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TITLE OF THE INVENTION

DIGITAL SIGNAL RECORDING AND REPRODUCING APPARATUS

AND DIGITAL SIGNAL RECORDING AND REPRODUCING METHOD

BACKGROUND OF THE INVENTION

Field of the Invention

This invention relates to a rotary head type digital

signal recording and reproducing apparatus and to a digital

signal recording and reproducing method for digitally re-.

cording the video and audio signals on a magnetic tape.

Descrlptlon of related art

Conventionally,

various systems of rotary head type

digital signal recording and reproducing apparatus have been

developed. As a typical example of such apparatuses, a

digital VTR for broadcasting service known as D-2 system

will be given an explanation hereinafter.

Fig.l is a schematic block diagram showing one example

of_D-Z system digital VTR.

input terminal for video signal,

‘In the figure,

numeral 101 is an

via which an analog video

signal enters an A/D converter 103, which converts the

signal to a digital signal and outputs it to a digital

recording signal processor 105.

102 is an input'terminallfor audio signal,

On the other hand,

numeral

via which an

analog audio signal'enters an A/D convérter 104, which con-

verts the sighaL'to a digital signal and outputs it to the
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devel oped. As a typical exanple of such apparatuses, a digital VIR for

br oadcasting service known as D-2 system w |l be given an expl anation
her ei nafter. Fig.1 is a schematic bl ock diagram showi ng one exanpl e
of sD-2 systemdigital VIR In the figure, nuneral 101 is an input term nal
for video signal, via which an anal-og video signal enters an A/D converter
103, which converts the signal to a digital signal and outputs it to a
digital recording signal processor 105. On the other hand, nuneral

digitai recording'signal processor 105. The digital recﬁrd-
ing signal processor 105 carries out error-correction encod-
ing, digitallmodulation, etc. and ocutputs the'précessed
signal to recording AMPs 106,.107. The recording AMPs 106,
107 amplify input signals. The amplified signal is distrib-
uted to four recording and reproducing.heads 112, 113, 114,
and 115 via_recording/reproducing selecting switches 108,
109 and via head selection switches 110, 111 and is recorded
on a magnetic tape (not shown). Numerals 116-122 show
components of reproducing part, and reproducing AMPé 116 and
117 amplify signals which are reproduced on recording-and'-
reproduciné heads 112, 113, 114, 115 and are transferred
through switches 110, 111 and through switches 108, 109, and
then, output the amplified signal to a digital reproducing
signal processor 118. The digital reproducingfsignal proc-
essor 118 carries out digital demodulatioh and error-correc-
tion décoding etc., and outputs video and audio signals of
normal signal strings to D/A converters 119 and 120. The
D/A converter 119 converts the input signal_to the original.
analog video signal apd outputs it via an output terminal
121. The D/A converter 120 cﬁnverts'the'input signal to the
original analog signgl and outputs it via an output terminal
122. |

Fig.2 shows.a tape formaf of D-2 system digital VTR.

As shown in Fig.2, in the D-2 system, a cue, time record,
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102 is an input termnal for audio signal, via which an analog audio
' enters an A/D converter 104, which con- verts the signal to a
signal and outputs it to the :

di gital recording signal processor 105. The digital record-

and control tracks are provided in ﬁhe,longitudinal direc-
tion of the magnétic tape. On the track tilted in the
longitudinal direction of the magnetic tape, video and audi§
signals afe digitally recorded. The audio signal is ar-

. ranged in a total of four channels; the video signals is
sandwitched by four channels with two channels on either
side.

Referring ﬂow to Fig.1, oﬁerations wili be described

. in detail hereinafter.. A composite video signal Supplied.to
.the input terminal 101 is sampled at quadruple subcarrier
frequency (14.318 MHz) and is converted into the digital
signal of-8 quantized bits (at the A/D converter 103); The
audio signal supplied to the input terminal 102 is sampled
at 48 kHz and is.converted into the digital signal of 20
quantized bits {(at the A/D donVerter_104). In the figure,
for simplification, the audio signal inﬁut is represented by
one channel but, in practice, four channel audio signal is
supplied. The digitized video and four-channel audio sig-

- nals are‘supplied to the digital recording signal processor

- 105. At the digital recording signal processor 105, the
video and four-channel audio signals are time-baseQProcessed
and at the same time error-correcting codes are assigned to
these signals in accordance with the format; The error-
correcting codes are separately assigned to the respective

video and fodr-channel audio signals. The digital recording
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i ng signal processor 105 carries out error-correction encod- ing, digital
nodul ation, etc. and outputs the processed signal to recording AMPs 106,
107. The recording AMPs 106, 107 anplify input signals. The anplified
signal is distrib- wuted to four recording and reproduci ng heads 112, 113,
114, and 115 via recording/reproduci ng selecting switches 108, 109 and
via head selection switches 110, 111 and is recorded on a nagnetic tape
(not shown). Nunerals 116-122 show conponents of reproducing part, and
reproduci ng AMPs - 116 and

signal processor 105 further performs digital modulation
processing in accordance with a specified modulation system.
The output signal of digital_recording signal processor 105
ié distributed to the recording ana reproducing heads 112,
113, 114, and 115, respectively, by the head selection
switches 110 and 111 via recording AMPs 106, 107 as weil as
recording/reproducing selecting switches 108, 109, and is
recorded on a magnetic tape in accordance with the tape
format shown in Fig.2. In this system, the data rate aftér
the error-correcting code assigning is 127 Mbit/seé, and in
terms of video signal, the data for 1 field is dividea to be
recorded in 6 tracks. |

The recorded signal is reproduced as follows. The
signal reproduced by ﬁhe recording and reproducing heads
112, 113, 114, 115 enters to the digital rep?oducing signal
processor 118 after being passed through head selection
switches 110 and 111 as well as recording/reproducing se-
lecting switches 108 an 109 and amplified by the_reproducing
AMPs 116, 117. The digital feproducing signal processor 118
performs digital demodulation and error-correction decodihg
and the signal is decoded into the normal video signal data
sfring and'the 4-channel audio signal data string to be
outputted. The output signal of digital réproducing signal
processor 118 is returned to.the original video and 4-chan-
nel audio signals by'the D/A converters 119, 120 and output-
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117 anplify signals which are reproduced on recording and reproducing
heads 112, 113, 114, 115 and are transferred through switches 110, 111 and
t hrough switches 108, 109, .and then, output the anplified signal to a
digital reproducing signal.processor 118. The digital reproducing signal
proc- essor 118 carries out digital denodul ation and error-correc- tion
decoding etc., and outputs video and audio signals of nornmal signal
strings to D/ A converters 119 and 120. The D) A converter 119 converts the
i nput signal to the orlglnal

ted via the output terminals 121, 122.

Fig.3 shows a schematic blpck diagram showing another
conventional configuration of D-2 systém digital VTR.
Numeral 201 in the figure is an A/D converter which converts
analog video.and 4-channel audio signals into digital sig-
nals, resbecti?ely._ A video signal processor 202, first
aﬁdio signal processor 203a, second audio signal processor
203b, third audio signal processor'203c,_and fourth audio
signal processor-203d sample an output digital sigqal froﬁ_
eacﬁ A/D converter 201 at a specified frequency and output
it to corresponding first digital signal processor 204a and
second diéital signal processors 204b, 204b, 204b, 204b.
Each of the digital signal processors 204a, 204b assigns
error-correcting codes to the signal and'then outputs it to
a digital signal processor 206 via a switch 205. The digi-
tal signal processor 206 performs digital modulation proc-
essing on the input signal and then outputs the signal to a
recording AMP 207. The recording AMP 207 amplifies the
input signal. The amplified sigﬁal is recorded on a magnét—
ic tape (not éhown) by a recording and reprodﬁcing head 209
via a'recording/reproduging selector switch 208. Numeral
210 is a reprﬁduction unit which is so configured that the
process is carried out in reverse sequence to that in the
recording unit and therefore,_the-internal'configuration of

which is omitted.
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anal og video signal and outputs it via an output termnal 121. The DA
converter 120 converts the input signal to the original analog signal and
outputs it via an output termnal 122. Fig.2 shows a tape fornmat of
D2 systemdigital VTR As shown in Fig.2, inthe D2 system a cue, tine
record, _ . : -

_Because the D—2.system is'étandardized as a digital
VTR for broadcasting, azimuth recording is performed wiﬁhbut
a guard band between.tracks in the D-2 format. As shown in
Fig.2, the audio éignal, video.signal, and audio signal are
arranged in this order in the head scanning direclion and
the audio signal is arrahged in two channels each on the
either edges of the frack, forming a tqtal of four channels.
In the D-2 composite system, one iine of the video signal-is
made to contain 910 samples by sampling at 4 fsc, four tiﬁes
the subcarrier. After the 768 samples excluding tﬂe hori-
zontal synchronizing signal are divided into two chanhels'
with vertical synchronizing signal being excluded, thé
samples in 1/3 of the field of 85 lines are collected and
the order of 384 x 85 x 8 bit of data is rearranged by
shuffling. An errof-correcting code is assigned to the data
and the data is recorded aé a traék pattern. Fig.4 shows a
format in which video signal area and audio signal area are
error-correbting-encoded. The pixel data of one field is
divided into three portions, separated into even numbered
éamples and odd numbered samples and recorded in separate
tracks. One field consists of éix tracks and the pattern
format of.eaéh t:ack is identical.

Now, referfing to Fig,3, operations are briefly ex-
.plaingd. The audio signal supplied to the input terminal is

converted into 20-bit digital signal b& the A/D'converter;:

 TH




and control tracks are provided in the longitudinal direc- tion of the
magnetic tape. On the track tilted in the longitudinal direction of the
magneti c tape, video and audio signals are digitally recorded. The audio
signal is ar- ranged in a total of four channels; the video signals is
sandw tched by four channels with two channels on either

201. Sampling is performed at 48.kHz. The erfor-correcting
codes arelassigned separately to video signal and audio
signal at digital signal processors 204a, 204b, respective-
ly. Further, at the digital signal pfocessor 206, digital
modulation processing is performed in accordance with a
speéified modulation format. Output of digital signal
processor 206 is passed through the recording AMP 207 as
well as recording/reproducing selector 208, distributed to
the recording and reproducing head 209 by the head selection
switch (not shown), and recorded on a magnetic tapé in
accordance with a tape format. In this system, the data
rate, after an error-correction code is assigned, is 127
Mbit/sec and in terms of video signalé, the data of 1 field
is divided into 6 tracks to be recorded.

As described above, because in this format, the audio
signal is separatély recorded in individual four channels,
editing can be performed independently for eéch channel. 1In
order to perform editing independently for each channel, a
track format in which ‘the audio signai of one channel is
recorded as one area, in short, area dividing type track
format, is required. Theh, a gap between the areas is also
required. In addition, because the video and audio signals
differ in the data rate, the Qideo.signal area is large,
while the auaio signal is sma;ler than the video signal

area. Consequently, in order to give the audio signal. area

\.
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si de. Referring now to Fig.1, operations will be described in detai
hereinafter. A conposite video signal supplied to the input termnal 101
is sanpl ed at quadrupl e subcarrier - frequency (14.318 MHz) and is converted
into the digital- signal of 8 quantized bits (at the A/D converter 103).
The audio signal supplied to the input termnal 102 is sanpled at 48 kHz
and is converted into the digital signal of 20 quantized bits (at the A/ID
converter 104). In the figure, : :

error correction capabiiity equivalent to thaflof the video
signal area, for'eXample, in thé D-2 format audio che (12,
8, 5) Reed-Solomon code may be so #rranged that the codes
keep an equal distance with each other as in video C2 code
(68, 64, 5) Reed-Solomon codes. Wherein, (n, k, d) represent
the code length by n, information length by k, and the
distance between codes by d.. However, the equivalent error-
correcting capability may be obtained but the encoding
efficiency becomes extremely poor; 8/12 for audio signal é-
gainst 64/68 for video signal. |

Because the digital VTR for broadcasting apparatﬁsés
is config;red as described above, it has appropriate éuali-
ties for business use such as high reliability, high picture
quality, high sound quality, and highly sophisticated edit-
ing. Yet,.on the other hand, because it emplbys an area
diViding type format as described above, a gaps must be
provided and in addition, when the equal error correcting
capabilities are given to.both video and audio signals, the
encoding efficiency of audio signal decreases. In héme
digital VTR, compactness and user-friendliness are strongly
requifed as is the case with presently available VTR’s

equipped with a camera in the market.

SUMMARY OF THE INVENTION

One object of the present invention is to provide a
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for. sinplification, the audio signal input is represented by one channel
“but, in practice, four channel audio signal is supplied. The digitized
video and four-channel audio sig- nals are supplied to the digital
recordi ng signal processor 105. At the digital recording signal processor
105, the video and four-channel audio signals are tine-base-processed and
at the sane tine error-correcting codes are assigned to these signals in
.accordance with the format. The error- correcting codes are separately
assigned to the respective :

digital signal recording ahd'feproducing apparatus (digital
VTR) which achieves excellent encoding efficiency and can
perfofm audio signal editing.

Another object 6f the present invention is to provide
a digital signal recording and reprodﬁcing apparatus (digi-
tal VTR) which achieves compéctness suited for domestic use
as well and.is easy to'operate. |

In the digital signal récording and reproducing appa-
ratus according to the first invention, video and audio
éignals are integrated and an error-correcting codés is
assigned to them collectively when video and audio signals
are digit;lly recorded in tracks on a magnetic tape.

According to the first invention, the digitized video
and audio signals which are separately arranged in one track _
are integrated and error-correcting codes are assigned to
the integrated data. Thus, error-correctioﬂ-encoding is

effected. This process improves epcoding efficiency of

audio signal, gives equal error-correcting capabilities to
video aﬁd audio signgls, and makes it possible to form a.
more compact system. |

In the digital signal recording and reproducing.appa-
ratus according to the second.invention, at least one track
is designated as an exclusive track for post scoring when
video and audio signals of one frame are divided to be

recorded in plurality of tracks. Because at least one track

—_—
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vi deo and four-channel audio signals. The digital recording
4 signal processor 105 further perforns digital nodul ation processing in
accordance with a specified nodul ati on system The output signal of

digital recording signal processor 105

is set exclusively_for'post-ﬁcofing in addition to tracks in
which'video and audio signals are recorded during normal
recording, the errdr-correcting code for the post-scoring
signal achieves the equivalent level to those for other
‘tracks, (and obtains the equivalent error correcting c#pa-
bility,) improving the endoding efficiency as well as making
post-scoring editing possible; Even”if post-scoring audio
recording is repeated many times, ﬁhe audio signal recorded
dufing normal recording is not erased and thus, operationél
capability during post-scoring audio recording is‘improved.

In the digital signal recording and reproducing éppa-
ratus according to the third invention, a part of vidéo
signal extracted in the second invention is recorded in the
track designated for post;scoring during normal recording.
Consequently, because a part of video signal_can be recorded
in an area different from thé'area where video signal is
normally recorded, video signal of better picture quality
can be recorded-ana reproduced.

In the digital signal recording'and reproducing method
of the foufth'invehtibn, video and audio'signals which are
divided and arranged in one track are integrated an error-
correcting code is assigned to this integrated data. Refer-
ring to one track, there are only two recdrding areas,
permitting only one place ﬁo pfdvide a gap; this improves
the recording efficiency. When the number of audio channels

10
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Is.distributed to the recording and reproduci ng heads 112, 113, 114, and
115, respectively, by the head selection switches 110 and 111 via
recording AMPs 106, 107 as well as recording/reproduci ng sel ecting
switches 108, 109, and is recorded on a magnetic tape in accordance with
the tape format shown in Fig.2. In this system the data rate after the
error-correcting code assigning is 127 Mit/sec, and in terns of video
signal, the data for 1 field is divided to be recorded in 6 tracks.

ié further increased for fécording, error-correction codes
aée assignéd to another area to carry out recording. Thus,
encoding efficiency of audio signal is further improved, the
- error~correction capabilities for video and audio signals
are brought to the equal level, thereby making it possible
to form a more compact system.

In the digital signal recording and reproducing method
of the fifth'invention,.posf-scoring audio signal is record-
ed in an area different from the main video recording area
after an error-correcting codes is assigned. The érror—
correéting code of post-scoring audio signal becomes équal
to that of the main recording area and the encoding'effi—
ciency can be improved with the error-correcting capabili--
ties being brought to the equivalent level, and at the same
time post-scoring editing is made possible. Even if post-
scoring audio recording fails, the audio signal recqrded.
during normal recording is not erased, improvihg operational
'capgbilify'post-scoring audio recording.

The digital sigpal recording and reproducing method
according to the sixth invention, concerns the normal re-
cording at the fifth invention, wherein a part of the ex-
tracted video signal is recorded in an area different from
the main video recording area. Since a part of video signal
is recorded in an area differéht from the main video record-
. ing area. Since a part of video signal is recorded in.an

-
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The recorded signal is reproduced as follows. The signal reproduced by the
recordi ng and reproduci ng heads 112, 113, 114, 115 enters to the digital
reproduci ng signal processor 118 after being passed through head sel ection
switches 110 and 111 as well as recording/reproducing se- |lecting swtches
108 an 109 and anplified by the reproducing AMPs 116, 117. The digital
reproduci ng signal processor 118 perforns digital denodul ation and
error-correction decoding and the signal is decoded into the normal video
signal data

area different from an area where video signal is normally
recoraed, video signal of higher picture quality can be
recorded and reproduced.

In the digital signal recording and reproducing method
of the seventh invention, first and second signal are error-
correcting-encoded respectively, and the inspection codes
are recorded in the tfacks in a lump. A gap between first
and second signals in the track is ho longer needed and the
encoding efficiency is improved.

In The digital signal recording and reproducing method
of thé eighth invention, error-correcting-encoded audi§
signal is ;ecorded in the vicinity of the track in which the
second signal is recorded when the second signal is rewrit-
ten in the seventh invention. Therefore, it is possible to
perform rewriting ﬁithout changing error-correcting capa-
bility for the second signal.

In the digital signal recording and reproducing method.
§f the ninth invention, first and second signals are sepa-
rately error4correcting?encoded and recorded in'tracks, and
code length 6f the error-correcting code for the signal to
be rewritten is changed when first or second signals are
rewritten. Consequently, it is possible to adjust the
error-correcting eapability of the signal to be rewritten.

In the digital signal recording and reproducing hethod

according to the tenth stage of the invention, the code

————
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string and the 4-channel audio signal data string to be outputted. The
out put signal of digital reproducing signal processor 118 is returned to
the original video and 4-chan- nel audio S|gnals by the DY A converters
119 120 and out put- _ - 5-

.length of error-correcting code for the signal to be rewrit-
ten in the.ninth invention is shqrtened. Cbﬂsequently, the
signal which is not rewritten can be stbred, being kept
intact.

In the digital signal recording and reproducing method
of the eleventh invention, the first and second signals in
the seventh, eighth, ahd ninth inventions are a video signal
and an audio signal, reépectively. The portion correspond-
ing to the gap is assigned to the error-correcting code for
the audio signal to improve the errOr-correcting c;pability
of the audio signal. |

In the digital signal recording and reproducing method
of the twelfth invention, the first and second signals in
the seventh, eighth and ninth embo&iment'are an audio signal
and a subcode signal, respectively. The por;ion correspond-
ing to the gap is assigned to the error-correcting code for
thé subcode signal to improve the error-correcting capabi-
lity of the subcode signal.

In the digital signal recording and reproducing method
of the thirteenth invention, during normal recording, video
-and audid signals are indepehdently error-correcting—encod-
ed, and are recorded in a track with a gap being set'in it.
When post-scoring audio recording is performed, audio and
INDEX signals are error-correcting-~encoded in a lump and are

recorded in a track. 1In this configuration, a gap between

-
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ted via the output termnals 121, 122. Fig.3 shows a schematic bl ock
di agram showi ng anot her conventional configuration of D2 systemdigital
VIR, Nuneral 201 in the figure is an A/ D converter which converts -anal og
vi deo and 4-channel audio signals into digital sig- nals, respectively. A
vi deo signal processor 202, first audio signal processor 203a, second.
audi o signal processor 203b, third audi o signal processor 203c, and fourth
audi o :

audio and INDEX signals is no longer needed énd the encoding
effiéiency is improved.

In the digital signal recording and reproducing method
' of the fourteenth invention during normal recording video
and audio signals are error-correcting-encoded iﬁ a lump and
recqrded in a track, and when audio and INDEX signals are
rewritten during éost-scoring sound recording the audio and
INDEX signals to be rewritten are error-correcting-encoded
in a lump and recorded in a track. In this configuratioh,
the signal can be rewritten without deteriorating the error-
correcting capabilities of the portion to be rewritteﬁ and
without increasing redundancy.

The above and further objects and features of the
invention will more fully be apparent frdm the folléwing

detailed description with accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
- Fig.1l is a schematic block diagram showing the config-

uration of a conventional D-2 system digital VTR.

Fig.2 is a diagram showing a tape format of a conven-
tional D-2 system digital VTR.

Fig.3 is a schematic block diagram showing the config-
uration_of another conventional D-leystem digital VTR.

Fig.4 is a diagram showing an error—-correcting code

format of a conventional D-2 system digital VTR.

14
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skgnal processor 203d sanple an output digital signal from each A/D
converter 201 at a specified frequency and output it to correspondi ng
first digital signal processor 204a and second digital signal processors
204b, 204b, 204b, 204b. Each of the digital signal processors 204a, 204b
assigns error-correcting codes to the signal and then outputs it to a
digital signal processor 206 via a swtch 205. The digi- tal signal
processor 206 perforns digital nodul ation proc- essing on the input signal
and then outputs the signal to a - -

Fig.5 is a schematic block diégram showing a configu-
ration in an embodiment of a digital VTR according to the
present invention.

Fig.6 is a diagram showing a tape format of a digital
VTR according to tﬁe present invention.

Fig.7 is a schematig block diagram showing a configu-
ration in another embodiment of a digital VTR according to
the preseht invention.

| Fig.8 iq a diagram showing another tape format of a'
digital VTR according to the present invention.

Fig.9 is a diagram showing an error-éorrecting éodé'
format of a digital VTR according to the present invention.

Fig.10 is a diagram showing still another tape format
of a digital VTR according to the present invention.

Fig.1l1l is a diagram shoﬁing another_tape format of a
digital VTR according to the ?résent invention.

Fig.12 is a diagram showing.another error~correcting
code format of a digifal VTR according fo the present inven-
tion.

Fig.13 is a diagram showing still another tape format
of a digital VTR according to the present invention.

| Fig.14 is a diagram showing a further tape fofmat of a
~digital VTR during normal recofding according to the preseht
invention, |

Fig.15 is a diagram showing still further tape format
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r-eecordi ng AMP 207. The recording AMP 207 anplifies the input signal. The
anplified signal is recorded on a magnet- ic tape (not shown) by a
recordi ng and reproduci ng head 209 via a recording/reproduci ng sel ector
swrtch 208. Nuneral 210 is 'a reproduction unit which is so configured that
the process is carried out in reverse sequence to that in the recording
unit and therefore, the internal configuration of which is omtted.

of a digital VTR during post-scoring audio recording accord-
ing to the presént invention.

| Fig.16 is a diagram showing another error—corfecting
cbde format of é digital VTR during normal recording accord-
ing to the present invention.

Fig.1l7 is a diagram showing another error—correcting
code format of a digitgl VTR during post-scoring audio
fecording according to the presént invention.

Fig.18 isla diagram showing another tape format of a
digital VTR during normal recording according to the present.
invention. |

Fig.19 is a diagram showing still another tape formaﬁ
of a digital post-scoring audio recording VTR according to
the present invention.

Fig.20 is a diagram showing still another error-cor-
recting code format of a digital VTR during normal recording
according to thé present invention.

Fig.21 is a diagram showing another errqrfcorrecting
code format of a digital VTR during post-scoring audio

recording according to the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
Réferring to the drawings, embodiments of the present

invention will be described in detail hereinafter.

(First embodiment)
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- 6- Because the D-2 systemis standardized as a digital VIR for
broadcasting, azimuth recording is performed without a guard band between
tracks in the D2 format. As shown in Fig.2, the audio signal, video
signal,. and audio signal are arranged in this order in the head scanning
direction and :

Fig.5 is a schématic block diagram showing an embgdi-
ﬁent of home digital VTR according to the present invention.
In Fig.5, numeral 1 is an input terminal for a video signal,
and via the input terminal 1, the analog video signal is
supplied to an A/D converter 3, and the A/D converter 3
converts the signal to a digital signal and outputs the
signal to a digital recording signal processor 5. On the
other hand, numeral 2 is an input ﬁerminal for an audio.
'signal, and via the input terminal 2, the anaiog audio
signal is supplied to an A/D converter 4, and the A/D-cqnf
verter 4 convgrts the signal to a digital signal and outputs
the signal to. the digital recording signal processor 5 and a
post-scoring audio recording signal processor 6. The post-
scoring audio recording signal processor 6 sends dummy data
to the digital recording signal processor 5 during normal
recording and the audio signal for post-scoring to the
digital recording signal processor 5 during post-scoring
audio recording. The digital recording signal processor 5
assigns errof-correcting codes to the video and audio sig-
nals in a lump and oﬁtputs the error-correcting-encoded
signal to a digital modulation processor 7. The digital
recording signal processor 5 separately extracts high-fre-
quency components from the input video signal using, for
example, a band 11m1t1ng filter. The dlgltal modulation

processor 7 performs digital modulation and other processing
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the audio signal is arranged in tw channels each on the either edges of
the track, formng a total of four channels. 1In the D2 conposite system
one line of the video signal is made to contain 910 sanpl es by sanpling at
4 fsc, four tinmes the subcarrier. After the 768 sanples excluding the
hori- zontal synchronizing signal are divided into two channels wth
vertical synchroni zing signal being excluded, the sanples in 1/3 of the
field of 85 lines are collected and the order of 384 x 85 x 8 bit of data
i s rearranged by

and outputs the processed signal fq recording AMPs 8, 9.

The recording AMPs 8, 9 amplify the input signal. The
amplified signal is distributed to four recording and repro-
ducing heads 14, 15, 16, 17 via récording/reproducing'selec-
tor switches 10, 11 and via head selector switches 12, 13,
and is recordgd on a magnetic tépe (not shown). Numerals
18-27 show components of the reproduction unit and reproduc;
ing AMPs 18, 19 amplify the reproauced signal which is .
reproducea by reéording and reproducing heads 14, 15, 16, 17
and is supplied via switches 12, 13 and 10, 11, and output
the amplified signals to a digital demodulation processor
20. The digital demodulation processor 20 performs digital
demodulation and other proéessings and outputs the processed
signal to a digital reproducing signal processor 21. The
digital reproducing signal processor 21 perfbrms_processings
such as error-correcting-encoding and outputs the video
signal of the normal signal string to a D/A converter 24,
while it outputs the audio éignal to a D/A converter 25 via
a post-scoring selectdr switch 23 dufing normal recording
and yia the post-scoring audio reproducing signal processor
22 and the posp-scoring audio selector switch 23 dﬁring
post-scoring audio recording. The D/A cdnverter 24 converts
the input signal to the original analog video signal and
outputs it via an output terminal 26. The D/A converter 25

converts the input signal to the origihal analog audio
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shuffling. An error-correcting code is assigned to the data and the data
I's recorded as a track pattern. Fig.4 shows a ‘format in which video signa
area and audi o signal area are error-correcting-encoded. The pixel data of
one field is divided into three portions, separated into even nunbered
sanpl es and odd nunbered sanples and recorded in separate tracks. One
field consists of six tracks and the pattern format of each track is

i denti cal . Now, .referring to Fig.3, operations are briefly ex-

signal and outputs it via an output terminal 27.

Fig.6 shows an example of a tape format of a digital
VTR according fo]the pfesent invention. As shown in Fig.6,
in the system according to the present invention, the video
signal and the four-channel audio signal are digitally
recorded in a track tilted in the longitudinal direction of
a magnetic tgpé in the same manner as in ﬁhe conventional
case, but in the present syétem, 10 tracks are provided for
the time required for one frame of video signal, the video
signal and the two-channel audio signal are divided and.ar-
ranged in'fhe niﬁe tracks, and in the remaining one track,
the two-channel audio signal and a reserve signal (hereinaf-
ter called "reserve data") are arranged to be.recorded. An
area désignated for recording of control signal for tape
feed (hereinafter called "ATF signal") and iNDEX signal is
set in each track.

Now referring to Fig.5, operations will be descfibed.
First, operations in normal recording is described. The
composite signal supplied to the input terminal'1 is quan-
tized t9_8fbit digital signallat quadruple subcarrier fre-
quencies (14.318 MHz) at the A/D converter 3. The audio
signal supplied to the input terminal 2 is quantizgd td 16-
bit digital signal at 48 kHz at the A/D converter 4. In
Fig. 5, the audio signal input is shown in one chénnel for

simplification but, in practice, there are two-channel audio

—_—

————
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pl-ai ned. The audi o signal supplied to the input termnal is converted into
20-bit digital signal by the A/D converter '
-7- 201. Sanpling is performed at 48 kHz. The error-correcting

inputs. The video signal and 2-channel audio signal which
are digitized are supplied to the digital form are supplied
to the digital recording signal processor 5.

On thé other hand, at the post-scoring audio recording
signal processor 6, dummy data_is formed and is‘sentlto the
digital recording signal processor 5 as normal recording'is
performed. |

At the digital recording signal processor 5, the viaeo

' signal is image-compressed to reduce the data rate of video
signal and necessary time-base processing is performed on
image—compressed video signal and 2-channel audio signal,
which then are divided aﬁd.arranged in the designated nine
tracks of the ten tracks per one frame. To the remaining
one track, the dummy data input through the post-scoring
audio recording signal processor 6 or_data oftgh—frequency S
components extracted from the above-ﬁentioned video signal
at the digital recording signal processor 5 is arranged. By
the way, whether to arrange the dummy data input through the

" post-scoring audio recording signal proceésor 6 or-thé_data
of high-frequency component e#tracted from the above-men-
tioned video signal to the remaining one track is decided by
the image quality selecﬁor key (not shown) and the infdrma-
tion gbout which signal is arranged is recorded with the
INDEX'signal flag. In additioh, an error~correcting code is

assigned to each track. The data string to which the error-
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codes are assigned separately to video signal and audio signal at digital

signal processors 204a, 204b, respective- |y. Further, at the digital
~signal processor 206, digital nodulation processing is performed in
aceordance with a specified nodulation format. Qutput of digital signal
processor 206 is passed through the recording AMP 207 as well as
recordi ng/ reproduci ng sel ector 208, distributed to the recording and
reproduci ng head 209 by the head selection switch (not shown), and
recorded on a magnetic tape in

correcting éodé is assigned is sent éut to the digital
modulation processor 7.

By integrating video and audio éignals during normal
recording as described above and performing error-correct-
ing-encoding in which the error-correcting codes is assigned
to the overall integrated data simultaneously, it is possi-
ble to form codes with better encoding efficiency and higher
correcting capability compared to the conventionallprocesé
in which the error-correcting code is assigned separately to
video and audio signals. Particularly, since the video
signal has larger volume of data than audio signal, this
configuration is extremely effective for the audio signal.

At the digital modulation processor 7, the INDEX

"signal is assigned to each track of the data string sent out
from the digital recording signal processor 5, while digital
modulation is performed in accordance with a specified
modulation system. In addition, to éach track of the digi-
tal-modulated data str;ng, the AFT signal is assigned.

The output signal of the digital modulation processor
7 is passed through recording AMPs 8, 9, distributed to re-
cording and reproducing heaas 14, 15, 16, 17, respectively,

by head selectop switches 12, 13 and recordihg/ reproducing
seleétbr switches 10, 11, and are recorded on a magnetic

" tape in accordance with the tape format shown in Fig.ﬁ.

Signal reproduction is performed as follows. The

21
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accordance with a tape format. In this system the data rate, after an

error-correction code is assigned, is 127 Miit/sec and in terns of video

signals, the data of 1 field is divided into 6 tracks to be recorded.

As: descri bed above, because in this format, the audio signal is separately

recorded in individual four channels, editing can be perforned

- independently for. each channel. In order to performediting independently

for each channel, a track format in which the audio signal of one channel

'S
signal reproduced by fecording and reproducing heads 14, 15,
16, 17 is passed through head selector switches 12, 13 and
through recording/reproducing switches 10,.11, amplified at
reproducing AMPs 18, 19, and then, éupplied to.the digital
demodulation processor 20. At the digital demodulation
processor 20, the ATF signal.is extracted from each track
and sent out to the servo circuit (not shown) while the data
string of each track is digital—demddulated. The digitaliy
demodulated data string is sent to the digital reproducing
signal processor 21. |

At the digital reproducing signal processor 21, error-

correcting processing is.performed on the digital-demoduléﬁf
ed data string to be entered. 1In addition, the video signal
and 2-channel audio signal are extracted from designated
nine tracks oﬁt of a 10-track unit, and at the same time,
when the INDEX signal indicates that post-scoring audio data
is recorded, the data of the remaining one track of a 10-
track unit is sent out to post-scoring audio reproducing
signél processor 22. The extracted video signal is restored
to the original video signal by compression-restoration
processing. When the INDEX signal indicated high;frequency
coméonent data of video signél is recorded, the data of the
remaining one track of a 10-track unit #nd this compressidn-

restored video data are added to restore the original video

signal. The extracted.2-channel audio signal is restored to
-
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recorded as one area, in short, area dividing type track format, is
required. Then, a gap between the areas is also required. In addition,
because the video and audio signals differ in the data rate, the video
signal area is large, while the audio signal is smaller than the video
- signal area. Consequently, in order ‘to give the audio signal area

the original 2-channel audio signal by a specified time-base
.~ processing.
As described above, by recording high-frequency compo-
“nent data,'which is a part of video signal, in other record-
iné‘area-than that for normal video signal, higher image-
quality video signal can be reproduced.
At'the post-scoring audio.reproducing signal processor
22, the input data from the_digital reproducing signal
processor 21 is identified as dummy data. This identifica-
tion process can determine that ﬁhere is no audio data for
post-scoring in this track. The configuration is designed
to allow the post~scoring audio selectpr.switch 23 to con-
stantly select audio data froﬁ the digital reproducing
signal processor 21 by this judgment. Thus, consideration
is given so that users can select and listen to post-scored
sound by post-scoring audio selector key (not shown) and
that, if post-scoring sound is not recorded even when users
selegt post-scoring sound, normal sound is outputted auto-
matically. If any pbst;scoring audio signal is recorded on
- a magnetic tape, the input data from the digital reproducing
'signal processor 21 contains 2-channel audio signals for
post-scoring Thgrefore, time-base pfocessing is carried out
at this post~scoring audio reprddueing signal.processor 22
and thg audio signal is restored to the original 2-channel

audio signal for post-scoring to be sent out. It is also
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- 8- error correction capability equivalent to that of the video signal
area, for exanple, in the D-2 format audio code (12, 8, 5) Reed-Sol onbn
code may be so arranged that the codes keep an equal distance with each
other as in video C2 code (68, 64, 5) Reed-Sol onbn codes. Werein, (n,
k, d) represent the code length by n, information Ilength by k, and the
di stance between codes by d. o _

possible to decide whether any post-scoring audio signal 1is
recorded or not by setting a flﬁg in INDEX signal.

Tﬁe video signal sent out from is digital reproducing
signal processor 21 is D/A-éonvefted by thg D/A converter 24
to the original video signal. If no post-scoping sound is
selected by usérs using the post-scoring audio selector key,
the 2-channel audio signal sent out. from the digital repro-
ducing signal.processor 21 is D/A convefted by the D/A -
converter 25 via post-scoring audio selector switch 23 and
the original 2-channel audio signals is reproduced. 1If
users select post-scoring sound by the post-scofing audio
selector key and the 2-channel audio signal for post-scoring
is reproduced, the 2-channel audio signal for past-scoring
sent out from the post-scoring audio reproduéing signal
processor 22 is D/A-converted by the D/A converter 25 via
post-scoring audio selector switch 23 and the original 2-
channel audio signal for post-scoring can be obtained.
Though it is not shown in the figure, the.configuration is
so designed that if,ho reproduced outputs.are obtained from
reproducing AMPs 18, 19, the output video and audig signals_
are muféd.

Next, operation in post-scoring audio recording will
bé described. By operating a'post-scoring recording key
(not shown), post-scoring rgcording mode is obtained. By

operating a feproducing key (not shown) at a post-scoring
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However, the equivalent error-correcting capability may be obtained but
the encoding efficiency becones extrenely poor; 8/12 for audi o signal
agai nst 64/68 for video signal. Because the digital VIR for
broadcasti ng apparatuses is configured as descri bed above, it has
appropriate qualities for business use such as high reliability, high
picture quality, high sound 'quality and highly

recording modé, post-scoring audio reCording starts after a
specified time. At ﬁost—scoring recording mode, at the
post-scoring audio recording processor 6, input two-channel
audio signal is time-base-processed and is divided and
arranged in designated track of a track array of 10 tracks.
This data is sent to the digital recording signal processor
5. |

:By operating the reproducing key, a magnetic tape,.
begins running. Running of a magnetic tape is controlled,
using the ATF signal reproduced from each track. Video:and_
2-chanpe1'audio signals reproduced from designated niﬁe
tracks of a frack array of 10 tracks are signal-processed in
the same manner as in normal reprodﬁction and the reproduced
video signal is outputted through the outpuﬁ terminal 26.
After the reproducing key.is operated, post-scoring audio
recording is resumed from a specified position of a magnetic
tape.

The two-channel gudio signal for post-~scoring sent out
from the post-scoring audio recording processor 6 is signal
processed as in normal recording at the digital recording
signal processor 5 and digital modulation processor 7 and is
supplied to the recording AMP 9. The two-channel audio
signal is overwritten to be recorded in a designated track
of a track array of 10 tracks on a magnetic tape by changing

over properly either recording/reproducing selector switch

—_—
—_—
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saphi sticated editing. Yet, on the other hand, because it enploys an area
dividing type format as descrlbed above, a gap nmust be provided and in
addi tion, when the equal error correcting capabilities are given to both
video and audi o signals, the encoding efficiency of audio signal
decreases. In home digital VIR conpactness and user- friendliness are
strongly required as is the case with presently avail able VIR s eqU|pped
with a camera in the narket.

11 and head selector_switch 13. Thus, post-scoring audio
recording can be effected.

When DCT (Discrete Cosine Transform) encoding is used
as image compressing system to reduce video data rate to
abﬁut 25 Mbps; and when a system in which the error-
correcting code is assigned independently to the video
signal and two-channel audio signal, as in a conventional
system, is employed, recordiﬁg data rate after error- |
correcting code assigning reaches about 38 Mbps. On the
other'hand, according to tﬁe system in the first embodiment,
recording -data rate of about 38 Mbps, the similar level that:
can be achieved with the conventional system, can be
achieved even whén video and two-channel audio signgls
during normal recording are integrated with the error-cor-
recting code assigned to them,. énd then, the'tw0fchannel
audio signal for post-scoring, which is integrated with the
reserve signal with the error-correcting code assigned to
them are added.

Unlike apparatuées for business use, in apparatuses
for privgte use, user-friendliness is essential. Conse-
quently, audio signal is not necessarily recorded and repro-
duced channel by channel and may be recorded and.reproduced
by the unit of tﬁd_channels.

In this embodiment, vidéo and audio signals for one

frame are divided and arranged in a track array of 10 tracks
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-9- SUMMARY COF THE | NVENTI ON It woul d be beneficial
to provide a digital signal recording and reproducing apparatus (digital
VTR) whi ch achi eves excel | ent encodi ng effici ency, and can perform

bﬁt video and audio signai for one frame may be divided and
arranged ih a track array of N traéks (N represents a posi-
tive-integér) depending on the type of input video signal
{for example, NTSC, PAL, etc.) of electromagnetic perform-
ance of magnetic tape gnd magnetic head. |

In thié embodiment, one track out of a track array of
10 tracks is désignated as a track exclusively for post-
scoring but plurality of tracks may be de31gnated

Accordlng to this first embodiment, since during
normal recoding, the video signal is recorded together with
the two-channel audio signal and during post-scoring audio
recording, the two-channel audio signal is recorded in a
track designated for post-scoring audio recording; even if
users_fail in post-scoring audio recording, the two-channel
audio signal recbrded during normal recording is not erased,
éllowing users to repeat post-scoring audio recofding over

and over,'a system friendly to users can be constructed.

(Second embodiment)

Fig.7 is a schematic block diagram showing another
configuration of a home digital VTR according to the present:
invention, while Fig.8 is a diagram showing a tape format in
accordance with_the'embodiment. First of all, during normal

. recording of video/audio signals, the video signal is sup-

-
—_—

et Has Been laced

\\\\\\\\\\\l\\\\\\ \\ﬂ“\ o



audi o signal editing. It would al so be beneficial to provide a
digital signal recording and reproduci ng apparatus (digital VIR) which
achi eves conpactness suited for donestic use as well and is easy to

oper at e. ' According to one aspect of the present invention there is
provided a digital signal recording and reproducing nethod for digitally
recordi ng video and audi o

plied to a vidéo signal processor 52 via an A/D convertef
51, sampledlat 4 fsc, time~base-processed, data-compressed
by DCT if compression is needed, and then, outpqtted to a
first digital signal processor 54a. In the meantime, the
audio signal passed through an A/D.converter 51 is sampled
and digitized at a first audio signal processor 53a and out-
putted to the first digital signal processor 545. At the
first digital signal processor 54a, the video and audio
signals are integrated and the erfor-correcting'code is
assigned to them collectively. The error-correctiﬁg-encoded
data is recorded as magnetized pattern in area A on a-mag;
netic tape shown in Fig.8 by a recording and reproducing
heéd 59 via a switch 55, a digital modulation processor 56,
a recording AMP 57, and a recording/reproducing selector
switch 58, 1In the remaining area B, dummy data supplied
from a sééond audio signal processor 53b or high-frequency
component data extracted from the above—mentioned'video
signal and supplied from the video signal processor 52 is
senﬁ from the second digital signal processor 54b to be
“recorded.

On the other hand, dufing post—scoring'audio record-
ing, the two-channel audio signals fo; post-scoring passed
through an A/D converter 51 pass the second audio'signal
processor 53b and are error-correcting-encoded by the second

digital signal processor 54b. The error-correcting-encoded
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signals in tracks on a nagnetic tape, wherein an error- correcting encoded
video signal and a first error- correcting encoded. audio signal are
recorded in first areas of the tape, and wheréin a second error-correcting
encoded audi o signal is post-recorded in second areas of the tape which
are located so as not to significantly corrupt said video signal during
post - recor di ng, : characterised in that said error-correcting encoded
video si'gnal and said first error-correcting encoded audio signal are
recorded in said first areas, which each exist in single tracks, wthout
an editing gap therein.

.data is recorded as magnetized pattern in_area B on a mag-
netic tape shown in Fig.8 by recording and reproducing head
59 as in normal recording.

Other details of'the operation-~-during recording are
same as those described in the above first embodiment, and
therefore, the description is omitted.. In reproducing
operation, the process takes steps reversal tO-those.in
recording, and therefore, the deséription is also omitted.

In the format shown in Fig.8, the video and four-
channel audio signals are digitally recorded in a grack
tilted in the longitudinal direction of a magnetic tafe'as
in conventional embodiments. In area'A, the video and two-
channel audio signals are divided and arranged, while in
area B, the two-channel audio signal and reserve data are

'arranged and recorded. The area designated for'recording of
ATF and INDEX signals are set in each track. Because video-
and audio signals can be erforfcorrecting-encoded in a lump
_during normal recording, highly efficient code correction is
achieved. A gap used for recording video and audio signals
separately is no longer needed. In addition, it has an
advantage that post-scoring area can be freely used for
signals other than post-scoring audip signal due to this
_format.
Fig.9 shows a format in which video and audio data are

error-correcting encoded according to the second embodiment
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According to a further aspect, there is provided apparatus which is
arranged to operate in accordance with the nmethod of the invention.
- 10 -

and a format 'in which post-scoring audio data is error-
correcting-encoded, respectively. As the comparisdn with
thc conventional method illustrated in Fig.4, in the-infor;.'
mation area consists of D-2 format video and audio data the
‘data volume amounts to 85 x 64 + 85 Xx 8 x 4 = 8160 bytes and
in the overall format in which these data are encoded the'
data volume amounts to 93 x 68 + 93 x 12 x 4 = 10788 bytes.
On the other hand according to the embodiment shown in
Fig.8, the information area consists qf the same.number of
bytes, with 85 x 80 + 85 x 16 = 8160 bytes, but the total of
the encoded data amounts to 93 x 84 + 93 x 20 = 9672 byfes,
which is 1116 bytes less than ihat of the conventional
system. The random error¥correcting capacilities.may be the
same because the synthetic distance is 9.x 5 = 45 for both
cases if Reed-Solomon code on GF (28) is used. The burét
correcting capabilities are equal also. Consequently, the
present invention is superior in nearly identical correcting
capability can be 6btained with less redundancy.

In this embodimenf, a single area B in the track is
designated as an exclusive area for post-scoring but plﬁral-
ity of areas may be proVided for the purpose.

As described above,'in this second embodiment, video
and audio signals are error-correcting-encoded in.a lump,
and are.recorded in a fixed area on a track while the post-

'scoring audio signal is error-correcting-encoded separately
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In.the digital signal recording and reproducing apparatus according to a
first enbodinment of the invention, video and audi o signals.are integrated
and error-correcting codes are assigned to themcollectively when video
and audi o signals are digitally recorded in tracks on a magnetic tape.
According to the first enbodinment, the digitized video and audi o signals
whi ch are separately arranged in
and is recorded in a different area on the track. There-
fore, only one place is required to provide a gap clearance
compared to the conventional system, a system with high
error~correcting encoding efficiency, less possibility of
post-scoring recording failure, and higher efficiency can be
constructed;

A track designated for bost-scoring and an area B
designated for post-scoring in the first and the second
embodiments can be used for various applications including,
for example, recording a high-quality still image signal as
shown, in the Japanese Patent Application No. 2-248465_
"Animation/still Picture Simultaneous Recording and Repfﬁ-
ducing Apﬁaratus." |

Next, another embodiment of the.present'invention will
be explained below. The cdnfiguration of the digital VTR in

each embodiment shown below is the same as Fig.5 (first

embodiment).

(Third embodiment)

Fig.1l0 is a diagfam showing a tape formgt according to
the third embodiment. 1In the system according to the third
embodiment as shown in Fig;lo, three areas aré provided so
that ATF signal, special recording area signal of INDEX
signal fexample of-subcode signal),-video signal and two;

channel audio signal are digitally recorded sequentially in

—
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one track are integrated and error-correcting codes are assigned to the
I ntegrated data. Thus, error-correcting- encoding is effected. Thi s
process inproves encoding efficiency of audio signal, gives equal '
error-correcting capabilities to video and audio S|gnals and rmakes it
possible to forma nore conpact system In the digital signal
recordi ng and reproducing apparatus according to a second enbodi nent of
the invention, at |east one track is designated as an

the head scanning direction. Between the ATF and INDEX
areas and the INDEX and the video + éudio areas, a gap is
provided, fespectively. | |

In the digital recording signal'processor 5, as de-
scribed above, the video signal is image-compressed, and
necessary time-base processing is.performed on the image-
compressed video signal and the two-channel audio signal.
Then, the signals are divided and arranged, for example, in
ten tracks'per one frame, And error-correcting encoding is
performed in each track but encoding is performed on'video,
audio,.aﬁd INDEX signals, separately. Then, data such as
the signai for retrieval and the number of channels of audio
signal is recorded in the INDEX signal. The data string to
which the error—corrééting code is assigned is sent out to
the digital modulation proceésor-7. At the digital modula-
tion processor 7, the ATF signal is added to each track of
the data string sent from the digital recording signal
processor 5 and digital modulation is performed in accord-
ance with a sbecified modulation system. The ATF signal may
be added after modulation is carried out.

Now, the error-correcting code for data to.be récorded
on a magnetic tape will be explained using Fig.lz. Fig.12
(a) shows a configuration of the error-correcting'code_for
video and éudio.sighals during normal recording. The error-
correcting code is, in general, frequently dual-encoded, and

—_—
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excl usive track for post-scoring, i.e. post-recording, when video and
audi o signals of one frane are divided to be recorded in a plurality of
tracks. Because at Teast one track is set exclusively for post-scoring in
addi tion to trackstyisshediisdBewd Rpacednd audi o signals are recorded during

normal - recording, th I ng code for the post-scoring signa
achi eves the equival§ IRt ose for other tracks, (and obtains
the equivalent err i capabi lity) inproving the encoding

efficiency _

in such case, after outer encoding (also called C2 encoding)
is performed on each data, inner encoding (also called C1
encoding) is performed. Now, the audio and video data are

two-dimensionally arranged in k x k and in k x k , re-
1 2 1l 3

spéctively. The audio signal'is encoded into C1 : (n , k ,
d ), ¢c2 : {n, k, d ), and the video signal is encoded
1 2 2 2

into €1 : (n , k,d), €2 : (n, k, d ), where n is a cbde
1 1 1 3 3 3 .

~length, k is an information length, and d is a distance
'betweeh codes. ' The encoded data is scanned from the iower
left to the right in Fig.12 (a) and forms a track by fepeat—

ing this operation n + n +times. In Fig.10, outer encorded
2 3 '

area is shown as inspection déta. On the INDEX signal,
similar error—correcting coding is performed: (not shown).

As shown in Fig.12 (a), because no gap is providéd between
audic inspection data (outer code) and vided inspection data
(outer code), the length of the inspection code can.be
increased by the gap'léngth, and thus, the error-correcting
capability can be improved.

_The'audio data for post-scoring is'error-correcting-
encoded as in normal recording. At the track in Fig.10,
audio data and audio inspection data are rewritten. The
rewriting timing is determined by estimating from the timing
to reproduce ATF and INDEX signals and obtaining the record-

- ing mode. lConsequently, positioning is performed_properly

but not accurately, and a part of the video inspection data
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as- wel | as maki ng post-scoring editing possible. Even if

- 11- post-scoring audio recording is repeated many times, the audio
signal recorded during normal recording is not erased and thus, oper at i onal
capability during post- scoring audio recording is inproved. :

may be impaired. However, because for normal video data, a
sﬁrong error-correcting code is.used, errors of only one or
two inner codes may occur, almost all of such errors can be
corrected. Even if correétion is impossible, errors are
occurred in the.inspection data and video data is scarcely

affected.

(Fourth embodiment)

Using a track pattern diagram in Fig.1l1, the fourthi
embodiment will be explained. The track (a) in Fig.11 shows
a track pattern during normal recording and is the same as
that in Fig.10. When post-scoring audio recording is car-
ried out, a gap 3 is created by shortening the code length
of the audio signal as shown in the track (b). That is, as
shown in Fig.12 (b), By shortening the code length of the
ocouter code (C2) gap 3 can be produced. In this_case, the
correcting capability for the audio data is lowered but no
video data is damaged. The gap 3 exists in the éame manner
as in conventional embodiments and.the same correcting
capability is obtained for the audio signal. Because almost
all pbrtions to be post-scored are usualiy a part of the
recorded signal, the remaining part of the audio data can be
stored with high correcting_capability ensured. In addi-
tion, if post-scoring audio signal is not normally repro-

duced, post-scoring can be done over again.
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In-the digital signal recording and reproducing apparatus according to a
third enbodi mnent of the 1invention, a part of the video signhal extracted in
the second enbodinent is recorded in the track designated for

post-scoring during normal recording. Consequent |l y,. bacause a part of
the video signal can be recorded in an area different fromthe area where
video signal is normally recorded, a video signal of a better picture

qual ity can be recorded and reproduced.

Informatién fhat the post-scoring code length is
| changed should be stored in the very place after synchroniz-
ing and ID signals are added, when, for example, one of Cl
codes in Fig.12 (a) are formed as an ID signal. 1In Fig.5,
this ID signal is detected and proceésing of audioc signal
can be performed at the post-scoring audio reproducing
signal processor 22,

Whén the code length for audio signal is varied, byi
shortening the code length the gap 3 can be produced and it
is convenient but conversely, by increasing the code~lquth
it is also possible to improve the error-correcting capabil-
ity. This is effective when the error rate during post-
scoring audio recording.is higher than that during normal

recording.

(Fifth embodiment)

Using a ﬁrack pattern diagram in Fig.13, the fifth
embodiment will be explained. In the track (a) in Fig.13,
the audio signal and INDEX signal are error-correcting-
encoded in a lump. This brings a condition in which gap 2
ié not present. Now, the case in which the INDEX signal is

-.post-scored is conéidéred. As in the case of the track (b)
in Fig.13, by recording the INDEX signal of shorténed code
length the gap 2 dan be produced. 1In this case, the audio

signal in the back is not affected at all. The INDEX signal
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In.the digital signal recording and reproducing nethod of a fourth

enbodi ment of the invention, video and audio signals which are divided and
arranged in one track are integrated an error-correcting code is assigned:
-to- this integrated data. Referring to one track, there are only two
recording areas, permtting only one place to provide a gap: this inproves
the recording efficiency. Wen the nunber of audio channels is further

i ncreased for recording, error-correction codes are assigned to anot her
area to carry out recording. Thus, encoding efficiency of

is rewritten when, for example, the retrieval signal is

récorded laﬁer.

(Sixth embodiment)

Fig.14 shows a track format oﬁ a magnetic tapé during
normal recording according to the sixth embodiment and
Fig.15 shéws_a track format on a magnetic tape during pdsf?
scoring audio recording. Fig.16 shows an error—correcfiné
code format dufing normal recording according to the sixth
embodiment and Fig.1l7 shows an error-correcting code format
during post-scoring audio recording. In the system used in
the sixth embédiment as shown in Figs. 14, 16, four areas
are provided during normal recording, in which the ATF
signal, the special recording area signals for INDEX signal,
the audio signal, and the video signal are digitally record-
ed in that order in the head écanning direction. Between
the ATF area and INDEX area and the audio area and video
area, gaps 1, 2, 3 are provided respectively. On the other
hand, duripg post—scéring audio recording as shown in Figs.
15, 17,.the inner-code and outer-code inspection data are.
added to the INDEX signal and audio signal in a lump, and
gaps 1, 4 are provided between the ATF and.INDEX areas and
the audio and video areas, respectively; reducing the gap by
one compared to normal recording. Thus, adjustment of timing

difference caused by post-scoring is effected.
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the audio signal is furt her | nproved, and the error- correction
capabilities for video and audio signals are brought to an equal |evel,
thereby naking it possible to forma nore conpact system

(Sevénth embodiment)

Fig.18 shows a track format on a magnetic tape accord-
ing ﬁo the seventh embodiment during normal recording, and
Fig.19 shows a track format on a magnetic tape during post-
scoring audio recording. Fig.20 shows an error-correcting
. code format according to the seventh embodiﬁént during
normal recording, and Fig.21 shows an error-correcting code
format during post-scoring audio recording. During normal
reéording as shown in Figs. 18, 20, the audio signal and
video sighal are error-correcting-encoded in a lump. In.
tﬁié case, there is no gap between audio and video signals.
Now, consideration is given to the case in .which the audio
signal is post-scored. As shown in Figs. 19, Zi, by record-
ing INDEX and audio signals in a lump a gap can be pfoduced.
In this case, the video signal-in the back is not affected
at.all.

In the above third through seventh embodiments, proc-
ess is explained with video, audio, and INDEX signals as
examples, but the same exﬁlanatibn will be applied to any
data if they are related to one another.

In each embodiment, two-channel audio signal for
norhal recording and two-channel audio signal for post-
scoring are designed tolbe recorded.without audibfcompres—

sion, but they may be audio-compressed and recorded and they

—
—_—
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In the digital signal recording and reproducing nethod of a fifth

enbodi nent of the invention, post- scoring audio signal is recorded in an
area different from the main video recording area after an
ertor-correcting code is assigned. The error-correcting code of the post-
scoring audi o signal becones equal to that of the main recordi-ng area and
the encoding efficiency can be «inproved with the error-correcting
capabilities being brought to an equivalent level, and at the sane time
post -scoring

are not necessarily two-channel signals.

In each embodiment,; the input video signal is designed

to be quantized to an 8-bit digital signal at gquadruple sub-

.carrier frequency (14.318 MHz) at the'A/D converter, but it
méy be a 4 : 2 : 2 component video signal as seen in CCIR
Rec601. |

In each embodiment, the input audio signal is designéd
to be converted into a 16-bit digitized signal with_samplﬁng
frequency of 48 kHz at.the A/D convérter, but it may be so

" configured to be converted, for example, to a 12-bit digif.
tized signal with sampling frequency of 32 kHz, or to a 16-
bit digitized signal with sampling frequency of 44.1 kHz.

In each embodiment, a part of video signal to be ex-
tracted is explained using a high-frequency component.but
needless to say, it may be a low-frequency component, DC
component, data for motion compensation, or data for editing

or special reproduction.

As this inventiop’may be embodied in several forms
without departing from the spirit of essential characteris-
tics thereof; the present embodiment is the;efdre illustra-
tive and not restfictive, since the scope of the invention
is defined by the appended claims rather_than by the de-
scription preceding them, and all changes thai fall within
metes énd bounds of the claims, or equivalence of.such metes

and bounds thereof afe therefore intended to be embraced by
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editing ts nmade possi bl e. Even if post-scoring audio recording fails, the
audi o signals recorded during normal recording is not erased, inproving
the operational capability for—post- -seering audio recording. The
digital signal recordlmgsggg}ﬁggkgﬁ i ng met hod according to a sixth

enbodi nent of the invent e normal recording at the fifth
enbodi nent wherein a pi’m Wjﬂmzact ed video signal is recorded in an
area different fromth cording area. Since a part of

"~ video signal is recorded in an area different from

the claims.
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an- area where video signal is normally recorded, video signal of higher
pi cture quality can be recorded and reproduced. In the digita
signal recording and reproducing nethod of a seventh enbodi nent of the
i nvention, first and second signal are error-correc

respectively, and the inspection codes are'rimﬂu' [ acks in a
| unp. A gap between first and second signals i E “m'[ ﬁ”tmr |
. : * C L M s *

CLAIMS:

1. A digital signal recording and reproducing
apparatus for digitally recording a video and an audio
signals in fracks on a magnetic tape, comprising: |

error-correcting-encoding means for assigning error-
correcting cédes to the video signal and the audio.signal in

a lump.

2 A digital signal recording and reproducing
apparatus for digitally recofding'one frame of Vidéb and
-audio signals on a plurality of tracks, wherein

at least one of the plurality of tracks'is used éxclu—

sively for post-Scoring.

3. A digital signal recording and reproducing
app#ratus of Claim 2, comprising: |

means for extracting a part of the video signal; and

means for digitally recording the extracted part of

the video signal in the track exclusive for post-scoring.

4. A digital signal recording and reproducing
method for digitally recording video and audio signals in
tracks'op a magnetic tape, wherein

a first area in which video and audio signals are
error-correcﬁing-encoded in a lump and a scored area in

which the audio signal is error-correcting-encoded are

40
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- 13 - is no longer needed and the encodi ng eff|C|ency IS |nproved
In the digital signal recoerding and reproduci ng nethod—of—an eT gt

enbodi nent of the |nvent|on error- correcting-enco S
recor ded in }ﬁ\sﬂ Mhetrack in which the ﬁmm“smmr ||
* c L L] S *

i

provided in the tracks.

5. A digital signal recording and reproducing
method féf digitally recording a video and an audio signals
in tracks on a_magnétic tape, wherein

the video and audio signals, after an
error-correcting-encoding in a lumé, are digitally recorded
in a first area of the tracks and a post-scoring audio
signal, after an error-correcting-encoding, is recorded in a

second area of the tracks.

6. A digital signal recording and reprodﬁcing
method of claim 5, wherein
a part of the video signals is recorded in the second .

area when post-scoring audio recording is not carried out.

7. A digital signal recording and reproducing
method for digitélly recording a first-and a second signals
.ih tracks on a magnetic tape, wherein

the first and second signals are errdr—correcﬁing-
ehcoded, respectively, and the inspection codes are recorded
in a lump in the tracks.

8. A digital signal recording and reproducing

method of claim 7, wherein
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recorded when the second signal is rewitten in the_seventh i nvention

Therefore, it is possible to perform rewiting w t’hout ch
error-correcting—capabi-tty—for—the second signal. nu ‘ %ﬂﬁ“mumal
signal recording and reproducing nmethod of a ninth e ex*

invention, firsh,;aek:psasamtkopbidnal s are separately ,
error-correcting corded in tracks, and code |l ength of the
error- 'correctilﬂ ﬂﬂ Fwsignal to be rewitten is changed when
first or second itten. Consequently, it is possible to
adjust the error-correcting capability of the signal to be rewitten.
the first signal is a video signal and the second
signal is an audio signal.
9. A digital signal recording and reproducing
method of claim 7, wherein

the first signal is an audio sigpal and the second

signal is a subcode signal.

10. A digital signal recording and reproducing
method of claim 7, wheréin |

when the second sign#l is rewritten, the error~6bré
recting-eAcoded audio signal is recorded substantiall& in

the track in which the second signal is recorded.

11. A digital signal recording and reproducing
method of claim 10, wherein
the first signal is a video signal and the second

'signal is an audio signal.
12. A digital signal recording and reproducing
method of claim 10, wherein

the first signal is an audio signal and the second

signal is a subcode signal.
13. A digital signal recording and reproducing
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In-the digital signal recording and reproduci ng nethod according to a tenth
enbodi nent of the_invention, the code | ength of error-correctlng code for
"the signal to be rewitten in the ni nt h enbodi nent i s Shortened:

Consequent |y, the Sincmme:“ ii ot rewrtreen can be =t il iR
l,' * € L M 0§ %

method for dlgltally recording a first and a second 51gnals

in tracks on a magnetic tape, wherein

the first and second signals are error-correcting-
encoded, respectively, an& recorded in the tracks and when
either the first or the second signal is rewritten, the
error—éorrecting-code length ;f the signal to be rewritten

is changed.

14. A digital signal recording and reproducing
method of claim 13, wherein
the first signal is a video signal and the second

signal is an audio signal.

15. A digital signal recording and reproducing
method of claim 13, wherein
the first signal is an audio signal and the second

signal is a'subbode signal.

16. A digital signal recording and reproducing
method of claim 13, wherein
the error-correcting code length of the signal to be

rewritten is shortened.

'17. A digital signal recording and reproducing

method for digitally recording a video and an audio signals
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- 14 - In the digital signal recording and reproducing nethod of
an el eventh enbodi nrent of the invention, the first and

t he seventh, eighth and ni nth enbodi mant are a video si Emmmllﬁmmmw
si gnal respectlvel dord ion c éé)fgmagép Fs “adsidgned to

t he error-correctllrhé"rc%c for 3 TPMR 5| o I'pr ove t he
error-correcting capaliuring onornslame@or iMaI the video and audio

signals are error-correcting-encoded ‘'separately, and
recorded, and during post-scoring audio recording, the

5  audio and INDEX signals are error-correcting-encoded
i @ lump and recorded. e

| 18. In a digital signal recording and
reproducing method for digitally recording video and

audio signals in tracks on a magnetic tape, during

10 normal recording, the video and audio signals are
error-correcting-encoded in a lump and recorded, and
during post-scoring audio recording, the audio and
INDEX signals are error-correcting-encoded in a lump
and recorded. _

15 19. Apparatus for recording and/or reproducing
continuous video'and audio signals using a recording
medium for storing a recording in a predetermined
format, wherein the apparatus is suitable for use with
a recording medium format in which a predetermined

20 region is recorded selectively either with high-
frequency video data or audio data.

20. Apparatus for recording and/or reproducing
continuous video and audio signals using a recording
medium, the apparatus being suitable for use with a

25 recording medium storing a recording. in groups of

tracks, each group comprising a plurality of tracks

' storing video data in a first format, and at least one
track storing audio data in a second, different
format. _

30 21. Signél recording apparatus suitable for use
with a recording medium storing a recording in a
predetermined format including at least two contiguous
regions storing respective types of data, the
apparatus being operable to post-record data in one of

35 said regions in such a way that the regions become

- separated.

-

il
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Furt her enbodi nments and features of the invention wll nore fully be
. apparent fromthe follow ng detailed description with acconpanying

dr awi ngs. BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. 1is a-
schematic bl ock di agram showi ng the configuration of a conventional D 2

systemdigital VTR Fig. 2 is a diagramshowi ng a tape format of a

ABSTRACT OF THE DISCLOSURE

A digital VTR for recording the daﬁa Qf one-frame of
collectively error-corfectihg—encoded video and audio sig-
nals in N pieces of tracks during normal recording and for
recording the data of collectively error-correcting-encoded
video and audio signals in (N-1) pieces of trécks and the
data of error-correcfion-encoded post-scoring audio signal
in the remaining one track exclusively for post-scoring dﬁr-

ing post-scoring audio recording.
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conventional D2 systemdigital VIR | Fig. 3 is a schematic bl ock
di agram show ng the configuration of another conventional D2 system
digital VIR Fig. 4 is a diagram showi ng an error-correcting code
format of -a conventional D2 systemdigital VIR Fig. 5is a
schematic bl ock di agram showi ng a configuration in an enbodi mrent of a
digital VIR according to the pre:sent I nventi on.
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- 15 - Fig. 6 is a diagramshowilg a tape format of a digital VIR
according to the present invention. Fig. 7 is a schematic bl ock
di agram showi ng a configuration in another enbodiment of a digital VIR

Fig. 2
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according to the present invention. ?5Fig. 8 is a diagram show ng
anot her tape format of a digital VIR according to the present invention.
Fig. 9 is a diagram showi ng an error-correcting code format of a digita

VTR according to the present invention. Fig. 10 is a di agram show ng
still another tape format of a digital VI®maccording to the present
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I nventi on. Fig. 11 is a diagran1shoﬂ%ng anot her tape format of a
digital VIR according to the present invention. Fig. 12 is a diagram
showi ng anot her error-correcting code format of a digital VIR according to

the present invention.

Fisg. 4
Prior Alrt

D2 FORMAT

85 8
VIDEO DATA -
64 INNER
+ID - |copE
PARITY
4 OUTER CODE PARITY
85 8
8 AUDIO DATA | yneR
| CODE
_ PARITY
|4 OUTER CODE PARITY

heet Has Been Replaced

T \ll IR



Referring to
be

i nvention wll

(First preferred embodi ment)

t he present

her ei nafter

DESCRI PTI ON OF THE PREﬁEhRED EMBODI MENTS

preferred enbodi nents of

16 -
t he draw ngs,

descri bed i n detai

.GM.SO o1anyv
Le

IMV._.DO 0341A
9¢

.lw NI ol1anvy
) |

305530084
L5 | on19n008A3Y
¢¢ ™ 0l1anv| |€2
ON 140951504
i .Mw;.&\
- a
405$3008d [0
40553003
617 [Noiryinaont- RIS g2
30 VL1910
. 11910 v/
- N 1 1 7d
12 Z
2
g 0¢ rSossaoong
TND 1 §
el L o~ BN10¥023d
| 01any
-5\ (o ON | 4095150 y
*
= v
S~ ssa0000 40533003¢ 7
m.— m. zo_H<JDcoz+uwz_omOoum v
—0 o— T WLI91¢ WLI91d a4
I_lom wo..|l | \ ~ =
2l oL g~ L : e”

NI O3Ql1A
i

G "8

=

laced

This Sheet Has Been R



ment

In Fig.5 nuneral

Fig.5is a schematic bIon di agram show ng an enbodi -

of home digital VIR according to the present invention.

1is an input termnal for a video signal
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and*via the input termnal 1, the anal og—lvi deo signal is supplied to an
Al D converter 3, and the A/D converter 3 converts the signal to a digital
signal and outputs the signal to a digital recording signal processor 5.
On the other hand, nuneral 2 is an jnpuit.Okrmnal for an audio signal,
and via the input terminal 2, the angyg adlio signal is supplied to an
A/ D converter 4, and the A/ D con- veiter 4 converts the signal to a

di gital signal and out put g=—ttre—srgret—t-o—ttre— g.m'l recordi ng signal

processor 5 and a © SELECTOR SWITCH
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post -scoring audi o recording signal procégsor 6. The post- scoring audio
recordi ng signal processor 6 sends dumry data to the digital recording
signal processor 5 during normal recording and the audio signal for
post-scoring to the digital recording signal processor 5 during
post-scoring audio recording. The digital recording signal processor 5
assigns error-correcting codes to the video and audio sig- nals in a lunp
and outputs the error-correcting-encoded signal to a digital nodul ation
processor 7. The digital o

Fig. 8

—
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recordi ng signal processor 5 separately éitracts hi gh-fre- quency
conponents fromthe input video signal using, for exanple, a band limting.
filter. The digital nodulation processor 7 perfornms digital nodul ation and

ot her processing

Fig. 8
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- 18 - and outputs the processed sigm@l to recording AWPs 8, 9. The
recording AMPs 8, 9 anplify the input signal. The anplified signal is
distributed to four recording and repro- ducing heads 14, 15, 16, 17 via
recordi ng/ reproduci ng selec- tor switches 10, 11 and via head sel ector
switches 12, 13, and is recorded on a magnetjc tape (not shown). Nunerals
18- 27 shom/conponents of the reproduction unit and reproduc i ng AMPs 18,
19 anpllfy t he reproduced signal which is

VIDEO DATA

ECTION DATA

uD
NSPECTION DATA
AUDIO DATA

o

MAGNETIC TAPE

. ﬂmsmmHmbnRﬂ

AR




reproduced by recordi ng and reproducinblheads.14, 15, 16, 17 and is
supplied via switches 12, 13 and 10, 11, and output the anplified signals
to a digital denodul ation processor 20. The digital denodul ati on processor
20-perforns digital denodul ation and other processings and outputs the
processed signal to a digital reproducing signal processor 21. The

digital reproducing signal processor 21 performs processings such as
error-correcting-encodi ng and outputs the video signal of the normnal
signal string to a D/A converter 24,

CDUOJ

| CTION DATA
DIO DATA

TRACK(a)  TRACK(b)
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while it outputs the audi o signal tanA converter 25 via a post-scoring
selector switch 23 during normal recording and via the post-scoring audio
reproduci ng signal processor 22 and the post-scoring audio selector swtch
23 during post-scoring audio recording. The D/A converter 24 converts the
I nput signal to the original analog video signal and outputs it via an

output term nal 26. The D/ A converter 25 converts the input signal to the

origi nal anal OF'&‘U(E.O"] 2( a)

ERROR—CORRECT ING CODE
DURING NORMAL RECORDING
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Fig. 12(b)
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- 19 - signal and outputs it via an|@utput terninal 27. Fig.6
shows an exanple of a tape format of a digi.tal VIR according to the

present invention. As shown in Fig.®6,

<:> INDEX DATA
TRACK (b)

GAP 1 //<
ATF
TRACK ( a)

<€ g <
wERE e
= g = =
o >
: % =0 iy
' —o— Qo
= - S~ 2=
o = O O i+
O LJ w
oy Ow o a
o  qa o o
- P~ @ Z
> = = =
m Cj -
" - L
* g Q
=
[+ 4] = =
L
i She‘ii ﬁf‘iﬁiﬁfﬁ“



In t+he system according to the presenﬂLfnvention, the video signal and the
four-channel audio signal are digitally recorded in a track tilted in the
| ongi tudi nal direction of a magnetic tape in the same nanner as in the
conventional case, but in the present system 10 tracks are provided for
.the tine required for one frame of video signal, the video signal and the
t wo- channel audio signal are divided and ar-- ranged in-the nine tracks,
and in the remaining one track, the two-channel audio signal and a reserve
si gnal (hereinaf-

Fig. 14
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ter, called "reserve data") are arrangbﬁ;to be recorded. An
for tape

si gnal
set

for recording of control
signal") and I NDEX signal- is
Fig.5, ‘operations wll
I s described. The
guan- tized to 8-bit digita
(14.318 MHz) at the A/D converter
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signal supplied to the input termnal|g is quantized to 16- bit digital
signal at 48 kHz at the A/D converter 4. In Fi.g. 5, the audio signal input
is shown in one channel for sinplification but, in practice, there are
t wo- channel audio '
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- 20 - i nputs. The video signal and ;?hannel audi o signal which are
digitized are supplied to the digital flofmare supplied to the digital
recordi ng signal processor 5. On the other hand, at the post-scoring
audi o recording signal processor 6, dumry data is forned and i s sent to
the digital recording S|gnal processor 5 as nornal recordlng S

per f or med.

Fig. 17
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At.the digital recording signal procesg%® 5, the video signal is

| mge-conpressed to reduce the data rate of video signal and necessary
ti me- base processing is perforned on inmage-conpressed video signal and.
2-ehannel audio signal, which then are divided and arranged in the
designated nine tracks of the ten tracks per one frame. To the remaining
one track, the dummy data input through the post-scoring audio recording
signal processor 6 or data of gh-frequency conponents extracted fromthe
above- nenti oned vi deo -si gnal '
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at .the digital recording signal proce Q?r 5 is arranged. By the way,

whet her to arrange the dumry data inpdt‘through the post-scoring audio
recordi ng signal processor 6 or-the data of high-frequency conponent
extracted fromthe above-nen- tioned video signal to the remaining one
track is decided by the imge quality selector key (not shown) and the

I nforma- tion about which signal is arranged is recorded with the | NDEX
signal flag. In addition, an error-correcting code is assigned to each
track. The data strlng to mhlch t he error-

Fig. 19
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- 24 -

nmodul ation processor 7.

i

correcting code is assigned i 2®ent out to the digita

Fig. 20
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By.integrating video and audio signal @ {luring normal recording as

descri bed above and performng error-correct- ing-encoding in which the
erfor-correcting codes is assigned to the overall integrated data
si ful taneously, it is.possi- ble to formcodes with better encoding

efficiency and higher - correcting capability conpared to the conventi onal
process in which the error-correcting code is assigned separately to
video and audio signals. Particularly, since the video signal has |arger
vol unme-of data than audio signal, this .
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TITLE OF THE INVENTION
DIGITAL SIGNAL RECORDING AND REPRODUCING APPARATUS

AND DIGITAL SIGNAL RECORDING AND REPRODUCING METHOD

BACKGROUND OF THE INVENTION
Field of the Invention

This invention relates to a rotary head type digital

' signal recording and reproducing apparatus and to a digital

signal recording and réproducing method for digitally re-

cording the video and audio signals on a magnetic tape.
: 3

Déscription of related art

| Co;ventionallf, various systems of rotary head type
digital signal recording and reproducing apparatus have been
developed. As a typical example of such apparatuses, a
di;ital VTR for broadcasting service known as D-2 system
wiil be given an explanation hereinafter.

Fig.l is a schematic block diagram showing one example
of D-2 éystem digital VTR. In the figure, numeral 101 is an
input'terminal for video signal, via which an analog video
signal enters an A/D converter 103, thch converts the
signal to a digital signal and outputs it to a digital
recording signal processor 105. On the other hand, numeral
102 is an input terminal for audio signal, via which an
analog audio signal enters an A/D converter 104, which con-

verts the signal to a digital signal and outputs it to the
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tording and reproduci ng heads 14, 15, 16, 17, respectively, by head _
sel ector switches 12, .13 and recordi ng/ reproducing selector sw tches 10,
11, and are recorded on a magnetic tape in accordance with the tape format
- shown in Fig.6. Si gnal reproduction is perforned as foll ows. The

-2 -

digital recording signal processor 105. The digital record-
ing signal processor 105 carries out error-correction encod-
ing, digital modulation, etc. and outputs the processed
signal to recording AMPs 1b6, 107. The recording AMPs 106,
107 amplify input signals. The amplified signal is distrib-
uted to four recording and reproducing heads 112, 113, 114,
and 115 via recording/reproducing selecting switches 108,
109 and via head selection switches liO, 111 and is recorded
on a magnetic tape (not shown). Numerals 116-122 show
coﬁponents of reproducing part, and reproducing AMPs 116 and
117 amplify signals which are reproduced on recording and
reproduciné heads 112, 113, 114, 115 and are transferred
through switches 110, 111 and through switches 108, 109, and
then, output the amplified signal to a digital reproducing
signal processor 118. The digital reproducing signal proc-
essor 118 carries out digital demodulation and error-correc-
tion decoding etc., and outputs video and audio signals of
normal signal strings to D/A converters 119 and 120. The
D/A converter 119 converts the input signal to the original
analog video signal apd outputs it via an output terminal
121. The D/A converter 120 converts the input signal to the
original analog signal and outputs it via an output terminal
122.

Fig.2 shows a tape format of D-2 system digital VTR.

As shown in Fig.2, in the D-2 system, a cue, time record,
This is the replacement shest
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i .22 signal reproduced by recordi ng and reprodu0|ng heads 14, 15, 16,
17 is passed t hrough head sel ector switches 12, 13 and  through '
recordi ng/ reproducing switches 10, 11, anpllfled at reproduci ng ANPs 18,
19, and then, supplied to the digital denodul ation processor 20. At the
di gital denodul ation processor 20, the ATF signal is extracted from each
track

- 3 -

and control tracks are provided in the longitudinal direc-
tion of the magnetic tape. On the track tilted in the
longitudinal direction of the magnetic tape, video and audio_'
signals are digitally recorded. The audio signal'is ar-
ranged in a total of four channels; the video signals is
sandwitched by four channels with two channels on either
side.

Referring now to Fig.l, operations will be described
in detail hereinafter. A composite video signal supplied to
the input terminal 101 is sampled at quadruple subcarrier
frequency (14.318 MHz) and is converted into the digital
signal of-8 quantized bits (at the A/D converter 103). The
audio signal supplied to the input terminal 102 is sampled
at 48 kHz and is converted into the digital signgl of 20
quantized bits (at the A/D converter 104). In the figure,
for simplification, the audio signal input is represented by
one channel but, in practice,.four channel audio signal is
supplied. The digitized video and four-channel saudio sig-
nals are supplied to the digital recording signal processor
.105. At the digital recording signal processor 105, the
video and four-channel audio signals are time-base-processed
and at the same time error-correcting codes are assigned to
these signals in accordance with the format. The error-
correcting codes are separately assigned to the respective

video and four-qhannel audio signals. The digital recording

This is the replacement sheet

pate: 04 JUL 1995.



sand sent out to the servo circuit: (not: shown) while the data- string of
éach track is digital-denodul ated. The digitally denodul ated data.string

~is sent to the digital reproducing signal processor 21. At the
digital reproducing signal processor 21, error- correcting processing is
performed on the digital -denodul at- ed data string to be entered. In
addition, the video signal and 2-channely audio signal are extracted from
designated nine tracks out of a 10-track unit, and at the sane tine,

signal processor 105 further performs digital modulétion
processing in accordance with a specified modulation system.
The output signal of digital recording signal processor 105
is distributed to the recording and rep;oducing heads 112,
113, 114, and 115, respectivéiy, by thé-head selection
'switches 110 and 111 via recording AMPs 106, 107 as well as
recording/reproducing selecting switches 108, 109, and is
"recorded on a magnetic tape in accordance with the tape
format shown in Fig.2. In this system, the data rate after
the error-correcting code assigning is 127 Mbit/sec, and in
terms of video signal, the data for 1 field is divided to be
recorded in 6 tracks.

The recorded signal is reproduced as follows. The
signal reproduced by the recording and reproducing heads
112, 113, 114, 115 enters to the digital reproducing signal
processor 118 after being'passed.through head selection
switches 110 and 111 as well as recording/reproducing se-
lecting switches 108 an 109 and amplified by the reproducing
AMPg 116, 117. The digital reproducing signal processor 118
performs digital demodulation and error-correction decoding
and the signal is decoded into the normal video signal data
string -and the 4-channel audio signal data string to be
outputted. The output signal of digital reproducing signal
processor 118 is returned to the original video and 4-chan-

nel audio signals by the D/A converters 119, 120 and output-
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‘when*the I'NDEX-signal indicates that post-scoring audio data is recorded,
the data of the remaining one track of a 10- track unit is sent out to
post-scoring audi o reproducing signal processor- 22. The extracted video
gignal is restored to the original video signal by conpression-restoration
processi ng. Wien the | NDEX signal indicated high-frequency conponent data
of video signal is recorded, the data of:the remaining one track of a
10-track unit and this conpression- reé%ored video data are added to
restore the original video

ted via the output terminals 121, 122.

Fig.3 shows a schematic block diagram showing another
conventional configuration of D-2 system digital VTR.
Numeral 201 in the figure is an A/D converter which converts
analog video and 4-channel audio signals into digital sig-
nals, respectively. A video signél processor 202, first
audio signal processor 203a, second audio signal proéessor
203b, third audio signal processor 203c, and fourth audio
signal processor 203d sample an output digital signal from
each A/D converter 201 at a specified frequency and output
it to corresponding first digital signal processor 204a and
second diéital signal processors 204b, 204b, 204b, 204b.
Each of the digital signal processors 204a, 204b assigns
error-correcting codes to the signal and then outputs it to
a digital signal processor 206 via a switch 205. The digi-
tal signal processor 206 performs digital modulation proc-
essing on the input signal and then outputs the signal to a
recording AMP 207. The recording AMP 207 amplifies the
input signal. .The amplified signal is recorded on a magnet-
ic tape (not shown) by a recording and reproducing head 209
via a recording/reproducing selector switch 208. Numeral
210 is a reproduction unit which is so configured that the
process is carried out in reverse sequence to that in the
recording unit and therefore, the internal configuration of

which is omitted.

This is the replacement shest

Date: 04 JuL 199



»signal. The extracted 2-channel audio signal is restored to

- 23 - the original 2-channel audio signal by a specified tine-base

Fa)

- 6 -

Because the D-2 system is standardizéd as a digital
VTR for broadcasting, azimuth recording is performed withouﬁ
a guard band between tracks in the D-2 format. As shown in
Fig.2, thé audio signal, video signal, and audio signal are
arranged in this order in ﬁhe head scanning direciion and
the audio signal is arranged in two channels each on the
either edges of the track, forming a total of four channels,
In the D-2 composite system, one iine of the video signal is
.made to contain 910 samples by sampling at 4 fsc, four times
the subcarrier. After the 768 samples excluding the hori-
zontal synchronizing signal are divided into two channels
with vertical syﬁchronizing signal being éxcluded, the
samples in 1/3 of tﬂe field of 85 lines are collected and
the order of 384 x 85 x 8 bit of data is rearranged by
shuffling. An error-correcting code is assigned to the data
and the data is recorded as a track pattern. Fig.4 shows a
format in which video signal area and audio signal area are
error-correcting-encoded. The pixel data of one field is
divided into three portions, separated into even numbered
sample§ and odd numbered samples and recorded in separate
tracks. One field consists of six tracks and the pattern
format of each track is identical.

Now, referring to Fig.3, operations are briefly ex-
Plained. The audio signal supplied to the input terminal is
converted into 20-bit digital signal by the A/D converter

. t
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pr.ocesdsi ng.

As descri bed above, by recordi ng high-frequency conpo-

nent data, which is a part of video signal, in other record- ing area than
that for normal video signal, higher inmage- quality video signal can be

r épr oduced.

At the post-scoring audi o reproducing signal processor

22, the input data fromthe digital reproducing signal processor 21 is
identified as dummy data. This identifica- tion process can determ ne that

there is no audi o data for

-7 =

201. Sampling is performed at 48-kHz. The error-correcting
codes are assigned separately to video signal and audio
signal at digital signal processors 204a, 204b, respective-
ly. Further, aﬁ the digital signal processor 206, digital
modulation proceséing is'pérformea in accordance with a
specified modulation format. Output of digital signal
processor 206 is passed through the recording AMP 207 as
well gs_recording/reproducing'selector 208, distributed to
the recording and reproducing head 209 by the head selection
switch {(not shown), and recorded on a magnetic‘tape in
accordance with a taﬁe format. In this system, the data
rate, after an error-correction code is assigned, is 127
Mbit/sec and in terms of video signals, the data of 1 field
is divided into 6 tracks to be recorded.

As described above, because in this format, the audio
signal is separately recorded in individual four channels,
editing can be performed independently for each channel. 1In
order to perform editing independently for each channel, a
t;ack-format in which the audio signal of one channel is
recorded as one area, in short, area dividing type track
format, is requiréd. Then, a gap between the areas is also
required. In addition, because the video and audio signals
differ in the data rate,lthe video signal area is large,
while the audio signal is smaller than the video signal

area. Consequently, in order to give the audio signal area
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post-scoring in this track. The configuration is designed to allowthe
~«post-scoring audio selector switch 23 to con- stantly select audio data
fromthe digital reproducing signal processor 21 by this judgnment. Thus,
consideration is given so that users can select and |isten to post-scored
*sound by post-scoring audio sel ector key (not shown) and that, if

- post-scoring sound is not recorded even when users select post-scoring
sound, normal sound is outputted auto-- gatically. If any post-scoring
audi o signal is recorded on

error correction capability equivalent to that of the video
- signal area, for example, in the D-2 format audio code (12,
8, 5) Reed-Solomon code may be so arranged that the codés-
keep an equal distance with each other as in video C2 code
(68, 64, 5) Reed-Solomon codes. Wherein,.(n, k, d) represent
the code length by n, information length by k, and thé
distance between codes by d. However, the equivalent error-
correcting capability méy be obtained but the encoding
efficiency becomes extremely poor; 8/12 for audioc signal a-
gainst 64/68 for video signal.
Because the digital VIR for broadcasting apparatuses
is config;red as described above, it has appropriate quali-
ties for business use such as high reliability, high picture
quality, high sound quality, and highly sophisticated edit-
ing. .Yet. on the other hand, because it.employs an area
dividing type format as described above, a gaps must be
provide& and in addition, when the equal error correcting
capabilities are given to both video and audio signals, the
encoding efficiency of audio signal decreases. In home
digital VTR, compactness and user-friendliness are strongly
required as is the case with presently available VTR's

equipped with a camera in the market.

SUMMARY OF THE INVENTION

One object of the present invention is to provide a

—
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,a magnetic tape, the input data fromthe digital reproducing signa
processor 21 contains 2-channel audio signals for post-scoring Therefore,
tinme-base processing is carried out at this post-scoring audio reproducing
signal processor 22 and the audio signal is restored to the original
2-channel audio signal for post-scoring to be sent out. It is also

-9 -
digital signal recording and reproducing apparatus {(digital
VTR) which achieves excellent encoding efficiency and can
perform audio signal editing.

Another object of the present invention is to provide
a digital signal recording and reproducing apparatus (digi-
tal VTR) which achieves compactness suited for domestic use
as well and is easy to operate.

In the digital signal recording and reproducing appa-
ratus according to the first invention, video and audio
signals are integrated and an error-correcting codes is
assigned to them collectively when video and audio signals
are digitally recorded in tracks on a magnetic tape.

According to the first invention, the digitized video
aqd audio ;ignals which are separately arranged in one track
are integrated and error-correcting codes are assigned to
the integrated data. Thus, error-correction-encoding is
effected. This process improves encoding efficieﬁcy of
audio signal, gives equal error-correcting capabilities to
video gnd audio signals, and makes it possible to form a
more compact system.

In the digital signal recording ‘and reproducing appa- -
ratus according to the second invention, at least one track

is designated as an exclusive tfack for post scoring when
video and audio signals of one frame are divided to be
recorded in plurality of tracks. Because at least one track

—_—
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1,24 ¢ possi bl e to deci de whet her. any post-scoring audi-a signal ‘is

recorded or not by setting a flag in | NDEX signal. The vi deo si gnal
sent out fromis digital reproducing signal processor 21 is D/ A-converted
by the D)A converter 24 to the original video signal. If no post-scoring

sound is selected by users using the post-scoring audio sel ector key,

- 10 -

is set exclusively for post-scoring in addition to tracks in
which video and audio signals are recorded.during normal
recording, the error-correcting code for the post-scoring
signal achieves the equivalent level to those for other
tracks, (and obtains the equivalent error correcting capa-
bility,) improving the encoding efficiency as well as making
post-scoring editing possible. Even if post-scoring audio
recording is repeated many times, the audio signal recorded
during normal recording is not erased and thus, operational
capability during post-scqring audio recording is improved.

In the digital signal recording and reproducing appa-
ratus according to the third invention, a part of video
signal extracted in the second invention is recorded in the
track designated for post-scoring during normal recording.
Consequently, because a part of video signal can be recorded
in an area different from the area where video signal is
normally recorded, video signal of better picture quality
can be recorded and reproduced.

.In the digital signal recording and reproducing method
of the fourth invention, video and audio signals which are
divided and arranged in one track are integrated an error-
correcting code is assigned to this integrated data. Refer-
ring to one track, there are only two recording areas,
permitting only one place to provide a gap; this improves

the recording efficiency. When the number of audio channels

e
—_—

as Been Rep‘aced This is the replacement sheet

i ' w04 LB



t he Zichannef audi o si gnal seht_Out fromthe digital repro- ducing-signalh
processor 21 is D/A converted by the DA converter 25 via post-scoring
audi o selector switch 23 and the original 2-channel audio signals is
reproduced. |If users select post-scoring sound by the post-scoring audio
sel ector key and the 2-channel audio signal for post-scoring is
repr oduced, the 2-channel audio signal for past-scoring sent out fromthe
post-scoring audi o reproduci ng signal -prLopcessor 22 is D/ A-converted by the
D/ A converter 25 via

is further increased for recording, error-correction codes

are assigned to another area to carry out recording. Thus,

encoding efficiency of audio signal is further improvéd, ﬁhe

_error-dorrection capabilities for video and audio signals

.are brought to the equal level, thereby making it possible

to form a more compact system.

In the digital signal recording and reproducing method
of the fifth invention, post-scoring audio signal is record-
ed in an area different from the main video recording area
after an error-correcting codes is assigned. The error-
correcting code of post-scoring audio signal becomes equal
to that of the main recording area and the encoding effi-
ciency can be improved with the error-correcting capabili-
ties being brought to the equivalent level, and at the same
time post-scoring editing is made possible. Even if post-
scoring audio recording fails, the audio signal recorded
during normal recording is not erased, improving operational
capability post-séoring audio recording.

. The digital signal recording and reproducing method
acésrding to the sixth invention, concerns the normal re-
cording at the fifth invention, wherein a part of the ex-
tracted video signal is recorded in an area different from
the main video recording area. Sinée a part'of video signal

is recorded in an area different from the main video record-

ing area. Since a part of video signal is recorded in an

H&Emmﬂhrmwd

TR T s h epacoment oo

Date: 04 JUL 19%



post-scoring audio selector swtch 23 and the original 2- channel audio
signal for post-scoring can be obtained. Though it is not shown in the
figure, the configuration is so designed that if no reproduced outputs are
obtained from reproducing AMPs 18, 19, the output video and audi o signals
are nut ed. Next, operation in post-scoring audio recording will be
descri bed. By operatlng a post-scoring recording key (not shown),

post - scorlng recordlng node i s obtai ned. lgy

area different from an area where video signal is normally
‘recorded, video signal of higher picture quality can be
recorded and reproduced.

In the digital signal recording and reproducing method
of the seventh invention, first and second signal are error-
correcting-encoded respecﬁively, and the inspection codes
are recorded in the tracks in a lump. A gap between first
and second signals in the track is ﬁo longer needed and the
encoding efficiency is improved.

In The digital signal recording and reproducing method
of the eighth invention, error-correcting-encoded audio
signal is ;ecorded in the vicinity of the track-in which the
second signal is recorded when the second signal is rewrit-
ten in the seventh invention. Therefore, it is possible to
perform rewritihg without changing error-correcting capa-
bility for the second signal.

In the digitai signal recording and reproducing method
of the ninth invention, first and second signals are sepa-
rately error-correcting-encoded and recorded in tracks, and
code length of the error-correcting code for the signal to
be rewritten is changed when first or second signals are
rewritten. Consequently, it is possible to adjust the
error-correcting capability of the signal to be rewritten.

In the digital signal recording and reproducing method:
according to. the tenth stage of the invention, the code

//
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operating a reproduci ng key (not shovvn) at a post-scoring
- 25 - recordi ng node, post- scorlng audlo recording starts after

- 13 -

length of errof-correcting code for thé signal to be rewrit-
ten in the ninth invention is shortened. Consequently, the
signal which is not rewritten can be stored, being kept
intact.

In the digital signal recoraing'and reproducing method
of the eleventh invention, the first and sécond signals in
the seventh, eighth, and ninth inventions are a video signal
and an audio signal, respectively. The portion correspond-
ing to the gap is assigned to the error-correcting code for
the audio signal to improve the error-correcting capability
of the audio signal.

In the digital signal recording and reéroducing method
of the twelfth invention, the fifst and second signals in
the seventh, eighth and ninth embodiment are an audio signal
and a subcode signal, respectively. The portion correspond-
ing to the gap is assigned to the error-correcting code for
the subcode signal to improve the error-correcting capabi-
lity of the subcode signal.

. In the digital signal recording and reproducing method
of the thirteenth invention, during normal recording, video
and audio signals are independently error—-correcting-encod-
ed, and are recorded in a track with a gap being set in it.
When post-scoring audio recording is performed, audio and
INDEX signals are error-correcting-encoded in a lump and are

recorded in a track. In this configuration, a gap between
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specitied tine. At post-scoring recording node, at the post-scoring audio
recordi ng processor 6, input two-channel audio signal is

ti me- base-processed and is divided and arranged in designated track of a
tgack array of 10 tracks. This data is sent to the digital recording

si gnal processor 5. By operating the reproducing key, a nmagnetic tape
begi ns runni ng. Running of a magnetic tapetis controlled, using the ATF
signal reproduced fromeach track. Video and

audio and INDEX signals is no longer needed and the encoding
efficiency is improved.

In the digital signal reco:ding and reproducing method
of the fourteenth invention during normal recording video
and audio signals are error-correcting-encoded in a lump and
recorded in a track, and when audio and INDEX signals are
rewritten during post-scoring sound recording the audio and
_INDEX signals to be rewritten are error-correcting-encoded
in a lump and recorded in a track. In this configuration,
the signal can be rewritten without deteriorating the error-
correcting capabilities of the portion to be rewritten and
without increasing redundancy.

The above and further objects and features of the
invention will more fully be apparent from the following

detailed description with accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig.l is a schematic block diagram showing the config-
uration of a conventional D-2 system digital VTR.

Fig.2 is a diagram showing a tape format of a conven-
tional D-2 system digital VTR.

Fig.3 is a schematic block diagfam showing the config-
uration of another conventional D-2 system digital VTR.

Fig.4 is a diagram showing an error-correcting code

format of a conventional D-2 system digital VTR.
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2-chanhnel - audi o signals reproduced from designated nine tracks of a track
array of 10 tracks are signal-processed in the same manner as in nor mal
reproduction and the reproduced video signal is outputted through the
output terminal 26. After the reproducing key is operated, post-scoring
audio recording is resuned froma specified position of a magnetic tape.
The two-channel audi o signal for post-scdilng sent out fromthe
post-scoring audi o recordi ng processor 6 is signal

Fig.5 is a schematic block diagram showing a configu-~-
ration in an embodiment of a digital VTR according to the
present invention.

Fig.6 is a diagram showing a tape format of a digital
VTR according to the present invention.

Fig.7 is a schematic block diagram showing a configu-
ration in another embodiment of a digital VTR according to
the present invention.

Fig.8 is a diagram showing another tape format of a
‘digital VTR according to the present invention.

Fig.9 is a diagram showing an error-correcting code
format of-a digital VTR according to the present invention.

Fig.10 is a diagram showing still another tape férmat
of a digital VTR according to the present invention.

Fig.11 is a diagram showing another tape format of a
digital VTR according to the present invention.

Fig.12 is a diagram showing'another error-correcting
code format of a digital VTR according to the present inven-
tion. .

| Fig.13 is a diagram showing still another tape format
of a digital VTR according to the present invention.

Fig.14 is a diagram showing a further tape format of a
digital VTR dufing normal recording according to the present
invention. |

Fig.15 is a diagram showing still further tape format
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Been Re‘laced This is the replacement sheet

i T



processed as in normal-recording at the digital recording signal processor -
5 and digital nodul ation processor 7 and is supplied to the recording AWP
9. The two-channel audio signal is overwitten to be recorded in a
designated track of a track array of 10 tracks on a magnetic tape by
changing over properly either recording/reproducing selector switch

- 16 -

of a digital VTR durihg post-scoring audio recording accord-
ing to the present invention.

Fig.16 is a diagram showing another error-correcting
code format of a digital VTR during normal recording accord-
ing to the present invention.

Fig.17 is a diagram showing another error-correcting
code format of a digital VTR during post-scoring audio
recording according to the present invention.

Fig.18 is a diagram showing another tape format of a
digital VTR during normal recording according to the present
invention.

Fig.ié is a diagram showing still another tape format
of'a digital post-scoring audio recording VTR according to
the present invéntion.

Fig.20 is a diagram showing still another error-cor-
recting code format of a digital VTR during normal recording
according to the present invention.

Fig.21 is a diagram showing another efror—correcting
code format of a digital VTR during post-scoring audio

recording according to the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
Referring to the drawings, embodiments of the present

invention will be described in detail hereinafter.

(First embodiment)
This is the replacement sheset
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2,26 - 11 and head sel ector switch 13. Thus, post-scoring audio-
recordi ng can be effected.- When DCT (Discrete Cosine Transform
encoding is used as inmage conpre55|ng systemto reduce video data rate to
about 25 Mops, and when a systemin which the error-

- 17 -

Fig.5 is a schematic block diagram showing an embodi-

. ment of home digital VTR according to the present invention.
In Fig.5, numeral 1 is an input terminal for a video signal,
and via the input terminal 1, the analog video signal is
supplied to an A/D converter 3, and the A/D converter 3
converts the signal to a digital signal and outputs the
signal to a digital recording signal processor 5. On the
other hand, numeral 2 is an input terminal for an audio
signal, and via the input terminal 2, the analog audio
signal is supplied to an A/D converter 4, and the A/D con-
verter 4 converts the signal to a digital signal and outputs
the signal to the digital recording signal processor 5 and a
post-scoring audio recording signal processor 6. The post-
scoring-audio récording signal processor 6 sends dummy data
to the digital recording signal processor 5 during normal
recording and the audio signal for post-scoring to the.
digital recording signal processor 5 during post-scoring
audio recofding. The digital recording signal processor 5
assigné error-correcting codes to the video and audio sig-
nals in a lump and outputs the error-correéting-encoded
signal to a digital modulation proceésor 7. The digital
recording signal processor 5 separately extracts high-fre-
quency components from the input video signal using, for
example, a band.limiting filter. The digital modulation

processor 7 performs digital modulation and other processing
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correc¢ting code is assigned independently to the video signal and -

t wo- channel audio signal, as in a conventional system is enployed,

recording data rate after error- correcting code assigning reaches about.

38 Mops. On the other hand, according to the systemin the first

enbodi nent, recording-data rate of about 38 Mps, the simlar level that

can be achieved with the conventional system can be achieved even when

vi deo and two-channel audio signals during normal recording are integrated

with the error-cor- ' - 18 -
and outputs tﬁe processed signal to recording AMPs 8, 9.
The recording AMPs 8, 9 amplify the input signal. The
amplified signal is distributed to four recording and repro-
ducing heads 14, 15, 16, 17 via recording/reproducing selec-
tor switches 10, 11 and via head selector switches 12, 13,
and is recorded on a magnetic tape.(not shown). Numerals
18-27 show cgmponents of the reproduction unit and reproduc-
ing AMPs 18, 19 amplify the reproduced signal which is
reproduced by reéording and reproducing heads 14, 15, 16, 17
and is supplied via switches 12, 13 ahd 10, 11, and output
the amplified signals to a digital demodulation processor
20. The digital demodulation processor 20 performs digital
demodulation and other processings and outputs the processed
signal to a digital reproducing signal processor 21. The
digital reproducing signal processor 21 performs processings
such as error—correcting—encoding and outputs the video
signal of the normal signal string to a D/A converter 24,
while it outputs the audio signal to a D/A converter 25 via
a post;scoring selectér switch 23 during normal recording
and via the post-scoring audio reproducing signal processor
22 and the post-scoring audib selector switch 23 during
post-scoring audio recording. The D/A converter 24 converts
the input signal to the original analog video signal and

outputs it via an output terminal 26. The D/A converter 25

converts the input signal to the original analog audio
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recting code assigned to them and then, the two-channel audio signal for
post-scoring, which is integrated with the reserve signal with the
error-correcting code assigned to them are added. Unl i ke appar at uses
for business use, in apparatuses for private use, user-friendliness is
essential. Conse- quently, audio signal is not necessarily recorded and
repro- duced channel by channel and may be recorded and reproduced by the
unit of two channel s. _ 19 -

signal and outputs it via an output terminal 27.

Fig.6 shows an example of a tape format of a digital
VTR according to the present invention. As shown in Fig.6,
in the system according to the present invention, the video
signal and the four-channel audio signal are digitally
recorded in a track tilted in the longitudinal diréction of
a magnetic tgpe in the same manner as in the conventional
case, but in the present system, 10 tracks are provided for
the time required for one frame of video signal, the video
signal and the two-channel audio signal are divided and ar-
ranged in ‘the nine tracks, and in the remaining one track,
the two-channel audio signal and a reserve signal (hereinaf-
ter called "reserve data") are arranged to be recorded. An
area designated for recording of control signal for tape
feed (herginafter called "ATF signal") and INDEX signal is
set in each track.

Now referring to Fig.5, operations will be described.
First, operations in nornial recording is described. The
composite signal supplied to the input terminal 1 is quan-
tized to 8-bit digital signal at quadruple subcarrier fre-
quencies (14.318 MHz) at the A/D converter 3. The audio
signai supplied to the input terminal 2 is quantized to 16-
bit digital signal at 48 kHz at the A/D converter 4. In
Fig. 5, the audio signal input is shown in one channel for

simplification but, in practice, there are two-channel audio
This
S is the replacement sheet
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I'n this enbodi nent, video and audio signals for one frame are divided and
arranged in a track array of 10 tracks '
-27 -

»

- 20 -

inputs. The video signal and 2-channel audio signal which
are digitized are supplied to the digital férm are supplied
to the digital recording signal processor 5.

On the other hand, at the post-scoring audio recording
signal processor 6, dummy data is formed and is sent to the
digital recording signal progessob 5 as normal recording is
performed.

At the digital recording signal processor 5, the video
signal is image-compressed to reduce the data rate of video
signal and necessary time-base processing is performed on
image-compressed video signal and 2-channel audio signal,
which then are divided and arranged in the designated nine
tracks of the ten tracks per one frame. To the remaining
one track, the dummy data input through the post-scoring
audio recording signal processor 6 or data oflgh-frequency
components extracted from the above-mentioned video signal
at the digital recording signal processor 5 is arranged. By
the way, whether to arrange the dummy data input through the
post-scoring audio recording signal processor 6 or the data
of high-frequency component extracted from the above-men-
tioned video signal to the remaining one track is decided by
the image quality selector key (not shown) and the informa-
tion about which signal is arranged is recorded with the
INDEX signél flag. In addition, an error-correéting code is

assigned to each track. The data string to which the error-
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but vi'deo and audi o signal for one frame may be divided and arranged in a
track array of N tracks (N represents a posi- tive integer) dependi hg on

the type of

i nput video signal (for exanple, NTSC, PAL, etc.) or

el-ectromagnetic perform ance of nagnetic tape and magneti c head. In
this enbodi nent, one track out of a track array of 10 tracks is designated
as a track exclusively for post- scoring but plurality of tracks may be

desi gnat ed.

According to this first ggbedi ment, since during

correcting code is assigned is éént out to the digital
modulation processor 7.

By integrating video and audio signals during normal
recording as described above.and performing error-correct-
ing-encoding in which the error-correcting_codes is assigned
to the overall integrated data simultaneously, it is possi-

ble to form codes with better encoding efficiency and higher

correcting capability compared to the convgntional process

in which the error-correcting code is assigned separately to
video and audio signals. Particularly, since the video
signal has larger volume of data than audio signal, this
configuration is extremely effective for the audio signal.
At the digital modulation processor- 7, the INDEX
signal is assigned to each track of the data string sent out
from the digital recording signal processor 5, while digital
modulation is performed in accordance with a specified
modulation system. In addition, to each track of the digi-
tal-modulated data string, the AFT signal is assigned.
Tﬁe output signal of the digital modulation processor
7 is passed through recording AMPs 8, 9, distributed to.re-
cording and reproducing heads 14, 15, 16, 17, respectively,
by head selector switches 12, 13 and recording/ reproducing
seleétor switches 10, 11, and are recorded on a magnetic
tape in accordance with the tape format shown in Fig.#6.

Signal reproduction is performed as follows. The
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normal* recodi ng, the video signal is recorded together with the

t wo- channel audi o signal and during post-scoring audio recording, the

t wo- channel audio signal is recorded in a track designated for
post-scoring audio recording, even if wusers fail in post-scoring audio
recordi ng, the two-channel audio signal recorded during normal recording
Is not erased, allow ng users to repeat post-scoring audi o recordi ng over
and over, a systemfriendly to users can be constructed.

- 22 -

sigpal reproduced by recording and reproducing heads 14, 15,
16, 17 is passed through head selector switches 12, 13 and
through recording/reproducing switches 10, 11, amplified at
reproducing AMPs 18, 19, and then, supplied to.the digital
demodulation processor 20. Aﬁ the digital demodulation
processor 20, the ATF signal is extracted from each track
and sent out to the servo circuit (not shown) while the data
string of each track is digital-demodulated. The digitally
demodulated data string is sent to the digital reproducing
signal processor 21.

At the digital reproducing signal processor 21, error-
correcting processing is performed on the dig;tal—demodulét-
ed data string to be enteréd. In addition, the video signal
and 2-channel audio signal are extracted from designated
nine tracks out of a 10-track unit, and at the same time,
when the INDEX signal indicates that postfscoring audio data
is recorded, the data of the remaining one track of a 10-
track unit is sent out'to post-scoring audio reproducing
signal processor 22. The extracted video signal is restored
to the original video signal by compression-restoration
processing. When the INDEX signal indicated high-frequency
component data of video signal is recorded, the data of the
remaining one track of a 10-track unit and this compression-
restored video data are added to restore the original video
signal. The extracted 2-channel audio signal is restored to
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(‘Second "enbodi nent) Fig.7 is a schematic bl ock di agram show ng
another configuration of a home digital VIR according to the present -
invention, while Fig.8 is a diagramshowing a tape format in accordance
with the enbodinent. First of all, during normal recording of video/audio
signals, the video signal is sup-

- 23 -

the original 2-channel audio signal by a specified time-base
processing. .

Aé described above, by recording high-frequency compo-
nent data, which is a part of video signal, in other record-
ing area than that for normal video signal, higher image-
quality video signal can be reproduced.

At the post-scoring audio reproducing signal processor
22, the input data from the digital reproducing signai
processor 21 is identified as dummy data. This identifica-
tion process can determine that there is no audio data for
post-scoring in this track. .The configuration is designed
to allow the post-scoring audio selec;pr switch 23 to con-
stantly select audio data from the digital reproducing
signal processor 21 by this judgment. Thus, consideration
is given so that users can select and listen to post-scored
sound by post-scoring audio selector key (not shown) and
that, if post-scoring sound is not recorded even when users
select post-scoring sound, normal sound is outputted auto-
mafically. If any post-scoring audio signal is recorded on
a magnetic tape, the input data from the digital reproducing
signal processor 21 contains 2-channel audio signals for
post-scoring Therefore, time-base processing is carried out
at this post-scoring audio reproduéing signal processor 22
and the audio signal is restored to the original 2-channel

audio signal for post-scoring to be sent out. It is also

placement shee!
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- 28 - plied to a video signal processor 52 via an A/ D converter 51,
sanpled at 4 fsc, tine-base-processed, data-conpressed by DCT if
conpression is needed, and then, outputted to a first digital signal
processor 54a. In the nmeantine, the audio signal passed through an A/D
converter 51 is sanpled '

- 24 -

possible to decide whether any post-scoring audio signal is
recorded or not by setting a flag in INDEX signal.

The video signal sent out from is digital reproducing
signal processor 21 is D/A-converted by the D/A converter 24
to the original video signal. If no post-scoring sound is
selected by users using the post—scéring audio seléctor key,
the 2-channe; audio signal sent out. from the digital repro-
ducing signal processor 21 is D/A converted by the D/A
cdnverter 25 via post-scoring audio selector switch 23 and
the original 2-channel audio signals is reproduced. 1If
users select post-scoring sound by the post-scoring audio
selector key and the 2-channel audio signal for post-scoring
is reproduced, the 2-channel audio signal for past-scoring
sent out from the post-scoring audio reproducing signal
processor 22 is D/A-converted by the D/A converter 25 via
post-scoring audio selector switch 23 and the original 2-
channel audio signal for post-scoring can be obtained.
Though it is not shown in the figure, the configuration is
so designed that if no reproduced outputs are obtained from
reproducing AMPs 18, 19, the output video and audioc signals
are muted.

Next, operation in post-scoring audio recording will
be described. By operating a post-scoring recording key
(not shown), post-scoring recording mode is obtaidéd. By

operating a reproducing key (not shown) at a post-scoring
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and digitized at a first audio signal processor 53a and out- putted to the
first digital signal processor 54a. At the first digital signal processor
54a, the video and audio signals are integrated and the error-correcting
code is assigned to themcollectively. The error-correcting-encoded data
is recorded as magnetized pattern in area A on a mag- netic tape shown in
Fig.8 by a recording and reproducing head 59 via a swtch 55, a digital
modul ati on processor 56, a recording AVP 57, and a recording/reproduci ng
sel ector - 25 -

recording mode, post-scoring audio recording starts after a
specified time. At post-scoring recording mode, at the
post-scoring audio recording processor 6, input two-channel
audio-signal is time-ﬁase-processed and is divided and
arranged in designated track of a track array of 10 tracks.
This data is sent to the digital recording signal processof
5.

By operating the reproducing key, a magnetic tape
begins running. Running of a magnetic tape is controlled,
using the ATF signal reproduced from each track. Video and
2-channel -audio signals reproduced from designated nine
tracks of a track array of 10 tracks are signal-processed in
the same manner as in normal reproduction and the reproduced
video signal is outputted through the output terminal 26.
After the reproducing key is operated, post-scoring audio
recording is resumed from a specified position of a magnetic
tape.

The two-channel audio signal for post-scoring sent out
from the post-scoring audio recording processor 6 is signal
processed as in normal recording at the digital recording
signal processor 5 and digital modulation processor 7 and is
supplied to the recording AMP 9. The two-channel audio
signal is overwritten to be recorded in a designated track
of a track array of 10 tracks on a magnetic tape by changing

over properly either recording/reproducing selector switch
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switch 58. In the remaining area B, dummy data supplied froma second
audi o si-gnal processor 53b or high-frequency conponent data extracted from
t he above-nentioned video signal and supplied fromthe video signal
processor 52 is sent fromthe second digital signal processor 54b to be
recor ded. On the other hand, during post-scoring audio record- ing,
t he two-channel audi o signals for post-scoring passed through an A/ID
converter 51 pass the second audi o signal :

- 26 -

11 and head selector switch 13. Thus, post-scoring audio
recording can be effected.

When DCT (Discrete Cosine Transform) encoding is used
as image compressing system to reduce video data rate to
about 25 Mbps, and when a system in which the error-
correcting code is assigned independently to the video
signal and two~channel audio signal, as in a conventional
gystem, is employed, recording data rate after error-
correcting code assigning reaches about 38 Mbps. On the
other hand, according to the system in the first embodiment,
recording -data rate of about 38 Mbps, the similar level that
can be achieved with the conventional system, can be
achieved even when video and two-channel audioc signals
during rormal recording are integrated with the error-cor-
recting code assigned to them, and then, the two-channel
audio signal fof post-scoring, which is integrated with the
reserve signal with the error-correcting code assigned to
them are added.

.- Unlike apparatuses for business use, in apparatuses
for private use, user-friendliness is essential. Conse-
quently, audio signal is not necessarily recorded and repro-
duced channel by channel and may be recorded and.reproduced
by the unit of two channels.

In this embodiment, video and audio signals for one

frame are divided and arranged in a track array of 10 tracks
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processor 53b and are error-correcting-encoded by the second .digitai_
signal processor 54b. The error-correcting-encoded
- 29 - data is recorded as magneti zed pattern in area B on a nag-

- 27 -

but video and audio signal for one frame may be divided and
arranged in a track array of N tracks (N reéresents a posi-
tive integer) depending on the type of input video signal
(for example, NTSC, PAL, etc.) or electromagnetic perform-
ance of magnetic tape and magnetic head.

In this embodiment, one track out of a track array of
10 tracks is designated as a track exclusively for post-
scorihg but plurality of tracks may be designated.

According to this first embodiment, since dufing
normal recoding, the video signal is recorded together with
the two-channel audio signal and during post-scoring audio
recording, the two-channel audio signal is recorded in a
track designated for post-scoring audio recording, even if
users fail in post-scoring audio recording, the two-channel
audio signal recorded during normal recording is not erased,
allowing users to repeat post-scoring audio recording ovér

and over, a system friendly to users can be constructed.

(Second embodiment)

Fig.7 is a schematic block diagram showing another
configuration of a home digital VTR according to the present
invention, while Fig.8 is a diagram showing a tape format in
accordance with the embodiment. First of all, during normal

recording of video/audio signals, the video signal is sup-
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nétic'tape'shomn.in Fig.8 by recording and reproducing head 59 as'in
nor mal recordi ng. O her details of the operation-during recording are
same as those described in the above first enbodi ment, and therefore, the
description is omtted. |In reproducing operation, the process takes steps
reversal to those in recording, and therefore, the description is also
omtted. In the format shown in Fig.8, the video and four- channel
audio signals are digitally recorded im && rack

blied to a video signal brocessor 52 via an A/D converter
51, sampled at 4 fsc, time-base-processed, data-compressed
by DCT if compression is needed, and then, outputted to a
first digital signal processor 54a. In the meantime, the
audio signal passed through an A/D converter 51 is sampled
and digitized at a first audio signal pfocessor 53a ana out-
putted to the first digital signal processor 54a. At the
first digital signal processor 54a, the video and audio
signals are integrated and the error-correcting code is
assigned to them collectively. The error-correcting-encoded
data is recorded as magnetized pattern in area A on a mag-
netic tape shown in Fig.8 by a recording and reproducing
head 59 via a switch 55, a digital modulation processor 56,
a recording AMP 57, and a recording/reproducing selector
switch 58. In the remaining area B, dummy data supplied
from a second audio signal processor 53b or high-frequency
component data extracted from the above-mentioned video
signal and supplied from the video signal processor 52 is
sent from the second digital signal processor 54bh to be
recorded.

On the other hand, during post-scoring audio record-
ing, the two-channel audio signals for post-scoring passed
through an A/D converter 51 pass the second audio'signal'
processor 53b and are error-correcting-encoded by the second

digital signal processor 54b. The error—correcting-eﬁcoded
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ti.lted in the longitudinal direction of -a magnetic.tape as in conventional
embodi ments. In area A the video and two- channel audio signals are
divided and arranged, while in area B, the two-channel audio signal and
reserve data are arranged and recorded. The area designated for recording
of ATF and I NDEX signals are set in each track. Because video and audio
signals can be error-correcting-encoded.igga-lunp during normal recording,
highly efficient code correction is achieved. A gap used for recording

vi deo and audi o signals

data is recorded as magnetized pattern in area B on a mag-
netic tape shown in Fig.8 by recording and reproducing head
59 as in normal recording.

Other details of the operation-during recording are
same as those described in the above first embodiment, and
therefore, the description.is omitted. In reproducing
operation, the process takes steps reversal to those in
recording, and therefore, the description is also omitted.

In the format shown in Fig.8, the video and four-
channel audio signals are digifally recorded in a track
tilted in the longitudinal direction of a magnetic tape as
in conventional embodiments. In area A, the video and two-
channel audio signals are di&ided and arranged, while in
area B, the two-channel audio signal and reserve data are
arranged and recorded. The area designated for recording of
ATF and INDEX signals are set in each track. Because video
and audio signals can be error-correcting-encoded in a lump
during normal recording, highly efficient code correction is
achieved. A gap used for recording video and audio signals
separately is no longer needed. In addition, it has an
advantage that post-scoring area éan be freely used for
signals other than post-scoring audio signal due to this
format.

Fig.9 shows a format in whiéh Qidéo and audio data aré

error-correcting encoded according to the second embodiment
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separdtely is no |onger needed. In addition, it has an advantage that"
post-scoring area can be freely used for signals ot her than post-scoring
audi o signal due to this fornmat. Fig.9 shows a format in which video

and audio data are error-correcting encoded according to the second
enbodi nent o '

- 30 -

and a format in which post-scoring audio data is error-
correcting-encoded, respectively. As the comparison Qith
the conventional method illustrated in Fig.4, in the iﬁfor-
mation area consists of D-2 format video and audio data the
data volume amounts to 85 x 64 + 85 x 8 x 4 = 8160 bytes and
in the overall format in which these data are encoded the
data volume amounts to 93 x 68 + 93 x 12 x 4 = 10788 bytes.
On the other hand according to the embodiment shown in
Fig.8, the information area consists of the same number of
bytes, with 85 x 80 + 85 x 16 = 8160 bytes, but the total of
the encoded data amounts to 93 x 84 + 93 x 20 = 9672 bytes,
which is 1116 bytes less than that of the conventional
system. The random error-correcting capabilities may be the
same because the synthetic distance is 9 x § = 45 for both
cases if Reed-Solomon code on GF (28) is used. The burst
correcting capabilities are equal also. Consequently, the
preseni invention is superior in nearly identical correcting
capability can be obtained with less redundancy.

in this embodiment, a single area B in the track is
designated as an exclusive area for post-scoring but plural-
ity of areas may be provided for the purpose.

As described above, in this second embodiment, video
and audio signals are error-correcting-encoded in-a lump,
and are recorded in a fixed area on a track while the post-

scoring audio signal is error-correcting-encoded separately
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-,30 - and a format in which post-scoring audio data is error- _
correcting-encoded, respectively. As the conparison with the conventional.
nmethod illustrated in Fig.4, in the infor- nation area consists of D2
fermat video and audio data the data volune anpbunts to 85 x .64 + 85 x 8 x

4h: 8160 bytes and in the overall format3jin which these data are encoded
the '

and is recorded in a different area on the track. There-
fore, only one place is required to provide a gap clearance
compared to the conventional system, a system with high
error-correcting encoding efficiency, less possibility of
posf-scofing recording failure, and.higher efficiency can be
constructed.

A track designated for post-scoring and an area B
designated for post—scoring in the first and the second
embodiments.can be used for various applications including,
for example, recording a high-quality still image signal as
shown, in the Japaﬂese Patent Application No. 2-248465
"Animation/still Picture Simultaneous Recording and Repro-
ducing Apparatus.”

Next, another embodiment of the present invention will
be explained below. The configuration of the digital VIR in
each embodiment shown below is the same as Fig.5 (first

embodiment).

(Third embodiment)

Fig.10 is a diagram showing a tape format according to
the third . embodiment. In the system according to the third
embodiment as shown in Fig.10, three areas are provided so
that ATF signal, special recording area signal of INDEX
signal (example of subcode signal), video signal and two-

channel audio signal are digitally recorded sequentially in
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data Vol une anounts to 93 x 68 + 93 x 12 x 4.=-10788 bytes.” On the other
hand according to the enbodi nent shown in Fig.8, the information area
consi sts of the sane nunber of bytes, with 85 x 80 + 85 x 16 = 8160 bytes,
but the total of the encoded data anmounts to 93 x 84 + 93 x 20 = 9672
bytes, which is 1116 bytes |ess than that of the conventional system The
random error-correcting capabilities nmay B2 the sane because the synthetic
distance is 9 x 5 = 45 for both - 8 cases
i f Reed- Sol onon code on G--(2 ) is used. The burst

the head scanning direction. Between the ATF and INDEX
areas and the INDEX and the video + audio areas, a gap is
provided, respectively.

In the digital recording signal processor 5, as de-
scribed above, the video signal is image-compressed, and
necessary time-base processing is performed on the imége—
compressed video signal and the two-channel audio signal.
Then, the signals are divided and arranged, for example, in
ten tracks per one frame. And error-correcting ehcoding is
performed in each track but encoding is performed on video,
audio, and INDEX signals, separately. Then, data such as
the signai for retrieval and the number of channels of audio
signal is recorded in the INDEX signal. The data string to
which the efror—correcting code is assigned is sent out to
the digital modulation processor 7. At the digital modula-
tion processor 7, the ATF signal is added to each track of
the data string sent from the digital recording signal
processor 5 and digital modulation is performed in accord-
ance with a specified modulation system. The ATF signal may
be added after modulation is carried out.

Now, the error-correcting code for data to be recorded
on a magnetic tape will be explained using Fig.12. Fig.12
(a) shows a configuration of the error-correcting code for
video and audio signals during normal recbrding. The error-

correcting code is, in general, frequently dual-encoded, énd
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cofrecting capabilities are equal also. Consequently, the present.
invention is superior in nearly identical correcting capability can be.

obtained with | ess redundancy. In this enbodinent, a single area Bin
the track is designated as an exclusive area for post-scoring but plural-
ity of areas may be provided for the purpose. As descri bed above, in

this second embodi ment, video and audi® 3 ghal s are
error-correcting-encoded in a lunp, and are recorded in a fixed area on a

track while {ges£§§téase, after outer encoding (also called C2 encoding)_
is performed on each data, inner encoding (also called C1
encoding) is performed. Now, the audio and video data are

two-dimensionally arranged in k x k and in k x k , re-
: 1 2 1 3

spectively. The audio signal is encoded into C1 : (n., k ,
1 1

d ), C2 (n , k,d ), and the video signal is encoded
1 2 2 2

into Cl

(n , k,d),¢c2: (n, k, d), where n is a code
1 1 1 3 3 3

length, k is an information length, and d is a distance
betweeﬁ codes. The encoded data is scanned from the lower

left to the right in Fig.12 (a) and forms a track by repeat-

ing this operation n + n times. In Fig.10, outer encorded
2 3 '

area is shown as inspection data. On the INDEX signal,
similar error-correcting coding is performed (not shown).
As shown in Fig.12 (a), because no gap is provided between
audio inspection data (outer code) and video inspection data
(outer code), the length of the inspection code can.be
increased by the gap length, and thus, the error-correcting
cabasility can be improved. .
The audio data for post-scoring is error-correcting-
encoded as in normal recording. At the track in Fig.10,
audio data and audio inspection data are rewritten. The
rewriting timing is determined by estimating from the timing
to reproduce ATF and INDEX signals and obtaining the record-
ing mode. Consequently, positioning is performed properly

but not accurately, and a part of the video inspection data

This is Lic tymacement sheet

Date: l’4 JU[ EEB



seoring audio signal is error-correcting-encoded separately

- 31 - and is recorded in a different area on the track. There- fore,
only one place is required to provide a gap clearante conpared to the
conventional system a systemw t'h high '

- 34 -

may be impaired. However, because for normal video data, a
strong error-correcting code is used, errors of only one or
two inner codes may occur, almost all of such errors can be
correctgd. Even if correction is impoésible, errors are

occurred in the inspection data and video data is scarcely

affected.

(Fourth embo#iment) _
Using a track pattern diagram in Fig.l11l, the fourth
-embodiment will be explained. The track (a) in Fig.l1l1l shows

a track pattern during normal recording and is the same as
that in Fig.10. When post-scoring audio recording is car-
ried out, a gap 3 is created by shortening the code length
of the audio signal as shown in the track (b). That is, as
shown in Fig.12 (b), by shortening the code length of the
outer code (C2) gap 3 can be produced. In this case, the
correcting capability for the audio data is lowered but no
video data is damaged. The gap 3 exists in the same manner
as in conventional embodiments and the same correcting
capabilitj is obtained for the audio signal. Because almost
all portions to be post-scored are usually a part of the
recorded signal, the remaining part of the audio data can be
stored with high correcting capability ensured. 1In addi-
tion, if post-scoring audio signal is not normally repro-

duced, post-scoring can be done over again.
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error-correcting encoding efficiency, |less possibility of post-scoring
recording failure, and higher efficiency can be constructed. A track
desi gnated for post-scoring and an area B designated for post-scoring in
the first and the second enbodinents can be used for various applications
i ncluding, for exanple, recording a high-quality still inmage signal as
shown, in the Japanese Patent Application No. 2-248465 "Aninmation/stil
Picture Simultaneous Recording and Repre-35 -

Information thét the post-scoring code length is
changed should be stored in the very place after synchroniz-
ing and ID signals are added, when, for example, one of C1
codes in Fig.12 (a) are formed as an ID signal. .In Fig.5,
this ID signal is detected and processing of audio signal
can be.performed at the post-scoring audio reproducing
signal processor 22.

When the code length for audio signal is varied, by
shortening the code length the gap 3 can be produced and it
is convenient but conversely, by increasing the code length
iﬁ is also possible to improve the error-correcting capabil-
ity. This is effective when the error rate during post-
scoring audio recording is higher than that during normal

recording.

(Fifth embodiment)

Using a track pattern diagram in Fig.13, the fifth
embodiment will be explained. 1In the track (a) in Fig.13,
the aﬁdio signal and INDEX signal are error-correcting-
encoded in a lqmp. This brings a condition in which gap 2
is not present. Now, the case in which the INDEX signal is
post-scored is considered. As in the case of the track (b)
in Fig.13, by recording the INDEX signal of shortened code
length the gap 2 can be produced. In this case, the audio

signal in the back is not affected at all. The INDEX signal
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duci ng ‘Appar at us. " Next, another embodi nent of the present invention

w |l be explained bel ow.- The configuration of the digital VIRin each
enbodi ment shown below is the sanme as Fig.5 (first enbodinent). (Third
efbodi nent) Fig.10 is a diagram show ng a tape format according to

the third enbodinment. In the systemaccording to the third

- 36 -

is rewritten when, for example, the retrieval signal is

recorded later.

(Sixth embodiment)

Fig.14 shows a track format on a magnetic tape during
normal recording according to the sixth embodiment and
Fig.IS shows_a track format on a magnetic tape during post-
scoring audio recording. Fig.16 shows an error-correcting
code format during normal recording according to the sixth
embodiment and Fig.17 shows an error-correcting code format
during post-scoring audio recording. In the system used in
the sixth embodiment as shown in Figs. 14, 16, four areas
are provided during normal recording, in which the ATF
signal, the special recording area signals for INDEX signal,
the audio signal, and the video signal are digitally record-
ed in that order in the head scgnning direction. Between
the ATF area and INDEX area and the audio area and video
area, gaps 1, 2, 3 are provided respectively. On the other
hand,'during post-scoring aﬁdio recording as shown in Figs.
15, 17, the inner-code and outer-code inspection data are
added to the INDEX signal and audio signal in a lump, and
gaps 1, 4 are provided between the ATF and INDEX areas and
the audio and video areas, respectively, reducing the gap by
one compared to normal recording. Thus, adjustment of timing

difference caused by post-scoring is effected.
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énbodi nent- as shown in Fig.10, three areas are provided so that ATF
si.gnal , special recording area signal of INDEX signal (exanple of subcode
signal), video signal and two- channel audio signal are digitally recorded
sequentially in : ' : - 32 - o

- 37 -

(Seventh embodiment)

Fig.18 shows a track format on a magnetic tape accord-
ing to the seventh embodiment during normal recording, and
Fig.19 shows a track format on a magnetic tape during post-
scoring audio recording. Fig.20 shows an error-correcting
code format gccording to the seventh embodiment during
normal recording, and Fig.21 shows an error-correcting code
format during post-scoring_audio recording. During normal
recording as shown in Figs. 18, 20, the audio signal and
video sigmal are error-correcting-encoded in a lump. In
this case, there is no gap between audio and video signals.
Now, consideration is given to the case in which the audio
signal is post-scored. As shown in Figs. 19, 21, by record-
ing INDEX and audio signals in a lump a gap can be produced.
In this case, the video signal in the back is not affected
at all.

In the above third through seventh embodiments, proc-
ess_iS'explained with video, audio, and INDEX signals as
examples, but the same explanation will be applied to any
data if they are related to one another.

In each embodiment, two-channel audio signal for
normal recording and two-channel audio signal for post-
scoring are desighed to be recorded without audio-compres-

sion, but they may be audio-compressed and recorded and they

_ —_—

—_—
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the head scanning direction. Between the ATF and | NDEX areas and the | NDEX
and the video + audio areas, a gap is. provided, respectively. : In the
digital recording signal processor 5 as de- scribed above, the video
si-gnal is image-conpressed, and necessary tine-base processing is
perfornmed on the inmage- conpressed video signal and the two-channel audio

signal. Then, the signals are divided and arranged, for exanple, in ten
tracks per one frame. And error-correcting encoding is
- - 38 -

are not necessarily tonChannel'signals.

In each embodiment, the input video signal is designed
to be quantized to an 8-bit digital signal at quadruple sub-
carrier frequency (14.318 MHz) at the A/D converter, but it
may be a 4 : 2 : 2 component video signal as seen in CCIR
Rec601.

In each embodiment, the input audio signal is designed
to be converted into a 16-bit digitized signal with sampling
frequency of 48 kHz at the A/D converter, but it may be so-
configured to be converted, for example, to a 12-bit digi-
tized signal with sampling frequency of 32 kHz, or to a 16-
bit digitized signal with sampling frequency of 44.1 kHz.

In each embodiment, a part of video signal to be ex-
tracted is explained using a high-frequency component but
needless to say, it may be a low-frequency component, DC
component, data for.motion compensation, or data for editing
or special reproduction.

As this invention may be embodied in several forms
withou£ debarting from the spirit of essential characteris-
tics thereof, the present embodiment is therefore illustra-
tive and not restrictive, since the scope of the invention

"is defined by the appended claims rather than by the de-
scription preceding them, and all changes that fall within
metes and bounds of the plaims, or equivalence of such metes

and bounds thereof are therefore intended to be embraced by

S

—

—
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performed in each track but encoding is perfornmed on video, . audio, and

| NDEX 5ignals, separately. Then, data such as the signal for retrieval and
t he nunber of channels of audio signal is recorded in the | NDEX signal. _
The data string to which the error-correcting code-is assigned is sent out
to the digital nodul ation processor 7. At the digital nodula- tion
processor 7, the ATF signal is added to each track of the data string sent
fromthe digital recording signal processor ; and digital nodul.ation is
performed in accord- -39 -

the claimg,
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ance with a specified nodul ati on system The ATF si gnal may be added after
nodul ation is carried out. " Now, the error-corrWdatato

be recorded on a magnétic tape will be explained usi m (a)
shows a configuration of the error-correcting code fo G‘\ﬁi@g “ﬂ\ﬁh
signals during normal recording. The er+ of0 —correctl LIt isn *
general, frequently dual -encoded, and

CLAIMS:

1. A digital signal_recording and reproducing
apparatus for digitally recording a video and an audio
signals in tracks on a magnetic tape, cemprising:

error-correcting-encoding means for assigniﬁg error-
correcting codes to the video signal and the audio signal in

a lump.

2 A digital signal recording and reproduding
apparatus for digitally recording one frame of video and
audio signals on a plurality of tracks, wherein

at least one of the plurality of tracks is used exclu-

sively for post-scoring.

3. A digital signal recording and reproducing
apparatus of Claim 2, comprising:

means for extractiﬁg a part of the video signal;'and

means for digitally recording the extracted part of

the video signal in the track exclusive for post-scoring.

4. A digital signal recording and reproducing
method for digitally recording video and audio signals in
tracks on a magnetic tape, wherein

a first area in which video and audio signéls are
error-correcting-encoded in a lump and a scored_area in

which the audio signal is error-correcting-encoded are
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--33 -°  in such case, after outer encoding (also called C2 encoding) is
performed on each data, i'nner encoding (also called Cl encoding) is
performed. Now, the audio and video data are 'two-dinmensionally arranged in
k* x k and in k x k , re-

1. 3 spectively. The audio signal is_ inléo-déd into Cl“!““ﬂ“l““ll‘“l‘!“\!l‘

provided in the tracks.

5. A digital signal réCording and reproducing
method for digitally recording a video énd an audio signals
in tracks on a magnetic tape, wherein .

the video and audio signals, after an
error-correcting-encoding in a lump, are digitally recofded
in a first area of the tracks and a post-scoring audio
signal, after an error-correcting-encoding, is recorded in a
second area of the tracks.

6. -A digital signal recording and reproducing
method of claim 5§, wherein

a part of the video signals is recorded in the second

area when post-scoring audio recording is not carried out.

7.. A digital signal recording and reproducing
method for digitally recording a first and a second signals
in tracks on a magnetic tape, wherein

the first and second signals are error-correcting-
encoded, respectively, and the inspection codes are recorded

in a lump in the tracks.

8. A digital signal recording and reproducing

method of claim 7, wherein

T

—_—
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1‘1 d'),C2 : (n, k,d ),and the video signal is encoded 1 2 2
2 intoClL: (n, k, d), 2: (n, k, d), wherenis a code
1 1 1 3 3 3 length, K'is anlnfor,rmu_on_l—eng{—h——ﬁﬁd—dls

a“di stance between codes. The encoded data is scanned from
tothe right in Fig.12 (a) and forns a track by repea““\“”“‘ “ iwm atlon
n+ntinmes. In Fig.10, outer encorded - 42 - eais

shown as inspection data. On the |NDEX signal,

the first signél is a video signal and the second

signal is an audio signal.

9. A digital signal recording and reproducing
method of claim 7, wherein
the first signal is an audio signal and the second

signal is a subcode signal.

10. A digital signal recording and reproducing
method of claim 7; wherein

when the second signal is rewritten, the error-cor-
recting-e;coded audio signal is recorded substantially in

the track in which the second signal is recorded.

11. A digital.signal recording and reproducing
method of claim 10, wherein
the first signal is a video signal and the second

signal is an audio signal.

12. A digital signal recording and reproducing
method of claim 10, wherein
the first signal is an audio signal and the second

signal is a subcode signal.

13. A digital signal recording and reproducing
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sinmlar error-correcting coding is pefforned (notléhomn). 'Aé shown in
Fig.12 (a), because no gap is provided between audio inspecti

(outer code) and video inspection data (outer code), the |ength
inspection code can be increased by the gap |ength, mmm‘ni ﬂ‘ﬁi“m\e
error-correcting capability can be inproved. Tﬂ ) S

post-scoring is error-correcting- encoded as in normal*récording. At the

track in Fig.10, audio data and audio Tn&pettion data are rewitten. The

method for digitally recording a first and a second signals
in tracks on a magnetic tape, wherein

the first and second signals are error-correcting-
encoded, respectively, and recorded in the tracks and when
either the first or the second signal is rewritten, the
error-correcting-code length of the signal to be rewritten

is changed.

14. A digital signal recording and reproducing
method of claim 13, wherein
the first signal is a video signal and the second

signal is an audio signal.

15. A digital signal recording and reproducing
method of claim 13, wherein
the first signal is an audio signal and the second

signal is a subcode signal.

16, A digital signal recording and reproducing
method of claim 13, wherein
the error-correcting code length of the signal to be

rewritten is shortened.

17. A digital signal recording and reproducing

method for digitally recording a video and an audio signals

———
—_
e e
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re'writi’ng timng is determned by estimating fromthe timng to reproduce
ATF and | NDEX signals and obtaining the record- ing node. Consequentty,

| \;%gziet)i ;)Eisggciisoge&;?;ned properly but not accuratel y”m“c”mﬁmr"mfmmﬁe
. * M S *

- 44 -

in tracks on a magnetic tape, wherein

during normal recording, the video and audio
signals are error-correcting-encoded separately, and
recorded, and during post-scoring audio recording, the
audio and INDEX signals are error-correcting-encoded
in a lump and recorded.

18. In a digital signal recording and
reproducing method for digitally recording video and
audio signals in tracks on a magnetic tape, during
normal recording, the video and audio signals are
error-correcting-encoded in a lump and recorded, and
during post-scoring audio recording, the audio and
INDEX signals are error-correcting-encoded in a lump
and recorded.

- 19. Apparatus for recording and/or reproducing
continuous video and audio signals using a recording
medium for storing a recording in a predetermined
format, wherein the apparatus is suitable for use with
a recording medium format in which a predetermined
region is recorded selectively either with high-
frequency video data or audio data.

20. Apparatus for recording and/or reproducing
continuous video and audio signals using a recording
medium, the apparatus being suitable for use with a
recording medium storing a recording in gi:oups of
tracks, each group comprising a plurality of tracks
storing video data in a first format, and at least one
track storing audio data in a second, different
format. _

21. Signal recording apparatus suitable for use
with a recording medium storing a recording in a
predeternined format including at least two contiguous
regions stofing respective types of data, the
apparatus being operable to post-record data in one of
said regions in such a way that the regions become
separated.
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may be inpaired. However, - because for norrmal video data, a -strong
error-correcting code is used, errors of only one or two inner codes nmay
occur, alnost all of such errors can be -corrected. Even if correction is
| possible, errors are occurred in the inspection data and video data is
scarcely affected. (Fourth enbodi nent) Using a track pattern
diagramin Fig.11, the fourth

- 45 -

IHGPﬂH.SIGWH.RECDRDBW;AND REPRODUCING APPARATUS

AND DIGITAL SIGNAL RECORDING AND REPRODUCING METHOD

ABSTRACT OF THE DISCLOSURE
A digital VTR for recording the data of one-frame of

collectively error-correcting-encoded video and audio sig-
nals in N pieces of tracks during normal recording and for
recording the data of collectively error-correcting-encoded
video and audio signals in (N-1) pieces of tracks and the
data of error-correction-encoded post-scoring audio signal
in the remaining one track exclusivel& for post-scoring dur-

ing post-scoring audio recording.

FIGURE 1 & 2.
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enmbodi nent will be explained. The track (a) in Fig.1l1l shows a track
pattern during nornmal recording and is the sane as that in Fig.10. Wen
post-scoring audio recording is car- ried out, a gap 3 is created by
shortening the code Iength of the audio signal as shown in the track (b).
That is, as shown in Fig.12 (b), by shortenlng the code length of the

out er code (C2) gap 3 can be produced. fn lttis case, the correcting
capability for the audio data is |l owered but no video data is damaged. The
gap 3 exists in the sane manner <t
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as in conventional enbodinents and the same correcting capability is

obtai ned for the audio signal. Because alnpost all portions to be
post-scored are usually a part of the recorded signal, the renmining part
of" the audio data can be stored with high correcting capability ensured.
In addi- tion, if post-scoring audio signal is not normally repro- duced,
post-scoring can be done over again. :

-2 -

Fig. 2
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- 35 - “Information that the 'p'o_st-'scolri ng code ‘length is changed
shoul d be stored. in the very place after -synchronizing and ID signals are -
added, when, for exanple, one of Cl codes in Fig. 12(a) are formed as an

IDsignal. In Fig. 5 this IDsignal is d3etected and processi ng of
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audi o signal can be perforned at the post-scoring audio reproducing signal
processor 22. When the code length for audio signal is varied, by
sh@rtening the code |l ength the gap 3 can be produced and it is convenient
but conversely, by increasing the code length it is also possible to

I nprove the error-correcting capability. This is effective when the error
rate during post-scoring audio recording is higher than that during

-4 -
Fig. 4
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signal at quadruple
but it may be a 4

the A/ D converter,

vi deo signal as seen in CCIR Rec601.

2 conponent

'ngnaﬁ I's designed to be quantized-to an 8-bit di gital

. sub-carrier frequency (14.318 MHiz) at

L2
-'36 -
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I m each of the described enbodi nents, the input audio signal is designed to
be converted in to a 16-bit digitized signal with sanpling frequency of 48
kHz at the - A/ D converter, but it may be so configured to be converted,

for exanple, to a 12-bit digitized signal wi-th sanpling frequency of 32
kHz, or to a 16-bit digitized signal with sanpling frequency of 44.1 kHz.
In each of the described enbodi nents, agh of video signal to be
extracted is explained using a high- uemdy conponent but needl ess to
say, it may be a | owfrequency conpo t, DC conponent, data for notjon
conpensation, or : )
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data for editing or special reproduction. "As this invention. may be
enbodi ed in several forns, the present enbodiment is illustrative
and not restrictive. Since the scope of the invention is defined by the
‘appended cl ains rather than by the description preceding them and al
changes that fall within netes and bounds of the clains, or equival ence of
such netes and bounds thereof are thereof intended to be enbraced by the
cl ai nms. -

Fisg. 8
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-37- _ : CLAINB 1. Adigital 5|gnal recording and -
repr oduci ng net hod for dlgltally recordi ng video and audio signals in
tracks on a nmagnetic tape, wherein an error-correcting encoded
video signal and a first error-correcting

- 9 -
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encoded audio signal are recorded in first areas. of ‘the tape, and

wherein a second error-correcting = encoded audio signal is post-encoded
in second areas of the tape which are located so as not to
significantly corrupt said video signal during post- recordi ng,
characterised in that said error-correcting encoded vi deo signa
and said first error- correcting encoded audi o signal are
recorded in said first areas, which each exist in single
- 10 -
Fig. 10
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tracks, without an editi ng gap t herei n. 2. A nethod accofdi_ng to claim

1, wherein said video . signal and said first audio signal are error-
correcting-encoded together before being recorded in said first areas
of said tape. 3. A nethod according to claim2, wherein said first and
second areas occupy different tracks on the tape. 4. A nethod according

to claim?2, wherein said.first and

- 11 -
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second areas occupy the sane tracks on the tape. - - e
-38 - 5. A method according to any of claims 1 to 4, wherein a
further part of the video signal is recorded in the

- 12 -
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second areas before post-recording is carried out. 6. - A nmethod according
part conprises high-fregency
frequency conponent data, DC conponent data, data.
or data for special - .

to claim5, wherein said further
| ow
data for editing,
A nmet hod according to claintli3wherein said video

conponent dat a,
noti on conpensati on,

for
repr oducti on. 7.
signal conprises video data and error-correcting
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codes for said video data;fand said first audio signal conprises

first audio data and first error- correcting codes for said audio
~data, said error- correcting inspection codes being recorded
adj acently . in said first areas of the tape. 8. A nethod according
to claim7, wherein said first and second areas occupy the sane
tracks on the tape. 9. A nmethod according to claim8, wherein said first
and . '
- 14 -
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second areas overl ap. 10. A method according to claih19,'mherein*said

second audi o signal -is recorded substantially in-the same area
in which said first audio signal was recorded.
-890-
- 15 -
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11: A nethod according to any of clains 7 to 10, wherein sai d second

audi o signal conprises second audio data and second error-correcting
codes for said second audi o data, and the length of said second
error- correcting codes is different to the length of said first
error-correcting codes. 12. A method according to claim1l, wherein the
| engt h of said second error-correcting codes is |less than that of
sald first error-correcting codes.
' - 16 -
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~18. A Higifal si gnal recofding_and reproduci ng apparatus. for digitally

recordi ng video and audio signals in : tracks on a magnetic tape,
arranged to record an error-correcting encoded video signal- and a
first error-correcting encoded audio signal in first areas. of
the tape, and arranged to post-record a second . error-correcting
encoded audi o signal in second areas of the tape which are | ocated so
as not to significantly corrupt said video signal during post-
recordi ng, _ ' characterised in that the apparatus is arranged
to record said error-correcting encoded vi deo signal and said
first error-correcting encoded - ¢#dio signal in said first areas,
whi ch each
Fig. 17
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exist in single tracks without an editing gap _ therein. . _
40 14. Apparatus according to claim 13, arranged to record sai d
vi deo signal and said first audi o signal

- 18 -
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togethéf bef ore recordihg same in said first areas of sai d tape. 15.

“Apparatus according to claim 14, wherein said first. - and second areas
"occupy different tracks on the tape. 16. Apparatus according to claim 14,
wherein said first and second areas occupy the sane tracks on the
~ tape. 17. Apparatus according to any of clainms 13 to 16, arranged
to record a further part of the video signal in the second areas
before post-recording is carried - - 19 -
Fig. 18
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out. ‘18. Apparatus:according to clai:-m17, wherein said further

part conprises high-frequency conponent data, |ow - frequency _
conponent data, DC conponent data, data for moti on conpensation, data
for editing, or data for speci al reproduction. 19. Apparatus

according to claim13, wherein said video signal conprises video data

~and error-correcting

- 20 -
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“ codes for said video data, and said first audio - ~ signal conprises

~ Ftrst audio data and first error- correcting codes for said audio
data, said apparatus bei ng arranged to record said error-correcting
i'nspection codes adjacently in said first areas of
- 41 - .
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the tape.  20. Apparatus according to claim}9, liRBEII:Aatl‘:l?!l\/IElaﬂI‘d.SIﬂE%iS

and second™areas occupy the sane tracks on thg g%im:npnéhl padpa & I?Eég?d..:.

according to claim20, wherein said first ' afiR@Eynd: p‘fgeaﬁ‘(qmepéga@fi‘!_

2. Appar atus according to claim21, arranged| ;P@Q@ﬁgts) pagega_l——__q .....
A

audi o signal substantially in the sane a Bt Ch: sised 4216 ageglg-_lj_o
signal was recorded. . -8 -

DATE OF RECEIPT .2-6-99....

error correction capability equivalent to that of the
video signal area, for example, in the D-2 format audio
code (12, 8, 5) Reed-Solomon code may be so arranged that
the codes keep an equal distance with each other as in
video C2 code (68, 64, 5) Reed-Solomon codes. Wherein,
(n, k, d) represent the code length by n, information
length by k, and the distance between codes by d.
However, the equivalent error-correcting capability may be
obtained but the encoding efficiency becomes extremely
poor; 8/12 for audio signal against 64/68 for video

gignal.

Because the digital VTR for broadcasting apparatuses
is configured as described above, it has appropriate
qualities for business use such as high reliability, high
picture quaiity, high sound quality and highly
sophisticated editing. Yet, on the other hand, because it
employs an area dividing type format as described above,
a gap must be provided and in addition, when the equal
error correcting capabilities are given to both video and
audio signals, the encoding efficiency of audio signal
decreases. In home digital VTR, compactness and user-
friendliness are strongly required as is the case with
presently available VTR’s equipped with a camera in the

market.
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23. Apparatus according to any of clains 19 to 22, wherein said
second audi o signal conprises second audi o data and second
error-correcting codes for said second audi o data, and the |ength of
sai d second error-correcting codes is different to the length of
said first error-correcting codes. 24. Apparatus according to claim 23,
wherein the | ength of said second erroor— correctlng codes is less than
that of said first error-correcting codes.

SUMMARY OF THE INVENTION
It would be beneficial to provide a digital signal
recording and reproducing apparatus (digital VTR) which
achieves excellent encoding efficiency and can perform

audio signal editing.

It would also be beneficial to provide a digital
signal recording and reproducing apparatus (digital VTR)
which achieves compactness suited for domestic use as well

and is easy to operate.

According to one aspect of the present invention
there is provided a digital signal recording and
reproducing method for digitally recording video and audio
gsignals in tracks on a magnetic tape, wherein an error-
correcting encoded video signal and a first error-
correcting encoded audio signal are recorded in first
areas of the tape, and wherein a second error-correcting
encoded audio signal is post-recorded in second areas of
the tape which are located so as not to significantly
corrupt said video signal during post-recording,

characterised in that said error-correcting encoded
video signal and said first error-correcting encoded audio
signal are recorded in said first areas, which each exist

in single tracks, without an editing gap therein.

According to a further aspect, there is provided
apparatus which is arranged to operate in accordance with

the method of the invention.
placement shest
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the first signal is a video signal and the second signal is an audio

si gnal . 9. A digital signal recording and reproduci ng nethod of
claim?7, wherein

In the digital signal recording and reproducing
apparatus according to a £first embodiment of the
invention, video and audio signals are integrated and
error-correcting codes are assigned to them collectively
when video and audio signals are digitally recorded in

tracks on a magnetic tape.

According to the first embodiment, the digitized
video and audio signals which are separately arranged in
one track are integrated and error-correcting codes are
assigned to the integrated data. Thus, error-correcting-
encoding is effected. This process inproves encoding
efficiency of audio signal, gives equal error-correcting
capabilities to video and audio signals, and makes it

possible to form a more compact system.

In the digital signal recording and reproducing
apparatus according to a second embodiment of the
invention, at least one track is designated as an
exclusive track for post-scoring, i.e. post-recording,
when video and audio signals of one frame are divided to
be recorded in a plurality of tracks. Because at least
one track is set exclusively for post-scoring in addition
to tracks in which video and audio signals are recorded
during normal recofding, the error-correcting code for the
post-scdring signal achieves the equivalent level to those
for other tracks, (and obtains the equivalent error
correcting capability) improving the encoding efficiency

as well as making post-scoring editing possible. Even if

This is the replacement sheet
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the first signal is an audio signal and the second signal is a subcode
si gnal . 10. A digital signal recording and reproducing nethod of
claim?7, wherein when the second signal is rewitten, the error-cor-
recti ng-encoded audi o signal is recorded substantially in the track in
whi ch the second signal is recorded.

- 11 -

post-scoring audio recording is repeated many times, the
audio signal recorded during normal recording is not
erased and thus, operational capability during post-

scoring audio recording is improved.

In the digital signal recording and reproducing
apparatus according to a third embodiment of the
invention, a part of the video signal extracted in the
second embodiment is recorded in the track designated for
post-scoring during normal recording. Consequently,
bacause a part of the video signal can be recorded in an
area different from the area where video signal is
normally recorded, a video signal of a better picture

quality can be recorded and reproduced.

In the 'digital signal recording and reproducing
method of a fourth embodiment of the invention, video and
audio signals which are divided and arranged in one track
are integrated an error-correcting code is assigned to
this integrated data. Referring to one track, there are
only two recording areas, permitting only one place to
provide a gap: this improves the recording efficiency.
When the number of audio channels is further increased for
recording, error-correction codes are assigned to another
area to carry out recording. Thus, encoding efficiency of
the audio signal is further improved, and the error-
correction capabilities for video and audio signals are
brought to an equal level, thereby making it possible to

form a more compact system.
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11. A digital signal recording and reproducing nethod of claim 10, wherein
the first signal is a video signal and the second signal is an audio

si gnal . 12. A digital signal recording and reproduci ng nethod of
claim 10, wherein the first signal is an audio signal and the second
signal is a subcode signal

- 12 -

In the digital signal recording and reproducing
method of a fifth embodiment of the invention, post-
gcoring audio signal is recorded in an area different from
the main video recording area after an error-correcting
code is assigﬁed. The error-correcting code of the post-
scoring audio signal becomes equal to that of the main
recording area and the encoding efficiency can be improved
with the error-correcting capabilities being brought to an
equivalent 1level, and at the same time post-scoring
editing is made possible. Even if post-scoring audio
recording fails, the audio.signals recorded during normal
recording is not erased, improving the operational

capability for post-scoring audio recording.

The digital signal recording and reproducing method
according to a sixth embodiment of the iﬁvention concerns
the normal recording at the fifth embodiment wherein a
part of the extracted video signal is recorded in an area
different from the main video recording area. Since a
part of video signal is recorded in an area different from
an area where video signal is normally recorded, video
gsignal of higher picture quality can be recorded and

reproduced.

In the digital signal recording and reproducing
method of a seventh embodiment of the invention, first and
second signal are error-correcting-encoded respectively,
and the inspection codes are recorded in the tracks in a

lump. A gap between first and second signals in the track

This'is the replacement sheet
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13. A digital signal recording and reproducing _
- 43 - nmethod for digitally recording a first and a second signals

- 13 -
is no longer needed and the encoding efficiency is

improved.

In the digital signal recording and reproducing
method of an eight embodiment of the invention, error-
correcting-encoded audio signal is recorded in the
vicinity of the track in which the second signal 1is
recorded when the second signal is rewritten in the
seventh invention. Therefore, it is possible to perform
rewriting without changing error-correcting capability for

the second signal.

In the digital signal recording and reproducing
method of a ninth embodiment of the invention, first and
second signals are separately error-correcting-encoded and
recorded in tracks, and code length of the error-
correcting code for the signal to be rewritten is changed
when first or second signals are rewritten. Consequently,
it is possible to adjust the error-correcting capability

of the signai to be rewritten.

In the digital signal recording and reproducing
method according to a tenth embodiment of the invention,
the code length of error-correcting code for the signal to
be rewritten in the ninth embodiment is shortened.
Consequently, the signal which is not rewritten can be

stored, being kept intact.
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in tracks on a magnetic tape, wherein . the first and second signals

are error-correcting- encoded, respectively, and recorded in the tracks

and when either the first or the second signal is rewitten, the

error-correcting-code | engtth of the signal to be rewitten is changed.

14. A digital signal recording and reproducing nethod of claim 13, wherein
- 14 -

In the digital signal recording and reproducing
method of an eleventh embodiment of the invenfion, the
first and second signals in the seventh, eighth and ninth
embodiment are a video signal and an audio signal,
respectively. The portion corresponding to the gap is
agsigned to the error-correcting code for the audio signal
to improve the error-correcting capability of the audio

signal.

Further embodiments and features of the invention
will more fully be apparent from the following detailed

description with accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a schematic block diagram showing the

configuration of a conventional D-2 system digital VTR.

Fig. 2 1s a diagram showing a tape format of a

conventional D-2 system digital VTR.

Fig. 3 is a schematic block diagram showing the
configuration of another conventional D-2 system digital

VTIR.

Fig. 4 is a diagram showing an error-correcting code

format of a conventional D-2 system digital VTR.

Fig. 5 is a schematic block diagram showing a
configuration in an embodiment of a digital VTR according
to the present invention.
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the first signal is a video signal and the second signal is an audio

si gnal . 15. A digital signal recording and reproducing method of
claim13, wherein the first signal is an audio signal and the second
signal is a subcode signal. 16. A digital signal recording and

repr oduci ng
- 15 -

Fig. 6 1s a diagram showing a tape format of a
digital VTR according to the present invention.

Fig. 7 is a schematic block diagram showing a
configuration in another embodiment of a digital VTR

according to the present invention.

Fig. 8 is a diagram showing another tape format of a

digital VTR according to the present invention.

Fig. 9 is a diagram showing an error-correcting code
format of a digital VTR according to the present

invention.

Fig. 10 is a diagram showing still another tape
format of a digital VTR according to the present

invention.

Fig. 11 is a diagram showing another tape format of

a digital VTR according to the present invention.

Fig. 12 is a diagram showing another error-correcting
code format of a digital VTR according to the present

invention.
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met hod of claim 13, wherein the error-correcting code |length of the
signal to be rewitten is shortened. 17. A digital signal
recordi ng and reproducing nethod for digitally recording a video and an

audi o signals

- 16 -

DESCRIPTION OF THE PREFERRED EMBODIMENTS
Referring to the drawings, preferred embodiments of

the present invention will be described in detail

hereinafter

(First preferred embodiment)

This is the feplacement sheet

Date: . U3 JUN 1509



I n tracks on a magnetic tape, wherein during normal recording, the
video and audi o signals are error-correcting-encoded separately, and
recorded, .and during post-scoring audio recording, the audio and | NDEX
signals are error-correcting-encoded in a |lunp and recorded. 18. In

di gi t al

si gnal

recordi ng and reproducing method for digitally

-recording video and audio signals in trackg on a nagnetic tape, during

nor mal

in a lunp and recorded, and during post-scoring audio recording, the audio

recordi ng,

the video and audi o signals are error-correcting-encoded

and | NDEX signals are error-correcting-encoded in a |lunp and recorded.

Information that the post-scoring code length is
changed should be stored in the very place after
synchronizing and ID signals are added, when, for example,
one of Cl codes in Fig. 12(a) are formed as an ID signal.
In Fig. 5, this ID signal is detected and processing of
audio signal can be performed at the post-scoring audio

reproducing signal processor 22.

When the code length for audio sighal is varied, by
shortening the code length the gap 3 can be produced and
it is convenient but conversely, by increasing the code
length it is also possible to improve the error-correcting
capability. This is effective when the error rate during
post-scoring audio recording is higher than that during

normal recording.

In each of the described embodiments, a two-channel
audio signal for normal recording and a two-channel audio
signal for post-scoring are designed to be recorded
without audio-compression, but they may be audio-
compressed and recorded and they are not necessarily two-

channel signals.

In each of the described embodiments, the inpdt video

signal is designed to be quantized to an 8-bit digital
signal at quadruple sub-carrier frequency (14.318 MHz) at
the A/D converter, but it may be a 4 : 2 : 2 component

video signal as seen in CCIR Recé60l..
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19. Apparatus for recording and/ or reproducing continuous video and audio
signals using a recording nediumfor storing a recording in a predeterm ned
format, wherein the apparatus is suitable for use with a recordi ng nmedi um
format in which a predetermined region is recorded selectively either with
hi gh- frequency video data or audi o data. 20. Apparatus for recording
and/ or reproduci ng continuous video and_aygi @ signals using a recording
medi um the apparatus being suitable for use with a recordi ng nedi um
storing a recording in groups of tracks, each group conprising a plurality
of tracks storing video data in a first format, and at | east one track
‘storing audi o data A eackhdheddeperahedf enpedimentsp thesiigpat auddedi ng
apparatus suitable gor.use wiih a rqgor%ing nmedi u torinqxg EFCQ%QLQ% in a

predet er ni ned POPRAL | WEl (T TPHY | &85t PPuoCBREF gESust™

digitized signal with sampling frequency of 48 kHz at the
A/D converter, but it may be so configured to be
converted, for example, to a 12-bit digitized signal with
sampling frequency of 32 kHz, or to a 16-bit digitized
signal with sampling frequency of 44.1 kHz.

In each of the described embodiments, a part of video
signal to be extracted is explained using a high-frequency
component but needless to say, it may be a low-frequency
component, DC component, data for motion compensation, or

data for editing or special reproduction.

As this invention may be embodied in several forms,
the present embodiment is illustrative and not
restrictive. Since the scope of the invention is defined
by the appended claims rather than by the description
preceding them, and all changes that fall within metes and
bounds of the ‘claims, or equivalence of such metes and
bounds thereof are thereof intended to be embraced by the

claims.
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regions storing respective types of data, the apparatus being operable to
post-record data in one of said regions in such a way that the regions

becone separ at ed.
UV

CLATIMS

1. A digital signal recording and reproducing method for
digitally recording video and audio signals in tracks
on a magnetic tape, wherein an error-correcting
encoded video signal and a first error-correcting
encoded audio signal are recorded in first areas of
the tape, and wherein a second error-correcting
encoded audio signal is post-encoded in second areas
of the tape which are 1located so as not to
significantly corrupt said video signal during post-
recording, |

characterised in that said error-correcting
encoded video signal and said first error-
correcting encoded audio signal are recorded in
said first areas, which each exist in single

tracks, without an editing gap therein.

2. A method according to claim 1, wherein said wvideo
gsignal and said first audio signal are error-
correcting-encoded together before being recorded in

said first areas of said tape.

3. ‘A method according to claim 2, wherein said first and

second areas occupy different tracks on the tape.

4. A method according to claim 2, wherein said first and

second areas occupy the same tracks on the tape.
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10.

S

L

- 38 -

A method according to any of claims 1 to 4, wherein
a further part of the video signal is recorded in the

second areas before post-recording is carried out.

A method according to claim 5, wherein said further
part comprises high-fregency component data, low-
frequency component data, DC component data, data for
motion compensation, data for editing, or data for

special reproduction.

A method according to claim 1, wherein said wvideo
signal comprises video data and error-correcting
codes for said wvideo data, and said first audio
signal comprises first audio data and first error-
correcting codes for said audio data, said error-
correcting inspection codes being recorded adjacently

in said first areas of the tape.

A method according to claim 7, wherein said first and

second areas occupy the same tracks on the tape.

A method according to claim 8, wherein said first and

second areas overlap.

A method according to claim 9, wherein said second
audio signal is recorded substantially in the same

area in which said first audio signal was recorded.
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11.

12.

13.

’ * C L M S *

- 39 -

A method according to any of claims 7 to 10, wherein
gaid second audio signal comprises second audio data
and second error-correcting codes for said second
audio data, and the length of said second error-
correcting codes ig different to the length of said

first error-correcting codes.

A method according to claim 11, wherein the length of
gaid second error-correcting codes is less than that

of said first error-correcting codes.

A aigital signal recording and reproducing apparatus
for digitally recording video and audio signals in
tracks on a magnetic tape, arranged to record an
error-correcting encoded video signal and a first
error-correcting encoded audio signal in first areas
of the tape, and arranged to post-record a second
error-correcting encoded audio signal in second areas
of the tape which are located so as not to
significantly corrupt said video signal during post-
recording,
characterised in that the apparatus is arranged
to record said error-correcting encoded video
signal and said first error-correcting encoded
audio signal in said first areas, which each
exist in single tracks without an editing gap

therein.
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Apparatus according to claim 13, arranged to record
said video signal and said first audio signal
together before recording same in said first areas of

said tape.

'Apparatus according to claim 14, wherein said first

and second areas occupy different tracks on the tape.

Apparatus according to claim 14, wherein said first

and second areas occupy the same tracks on the tape.

Apparatus according to any of claims 13 to 16,
arranged to record a further part of the video signal
in the second areas before post-recording is carried

out.

Apparatus according to claim 17, wherein said further
part comprises high-frequency component data, low-
frequency component data, DC component data, data for
motion compensation, data for editing, or data for

special reproduction.

Apparatus according to claim 13, -wherein said video
gsignal comprises video data and error-correcting
codes for said wvideo data, and said first audio
signal ¢omprises first audio data and first error-
correcting codes for said audio data, said apparatus
being arranged to record said error-correcting

inspection codes adjacently in said first areas of
This is the replacement sheet
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the tape.

Apparatus according to claim 19, wherein said first

and second areas occupy the same tracks on the tape.

Apparatus according to claim 20, wherein said first

and second areas overlap.

Apparatus according to claim 21, arranged to record
said second audio signal substantially in the same

area in which said first audio signal was recorded.

Apparatus according to any of claims 19 to 22,
wherein said second audio signal comprises second
audio data and second error-correcting codes for said
second audio data, and the length of said second
error-correcting codes is different to the length of

said first error-correcting codes.

Apparatus according to claim 23, wherein the length
of said second error-correcting codes is less than

that of said first error-correcting codes.
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DIGITAL SIGNAL; RECORDING AND REPRODUCING APPARATUS
AND DIGITAL SIGNAL RECORDING AND REPRODUCING METHOD

ABSTRACT

A digital VTR for recording the data of one-frame of
collectively error—correcting—encdded video and audio
signals in N pieces of tracks during normal recording and
for recording the data of collectively error-correcting-
encoded video and audio signals in (N-1) pieces of tracks
and the data of error-correction-encoded post-scoring.
audio signal in the remaining one track exclusively for

post-scoring during post-scoring audioc recording.

FIGURES 1 & 2
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