conceal ment code in the

second or third digital signal and 7. A recordi NS a;e;,wmmmfor
recording a digital audio signal on a re-gecordabl e recéfh?;gf T QT
conprising an input term ngl for recei¥ing the digitdl AT O S e R
first conversidd-freans___C1or converting the digital auflig %[ in a [ a
reduction step i\y—e—a-second dygital signal conprising By cﬁ@& &6
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i nformation, scalefactor information and audio signal information included
I n. subsequent frames of the-second digital signal, - second conversion
means for converting the second digital signal into a third digita
signal so as to enable an error correction to be carried out;/jim the .. - 7.
reproduci ng arrangenent on the third digital.signal read frpm-the track,. - -

-

wite neans for witing the third digit signal in the trpack on the
record carrier, . the recording arrange t further conprisjng LiYbh&C 955 | |
processi ng nmeans for further processing the digit jgnal _in | j
response to the switching of the recordi ng arrangenent intq a recordi ng 1
node, so as to nutilate infor ion inclu@@d in a stdd porkson.af the
third digital signal which is be regordefd in the trgck, the information
“included in the start-portijon bding mu at pd suchffhat], during
reproduction in a reproddstf on drrange EEAMicﬁ:issﬁfbvided W th
conceal nent neans for codfeal i nd uncar Etﬁ%ble df?mg#fpresent in the third
di gital signal upon reproductTorn, the Tht ed o _
. [ 2]
S e o
(]
O B .
[/ | S - 3
] = .
= s “ | =
= o o
-
-—— —
S 2
-8
w P Z 3
[ X : &« N‘—-
sS2 = = .
== & s (&)
g cmce
Lo L
>m d—— b e s
w e
w e w2
iy ——
alts - < —
w |Ba = las
(V') [T
Y 3
= =3/
e == o=
- T g -~
= o o
< = =
w > >
N r
e | <I2
Qe
< o
| W . E: wul
2=l 2| -|Z
—‘; (- z | z
-<J- e T u_a' g
o
[ ]
= £
;'m




e S RTAEST

i nformation included in the start portion of the si @H*UGE%EHM e

B iial

track, results in generati-ng a conceal nent control $igna durlng a if ijr st
time interval which is applied to the conceal nment afs o9 4994 cgngeal
"the digital signal during said first time interval, EE sal flrst tijme
Interval at least including the time of reproductio +he—start. poytion
of the reproduced digital signal. 8. recordi ng arrangenent for
recording the digital audio signal in a thrack on a cordapbl e record
carrier, conprising - an input term nal for receiving the digjtal audio

means for

signal, - fi rst ﬁgnver5| on
: : t o Al¥second
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digital signal so as to enable an error correction to be carri edqoégﬁﬁ?\%?e :
reproduci ng arrangenent on the third digital Ssignal read fromthejpsack,
26 wite neans for witing the third digital signal in the track on the
record carrier, the recording arrangeneny further.conpeisi-Ag-s+gnal
processi ng neans _ _ for further proceﬁ&%@ﬁ}éﬁﬁ[gﬂﬂﬂﬂ'signal in
response -ﬁ#\m:di recdy preceding the term nat] ofr fing node, so
as to nutttate information included in a. tern}ngl lgogerk'?o‘ﬁ §f the third
digital signal which is to be recorded in the frfc ls ﬂ orjmat i on

included in thelt 1l mon bei ng nut{! &t ed such that! duri ng
reproduction in JWHMF‘WJMJ‘MN rangenent which is provided wifh
conceal nent neans * ¢ - * % ° . -

L. _ A system far recording and reproducing a digital audio signal an/from a
re-recardable recard carﬁerj comprising a recording arra.ngemen'r. for recarding the
digital audio signal in a track on the recard carrier and corﬁprising a reproducing
arrangement. for i'ep.roducing the digital audio signal from the track of the record
carrier,

. the recording arrangement comprising

w - an input terminal for receiving the digital audio signal,

' - first conversion means. for canverting the digital audio signal in a data reduction step
into a second digital signal comprising synchronisation information, bitallocation
information, scalefactor information and audio signal informaton included in subsequent
frames- of the second digital signal,

- second conversion m&ng;_‘for converting the second digital signal into a third digital
signal so as to enable an error correcﬁon:_to be carried. out in the reproducing .
arrangement on the third digital signal read. from: the track,

- write means;:for writing: the. third digital: signal in. the track on the record carrier,

the reproducing arrangement comprising ' '

- read means. for rg;ding.the third Higitai signal from the track on the record carrier,

N - third conversion mmns;for' correcting errors in the third digital signal read from the

tra;ck;'t’or generating an error-flag if it is not capable of correcting an error, and for
reconverting the third digital signal into the second digital signal,

- fourth conversion means for reconverting the second digital signal so as to obtain the
digital audio signal,

- concealment mearis',_.__'for concealing uncorrectable errors in the digital audio signal in
response to error flags generated by the error-corfection means,

- an output terminal ‘for supplying the digital audio signal,

the ;ecordin_g arrang'ement'funher comprising signal processing

tweans for further processing a digital signal in the recording arrangement in response t0

the switching of the recording arrangement into a recording mode, so as to mutilate
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for concealing uncorrectable errors present REPLAGF}"ﬁhIdS *T al signal
upon reproduction, the nmutilated information.iincluded in thg ferm nal
portion of the signal read fromthe track, nequlg 9 sgp @9erating a

conceal ment control signal durring a second |t i|me |nt erval- whi ¢h is appli ed :
t'o the conceal nent neans so as to conceal tHe 'drgrtat—srgnal ¢uring said
second tine interval,

t he said
A recordrlng arrangement for recording a di gital

audi o si gnal rack on a r. o e_.reco arr rising -
an input lft‘m 'faua?dolf‘ 31'52 ﬁrbor %ﬁg&gﬂagﬂ% g Cg sgr%%ige ""fmr?géml

CONVer si g3 thaeR/ Me immﬁmﬁémddagn tHeestalt portiod béngjmmxXSﬂeQEl&h thdd, durfagt a
reduction step.into a _second digital nal -conpri.si ng synchronl sation

i nf or mat iceRduEita IR ‘WIWF%WFGH“ g’c’ﬁ? SRERHON Bt ek #¥dand audi o

signal i nf o RRLAAN @ uxdeédaanau@&ﬁwme&c doh@bBgeml i §§39§@ledl gi tal
si gnal . econd conver si on neans for converting the second digil S|gnal
into a t hhtﬂd?l which is applied ta the concealment means sa as to conceal the digital signal

quring said ficst dme interval, the said frsc dme interval at least inctuding the time of

second tine i nterval 9.

reproduction of the start portion of the reproduced digital signal.
3. A system for recording and reproducing a digital audio signal an/from a
ce-cecordable record carrier, comprising a recording arrangement for recording the
digital audio signal in 2 wrack an the record carrier and comprising 2 reproducing
\_ arrangement for reproducing the digital audio signal from the wack of the record
: amier, -
the cecording arrangement comprising
. an input terminal for recsiving the digital audio signal,
. firs conversion means for converting the digital audio signal in 2 da reductdan step
intg 4 second digiral signal comprising synchronisation information, bitalilocation
information, scalefactor information and aud:o signal mformanon mcluded in subsequem
frames of the second digital signal, - ‘ : N
. second conversion means for converting the second digital signal into a. third digial
signal 0 as to enable an error carrection to be cartied out in the reproducing
arrangement on the third digital signal read from the tack,
_ - write means for writing the third digital signal in the track on the record carrier,
~ the reproducing .a.rrzngeinent comprising
- read means-for reading the third digital signal from the track on the record carrier,

. - third conversion means for correcting errars in the third digital signal read from the
track, for generating an error-flag if it is not capable of correcdng an errar, and for
teconvertng the third digital signal into the second digital signai,

- fourth conversion means for reconverting the second digital signal so as to obtain the
digital audio signal, _
concealment means for concealing uncorrectable errors in the digical audio signﬂ in
“espanse (o error flags generated by the error-carrection means,
30 qurut terminal for supplying the digital audio signal,
the recording arrangement further Comprising signal processing

ing sigel processins
AU TR



digital signal so as to enable an error cornBEPLAGEMgNEe ﬂ‘ ed out in
the reproduci ng arrangenent an the third digijtadl signal read fromthe
track, - a signal soure for generating an quji lparseP ¥g9nal, |- wite

- means for witing the third digital signall ijn the trac on he record
carrier and for witing the auxiliary signal |i man auxtTTary tfack on the
record carrier, the recording arrangement furfther conprising gnal

processi ng nmeans for further processing the auxiliary signil in
the recoRhfthraurinl Hed@akagd B dlzRRPONSL Il Be kBRrENg aefhigagestfin tthigadseeor di ng
arrangement into a recordi hg node, so as_to add at |east one conceal nent
code to adgiegsly qrqum%#mmmmnc&mﬂ%& BR4F SHASCh MBS pe recorded in

the auxiidhiads ﬁ&h@*ﬂ%ﬂﬁ ot nL BREPAIEL] il D LR Reurdean
ar r angenent

“detector means - for detect i ng the at

| east ona muwakhmnfomdm mniuuéuemahlq terminal cofign Sling evutlRdone Wet.t rack, a
conceal ngn

g reproductdon, the mudlated information included in che terminal gortion of the
signal read from the wrack, results in generating 4 concsalment conaol signal during 2
second dme interval which is applied to the concsalment means O as to concsal the

digital signal during said second tme interval, the said second dme interval at least
includine the time of reproduction of the terminal portion of the reproduced digital signal.
-] .

_ 3. A system for recording and reproducing a digital audic signal on/from a
v re-recordable recard carrier, comprising a recording arrangement for recording the

digital audio- signal in a track on the recard carrier and comprising a reproducing
arrangement for reproducing the digital audia signal from the track of the record
ca.rrie:, -.

the recording arrangement camprmne
-anmpunenmnalforrewvmgmedxgmlaudm signal,

- first convemc:} means for converting the digital audio signal in a data reduction step
into 2. second digital signal comprising synchronisation information, bitallocadan
“information, scalefactor information and audio signal information inciuded in subsequeat |
frames of the second digital signal, '

- second conversion means for converting the second dxgml signal into a third digitl

signal so as to enable an error correction to be carried out in the reproducing
acrangement an the third digital signal read from the wack,

- a signal source for generating an auxiliary signal,

- write: means for writ’mg_tﬁe third digital signal in the ack on the record carrier and
for writing the auxiliary signal in an auxiliary track an the record carrier,

the reproducirig arrangement comprising

- read means for reading the third digital signal from the track on the record carrier and
for reading the auxiliary signal from the auxiliary track on the record carrier,

- third conversion means for correcting errors in the third digital signal cead from the
track, for generating an error-flag if it is. not capable of correcting an error, and for
rccorivcning the third digital signal inco the second digital signal,

- faurth conversiogn means for recanverting the secand digical signal so as to obuwin the

.N
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27 control signal is generated during a first REPMCMWaSHEEI*eSponse to-

t he at

| east one conceal ment . code detected and for supplying }hp

conceal ment control signal- to the conceal nent {mparg4 ssEpa fgho ropceal the .

digital

signal during said first tinme intervall, the sal d flrst [ i me

interval at |east including the time of2¥eproduttiomof—the—stalt portion
of =t he reprodum ng digital signal. 10. A r¢cordi ng arrangenent for
recording a ai dﬁ@hgmldl o signal on a re-recordable record carrier,

conpri si ngdls‘ an | n ter M L EC aud| o Si gnal -
first conve QH%LH@%F THY %(Le ﬁ&gﬁtlp%gﬁ% 4 ¥ 2 data

reduction § e gfﬁgg:ewbyaﬁe mﬂgﬁaﬁrman@,g synchronl sation
i nformati OR$P°5§ t a ocatron

oucpul terminal for supplying the digital audio sxgnal
the recording arrangement further - comprising signal processing
further processing the auxiliary signal in the recording arrangement in

means for
cespanse 9 the switching of the recording arrangement into a recording mode, so as to

_adda[gs:oneconcalmentcodewampomonofmeaunhary signal which is to be

ecorded in the auxiliary track, the reproducing arrangement further comprising detector
means for detecting the at [east one cancealment code in the auxiliary signal read from
the rack, for generating a concsaiment control signal during 2 first time imterval in
response 10 the at least one concealment code detected and for supplying the
concealment control signal to' the conceaiment means so as to conceal the digital signal
quring siid first time interval, the szid first time interval at least including the tine of
reproduction of the start portion of the reproduced digital signal.

"4, A system for recording and reproducing a digital audio signal on/from a

ce-recardable record carrier, comprising a recording arrangement for recording the
digital audio signal. in a track on the record carrier and comprising a reproducing
arrangement for reproducing the digital audio signal from the track of the record
carrier, ' ;

the recording arrangement comprising

- an input terminal for receiving the digital audio signal,

- first conversion means for converting the digital audio signal in a data reduction step
into a second digital signal comprising synchronisation information, bitallocation

.information, scalefactor information and audio signal information included in subsequent

frames of the second digital signal,

- second conversion means for converting the second digital signal into a third digital
signal so as to enable an error correction to be carried out in the reproducing
arrangement on the third digital signal read from the track,

.- & signal source for generating an auxiliary signal,

- write means for writing the third digital signal in the track on the record carrier and

for writing the auxiliary signal in an auxiliary track on the record carrier,

N

the reproducing arrangement comprising



information, scalefactor information and audio siRREPLA( 3] ncl uded
I n subsequent frames of the second digital signal, { I on

. neans. forconverting the-second digital signa nto a third digital
-signal so as to enable.an error correction to bg.|c& 1iSER 999 ijn fthe
reproduci ng arrangenment. on. the third.digital s)ghal read fromjthe track,

- asignal source for generating an auxiliary pignal, - wite ngans for .
witing tbheeddhineshsdiogirefling tt@lrdi diglidlSidnal & moBretthirid-@e-aietkebaridldii e Y
for wr|t|n the auxiliary signal. in an auxiliary track on the record
carri.er, GeadisE dhrguxi W/aﬁg@iﬁmmfthﬁ ﬁ%k%dﬁﬁl% g Srefifipencessi ng
means r C | alxi [ o and
diretly preéhe* o Rl i B RTIRRLE Roionf IS oS IR el FRRARER ¢

| east one ¢aek el FRAérabNE @n teprod- ﬂaﬁrlmm@nopeidabWoDéorHtﬁngwml dt @ Wnéifgmal
which is recorded in the aUX|I|ary track, such that upon reproductlon in a
r epr oduci ngeﬁé?f‘l’%{ﬁgérﬁ%?]fh%ﬁﬁ#%ﬂ&@@idé@e@@cs#&ﬂd digieal signal,

- fourth caaversian means “for’ recanverting the second digital signal so as to obtin che

Y%

digital audio signal,
- cancealment means.for concsaling uncorrectable errors in the digital audio signal in
response to errar flags generated by the error-correction means,
_ an output terminal ; ror supplying the digital audio signal,

~ the recordmg arrangement further compnsmg sxgnal processmg
means. for further processing the auxiliary signal in the recordmo' arrangement in |
responsq ta and directly preceding the terminaton of a recordmg mode, so as to add ac
least one concealment code to a terminal pordon of the auxiliary signal which is to be
recorded in the auxiliary track, the reproducing arrangement further comprising detector
means.tor detecting the at least one concealment code in the a.uxilia:._ry signal read from
the track, for generating a cpncealment'concrol signal during a second dme interval in
response to the ac least one concealment code. detected: and. for supplying the.
.concealment control si'mal- to the concealment means s0"as to: conceal the digital signal
dunnv sa:.d second. time interval,. the: said second: time interval at. least mclmhmr ;the

| time 6f reproduction of the terminal portion of the reproduced digitat signal.

g 5. A system as clzumed in CIzum 1 or in Cla.tm land 2

addmg at least one concealment code (cc) to the start portlon of the second or third digital

' signal, .the reproducing arrangement further comprising detector means for detecting the
a.t.-least one concealment code in the second or third digital signal read from the track
and for generating the concealment control signal during said first ime interval in
response to the at least one concealment code detected.
8. A system as ctaimed in Claim 2 or in Claim L and 2,,

the slgnal ptocessmg means comprising signal combining means for additionally
adding at least one concealment code (cc) to the terminal portion of the second or third
digital signal, the reproducing arrangement further comprising detector meang for

detecting the at least one concsalment code in the second or third digital sional meed—

I
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means for detecting the at | east one con hhe auxiliary

signal read fromthe track, for generating REB})A@EMENKES 5‘_&. ol signal
during a second tine i nt_erval in response. t -‘11e ar-Teast . ope conceal nent
code detected and for supplying the.conceal r%$ h g al to the =~
conceal ment- neans so as to conceal*t he di gi taI n ald second
time interval, the said second tine interval] dt [ gthetlrre of

réproduct’t on of TEREFHRE AATRASEmRSE fonrecerdinga '%lﬁiéﬂﬁ'@e%”éﬁlgﬂ“th e-segrsiable
REPLACENI;ggE Iéﬁg, 28 fr rack and for ‘gemerartng the conceal nent
control si gncgl -ulér1 ng s%imcf}ﬁ?né{md tinme interval in response to the at |east
one conceannepit rentimatiet.efogdecsiving the digital audio signal, '

- first conversion means for converting the dxgtral audio signal in a data reduction
step into a second digital signal comprising synchronisation information, bitallocation
information, scalefactor information and audio signal information included in subsequent
frames of the-second digital signal, |
- second conversion means | for converting the second digital signal into a third
digital signal so as to enable an error corr&:ion to be carried out in the reproducing
arrangement on the third digital signal read from the track,
- write means , for wnunc che thu'd dm:al signal in the track on the record carrier,
. the recordmg arrangement further compnsmg s:gnal processmg '
means -’ for further pracessing the digital signal in response to the switching of
the recordincr arrangement into a recording made, so as to mutilate information included
in a start portion of the third" dxcxta.l s:cnal which is to be recorded in the track, the
information included in the sm't pomon bemv mutilated such that, during reproduction
ina reproducnon anangement whxch is prowded. with concealment means for concealing
e ;"-'--'-__’,_uncorrectable errors present i"':‘the third. digital signal upon reproduction, the muulated
.mformatxon included in the start ‘portion of the signal read from.the track, results in
generating a concealment control_sxgnal during a first time interval which is applied to
the concealment means so as.to conceal the divita.l sicnai during said first time interval,

s the said first time interval at least including the time of . r“-P1'°d“""1°n of the Stml e
pomon of the reproduced dlgltal s1gnal

8. A recording arrangement for recording the digital audio signal in a track on a
re-recordable record carrier, = comprising

- an input terminal  for receiving the digital audio signal,

- first conversion means - for converting the digital audio signal in a data reduction
step into a second digital signal comprising synchronisation information, bitallocation
information, scalefactor information and audio signal information included in subsequent
frames of the second digital signal,

- second conversion means - for converting the second digital signal into a third

digital signal so as to enable an error correction to be carried out in the reproducing

N

arrangement on the third digital signal read from the track,



11. Recording—arrangenment as claimed in d "EPLA@MENTIMET nal

pr ocessi g scranbl i ng neans -seramot Ty Rty | east a part
 of the ﬂ&‘ﬂg@ﬂ““ﬁw‘“ e'third digital signal %25&?@3 cof-df ng -
© arf-ange ¢larmet im O aimi1l, where depehddht inm-8) the

scrambl i ng means further adapted to 28Cranbl e ja 4 0of the
termnal portion of the third digital SI gnal 13. Recor di ng prrangenent

as cl ai med,die Gledttsm 11egd £ ' add
parity information to t%e‘b‘ggﬁ‘()&%ﬂﬁl g| ﬁgna , the signa proceSS| tr'l'g
means bei mrmmmmm@mmamw included in the start

P oo el e or SHERBer seiatiie Fe s ammo PRl atdreny © © M
g}th: 't glt esc{?g.;ég}iﬁb tiel SFHRkE R of DeddPE e Radd ?ctaﬁ iR R1aB bR inkii8ed Ty 7

3 terminal gartian of the third digital signal which is ta be recarded in the wack, the
informagaon included im the terminal partan being mutilated. such that, during
regraductian irr 3 repraduction arrangement whick is pravided with canceaiment means

 for cancealing uncarrectshie &rrars gresent i the: third digical signal upar regroductiar,

- the mutilated informatar mciuded. in the tetmmzl. portiarr of the s:gnzl read fronr the
track, results iz vene:znng z ccnmlmett:‘ccumL srcnal during @ sw:mct time interval

U which is applied tathaoanazlmmscummca[the&gdsgrm@nnfm .

secand: time: interval,, the-said secaad: umemmaz:ras:mdudmgt,ﬁem ofrepmdnm

' ofmemmmmofmemmwmswh L .
9. A& recorchncr mmg.emen: Fcrrecn:dmc'zd;gxm audic srgnz[ in z.c:zc!c onzre-
recordable recard carrter; comprfﬁ'rrc'
~an mput terminzl ~ for receiving the digital audia signal,
— first canversion means - forconverting thedxgxtz!. audio sfgnzl in = datzrednctmxr

e s&gm@zm&&gﬂsgmkmmﬁﬁsﬁigwﬁmmmmﬁmﬁm hnzﬂ'ucanom
- information, saIeﬁc:ormﬁnmam ﬁ&mmmmmmmdud‘ed.xmmm

frames cftheswondidzgml.sx«nz[,

- second. convetston means. - for convemnc the second: dxgml signal intc  third
s digital signal so as to enable an érror carrecuon ta. be carried out inr the reproducing

arrangement an the thzr_d digital signal read from the track,
- asignal source _for generating an auxiliary. signal,
- &rite"ineans for writing the third digital signal in the track on the record carrier

and for wrmncr the auxxha.ry signal in an auxiliary track on the record czmer

the recording anangement further compnsmg sxgnal processmg _

means " for further processing the aumha.ry signal in the recording
arrangement in response to the switching of the recording arrangement inta a recarding
made, sa as to add at least ane concealment cade to a start portion of the auxiliary
signal which is to be recorded in the auxiliary track, such that, during reproductdon ia a
reproduction arrahgcm_cnt which is provided with detector means for detecting the

at least one cancealment cade in the auxiliary signal read from the track, a concsalment



15. Recordi ng arrangenent as claimed in O aREPIACEYS: dmﬂb[.f he si gnal
processi ng neans: conprise signal. conbining Tor—additi pnpl |y addi ng
conceal ment codes to the auxiliary signal or to tktg.‘Wﬁkﬁgor third digital
signhal. 16. - Re-recordable record carrier obtai ne egor di ng. '
arrangement- as claimed in claimi5, when depgn B br 10,
havi ng a digital signal and an auxiliary signgl recorded on it ifn tracks on
said record carrier, a conceal nent code bei ng ‘added™T0 a start portion or a
t erm nal portlo f the auxiliary S|gnal as reécorded: -on the track. 17.

A r epr odGeRFY hbémtﬂéﬂﬂﬁéér HMM#QRMQFWOB%WOms ay iRt §%%m a

re-recor r pﬁ.@g digital
si gnal fggrpméﬁrﬁgﬁrac ﬁétref:ﬂ[eﬁeangggg dgﬁc,)gl%mee &%‘2 | rs?c{’:‘ggf\’}e‘e‘?“g‘#&qoﬁgnﬁgans for
correcti ngncea.rrws rheant ke agitgichad=als ihgtigitl Gidhal aoﬁhg heidt e kmefiateragnaieat i ng
an error-fla is not capable:of correcting an error, and for ,
reconver t*ﬁgﬁgrstnsndngmh# lenstinelnding,the tl&“ﬁé&!@lﬂ‘&h@ afghe sﬂgmon

_of the reproducing dlgxtal sngnal o

. 10. A recording arrangement for recording a digital audio signal on a re-recordable:
record carrier,. ., compﬁsing. S
- an inputterminal  for recsiving: the digi@;@dio signal,

- first conversion means for: converting th& digital audio signal in a data reduction
step inta a second digttal signal '-é:.ompri'sinc syhéhi:drti'sition information, bitallocation
informadon, scalefactor mt’ormauon and audxo. sxcna[ mformauorr mcluded in subsequent
frames of the second dmtaL s:cnal )

" - second conversion means: t'or corrvertmg t.h&second. digital swnal into a third
digital -signal so as to enabIe an. ermrcorrecuon o be carried ‘out in the reproducing
arrangement. on. the: tmrd. dmtal szcnal read’ fmm the track
- a signal source t’cr ceneraunra.n a.uxﬂxary srgnal

:- - wnte means forw:fnrrv"thettn:d: dmta[.sxgpz[ m‘thc track on: the:rword_ eamer
. and.forwnnncr the: auxxlxasy s:cnaL m_a.n auxxha;y traclcorr me:record czmer, ) |
" the reoordmg arrangement further eompnsmg s1gnal‘ procwsmg _' " |
. means - - U for further processmc' the auxxhary sxcna.l in response to and. chrecﬂy
precedmv the termination- of a recordmc- mode, so.as to add at least one concealment
code to a texf_mma.l portion of 'the auxiliary sxgrga.l which is recorded in the auxiliary

\_r .

track,’ such’ that upon reproduction in a reproducing arrangement comprising detector
means for detectiﬁg the at least one concealment code in the auxiliary signal read
from the track, for generating a concealment control sighal' during 2 second time
interval in response to the at least one corice.a'lme_nt code detected and for supplying the
concealment control signal to the concealment means so as to conceal the digital signal
during said second time interval, the said second time interval at least including the time

of reproductlon of the terminal portlon of the reproduced digital - sxgnal

-
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- second conversion neans for reconverting
to obtain the digital audio signal. -
uncorrectable errors in the digital
generated by the first conversi on neans,

conceal
audi-o si gnal
- an| o tﬂdiSEBﬂﬂWhal flor suppl yi ng

t signal so as
ceal i ng

error flags

esponse t

the digital -audio signal, the reprodu0|ng arrjpngenent furtherd qonpri sing
detector nmeans for detecting a conceal ggnt cofde present in thelsignal read.
fromthe track for generating a concealnent nnfrnl response to
t he conceal

er‘ln;ﬂ B

d tected and for su F ncea %qgg o]
signal to t n@@"l T g8 ‘éng 1 Fopes, @ggﬁy ﬁ AhS &3 r%’eﬂ" adapt ed
togconceal “Eeév "bf'?pz?f‘“s‘? S‘r'fé'? Nolila “ﬁﬁ"%f"gﬁ’é't‘l‘gg ‘r | nterval i ngrespgnse
to said con cont r ol nal,,. in.o to c nceal an audlble
distortion &Er 0sding apengament s iimed in 5’63%8 e 5igpal PrOSATTIng; MeAns qer
boundary bef%%’?f‘m&rf“é@f"l“}gé? § T ECTRERIPE B FT B BAThPE hR &R p§ﬂ°§l °f§xf°dﬁ‘é on

the record Aigtplsigoal.

12. Recording arrangement as claimed in Claim 11, where dependent of Claim 8, the
-scrambling means further adapted to scrambie at least a part of the terminal portion of the
third digital signal. . .

13.  Recording arrangement as-claimed in Claim 11, the second conversior means being
adapted to.add parity informaticn to the second digital signal, the signal processiag means
being adapted to mutilate parity mformatxon included in the start portion of the third digital
signal. .

14.  Recording arrangement as claimed in Claim 13, the signal ppocessicg means
further being adapted to mutilate: pacity information included in: the: terminzl. portion of the
thxrd: dxgxtm signal. :

15. Rmrdmg arrangement as claimed in Claim 7, 8, 9 or 10 the signal processing means :
comprise signal combining means: for additionally adding concealment codes to the anxihaxy
signal or to the second or third digital signal.

16. Re-recordable record carrier obtained with the recordmg arrangement as clanned in
claim 15, when dependent of claim 9 or 10, having a digital signal and an auxiliary signal
recorded-om-it in tracks on said record carrier, a concealment code being added to a start
portion or a terminal portion of the auxiliary signal, as: recorded on the track.

i 17. A reproducing arrangement for reproducing a digital audio signal from a
re-recordable record carrier comprising
- read means for reading a digital signal from the track on the record carrier.
- first conversion means for correcting errors in the digital signal read from the track, for
s generating an error-flag if it is not capable of corre‘cting- an error, and for reconverting the

digital signal into a second digital signal.
- second conversion means for reconverting the seeond digital s1gna1 S0 as to obtain the digital

. audio signal.
- concealment means for concealing uncorrectable errors in the digital audio sxgnal in

- response to error flags generated by the first conversion means,
- an output terminal for supplying the digital audio signal,
the reproducing arrangement further comprising detector means for
detecting a concealment code present in the signal read from the track, for generating a
concealment control signal in response to the concealment code detected and for supplying
the concealment control signal to the concealment means, the concealment means also being
adapted to conceal the digital signal during a specific time interval in response to said
concealment control signal, in order to conceal an audible distortion that otherwise may
occur in response to a reproduction over a boundary between an earlier and a new recording

of the digital signal on the record carrier.
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29 ' 18. A reprodu0|ng arfr ar gprfoduci ng a
digital audio signal and an auxiliary signal fr | 4 record
carrier, conprising - read neans for reading th L8ff§FFg$g§al flrom a
track on the record carrier and for reading the al |from an

auxiliary track an sald_record carrier29- first]conversion neans if or
correcting errors in the digital signal read fromrtte—track,—T0r generating

an ‘error-{d ag if reﬂardec?n ageiRAChE r?rccﬁngnﬁ(i dgxﬁgmﬁﬂ) $ignaPind ﬁmdxil:%

reconvert ;peh; G Hieteddtlabh! (24 cArBbS Bmph& digital signal, - second
conver si on Jig §ns £3F reb @S Hghth Wrlal o St off b 3R 19 ridg0 0D 2 1
the di gl t ﬁlr s?dnﬁ m an auxiliary track on said record carrier,

- first conversion means for correcting errors in the digital signal read from the track, for
generating an error-flag if it is not capable of correcting an error, and for reconverting the
digital signal into a second digital signal,

- second conversion means for reconverting the second digital signal so as to obtain the digital
audio signal,

- concealment means for concealing uncorrectable errors in the digital audio signal in

response to error flags generated by the first conversion means,

- an output terminal for supplying the digital audio signal,

the reprodncing arrangement further comprising detector means for detecting a concealment
code present in the auxiliary signal read from the auxilary track, for generating a concealment
control signal during a specific time interval in response to the concealment code detected and.

for supplying the concealment control signal to the concealment means so as to conceal the
digital audio signal during said specific time interval.

A
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- - conceal rent neans for concealing uncorrectable errors in the digital

audi o signal -in response to error fi-ags generated by the first conversion

nmeans, - an output ternminal for supplying the digital audi 0 signal, the
reproduC|ng arrangenment further conprising dete k aﬁegﬂﬁmﬁOQHEEEDCting'a
conceal ment code present in the auxiliary signalf\EElad t Ki | ary
track, for generating a conceal nent control signpalf during a spefific tine
i nter val

in response to the conceal mené code detfiedt el 18EP 1999 shppl yi ng the
conceal ment control signal to-the conc 9

digital audio signal during said spe g L me int rvar.

| rent ndanfs so as to cohcgal the

SYSTEM FOR RECORDING AND REPRODUCING A DIGITAL SIGNAL ON/FROM A
RE -RECORDABLE RECORE CARRIER

In a system for recording and reproducing a digital audio signal on/from
a re-recordable record carrier, comprising a recording arrangement for recording the
digital audio signal in a track on the record carrier and comprising a reproducing
arrangemen: for reproducing the digital audio signal from the track of the record -
carrier, measures are pmvxded 1o prevent audible distortion from occurring durmc a
transition.from a terminal pomcn of an ongmal recording to a start portion of a new
recording partly recorded aver the ariginal recording. |

This has been realized by mu:ilaging, such as scrambling, at least part of
the start portion of the new recording, so that error flags are generated during'
reproduction. These error flags resuit in. 3 muting of the audioc informa&on which.

- includes the audible distortion. Other ways of concealment are also possxble to conceal -

the audible distortion.

Munlanng the sxgna.l to be recorded cin also mean that a concealment
codeword is included. mdxmung the transition. Upon detection of the concealment

codeword, the concealment control sxgnal is generared, resultmg in a concealing of the
distorted. audio signal.

(figuré. 8).




