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@ Recording and reproducing a time code signal together with digital video and audio signals.

@ In recording a time code signal together with
digital video and audio signals, at ieast one channel
of a digital audio signal is supplied to rotary heads
@\l scanning successive slant tracks on a tape for re-
L cording in intermediate sections of the slant tracks, a
digital video signal is suppiied to the same heads for
w=recording in other sections of the slant tracks situ-
QO ated before and after the intermediate sections and
= Dbeing relatively longer than the latter, and the time
«f=code signal is also supplied to the rotary heads for
QN recording in the intermediate sections with the same
°time codes being represented by the time code
signal recorded in the intermediate sections of a
successive plurality of the slant tracks which contain
the digital video signal for a respective frame.
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RECORDING AND REPRODUCING A TIME CODE SIGNAL TOGETHER WITH DIGITAL VIDEO AND AUDIO
SIGNALS

BACKGROUND OF THE INVENTION

Field of the Invention

This invention relates to a method and appara-
tus for tape recording and/or reproducing a time
code signal together with digital video and audio
signals.

Description of the Prior Art

In a conventional analog video tape recorder
(VTR), for example, as shown in Japanese Patent
Publication No. 23993/83, a time code signal, such
as, an SMPTE t{ime code, is recorded in a time
code track extending longitudinally along a side
edge of the magnetic tape, and also in a recording
area for the vertical blanking period of each slant
track in which the video signal is recorded. In the
reproducing or playback mode, the time code sig-
nal is read from the longitudinal time code track
along the side edge of the magnetic tape so long
as the tape is being driven at an adequate speed,
for example, as when the tape is being driven at
the normal or standard speed used for recording
and playback, or when the tape is being driven at a
high tape speed, as in the fast-forward or rewind
maode, or at a speed that is slightly reduced relative
to the normal tape speed. However, when the tape
is being driven at a very slow speed or when the
tape is at rest, as in the still reproducing mode, the
time code signal is read from the siant fracks.
Thus, the time code data can be continuously
obtained in the conventional analog video tape re-
corder without regard to the speed or direction of
the tape drive.

In a digital VTR, the digital video signal is
shuffled, for example, over 50 lines, before being
recorded on the magnetic tape. Therefore, if the
time code signal is recorded together with the
digital video signal in the siant tracks, for example,
as noted above in respect to the conventional ana-
log VTR, it will be difficuit to accurately read the
time code signal in certain of the tape speed
modes empioyed during playback or reproducing.
Therefore, in conventional digital VTRs, the time
code signal is recorded only in the time code track
extending longitudinally along a side edge of the
magnetic tape, and cannot be accurately read dur-
ing playback in abnormal reproducing modes, such
as, the still mode or the very low tape speed mode.
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OBJECTS AND SUMMARY OF THE INVENTION

Accordingly, it is an object of this invention to
provide a method and apparatus for tape recording
a time code signal together with digital video and
audio signals, and which avoids the above de-
scribed disadvantages of the prior art.

More specifically, it is an object of this inven-
tion to provide a method and apparatus for tape
recording a time code signal fogether with digital
video and audio signals in a manner to permit the
accurate reading of the time code signal during
playback in either the normal reproducing mode or
in any of the abnormal reproducing modes having
abnormal tape speeds.

In accordance with an aspect of this invention,
in recording a time code signal together with digital
video and audio signals, at least one channel of a
digital audio signal is supplied to rotary heads
scanning successive slant tracks on a magnetic
tape for recording in intermediate sections of the
stant tracks, a digital video signal is supplied to the
same heads for recording in other sections of the
slant tracks situated before and after the intermedi-
ate sections and being relatively longer than the
latter, and the time code signal is also supplied to
the rotary heads for recording in the intermediate
sections with the same time codes being repre-
sented by the time code signal which is recorded
in the intermediate sections of a successive plural-
ity of the slant fracks containing the digitial video
signal for a respective frame.

In accordance with a feature of this invention,
the digital audio signal is processed in segments
each corresponding, in duration, to the time re-
quired for scanning of a group of the slant tracks
which are a fraction of the predetermined number
of slant tracks containing the digital video signal for
a respective frame, there are a plurality of channels
of the digital audio signal to be recorded, sach of
the segments of the audio signal includes blocks
respectively comprised of data words representing
odd and even samples of each of the channels,
each of the blocks further contains user control
words, each of the above mentioned groups of
slant tracks has a number of audio sectors in the
intermediate sections thereof sufficient to record
therein the respective blocks corresponding to odd
and even samples of each of the channels and
duplicates thereof in a scatiered arrangement with-
in the intermediate sections of the corresponding
group of slant tracks, and the time code signal is
recorded as the user control words of selected
blocks of each audio segment corresponding to the
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odd and even samples of at least one of the
channels and the duplicates of such selected
blocks, with the time code signal being the same
for all of the segments of the audio signal recorded
in the intermediate sections of the slant tracks
corresponding to a respective one of the frames.

When reproducing the time code signal re-
corded together with the digital video and audio
signals in accordance with this invention, and par-
ticularly when a so-called abnormal reproducing
mode is being employed, the reproduced time
code signal is separated, as by time demultiplex-
ing, from the reproduced digital video and audio
signals, erroneous bits are detected in the repro-
duced digital time code signal, those bits of each
reproduced digital time code signal which are in-
dicated to be free of error are stored, and, finally,
time codes are read from the stored bits which are
free of error and which are drawn from reproduced
digital time cade signals representing the same
time code, that is, reproduced from the intermedi-
ate sections of those slant tracks which contain the
digital video signal for a common frame.

The above, and other objects, features and
advantages of the invention, will be apparent in the
following detailed description of an illustrative em-
bodiment of the invention which is to be read in
connection with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic diagram showing a
pattern of slant tracks in which signals are recorded
on a magnetic tape by a digital VTR of a tape to
which this invention is advantageously applied;

Fig. 2 is a more detailed schematic diagram
showing an arrangement of audio sectors within an
audio signal segment recored in the track pattern
of Fig. 1;

Fig. 3 is a diagrammatic view showing an
audio data block layout used in the digital VTR to
which to this invention is advantageously applied;

Fig. 4 is a schematic biock diagram showing
recording and reproducing sections of the digital
VTR according to an embodiment of this invention:

Fig. 5 is a diagrammatic view showing outer
error correcting encoding and inner error correction
encoding for video data used in the digital VTR to
which this invention is advantageously applied:

Fig. 6 is a diagrammatic view showing an
input audio data block layout receivable by the
digital VTR to which this invention is advantageous-
ly applied; and

Fig. 7 is a schematic diagram illustrating
error detection in successive time code signals
reproduced during scanning across the tape in an
abnormal reproducing mode, and to which refer-
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ence will be made in explaining how a time code
signal is accurately read even in such abnormal
reproducing mode.

DETAILED DESCRIPTION OF A PREFERRED EM-
BODIMENT

Initially, it should be noted that, for digital re-
cording on magnetic tape, the smallest recordable
wave length within which 2 bits can be recorded
has been standardized at 0.9 micrometer, which
allows the recording of 2.2 bits per micrometer.
Further, the standard data rate for recording digital
video signals is 216 Mbit/sec., so that, in the case
of recording NTSC signals comprised of 60 fields
per second, 3.6 Mbit need to be recorded for each
field. Therefore, given the limitation of 2.2 bits per
micrometer, a magnetic track with a length of 180
cm would be required for each field. If it were
desired to record a field in a single, unsegmented
helical or slant track having a length of 180 cm. on
the magnetic tape, the diameter of the head drum
would have to be greater than 50 cm. Accordingly,
digital VTRs cannot record a field in a single un-
segmented helical or slant track, but rather employ
field segmentation for recording of the digital video
signal.

More specificaily, in the case of the digital
recording of NTSC signals, out of the 262.5 lines
constituting each field, only the last 250 lines from
each field are recorded, and 10 helical or slant
tracks are employed to record the information of
one field of the video signal. The 250 lines of a
field to be recorded are first divided into 5 video
segments, each comprised of 50 lines and each
recorded in 2 tracks. Further, in order to ensure
minimum sensitivity of the recorded signal to head
failures, drop outs or other tape defects, the incom-
ing video signal is distributed among 4 adjacent
tracks. Since the 2 tracks available for each seg-
ment of the video signal to be recorded cannot be
divided by 4, 2 video sectors are formed within
each helical or siant track and the data for each
segment of the video signal are recorded in 2 pairs
of video sectors respectively located in four adja-
cent slant tracks.

A digital VTR for recording and reproducing
component digital video signals, for example, in the
4:2:2 component system, and which is of a type to
which the present invention is advantageously ap-
plied, forms the patiern of slant tracks T shown on
Fig. 1. Such recorded pattern of slant tracks T is
seen to include 10 pairs of slant Tracks Ty, T1p;T2a
s Tebs---T10a T1ops that is, a total of 20 slant tracks in
which are recorded one frame (2 fields) of a digital
video signal according to the HTSE system and
also digital audio signals for 4 audio channels asso-
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ciated with the respective frame. Each of the slant
fracks T is shown to include an intermediafe sec-
tion A for receiving the recorded audio signal, as
hereinafter described in detail, and which is spaced
from the opposite ends of the respective track, and
video frack sections V, and V., which are located
before and after the intermediate audio track sec-
tion A in the respective track T.

in Fig. 1, the video track sections which contain
video seciors of the first and second fields of the
illustrated frame are identified at F, and F,, respec-
tively, and the video track sections which contain
video sectors inciuded in the 5 different segments
of each of the fields are identified at S,,S.,5:,5.: and
8., respectively.

As earlier noted, each video segment is re-
corded in 2 pairs of video sectors located in 4
adjacent helical tracks 1o be scanned by the dif-
ferent rotary magnetic heads. Thus, for example, in
the track pattern shown on Fig. 1, the video seg-
ment S, of the first field F, is recorded in the pair
of video sectors in video track section V, of tracks
Taa @and Top, and in the pair of video sectors in
video track section V, of tracks Ta, and Tap.

In the digital VIR of the type to which the
present inveniion is desirably applied, audio
records are formed independently for each of the 4
audio channels. The audio data of each of the 4
audio channels are processed in audio segmenis
each corresponding in duration to 4 slant fracks or
1/5 of a video frame. Each of the slant tracks T
contains 4 audio signal sectors disposed succes-
sively in the intermediate track section A between
the 2 video sectors disposed in the respective track
sections V, and V.. Thus, in a complete scan by a
head along one of the slant tracks T, the scanning
head reproduces signals from a video sector in
track section V,, 4 audio sectors in track section A
and another video sector in track section V.. Al-
though the audio track section A is shown on Fig. 1
to be almost as long as each of the video track
sections V, and V., in actual practice, the audio
track section A contains, for example, 5 x 134
byies and is substantially shorter, in the scanning
direction, than each of the video track sections V,
and V, containing, for example, 160 x 134 byies.
The foregoing results from the fact that a digital
audio channel has less than one-half of one per-
cent of the video bit rate. Therefore, although the
recording bit rate for the audio signal is almost the
same as for the video signal, the transmission bit
rate is much lower and the audio signal is endan-
gered by individual errors on the tape to a greater
degree than the video signal. Furthermore, the hu-
man ear is more sensitive 1o errors or defects than
the human eye.
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In order {o reduce the sensitivity of the audio
signal to errors, blocks respectively corresponding
to odd and even samples of an audio segment of
each of the four audio channels, and duplicates
thereof, are recorded in respective audio sectors in
a scattered arrangement within the intermediate or
audio track sections A of the group of 4 fracks T
corresponding to the respective audio segment.

Since each audio segment corresponds in du-
ration to 4 slant tracks which each contain 4 audio
sectors, 16 audio sectors are available for record-
ing the 16 blocks comprised of odd and even
samples of 4 audio channels and duplicates there-
of, and the 16 audio sectors making up an audio
segment are preferably recorded in the opfimum
distribution or scattered arrangement shown on Fig.
2.

The optimum distribution shown in full lines on
Fig. 2 is, for example, for the audio segment cor-
responding in duration to the 4 slant tracks Ta.,
Tap, Tga and Tgp. In such distribution, 4 rows of
audio sectors SR.SR,,SR. and SR, are arranged in
the 4 slant tracks Taa, Ton, T 32 and Tain the
scanning direction of the heads. The first audio
sectors in the 4 tracks, and which appear in the
order 1.E, 2.E, 3.E and 4.E in the row SR, respec-
tively contain even samples of the first, second,
third and fourth audio channels. In the second row
SR, the audio sectors appearing in the order 4.0,
1.0, 2.0 and 3.0, respectively contain odd samples
of the fourth, first, second and third audio channels.
The audio sectors 3.E,4.E,1.E and 2.E appearing in
that order in the third row SR, contain the same
data as the similarly identified sectors in row SR,,
but with such seciors appearing in a different order.
Similarly, the sectors 2.0, 3.0, 4.0 and 1.0 appear-
ing in that order in row SR, have the same data
recorded therein as in the correspondingly iden-
iified audio sectors in row SR,, but with the order of
such sectors being changed.

Each audio segment contains approximately
320 samples of each audio channel. Each segment
of each audio channel is processed into 2 audio
blocks of 10 x 60 bytes, each corresponding to a
respective sector. One block contains approximate-
ly 160 data words corresponding to the even sam-
ples, as shown on Fig. 3, while the other block
similarly contains approximately 160 data words
corresponding to the odd samples. In each case,
as shown, the data portion of the block is 7 x 80,
that is, data words are arranged in the rows iden-
tified as ROWS 0,1,2,3,6,8 and 9, while ROWS 4,5
and 7 contain outer error protection data of the
Reed-Solomon type. Each block, and hence each
audio sector, is further shown o include user con-
trol words, interface control words and processor
conirol words.
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More particularly, each block, and hence each
audio sector, has a data format including data
regions WORD 0,1,2,...,160, check character data
regions PVO, PV1, PV2 and contains 8 user contro!
words of 8 bits which, in the illustrated even block,
are identified as USER 0,2,4,6,8,10,12 and 14, re-
spectively.

The interface control words are shown, for ex-
ample, to include a channel use word CHAN of 4
bits which specifies the usage of two input chan-
nels in an interface data stream, a pre-emphasis
word PREF of 4 bits which specifies the usage of
pre-emphasis in the audio coding, an audio data
mode word LNGH of 4 bits which is written 4 times
in each biock for security and which specifies the
audio word length and the usage of the anciliary
bits Status User and Validity, and biock sync loca-
tion words S MARK 0 and S MARK 1, each of 8
bits which specify the location of the first and last
block sync associated with channel status and user
data.

The processing control words inciude a word
count word B CNT of 4 bits written 4 times in each
block for security and specifying the number of
useful data words in such block, a sequence word
SEQN of 4 bits also written 4 times in each block
and which specifies a sequence of 15 blocks to aid
processing in high-speed data recovery, and an
overlap edit word E LAP of 4 bits which specifies
the segment associated with an overlap edit transi-
tion.

As earlier noted, each block or audio sector
includes 8 user control words or regions of 8-bit
length, that is, of 1 byte each, and, therefore, each
audio sector includes a total of 8 bytes of user
control regions. The SMPTE time code signal con-
sists of codes representing hours, minutes, sec-
onds and frames, or of 8 bytes excluding the sync
code, as will be also apparent from the previously
noted Japanese Patent Publication No. 23993/83.

Generally, in accordance with the present in-
vention, the above noted SMPTE time code signal
is recorded as the user control words of selected
blocks of each audio segment corresponding to the
odd and even samples of at least one of the audio
channels and the duplicates of such selected
blocks, with the recorded time code signal being
the same for all of the segments of the audio signal
recorded in the intermediate sections A of the slant
tracks T corresponding to a common one of the
video frames. By way of example, the SMPTE time
code signal, which consists of codes for hours,
minutes, seconds and frames at 30 Hz, may be
recorded in the 8 user conirol word regions of the
sectors 4.E and 4.0 in which are recorded the even
and odd samples, respect-ively, of the fourth audio
channel, with the time code signal recorded as the
user control words in audio sectors 4.E and 4.0
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being the same for all of such audio sectors in the
20 slant tracks T containing the digital video signal
for one video frame. Since there are 5 audio seg-
ments corresponding to each video frame and 16
audio sectors in each audio segment as indicated
clearly on Fig. 2, there are a total of 80 audio
sectors recorded in the intermediate sections A of
the slant fracks containing one video frame and, in
the described example of the invention, the SMPTE
time code signal is recorded as the user control
words in 20 of such audio sectors. Thus, the user
conirol words in the remaining 60 audio sectors
recorded in the slant iracks containing one video
frame are still available for other desired control
purposes. It will be appreciated from Fig. 2 that, as
a result of the scattered arrangement of the 16
audio sectors corresponding to an audio segment,
the audio sectors 4.E and 4.0 containing the re-
corded SMPTE time code signal are differently
positioned in each of the 4 slant tracks correspond-
ing to an audio segment, thereby increasing the
probability that audio sectors containing the re-
corded SMPTE time code signal will be scanned
by rotary heads of the digital VTR even during
playback in abnormal reproducing modes. Further,
it should be understood that the positions and
number of the audio sectors in each audio segment
in which the time code signal is recorded may be
changed from that indicated above, that is, the time
code signal may be recorded as the user control
words in audio sectors in addition to, or other than
the indicated audio sectors 4.E and 4.0 so long as
the recorded SMPTE time code signal does not
interfere with other user control data being re-
corded in the respective audio sectors.

Referring now to Fig. 4, it will be seen that a
digital VTR for recording and reproducing a time
code signal together with digital video and audio
signals according to an embodiment of this inven-
tion includes a recording section 10 and a re-
producing section 11 associated with a system
controller 12 and a tape iransport controller 13 by
which the speed of movement of the magnetic tape
is controlied for determining the reproducing mode.
In the recording section 10, the input digital video
signal, consisting of 250 lines per field and 720
pixeis per line, is supplied through an input inter-
face 14 to a source mapping circuit 15 which
carries out one-for-one mapping of each video data
byte in a known manner so that, for the most
probable distribution of digital errors, there is a
reduction in the subjective peak error produced in
a pixel and to reduce the DC component of the
signal. The mapped video data bytes are supplied
to a distributor 16 constructed, for example, as a
demultiplexer which effects inter-sector shuffling,
that is, the distribution of the 50 lines making up a
video segment (one-fifth of a field) among four
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corresponding video sectors in a predetermined
sequence so as to increase the probability that
uncorrectable samples are surrounded by error-
free data words to permit so-called error conceal-
ment. The distribuied video signal from distribuior
16 is supplied to an intra-line shuffling circuit 17
having four memories for the four sectors, which
effects the distribution of the samples within each
line and within each sector so as to form video
data-outer code blocks. In the next block 18 outer
error coding is effected on the outer code blocks
by adding 2 bytes KV0, KV1 1o every 30 bytes of
the video signal for use as check words in detect-
ing and correcting errors during reproduction.
Then, sector array shuffling is effected in a block
19, that is, within each video sector, the sample
bytes representing the pixels and the check bytes
are rearranged so as o be recorded in a pseudo-
random sequence rather than in chronological or-
der, as illustrated in Fig. 3. The combination of
intra-line shuffling by block 17 and sector array
shuffling by block 19 constitutes an intra-sector
shuffling.

The input digital audio signal for each of the
four audio channels is supplied in the AES/EBU
format shown in Fig. 8. Each subframe is 32 bits
long and includes 4 bits of synchronizing data, 4
bits of auxiliary audio data, 20 bits of audio data,
and 1_bit each of validity data, user data, channel
data and parity data. This input audio data is ap-
plied through an input interface 20 to an audio data
preprocessor 21 in which the audio data for each
audio segment is distributed among the 16 audio
sectors corresponding to the odd and even sam-
ples of the four audio channels and duplicates
thereof, respectively, as earlier described. in par-
ticular, in audio data preprocessor 21, 20 bits are
selected from the 24 bits comprising the audio,
validity, user, channel and parity data to form
words 20 bits long, under the control of a system
coniroller 12 discussed below. For example, when
the sampling frequency for the digital audio data is
approximately 48 kHz, there are about 1600 sam-
ples per channel in each frame, and the samples in
each frame are distributed by audio data distribu-
tors 22 to 10 audio sectors each of which may
contain 160 audio samples. The audio signal is
then passed through a block 23 in which outer
error coding of the audio signal is effected. In
particular, the audio data in word data regions
WORD 0,1....,160, the SMPTE time code signal in
the 8 user data regions and the additional control
data in the other regions are supplied to block 23
in unit s of 4 bits so as to generate check char-
acters 4 bits long for the data regions PVQ, PV1,
etc. forming the audio dafa outer error correction
code as shown in Fig. 3. It is not necessary to add
CRC codes (Cyclic Redundancy Check Codes)

70

5

20

25

50

such as tae Vertical Interval Time Codes (VITG) for
the time codes since the audio sector time code
(ASTC) is itself protected by the error correction
codes for the audio data. It is also not necessary to
add the VITC as a field mark, as the reproduced
fime code is identified by the segment ID and the
sector ID, nor to add sync bits, as sync data is
recorded in each audio sector. Then, the audio
signal is subjected to shuffling in block 24, that is,
the audio data words in each audio sector are
rearranged in a pseudo-random sequence, as fur-
ther shown in Fig. 3. The digital video signal from
block 19 and the digital audio signal from block 24
are supplied to a time-multiplexer 26 which gen-
erates a signal with a sequence of video and audio
sectors corresponding to the track pattern shown
on Fig. 1, that is, with two video sectors to be
recorded in track sections V, and V, followed by
four audio sectors to be recorded in intermediate
track section A.

Further, in the recording secfion 10 of the
apparatus embodying this invention, a time code
generator 25 receives a video sync signal from the
interface 14 and provides, in synchronism there-
with, an SMPTE time code signal which, for exam-
ple, is suitably supplied under the control of sys-
tem controller 12 to the audio data distributor 20 so
that the 8 bytes of the fime code signal appear at
the 8 user control word regions of the selected
audio sectors, for example, the audio sectors 4.E
and 4.0, as eariier described. Thus, in the time-
muitiplexed data stream from mutliplexer 26, the
selected audio sectors 4.E and 4.0 contain the
corresponding time code signal in the respeciive
user conirol word regions, and which oniy changes
from frame to frame.

The digital output signal from multiplexer 26 is
supplied to an inner error encoder 27 in which
additional check bits are added for improving error
protection. In paricular, the data words of each
audio data block are converted into 80 bytes, each
8 bits long, so that they may be inner-error en-
coded together with the video data. The inner error
encoding creates blocks having 60 data bytes and
4 check bytes KHO-KH3, as iliustrated in Figs. 3
and 5. In order to reduce the DC content of the
digital video and audio signals prior to recording,
the output of inner error coder 27 is supplied to a
block 28 in which it is randomized or scrambied. At
this point, the digital signal is still in byte form and,
for the purposes of recording, this byte-oriented
signal is supplied through a multiplexer 30 and is
converted into a serial bit signal in a parallel-to-
serial converter 31. However, in ordef io enable the
byte limits to be detected in the serial bit flow, a
suitable identification is recorded together with the
serial signal. For this purpose, each video sector is
converted inio 160 sync blocks and each audio
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sector is converted into 5 sync blocks, with each
sync block consisting of a synchronization pattern
and an additional identification pattern, followed by
128 bytes of video or audio data, as the case may
be. A circuit 29 timed by the video sync signal
from input interface 14 is provided for generating
the necessary sync and identification patterns
which are supplied to multiplexer 30 for suitable
time-multiplexing with the digital video signal and
digital audio signal with which the time code signal
is associated. Finally, the output of multiplexer 30
is supplied to parallel-to-serial converter 31 and the
resulting serial signal is then supplied to a record-
ing circuit 32 for application to a rotary head as-
sembly having 4 helical heads Ha, Hb, Hc, Hd
which have closely arranged gaps for recording in
adjacent tracks.

In the reproducing section 11 of the apparatus
illustrated on Fig. 4, the signal reproduced by the 4
rotary or helical heads Ha,Hb,Hc,Hd are supplied to
a recording circuit 33 including an equalizer which
extracts binary data signals therefrom. The ex-
tracted signals are supplied to a clock regeneration
circuit 34 for regenerating the clock signals in the
binary data and thence to a serial-to-paraliel con-
verter 35 and a time base correcting circuit 36.
From there the time base corrected data are sup-
plied to a detector 37 which detects the synchro-
nization and identification patterns for use in con-
verter 32 in converting the reproduced serial signal
back to the byte-oriented or 8-bit parallel data
format. The detected synchronization pattern is fur-
ther used io achieve the correct derandomization of
the byte-oriented signal in a derandomizer 38,
whereupon the derandomized signal is supplied to
an inner error detection/correction circuit 39. In
such circuit 39 the inner error code is used io
correct errors in the video data, audio data and the
time code signals in the user data regions where
possible by using the 4 check bytes KHO-KHS3,
which can correct errors up to 2 bytes. However,
for most of the errors, the inner error code is
suitable only for determining that errors have oc-
curred within an error protection block which is
then identified by a respective flag. Thereafter, as
will be described, the outer code is used for deter-
mining where within a flagged block errors have
occurred.

Following the inner error detection/correction in
circuit 39, the video signal path, and the audio and
time-code signal paths diverge through a data de-
multiplexer 40. In the video signal path, the original
chronological sequence of the samples is rein-
stated in an intra~sector deshuffling circuit 41 and
then the outer code is used in a circuit 42 to detect
the flagged blocks and to correct the errors therein,
wherever possible. Then, an intra-line deshuffle in a
deshuifler 43 and an inter-sector deshuffle in a
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deshuffler 44 are effected and source remapping is
effected in a circuit 45. Finally, in the video path, a
circuit 46 may be provided for effecting conceal-
ment of those errors remaining after the outer error
correction, and also for effecting time base correc-
tion, whereupon the reproduced digital video signal
is derived through an interface 47.

Similarly to the above, in a path shared by the
audio and time code signals from circuit 39 through
demuitiplexer 40, the original chronological se-
quence of the samples in the audio sectors is
reinstated in an audio data deshuffling circuit 48,
whereupon the outer code is used to detect the
errors in the flagged blocks and to correct such
errors, if possible, in an outer error correction cir-
cuit 49. In particular, erroneous time code signals
and erroneous audio data are corrected up to 3
characters of 4 bits each by using the 4 bit check
characters PV0O,PV1,PV2 of the audio outer error
correction code, which has a greater error correct-
ing efficiency than the corresponding video outer
error correction code using check bytes KHO-KH3.
In the next block or redistributor 50, the distribution
of the audio data for each audio segment among
the respective sixteen audio sectors is reversed,
and the corrected control data other than the cor-
rected time code signals are supplied to system
controller 12. The redistributed audio data is sup-
plied to an error concealment and time base cor-
recting circuit 51 in which any remaining uncor-
rected audio data identified by error flags added in
inner error decoder 39 and audio data outer error
decoder 49 are concealed and time base correction
is effected. The audio data from block 51 are then
supplied to an audio data post-processing circuit
52 to be reformed into the AES/EBU format shown
in Fig. 6 and then o an output interface 53 from
which the several audio channels are output.

The time code signal recorded at the user
control word regions of selected audio sectors, for
example, the audio sectors 4.E and 4.0 as de-
scribed above, is extracted from the data flow at
redistributor 50 and supplied to a time code error
detector 54 which detects error flags raised at the
user control word regions in those cases where the
reproduced time code signal could not be cor-
rected for error. A memory 55 is provided to store
the error flags identifying those user control word
regions of the selected audio sectors at which
errors have been detected, and further to store the
data appearing in the user control word regions at
which no error flags are raised, whereupon, as
hereinafter further described, a time code reader
50 can read or assemble a time code signal from
the stored data.

The above described arrangement operates as
follows for reading the recorded time code signal:
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In the normal-speed reproducing mode, and in
reproducing operations empioying fape speeds
close to the normal speed, as established by tape
fransport control 13, a time code signal recorded at
the user control word regions of an audio sector
4.0 or 4.E is reproduced from each scanned track
T so that time code signals of the same data
content are reproduced 20 times during each video
frame. Since some of these reproduced time code
signals may not have been correcied for error in
block 35, the resulting error flags are detected in
block 48. Further, in the normal speed reproducing
mode, system controller 12 causes memory 55 fo
store the time code signal recorded at the user
conirol word regions of an audio sector for which
no error flags have been raised. The time code
reader 56 reads or indicates the time code iden-
tified by the first time code signal indicated to be
free of error among the 20 time code signals
reproduced during a video frame.

When a high-speed reproducing mode is es-
tablished by control 13, time code signals have
different data contents as to hours, minutes, sec-
onds and/or frames may be reproduced at random
during a frame period. In other words, in the normal
speed reproducing mode, during each frame which
comprises 5 audio segments, the time code signais
obtained from the sectors 4.E and 4.0 of the 5
audio segments all have the same data content,
whereas, in the high-speed reproducing mode, the
time code signals reproduced from the sectors 4.E
and 4.0 of the 5 audio segments occurring during
a frame period have different data contents. In the
high-speed reproducing mode, if the respective
audio sectors 4.E and 4.0 reproduced during a
frame period are found to have no error flags
raised at any of its user control word regions,
system controller 12 causes the time code signal
recorded at such error-free user control word re-
gions to be read by reader 56. If two or more audio
sectors 4.E, 4.0 are reproduced during a frame
period with no error flag raised at any of the user
control word regions of such audio sectors, system
controller 12 causes time code reader 56 to read
the time code signal read from the audio sector in
the earliest occurring audio segment. If, in the high-
speed reproducing mode, no audio sector 4.E, 4.0
is reproduced during a frame period without any
error flags raised at the respective user control
word regions, then time code reader 56 continues
{o indicate the last established time code, for ex-
ample, the ime code corresponding to the time
code signal read during the previous frame period.
Since it is not necessary to accurately maintain the
continuity of the time code in the high-speed re-
producing mode, the foregoing procedure for deter-
mining the time code is satisfactory in the high-
speed reproducing mode.
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On the other hand, in the low-speed or siill
reproducing mode, it is desirable to maintain the
continuity of the time code as much as possible
even though, in some scans across the tape, the
fime code signal may not be reproduced. There-
fore, in the low-speed or still reproducing mode,
system controlier 12 responds to the establishment
of such mode by tape transport control 13 to
perform the following steps:

(1) If, during a frame period, an audio sector
4.E or 4.0 is reproduced with no error flag raised
at any of its user conirol word regions, the fime
code signal recorded at such regions is read to
determine the respective fime code.

(2) If no audio sector 4.E or 4.0 is repro-
duced during a frame period without any error flag
at its user control word regions, a time code as-
sembling procedure is employed under the control
of system controller 12. More specifically, in such
procedure, during the scanning of each track in a
frame period, only data recorded at user control
word regions at which no error flags are raised are
collected or stored in memory 55 and, upon the
collection of error-free data for each of the 8 bytes
of the time code signal, the latter is assembled
from the stored data. For example, as shown dia-
gramatically on Fig. 7, during a frame period, the
user control word regions of the audio sectors in
the several audio segments in a frame are checked
in error detector 48 for the presence of error flags
thereat in the order of the sectors 4.0, 4.E of audio
segment A, sectors 4.0, 4.E of audio segment B,
sectors 4.0, 4.E of audio segment C, and so forth.
In Fig. 7, the symbol "O" has been applied to
identify each user control word region at which no
error flag is raised, while the symbol "1" is applied
to indicate the presence of an error flag at the
respective user control word region. As the detec-
tion of the error flags proceeds, data corresponding
to a particular byte of the time code signal and
appearing for the first time at a user control word
region which does not have an error flag asso-
ciated therewith is collected or stored in memory
535, as indicated by an * appearing under the re-
spective region on Fig. 7. Finally, when correct
data has been collected or stored in respect to the
8 bytes of a time code signal, for example, at the
completion of audio sector 4.E of audio segment B
in Fig. 7, reader 56 assembles the respective time
code signal from the stored data.

(3) The time code signal which is assem-
bled, as described above, is suitably compared in
system controller 12 with the previously available
time code signal to determine if continuity of the
time code has been maintained. If such continuity
does exist, the assembled time code signal is
employed. On the other hand, if continuity does not
exist, the procedure for collecting the data and
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assembling a fime code signal therefrom is re-
peated. The foregoing operation is employed in
order fo exclude from use any time code signal
composed of data derived from audio sectors cor-
responding fo different frames of video.

In the above description of an embodiment of
this invention, the time code signal has been re-
corded in only the audio track sections A of the
slant tracks. However, it will be apparent that the
time code signal may also be recorded in a longitu-
dinal track extending along a side edge of the
magnetic tape, as in the prior art, so as to permit
the reproduction of the time code signal either from
the slant tracks or from the longitudinal track, as
circumstances might require.

Having specifically described an embodiment
of the present invention with reference to the ac-
companying drawings, it is to be understood that
the invention is not limited to that precise embodi-
ment, and that various changes and modifications
may be effected therein by one skilled in the art
without departing from the scope or spirit of the
invention as defined in the appended claims.

Claims

1. A method for tape recording a time code
signal together with digital video and audio signals
comprising:
scanning successive slant tracks extending ob-
liquely across a tape; :
recording at least one channel of a digital audio
signal in intermediate sections of said slant tracks
which are spaced from the opposite ends of the
respective tracks;
recording a digital video signal in other sections of
said slant tracks which are located before and after
said intermediate sections considered in the direc-
tion of said scanning; and
recording a time code signal representing time
codes in said intermediate sections of said slant
fracks with said time codes represented by the
time code signal recorded in said intermediate sec-
tions of a successive plurality of said slant tracks
being the same.

2. A method according to claim 1; in which
said other sections of each slant track are relatively
long in respect to said intermediate sections con-
taining the digital audio signal and time code sig-
nal.

3. A method according to claim 1 or 2; in which
the digital video signal for each field is recorded in
said other sections of a plurality of said slant
fracks, and the same time codes are represented
by the time code signal recorded in said intermedi-
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ate sections of the slant tracks which have the
digital video signal for two fields recorded in said
other sections thereof.

4. A method according to any one of claims 1
to 3; in which the digital video signal for each
frame is recorded in said other sections of a pre-
determined member of said slant tracks, said digi-
tal audio signal is processed in segments each
corresponding, in duration, o the time required for
scanning of a group of said slant tracks which are a
fraction of said predetermined number of siant
fracks, there are a plurality of channels of said
digital audio signal to be recorded, each of said
segments of the audio signal includes blocks re-
spectively comprised of data words representing
odd and even samples of each of said channels,
each of said blocks further containing user control
words, and each said group of said slant tracks has
a number of audio sectors in said intermediate
sections thereof sufficient to record therein said
respective blocks corresponding to odd and even
samples of each of said channels and duplicates
thereof in a scattered arrangement within said inter-
mediate sections of the corresponding group of
said slant tracks; and in which said time code
signal is recorded as said user control words of
selected blocks of each audio segment corre-
sponding to said odd and even samples of at least
one of said channels and the duplicates of said
selected blocks, and said time code signal is the
same for all of said segments of the audio signal
recorded in said intermediate sections of the slant
tracks corresponding to a respective one of said
frames.

5. A method according to claim 4; in which the
digital video signal for each frame is recorded in
said other sections of twenty successive slant
tracks, each of said groups of slant tracks contains
four successive iracks, each of said slant tracks
has four of said audio sectors in said intermediate
section thereof, and said time code signal is re-
corded as said user control words in the scattered
arrangement of said audio sectors of each audio
signal segment which have recorded therein said
odd and even samples of one of said channels and
duplicates thereof.

6. A method according to claim 5; in which
said audio sectors in each of said slant tracks are
arranged in rows with respect o said audio sectors
in the adjacent slant tracks, and said scattered
arrangement is such that two spaced apart rows of
said audio sectors for a respective audio signal
segment contain even samples of respective chan-
nels in different orders and the other two of said
rows of audio sectors contain odd samples of re-
spective channels in orders that are different from
each other and also different from said orders of
the first mentioned two rows.
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7. A method for tape recording a time code
signal together with digital video and audio signals
comprising:
scanning successive slant tracks extending ob-
liquely across a tape;
recording at least one channel of a digital audio
signal in first sections of said slant tracks;
recording a digital video signal in other sections of
said slant tracks which are relatively longer than
said first sections of said slant tracks; and
recording a time code signal representing time
codes in said first sections of said slant tracks.

8. A method according to claim 7; in which the
di'gital video signal for each frame is recorded in
said other sections of a predetermined member of
said slant tracks, said digital audio signal is pro-
cessed in segments each corresponding, in dura-
tion, fo the time required for scanning of a group of
said slant tracks which are a fraction of said pre-
determined number of slant {racks, there are a
plurality of channels of said digital audio signal to
be recorded, each of said segments of the audio
signal includes blocks respectively comprised of
data words representing odd and even samples of
each of said channels, sach of said blocks further
containing user control words, and each said group
of said slant fracks has a number of audio sectors
in said first sections thereof sufficient fo record
therein said respective blocks corresponding to
odd and even samples of each of said channels
and duplicates thereof in a scattered arrangement
within said first sections of the corresponding
group of said slant tracks; and in which said time
code signal is recorded as said user control words
of selected blocks of each audio segment cor-
responding to said odd and even samples of at
least one of said channels and the duplicates of
said selected blocks, and said time code signal is
the same for all of sald segments of the audio
signal recorded in said first sections of the siant
tracks corresponding o a respective one of said
frames.

9. A method for tape recording and reproduc-
ing a time code signal together with digital video
and audio signals comprising:
in a recording phase,
recording at least one channel of a digital audio
signal in intermediate sections of successively
scanned slant tracks which extend obliquely across
a tape, with each of said intermediate sections
being spaced from the opposite ends of the re-
spective tracks,
recording a digital video signal in other sections of
said slant tracks which are located before and after
said intermediate sections considered in the direc-
tion in which said slant tracks are scanned, and
recording digital time code signals representing
time codes in said intermediate sections of said
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slant fracks with said time codes represented by
the time code signals recorded in said intermediate
sections of a successive pilurality of said slant
tracks being the same; and,

in a reproducing phase,

reproducing said digital video, audio and time code
signals recorded in said successive tracks,
separating said digital time code signals from the
reproduced digital video and audio signals, and
reading fime codes from said digital time code
signals separated from the reproduced digital video
and audio signals.

10. A method according to claim 9; in which,
when the tape is advanced at substantially different
speeds during said recording and reproducing
phases, respectively, the following additional steps
are performed in said reproducing phase:
detecting erroneous bits in the reproduced digital
time code signals,
sioring from each reproduced digital time code
signal only those bits indicated to be free of error,
and
reading said time codes from the stored bits which
are free of error and which are drawn from repro-
duced digital time code signals representing the
same time code.

11. A tape recording apparatus comprising:
head means scanning successive slant tracks ex-
tending obliquely across a tape;
audio processing means for providing at least one
channel of a digital audio signal;
video purocessing means providing a digital video
signal;
means for generating a time code signal represent-
ing successive time codes; and
time multiplexing means for supplying said digital
audio and video signals and said time code signal
to said head means for recording of said digital
audio signal in intermediate sections of said slant
fracks which are spaced from the opposite ends of
the respective tracks, recording said digital video
signal in other sections of said slant tracks which
are located before and after said intermediate sec-
tions considered in the direction of said scanning,
and recording said time code signal in said inter-
mediate sections of said slant tracks with the same
time codes being represenied by the time code
signal recorded in said intermediate sections of a
successive plurality of said slant tracks.

12. A tape recording apparatus according o
claim 11; in which the digital video signal for each
frame is recorded in said other sections of a pre-
determined member of said slant tracks, said digi-
tal audio signal is processed in segments each
corresponding, in duration, to the time required for
scanning of a group of said slant tracks which are a
fraction of said predetermined number of slant
tracks, and there are a plurality of channels of said
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digital audio signal to be recorded; said audio
processing means includes data distributing means
distributing the data for each of said segments of
the audio signal into blocks respectively comprised
of data words representing odd and even samples
of each of said channels, with each of said blocks
further containing user control words, and each
said group of said slant tracks has a number of
audio seciors in said intermediate sections thereof
sufficient to record therein said respective blocks
corresponding to odd and even samples of each of
said channels and duplicates thereof in a scattered
arrangement within said intermediate sections of
the corresponding group of said slant tracks; and
said time code signal is inserted as said user
control words of selected blocks of each audio
segment corresponding to said odd and even sam-
ples of at least one of said channels and the
duplicates of said selected blocks, and said time
code signal is the same for all of said segments of
the audio signal recorded in said intermediate sec-
tions of the slant tracks corresponding to a respec-
tive one of said frames.

13. A tape recording apparatus according to
claim 12; in which the digital video signal for each
frame is recorded in said other sections of twenty
successive slant fracks, each of said groups of
slant tracks contains four successive tracks, each
of said slant tracks has four of said audio sectors in
said intermediate section thereof, and said time
code signal is recorded as said user control words
in the scattered arrangement of said audio sectors
of each audio signal segment which have recorded
therein said odd and even samples of one of said
channels and duplicates thereof.

14. A tape recording apparatus according to
claim 13; in which said audio sectors in each of
said slant tracks are arranged in rows with respect
to said audio sectors in the adjacent slant tracks,
and said scattered arrangement is such that two
spaced apart rows of said audio sectors for a
respective audio signal segment contain even sam-
ples of respective channels in different orders and
the other two of said rows of audio sectors contain
odd samples of respective channels in orders that
are different from each other and also different
from said orders of the first mentioned two rows.

15. A tape recording apparatus comprising:
head means scanning successive slant tracks ex-
tending obliquely across a tape;
audio processing means for providing at least one
channel of a digital audio signal;
video processing means providing a digital video
signal;
means for generating a time code signal represent-
ing successive time codes; and
time multiplexing means for supplying said digital
audio and video signals and said time code signal
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to said head means for recording of said digital
audio signal in intermediate sections of said siant
tracks which are spaced from the opposite ends of
the respective tracks, recording said digital video
signal in other sections of said slant tracks which
are located before and after said intermediate sec-
tions considered in the direction of said scanning
and which are relatively longer than said intermedi-
ate sections of said slant tracks, and recording said
time code signal in said intermediate sections of
said slant tracks.

16. A tape recording apparaius according to
claim 15; in which the digital video signal for each
frame is recorded in said other sections of a pre-
determined member of said slant tracks, said digi-
tal audio signal is processed in segments each
corresponding, in duration, to the time required for
scanning of a group of said slant tracks which are a
fraction of said predetermined number of slant
tracks, and there are a piurality of channels of said
digital audio signal to be recorded; said audio
processing means includes data distributing means
distributing the data for each of said segments of
the audio signal into blocks respectively comprised
of data words representing odd and even samples
of each of said channeils, with each of said biocks
further containing user control words, and each
said group of said slant tracks has a number of
audio seciors in said intermediate sections thereof
sufficient to record therein said respective biocks
corresponding to odd and even samples of each of
said channels and duplicates thereof in a scattered
arrangement within said intermediate sections of
the corresponding group of said slant tracks; and
said time code signal is inserted as said user
conirol words of selected blocks of each audio
segment corresponding to said odd and even sam-
ples of at ieast one of said channels and the
duplicates of said selected blocks, and said time
code signal is the same for all of said segments of
the audio signal recorded in said intermediate sec-
tions of the slant tracks corresponding to a respec-
tive one of said frames.

17. A tape recording and reproducing appara-
tus comprising:
head means scanning successive slant tracks ex-
tending obliquely across a tape;
audio processing means for providing at least one
channel of a digital audio signal;
video processing means providing a digital video
signal;
means for generating a time code signal represent-
ing successive time codes;
time multiplexing means operative in a recording
mode of the apparatus for supplying said digital
audio and video signals and said time code signal
to said head means for recording of said digital
audio signal in intermediate sections of said siant
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tracks which are spaced from the opposite ends of
the respective tracks, recording said digital video
signal in other sections of said slant tracks which
are located before and after said intermediate sec-
tions considered in the direction of said scanning,
and recording said time code signal in said inter-
mediate sections of said slant tracks with the same
fime codes being represented by the time code
signal recorded in said intermediate sections of a
successive piurality of said slant tracks;

means operative in a reproducing mode of the
apparatus for separating the reproduced digital vid-
eo, audio and time code signals from the output of
said head means; and

means for reading time codes from the digital time
code signal separated from the reproduced digital
and video signals.

18. The tape recording and reproducing ap-
paratus according to claim 17; further comprising
means for driving the tape at a different speed in
said reproducing mode than in said recording
mode, means detecting erroneous bits in the repro-
duced digital time code signal, and means for
storing, from each reproduced digital time code
signal, only those bits indicated to be free of error:
and in which said means for reading time codes
reads the stored bits which are free of error and
which are drawn from reproduced digital time code
signals representing the same time code.
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