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BACKGROUND OF THE INVENTION

The present invention relates to
transmission-receiviﬁg techniques and recording-
repfoduction techniques for signals between
apparatuses, or more in particular to an output
circuit, a recérding apparatus and a feproduction
apparatus for digital video signals, in which the
digital information signal for moving picfures,
programs or the like transmitted by transmission means
such as coéxial cable, optical cable, telephone channel
or satellite broadcast are received and the received
signals afe exchanged between apparatuses.

A'recording—reproduction'appafatus for
digitél video signals is disclosed, for example, in JP-
A-1-258255 (U.S. Patent No. 5,065,259). |

Also,.a ITU-T Draft Rec. H.262 standard
called MPEG-2 (Moving Picture Experts Group) is known
as a scheme for digitally comp;essing the video signal
at high efficiency. On the other hand, a MPEG-2
Systems Working Draft is known as a transmission
standard for the video signal and the audio signal
compressed by MPEG-2.

The above-mentioned standards present a

technique for compressing a program and broadcasting it
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digitally; The use of this compression scheme with a
high compression ratio allows to broadcast four to
eight times more programs than the conventional analog
broadcast in the same transmission channel. As a
result, a digital satellite service or the like service
called the Near Video On-Demand in which moving
pictures of two hours are broadcast repeatedly in 30-

minute shifts, for example, has already started in the

U.S. Since all programs cannot be broadcast by the

Near Video On-Demand service throughout the day,
however, there still is a demand for video-recording
broadcast signals and viewing programs by playback at
convenient times as in the prior art.

A method for recording and reproducing a
program digitally compressed and digitally broadcast
may include decompressing the received digital signal
and after converting it into an analog signal, |
recording it in the conventional analog VTR. The
conversion into an analog signal and video-recording by
analog VTR spoils the valuable high signal-to-noise
ratio of the digital signal.

JP-A-1-258255 discloses a technique for A/D
converting an analog video signal input and digitally
recording it after bit reduction. In the case of
digital broadcasting, however, a high-efficiency
digital compression is already employed, and therefore,

the decompression and digital recording of the signal
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as disclosed in the aforementioned JP~A publication
fails to obtain a sufficient compression efficiency, or
the use of such a high-efficiency digital compressor as
used in broadcasting stations for each VTR would lead
to a great cost.

It is desired to digitally record the
digitally broadcast signal directly. According to the
aforementioned MPEG standard, for example, a signal is
compressed and the compressed signal is transmitted as
packets in a transport stream format. Nevertheless,
any technique for recording the digital siénal thus
transmitted is not yet disclosed.

A digital signal recording apparatus for
recording a digitally compressed video signal on the

magnetic tape using a rotary head is disclosed in JP-A-

' 5-174496. Measures against recording signals of

different transmission rates and signals of different
types are not taken into consideration by such an

apparatus.

SUMMARY OF THE INVENTION

An object of the present invention is to
provide an apparatus capable of efficiently recording
and reproducing signals compressed according to the
MPEG standard, for example, and transmitted.

Another object of the invention is to provide

a receiving apparatus and a recording-reproduction
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apparatus for digital broadcast and a low-cost
interfacing circuit.
Still another object of the present invention

is to provide an digital signal input-output circuit.

which can meet any difference in transmission rate or

the format of the recording signal.

According to one aspect of the invention,
there is provided a digital video signal input-output
circuit for intermittently inputting and outputting é
digitally compressed video signal in packet format by a
clock signal of a predetermined frequency, wherein the
frequency of the clock signal is set to an integer
multiple of the rotational speed of the rotary head of
the recording-reproduction apparatus, the frame
frequency or the field.frequency of the video signal.

According to another aspect of the invention,
there is provided an output circuit for applying a .
digital video signal to a data storage apparatus such
as a recording medium and intermittently outputting a
digitally compressed video signal in a packet form
including a time stamp, cbmpfising means for detecting
a clock reference from a digitally compressed video
signal containing the clock reference, means for
generating a clock signal in phase with the clock
reference detected, means for adding to the packet a
time stamp defined as information representing the

relative time of transmission of packets according to
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the clock signal thus generated, and means for
outputting a packet of the digitally compressed video
signal with a time stamp added thereto.

According to still another aspect of the
invention, there is provided an apparatus for recording
a digitally compressed video signal containing a clock
reference intermittently transmitted in packets having
a time stamp as an input signal by means of a rotary
head on a magnetic recording medium, comprising means
for generating a reference signal for controlling the
rotation of the rotary head in phase with the time
stamp and means for controlling the rotation of the
rotary head on the basis of the rotation control
reference signal.

According to a further aspect of the
invention, there is provided an apparatus for
reproducing a digitally compressed video signal
containing a clock reference as an input signal
recorded on a magnetic recording medium by a rotary
head in phase with the time stamp in a packet,
comprising means for reproducing the signal recorded, a
local oscillator, temporal adjust means for outputting
a packet signal reproduced in accordance with the time
stamp contained in the reproduced signal on the basis
of the output signal of the local oscillator, a circuit
for frequency-dividing the output signal of the local

oscillator, and means for controlling the rotation of
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the rotary head according to the output signal of the
frequency-dividing circuit.

In operation, an apparatus of the above-
mentioned configuration detects the clock reference
contained in the digitally compressed signal and
generates a clock signal in phase with the clock
reference, thereby producing a clock signal in phase
with the digitally compressed signal. A time stamp
providing time information generated using this clock
signal is added to the signal packet, whereby a time
stamp in synchronization with the digitally compressed
signal can be added to the signal packet.

Further, a signal recording operation in
synchronization with a digital signal can be effected
by generating a rotation control reference signal in
phase with the time stamp added to the packet signal
and by controlling the rotation of the rotarvy head in‘
accordance with the reference signal.

Furthermore, in reproducing the signal
recorded this way, the reproduced signal is temporally
adjusted in accordance with the clock signal generated.
by a local oscillator, and the time interval of packet
signals thus can be éecurely restored. Also, the
rotation of the roﬁary head is controlled by use of the
particular clock signal, whereby the overage and
shortage between a reproduced signal and an output
signal is eliminated, thereby realizing a stable

reproduction of digital signals.
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Other objects, features and advantages of the
present invention will become apparent from the
following description of embodiments of the invention

taken in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a block diagram showing a digital
broadcast system and an analog broadcast system to
which the invention is applied.

Fig. 2 is a block diagram showing a program
distribution center acéording to an embodiment of the
invention.

Fig. 3 is a block diagram showing a
transmission processing device according to an
embodiment of the invention.

Fig. 4 is a block diagram showing a receiver
decoder according to an embodiment of the invention. |

Fig. 5 is a block diagram showing a receiver
decoder according to an embodiment of the invention.

Fig. 6 is a block diagram showing a VTR
according to an embodiment of the invention.

Fig. 7 shows signal waveforms according to
the invention.

Fig. 8 shows signal waveforms according to
the invention.

'Fig. 9 is a block diagram showing a time
stamp adder circuit according to an embodiment of the

invention.
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Fig. 10 shows signal waveforms according to
the invention.

Fig. 11 is a block diagram showing a temporal
adjusting circuit according to an embodiment of the
invention.

Fig. 12 is a block diagram showing a clock
restoration circuit according to an embodiment of the
invention.

Fig. 13 is a block diagram showing a clock
generating circuit for the time stamp according to the
invention.

Fig. 14 is a bléck diagram showing a time
stamp adding scheme according to the invention.

Fig. 15 is a block diagram showing a
recording control scheme according to the invention.

Fig. 16 is a block diagram showing a
reproduction cbntrol scheme according to the invention.

Fig. 17 is a block diagram showing a receiver
decoder and a VTR according to the invention.

Fig. 18 is a block diagram showing a
recording control scheme according to the invention.

Fig. 19 is a diagram showing the
configuration of a digital signal recording-
reproduction apparatus aqcording to another embodiment
of the invention.

Fig. 20 shows a recording pattern of a track.

Figs.21A and 21B are diagrams showing the

block structure of each area.
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Fig. 22 is a diagram showing the structure of
ID information 1021.

Fig. 23 is a diagram showing the data
structure of a track in a data recording area 1007.

Fig. 24 is a diagram showing the structure of
ID data 1034 in a data recording area 1007.

Fig. 25 is a diagram showing the block
structure for recording the digitally compressed video
signal transmitted in packets in a data recording area .
1041.

Fig. 26 is a diagram showing the block
structure with the length of a packet 1071 set as 144
bytes.

Fig. 27 shows the structure of a packet 1071
in Fig. 25 or 26.

Fig. 28 is a diagram showing the
configuration of an input-output circuit 1107.

Fig. 29 shows the timings of an input-output
signal.

Fig. 30 is a diagram showing connections
between the digital signal recording-reproduction
apparatus shown in Fig. 19, a digital broadcast
recéiver and other digital signal recording-

reproduction apparatuses or the like.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
A video distribution service using a

satellite according to an embodiment of the invention
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will be described with reference to Fig. 1. In Fig. 1,
a reference numeral 10 designates a software supplier,
numeral 20 an_operation center, numeral 30 a program
distribution center, numeral 31 a transmitter, numeral
35 a current broadcasting station, numeral 36 a
transmitter, numeral 40 an artificial satellite for
diétributing signals, numeral 50 a subscriber
household, numeral 51 a receiver, numeral 52 a receiver
decoder, numeral 53 a VTR, numeral 54 a ?V receiver,
numeral 55 a telephone set, and numeral 56 a receiver.

The video distribution service is carried out
by an operator managing tﬁé operation center 20. The
operator signs a contract with the software supplier 10
and causes the required software to be supplied from
the software supplier 10 to the program distribution
center 30. According to the embodiment showﬁ in Fig.
l, only one supplier 10 is shown. .Normally, however,.a
plurality of software suppliers are engaged in
supplying software.

The program distribution center 30 transmits
a radio wave toward the satellite 40 by means of the
transmitter 31 installed in the center 30. The
satellite 40 receives the radio wave and retransmits it
toward the subscriber 50. The radio wave thus
transmitted is received by the receiver 51. According
to the embodiment shown in Fig. 1, only one subscriber
50 is shown. Actually, however, a plurality of

subscribers exist.
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The radio wave received by the receiver 51 is
applied to the receiver decoder 52, and the software of
a predetermined channel is selected by the receiver
decoder 52. The software thus selected is recorded in
the VIR 53 as required. The signal recorded in the VTR
53 and reproduced at the desired time is returned to
the receiver decoder 52, restored into the original
video signal, and applied to the TV receiver 54. 1In
the case where the subscriber desires to watch the
program without recording, the original video signal is
restored without the VIR 53 and applied to the TV
receiver 54.

The subscriber may request a desired software
from the operation center 20 by way of the telephone
55. Also, the operation center 20 can survey the
receiving and viewing conditions of the subscriber 50
through the telephone channel from the receiver decoder
52 and charge the subscriber 50 in accordance with the
viewing conditions.

Further, the radio wave transmitted from the
current broadcast station 35 by the transmitter 36 is
received by the receiver 56 and the received signal is
input and recorded in the VIR 53. The signal
reproduced in the VTR 53 may be applied to the TV
receiver 54 to view the program. In the case where the
VTR 53 is not réquired to record the program, the

signal from the receiver 56 is of course applied to the
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TV receiver 54 and the program can be viewed directly.

Fig. 2 is a block diagram showing the program
distribution center 30 according to an embodiment in
detail. In Fig. 2, numeral 100 designates input means
for software sent from the software supplier 10,
numeral 101 input means for a control signal for the
program or the like sent from the ope:ation center 20,
numeral 115 a supply unit for a storage medium,
numerals 160 to 163 storage media, numerals'170 to 173
bit compressors, numeral 180 a transmission processing.
dévice[ numeral 190 a program controller, and numeral
191 a program guide generator.

The emboaiment shown in Fig. 2 represents the
case in which software is sent from the software
supplier 10 in a storage medium. In this case, the
terminal 100 acts only as a window for receiving the
storage medium by the program distribution center 30.
The storage medium thus received is stored in a storage
medium supply unit 115 on the one hand and is supplied
to the storage media 160 to 163 under the control of
the program controller 190. The signals reproduced at
the storage media 160 to 163 are applied respectively
to the bit compressors 170 to 173, where they are bit-
compressed according to the MPEG-2 standard or the
like. The output signal of the compressors 170 to 173
is applied to the transmission processing device 180.

Also, a control signal for the program issued

or the like is applied from the operation center 20
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through the input means 101 to the program controller
190. The program issue control signal from the program
controller 190 is applied to the storage medium supply
unit 115, the storage media 160 to 163 and the
transmission processing device 180. In accordance with
this.control signal, as described above, the storage
medium in the storage medium supply unit 115 is
supplied to the storage media 160 to 163 theréby to
control the reproduction, termination, etc. of the
software of the stbrage media 160 to 163.

Further, the guide information for the
program distributed to the subscriber 50 from the
program distribution center 30 is generated in the
program guide generator 191 in accordance with the
information from the program controller 190, and
applied to the transmission processing device 180. The
transmission processing device 180 processes signals
for transmission in accordance with, for example, the
MPEG transmission standard described above. The signal
thus processed for transmission is applied to the
transmitter 31 and transmitted toward the satellite 40
from the transmitter 31.

Fig. 3 is a block diagram showing an example
of the signal processing operation in the transmission
processing device 180. In Fig. 3, numerals 170a to
173a, 190a, 191a designate input terminals, numerals

170b to 173b, 3la output terminals, numerals 181 to 184
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encryptors, numeral 185 a time-division multiplexer,
numeral 186 an error correction code adder, and numeral
187 a modulator.

In Fig. 3, the signals from the bit
compressors 170a to 173 are applied through the input
terminals 170a to 173a to the encryptors 181 to 184,
respectively. The encryptors 181 to 184 encrypt the
supplied programs as required. This encryption may be
effected only on the video signal or the audio signal,
or on both the video signal and the audio signal. The
signal thus encrypted is applied to a time-division
multiplexer 185. The terminal 190a is an input
terminal for the signals from the program controller
190. The viewing right control signal (i.e. video and
audio entitlement control message) for each program is
applied through the terminal 190a to the time-divisioq
multiplexer 185. This signal includes a signal
indicating whether a particular subscriber has the
viewing right for the signal broadcast. Further, the
time-division multiplexer 185 is supplied with program
guide information from a program guide generator 191
through the input terminal 191a. Each signal is
packeted in a predetermined format and compressed and
multiplexed temporally. According to this embodiment,
the viewing right control signal and the program Quide
information are shown without an encryptor. These

signals, however, may also be encrypted.
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The rate control information for each program
is applied through the terminal 190a. This is the
information for bit-compressing the program input from
the bit compressor 170 in the range of 4 to 8 Mbps, and
the program input from the bit compressor 171 in the
rangé of 2 to 6 Mbps, for eXample. According to this
information, the time-division multiplexer 185 controls
the bit rate of the bit compressors 170 to 173. The
time-division multiplexer 185 applies a control signal
to the bit compressors 170 to 173 through the output
terminals 170b to 173b. As a result, the bit rate of
each program is controlled in such a way that the
signal rate after time-division multiplexing is less
than a predetermined wvalue.

The output signal of the time-division
multiplexer 185 is applied to the error correction code
adder 186. In the case under consideration, an error
correction code is added for correcting the
transmission error caused by the noise in a satellite
channel shown in Fig. 1, a CATV channel not shown or a
telephone line. The output signal of the error
correction coder is applied to the modulator 187, and
in the case of the embodiment shown in Fig. 3, the
programs of four channels are modulated on a single
carrier thereby constituting a single transmission
channel. The signai modulated on the single carrier is
sent toward the transmitter 31 through the terminal

31la.
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Although the embodiment shown in Fig. 2 has
four storage media so that the transmission processing
device 180 can be supplied with four programs, more
programs can be time-division multiplexed by use of
more storage media.

According to the embodiment shown in Fig. 2,
signals for a single transmission channel are
processed. Instead, signals for a plurality of
transmission channels can be sent by providing a
plurality of combinations of the storage media 160 to
163, the bit compressors 170 to 173 and the
transmission processing device 180.

The transmission channel is defined as a
signal moduiated on a single carrier by time-division
multiplexing a plurality of programs.as described
above. Each of a plurality of programs is referred to
simply as a channel. :

Fig. 4 shows a specific example of the
configuration of a receiver decoder at the subscriber
household 50 (Fig. 1). In Fig. 4, numeral 200 |
designates an input terminal for a signal from the
receiver 51, numeral 201 an input-output terminal for a
signal for requesting a software from the operation
center or a signal for exchanging the signal for
determining the receiving conditions of a fee-charging
broadcast, numeral 202 an output terminal for a signal

restored, numeral 203 an input-output terminal for a
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signal exchanged with the VTR, numeral 205 an input
terminal for a signal from the receiver 56 shown in
Fig. 1, numeral 210 a tuner, numeral 220 an error
correction circuit, 230 a program dividing circuit,
numeral 240 a change-over circuit, numeral 250 a
decryption circuit, numeral 260 a decoding circuit for
bit expansion, numeral 270 a signai_output processing
circuit, numeral 280 a control circuit, and numeral 290
an interface circuit.

The receiver 51 that has received a signal
from the satellite 40 applies the received signél to
the tuner 210 through the terminal 200. The tuner 210
selects from among the recéived signals the signal of a
desired transmission channel in accordance with the
control signal from the control circuit 280, and
demodulates the signal modulated by'thé modulator 187_
and applies the demodulated signal to the error
correction éircuit 220. The error correction circuit
220 corrects any error occurred mainly in the channel
in accordance with the error correction code added by
the error correction code adder 186 (Fig. 3). Thé
signal the error of which has been corrected is applied
to the program dividing circuit 230. The program
dividing circuit 230 selects and outputs a desired
program in accordance.with the control signal from the
control circuit 280 from a plurality of programs time-
division multiplexed by the time-division multiplexer

185 on a single transmission channel.
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The output signal of the program dividing
circuit 230 is applied to the change-over circuit 240
and the interface circuit 290, and further through the
terminal 203 to the VIR 53. The VTR 53 records the
digital bit stream applied thereto, and at playback,
applies a signal to the interface circuit 290 through
the terminal 203 in the same format as the input bit
stream. The output signal of the interface circuit 290
is applied to the change-over circuit 240. The change-
over circuit 240 selects and outputs a signal from the
program dividing circuit 230 when restoring the
received signal and selects and outputs a signal from
the interface circuit 290 when selecting and outputting
a reproduced output signal of the VTR 53, in agcordance
with the control signal from the control circuit 280.

The output signal of the change-over circui;
240 is applied to the decryption circuit 250. The
decryption circuit 250 decrypts the signal encrypted by
the encryptors 181 to 184 (Fig. 3). The signal decoded
from the code produced by the decryption circuit 250 is
applied to the decoding circﬁit 260, where the bits
compressed at the bit compréssdrs 160 to 163 are
decoded and decompressed.

The bit-decompressed signal from the decoding
circuit 260 is applied to the output processing circuit
270 as a component signal containing a luminance signal

and two color difference signals. The two color
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difference signals applied to the output processing
circuit 270 are subjected to quadrature modulation and
thus converted into a carrier chrominance signal, so
that the output processing circuit 270 produces the
resulting carrier chrominance signal and the luminance
signal. The output signal is épplied through the

terminal 202 to the TV receiver 54. Just in case the

. TV receivers 54 has only a composite input terminal,

the output processing circuit 270 may produce a
composite signal by adding the luminance signal and the
carrier chrominance signal. Further, both a signal
cpntaining the luminance signal and the carrier
chrominance signal and a composite signal may be
produced.

Also, the signal applied from the receiver 56
through the input terminal 205 is recorded in the VTR:
53 as required, and a reproduced signal is applied to a
TV image pick-up device 54. When the signal from the
receiver 56 is not recorded in the VTR 53, on the other
hand, the input signal or an equivalent signal is
applied to the TV receiver 54. In the embodiment shown
in Fig. 4, the signal not yet decrypted is recorded in
the VTR 53, and therefore the signal is not necessarily
decrypted at the time of recording in the VTR 53. The
subscriber thus can record free of charge and can be
charged each time of playback.

Fig. 5 shows another specific example of the

receiver decoder shown in Fig. 1 according to an
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embodiment. The component parts included in Fig. 5,
which are partially shared by the embodiment of Fig. 4,
are designated by the same reference numerals as the
corresponding parts respectively and will not be
described in detail.

According to the embodiment shown in Fig.S5,
the change-over circuit 240 is located behind the
decryption circuit 250 as compared with the embodiment
shown in Fig.4. Specifically, the output signal of the
decryption circuit 250 is applied to the VIR 53 and the
change-over circuit 240, and the output signal of the
VIR 53 to the change-over circuit 240. The output
signal of the change-over circuit 240 is applied to the
decoding circuit 260.

The embodiment shown in Fig.5 concerns the
case of recording a signal decrypted at the decryption
circuit 250. 1In this case, the decrypted signal is
recorded in the VTR 53. Therefore, the subscriber is

charged for decryption at recording, and can playback

-without being charged.

Although the decryption circuit 250 is
arranged behind the program'dividing circuit 230 in the
embodiment shown in Fig. 5, the program dividing
operation may be performed after decryption.

Fig. 6 is a block diagram showing a VTR 53
according to an embodiment. In Fig. 6, numeral 300

designates an input-output terminal for a signal from
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the receiver decoder 52 shown in Fig. 1, numeral 302 an
input terminal for a signal from the receiver 56 shown
in Fig. 1, numeral 303 an output terminal thereof,
numeral 305 an interface circuit, numeral 311 a parity
adder circuit, numeral 312 a modulation circuit,
numeral 320 a tape transport system, numeral 330 a
demodulation circuit, numeral 331 an error correction
circuit, numeral 340 an analog video signal recording
circuit, numeral 350 an analog video signal
reproduction circuiﬁ, numeral 360 an analog audio
signal recording circuit, and numeral 370 an analog
audio signal reproduction circuit.

The signal applied through the input terminal
300 is applied to the parity adder circuit 311 through.
the interface circuit 305. The parity adder circuit
311 is for adding a parity code for correcting any .
error which may occur in the tape transport system 326.
The output signal from the parity adder circuit 311 is
applied to the modulation circuit 312. The modulation
circuit 312 modulates the digital signal into a form
suitable for the tape transport system 320. Such
schemes as NRZ, NRZI, 8-10 conversion, MFM, M2, etc.
are known for modulation. The modulated signal is
applied to the tape transport system 320 and recorded
in the magnetic tape 1.

At playback, the reproduced signal is applied

to the demodulation circuit 330 where it is modulated
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in correspondence with the modulation circuit 312. The
output signal of the demodulation circuit 330 is
applied to the error correction circuit 331, where any
error which may ha&e occurred in the tape transport
system 320 is corrected on the basis of the parity code
added at the parity adder circuit 311. The output
signal of the error correction circuit 331 is applied
to the interface circuit 305, and after being converted
into a signal in the same form as the signal input from
the input terminal 300, is output from the terminal
300. The signal output from the terminal 300 is
applied to the receiver decoder 52 shown in Fig. 1.

As seen from the embodiment of Fig.6, the VTR
53 requires therein none of the bit compressoré 170 to
173 shown in Fig.é, and therefore a digital signal VTR
small in circuit size can be realized. Also, no bit
compressor is required in each VTR, but only at the
program disfribution center 30. Therefore, although
the center ihcreases in circuit size and cost, a high-
performance bit compressor can be used, and the
resulting higherlrelative bit compression ratio reduces
the data rate of the digital signal transmitted.
Consequently, the VTR 53 used by the subscriber can be
improved in quality, reduced in cost and can record for
a longer time.

An analog signal is applied through the

terminal 302 from the receiver 56 to the analog video
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signal recording circuit 340.and the analog audio
signal recording circuit 360, where the signal is
processed according to the VHS standard, P standard or
the 8-mm VTR standard, for example. The signal thus
processed is applied to the tape transport system 320.
The tape transport system 320 records the signal in
accordance with respective formats as in the
conventional VTR.

At playback, the signal reproduced at the
tape transport sfstem 320 is applied to the analog
video signal reproduction circuit 350 and the analog
audio signal reproduction circuit 370 which process the
reproduced signal in a manner corresponding to the
analog video signal recoraing circuit 340 and the
analog audio signal recording circuit 360,
respectively. The reproduced signal is applied
appropriately to thé TV receiver 54 shown in Fig. 1
through the output terminal 303. As a result, the
digital broadcast and the conventional analog broadcast
can be recprded using the same tape transport system.

Fig. 7 is a model diagram showing an example
signal (or an output signal from the output terminal
3la shown in Fig. 3) output from the transmitter 31.
The embodiment of Fig.7 shows the case in which four
programs are transmitted through a single transmission
channel according to the embodiment shown in Fig. 2.

Also, the embodiment concerns the case in which there
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are a number n of transmission channels (1) to (n). In
Fig. 7, V1, V2, V3 and V4 designate video signals of
four programs, Al, A2, A3, A4 audio signals for four
programs, PG a signal representing program guide
information, and VECM, AECM a control signal
representing the viewing rights. Each of these signals
is a signal constituting a packet.

In the embodiment shown in Fig.2, the four
programs generally have different transmission rates.
From the instantaneous point of view, the data amount
is increased or decreased. In order to efficiently
control this variation, each information is packeted
and time-division multiplexed as shown in Fig. 7.
Details of the signal in the packet are described in
the transmission standards referred to above. Though
not shown in detail in the model diagram of Fig. 7, the
signal in each packet is encrypted by the encryptors
181 to 184 as required as explained with reference to
Fig. 3. Also, the error correction code adder 186 adds
an error correction code and the time-division
multiplexer 185 header information such as a
synchronization signal.

In the embodiments shown in Figs. 4 and 5,
signals designated by (1) to (n) in Fig. 7 are supplied
through the terminal 200, and a signal for one of the
transmission channels is selected at the tuner 210. In

the case under consideration, the signal of Fig.7(1) is
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assumed to have been selected. The selected signal
shown in Fig.7(1) has an error thereof corrected at the
error correction circuit 220 and is applied to the
program dividing circuit 230. The program indicated by
the suffix 1 is assumed to have been selected from the
time-division multiplexed four programs at the program
dividing circuit 230. 1In such a case, the program
guide information PG, the viewing right control signals
VECM, AECM are also separated and output at the same
time as the video signal V1 and the audio signal Al.
Fig. 8(2) shows the signal representing a divided
program. Fig. 8(1) is identical to Fig. 7(1).

With reference to the embodiments shown in
Figs. 4 and 5, explanation will first be made about the
case in which not the reproduced signal from the VTR 53
but the signal from-the tuner 210 is selected directlx
by the change-over circuit 240. The signal divided
into. a program shown in Fig. 8(2) is decrypted by the
decryption circuit 250. This decryption is performed
according to the viewing right control signals VECM,
AECM shown in Fig. 8(2). More specifically, in the
case where a subscriber household has the right to view
the program selected just now, the code is decryptéd,
while when the subscriber household has no right to
view the program, the code is not decrypted. Instead,
the absence of the viewing right is indicated or

information indicating a method for acquiring the
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viewing right is output from the terminal 202. The
output of this information is what is called the on-
screen-display (0SD). This information is added to the
video signal and output from the output processing
circuit 270.

The signal decrypted is applied to the
decoding circuit 260. The decoding circuit 260
corresponds to the bit compressors 170 to 173 shown in
Fig. 2, and decodes a signal input according to the
MPEG-2 standard, for example. In the case where a
signal compressed according to the MPEG standard is
decoded, it is necessary to synchronize the transmitted
signal with the data to be decoded. In the case where
the transmitted signal fails to be synchronized with
the data to be decoded and the decoding rate is higher
than the transmission rate, for example, the data runs
short -making the decoding impossible. In order to
prevent such an inconvenience,. a clock reference called
SCR (System Clock Reference) or PCR (Program Clock
Reference) is added to the packet according to the MPEG
standard. At decoding, the decoding clock signal is
restored according to this clock reference. This is
described, for example, in MPEG-2 System Working Draft
(ISO/IEC/JTC1l/SC29/WGll No. 601 MPEGY92/November, 1993),
pp. 20-25. As a result, the arrival time of each
packet cannot be changed.

For the selected signal of Fig. 8(2) to be

recorded in the VTR 53, therefore, it is necessary to
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conceive a method for.making reproduction while
maintaining time intervals of input packets.

A signal corresponding to Fig. 8(2) is
applied as an input signal to the interface circuit
290. As an example, the bit rate of the signal output
from the transmitter 31 shown in Fig. 2 is assumed to
be 40 Mb/s. Among these bits, assume that the
information in the amount 7/6 of the Viterbi code is
assigned for error correction and that the header
information of 17 bytes is added for 130 bytes of
packets compressed by the bit compressor. Under the
condition where an error is corrected by the error
correction circuit 220 shown in Figs. 5 and 6 and the
header information requiréd for transmission is
removed, the bit rate is about 30 Mb/s as expressed by

the following Equation (1):
40 x (6/7) x (139/147) = 30.3 (1)

As shown in Fig. 8(2), packets exist
successively at some parts and with intervals of
several packets at other parts. For the VIR 53 to
record while maintaining these time intervals of
signals, a recording at higher rate than shown in
Equation 1 is required. As shown in Fig. 8(2), packets
are not sent for some time intervals. As far as

packets can be packed for recording and restored to the
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original time intervals at the the time of
reproduction, therefore, the recording rate can be
reduced as compared with the value shown in Equation 1.
Fig. 8(3) shows signals applied to the VTR 53 from the
interface circuit 290 in Figs. 5 and 6 for recording
the packets in packed state at the time of recording
and restoring the packet intervals to the original time
intervals at the time of reproduction.

Fig. 8(3) shows signals applied to the
interface éircuit 290 from the program dividing circuit
230 in the embodiment shown in Fig. 5 and from the
decryption circuit 250 in‘the embodiment shown in Fig.
6; The interface circuit 290 adds information (time
stamp) indicating thé time of packet arrival as header
information to the input signal. Another information
than the time stamp may be further added as header
information. Also, it is necessary to increase the
packet transmission rate in order to add the header
information such as a time stamp to the input signal to
the interface circuit 290 shown in Fig. 8(2). Fig.
8(3) shows a model of such a case. More specifically,
a packet is transmitted for a shorter transmission time
in Fig. 8(3) than in Fig. 8(2).

Fig. 9 shows a circuit for adding a time
stamp according to an embodiment. Numeral 400
designaﬁes an input terminal for a clock signal to

count the time stamp, numeral 401 an input terminal for
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a packet.signal shown in Fig. 8(2), numeral 402 an
output terminal for a signal to which a time stamp is
added, numeral 410 a counting circuit, numeral 411 a
latch circuit, numeral 420 a memory, numeral 430 a
packet head detection circuit, numeral 431 a memory
control circuit, numeral 440 a multiplexing circuit,
and numeral 450 a delay circuit.

The packet signal shown in Fig. 8(2) is
applied through the terminal 401 to the memory 420 and
the packet head detection circuit 430. The packet head
detection circuit 430 detects the head of the packet of
the signal input, and the resulting detection signal is
applied to the latch circuit 411, the control circuit
431 and the delay circuit 450. The clock signal
supplied from the terminal 400, on the other hand, is
applied to the counting circuit 410 thereby to count
the clock signals continuously. The output signal from
the counting circuit is applied to the latch circuit
411. The latch circuit 411 latches the count input by
the packet head signal from the packet head detection
circuit 430. The_count thus latched is applied to the
multiplexing circuit 440. This count provides time
stamp information for a packet.

A control signal for the memory 40 is
generated on the basis of the packet head detection
signal applied to the control circuit 431. The clock

signal applied from the terminal 404 is used as a write
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clock for the memory 420. This is by reason of the
fact that the clock signal coincides with the packet
sigﬁal frequency applied from the terminal 401. The
clock signal applied from the terminal 403 is used as a
read clock for the memory 420. A frequency higher than
that of the write clock appiied from the terminal 404
is selected as a frequency of this clock signal. 1In
the case where the write clock frequency is 30.3 MHz
according to Equation 1, for example, the read clock
frequency is set to 49.152 MHz. This read clock

constitutes a bus clock frequency of the signal sent to

‘the VTR 53 from the terminal 203 shown in Figs. 5 and

6. In the process, the clock signal for the counting
circuit 410 applied from the terminal 400, i.e., the
clock signal frequency for the time stamp is the same
as the clock signal frequency applied from the terminal
403, for example. In_this case, the same signal can be
used for the bus clock signal applied from the terminal
403 as the clock signal for the time stamp. This is,
however, not to limit the time stamp clock frequency to
the same frequency as the bus clock frequency.

A predetermined length of time after a packet
is applied to the memory 420, the packet is read from
the memory. The frequency of the read clock signal is
set higher than the write clock signal frequency.
Therefore, the transmission time of the output packet

can be reduced as compared with the transmission time
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of the input packet signal as shown in Figs. 8(2) and
8(3). As a result, even where a succession of packets
are transmitted, as shown in Fig. 8(3), a period of
time is available for adding the header information
including the time stamp. The output signal of the
memory 420 is applied to the multiplexing circuit 440.

The delay circuit 450 delays the packet head
detection signal and outputs a gate signal indicating
the position of addition of the time stamp signal in
accordance with the packet signal output from the
memory 420. The particular gate signal is applied to
the multiplexing circuit 440, where the time stamp from
the latch circuit 411 is added and the signal shown in
Fig. 8(3) is output from the terminal 402 in accordance
with the gate signal.

The signal shown in Fig. 8(3) is applied
through the terminal 203 shown in Figsf 5 and 6 to the
VTR 53. Fig. 10(1) shows signals corresponding to Fig.
8(3), and characters Pl, P2,.... designate input packet
signals. In the VIR 53, as shown in Fig. 7, the packet
signals P4, P5,.. shown in Fig. 10(l1) are applied to
the parity adder circuit 311 through the terminal 300
and the interface circuit 305. The parity adder
circuit 311 includes a memory (not shown) of a capacity
for storing at least as many signals as to be recorded
in a single tfack, which memory stores the packet

signals P4, P5,... The parity adder circuit 311
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outputs packet signals in packed state as shown ih Fig.
10(2). There are gaps formed between the packets of
the input signal shown in Fig. 10(1) as explained with
reference to Fig. 8. Since the packet signals are
output with the gaps thereof closed, as shown in Fig.
10(2), however, the rate of the output signal is lower
than that of the input packet signals. The recording
rate for the tape transport system 320 can thus be
reduced. In Fig. 10, the outpuﬁ signal (2) are shown
delayed behind the input signal (1) by a track of.
period for the sake of simplicity. However, the delay
is not limited to a track of period but may be as
required. for the signal processing.

At the time of reproduction, the signal
rebroduced and output from the tape transport system
320 is applied through the demodulation circuit 330 to
the error correction circuit 331. The signal applied
to the error correction circuit 331 is, as 'in the case
of Fig. 10(2), composed of packet signals Pl, P2,....
in packed state. Fig. 10(3) shows a reproduced input
signal for the error correction circuit. The error
correction circuit 331 also has a memory (not shown) of
a capacity corresponding to the signal for one track
period. The input signal shown in Fig. 10(3) is
applied to the memory in the error correction circuit
331. Fig. 11 is a block diagram showing an embodiment

of a temporal adjusting circuit for restoring the
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intervals of the reproduced packet signals Pl, P2,...
to the original length. Fig. 10(4) shows the
reproduced packet signals Pl, P2,.... whose intervals
are restored to the original length.

In Fig. 11, numeral 510 designates a memory
in the error correctidn circuit 331, numeral 500 an
input terminal for the memory 510, numeral 520 a
memory, numeral 501 a read clock input terminal for the
memory 520, numeral 502 a write clock input terminal
for the memory 520, numeral 503 an output terminal for
the signal temporally adjusted, numeral 551 a counting
circuit, numeral 504 an input terminal for the clock
signal for the counting circuit 551, numeral 530 a time
stamp gate circuit, numeral 540 a control circuit,
numeral 550 a time stamp read circuit, numeral 552 a
coincidence detection circuit, numeral 560 a circuit

block built in the error correction circuit 331, and

.numeral 570 a circuit block built in the interface

circuit 305.

The reproduced signal shown in Fig. 10(3)
applied from the terminal 500 shown in Fig.1ll is
applied to the memory 510. The signal output for each
of the packets represented by the packet signals P1,
P2,.... from the memory 510 is applied to the memory
520 and the time stamp reéd circuit 550. The read
operation of the memory 510 and the write and read

operation of the memory 520 are controlled by the
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control signal from the control circuit 540. The time
stamp read circuit 550 is also supplied with the
control signal from the contfol circuit 540 and outputs
a signal indicating the position of the time stamp
signal with respect to the signal from the memory 510,
thereby reading the time stamp signal at the correct
position. The time stamp signal thus read is applied
to the coincidence detection circuit 552.

A clock signal of the same frequency as that
input from the terminal 400 shown in Fig.9 is applied
from the terminal 504 to the counting circuit 551. The
counting circuit 551 counts the'clock-signal thus input
and outputs the count Eo the coincidence detection
circuit 552. The coincidence detection circuit 552
outputs a coincidence signal when the two input signals
coincide with each other, which coincidence signal is .
applied to the control circuit 540.

The control circuit 540 causes a packet
signal to be read from the memory 520 in accordance
with the coincidence signal. Fig. 10(4) shows a signal
thus read out. The read operation is performed in
accordance with the read clock signal applied from the
read terminal 501. At the same time, a new packet is
applied from the memory 510, and is written in the
memory 520 on the basis of the write clock applied from
the terminal 502. The clock signal frequency applied

from the terminal 501 is determined in such a manner as
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to correspond to the signal rate between the terminal
203 and the VTR 53 shown in Figs. 5 and 6.

" The packet signals Pl, P2,....temporally
adjusted and output from the memory 520 are applied to
a time stamp gate circuit 530. The time stamp gate
circuit 530 gates the time stamp signal as required, so
that all the time stamp signals are fixed to 0 or 1
level, for example. As shown in Fig. 10(5), the signal
rearranged to the same time intervals as the signal
shown in Fig. 10(1) from the terminal 300 shown in Fig.
7 is output from the terminal 503.

As a result of the above-mentioned operation,
signals of the same packet intervals as the one shown
in Fig. 8(3) are applied from the terminal 203 shown in
Figs. 5 and 6 to the interface circuit 290. The
interface circuit 290 deletes the header information as
required and applies the resulting signal to the switch
circuit 240. Hence, the same signal as the one from
the tuner 210 applied from the other input terminal of
the switch 240 is restored.

A VTR for recording digital signals has a
feature that the image quality is not deteriorated
after repetitive dubbing due to the sufficient error
correction effected as shown in Fig. 7. Nevertheless,
repeated dubbing without a deterioration of image
quality may fail to protect the rights of copyright

holders sufficiently. In order to avoid this
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inconvenience, there is provided a technique for
preventing dubbing according to the invention.

As shown in Fig. 11, the temporally adjusted
packet signals Pl, P2,.... output from the memory 520
are applied to the time stamp gate circuit 530. The
time.stamp gate circuit 530 sets all the signals for
the period corresponding to the time stamp shown in
Fig. 8(3) to, say, 0 level or 1 level, as described
above. As a result, the information indicating t@e
time intervals of the packets disappears from the
packet signals Pl, P2,.... output from the interface
circuit 305 shown in Fig. 7. When tﬁe output signal
from the terminal 3OQ is applied to and recorded in the
VTR shown in Fig.7, therefore, the signal shown in Fig.
10(3) is reproduced. Since the signal indicating the
time stamp position included in each packet which may -
be read contains no information indicating the time
intervals, the original time intervals cannot be
restored. In the case where all the signals at the
position corresponding to the time stamp are at 0 or 1
level, the circuit shown in Fig. 11, after reading a
packet, reads the next packet after the lapse of a time
corresponding to the number of bits of the time stamp.

Generally, the number of bits of a time stamp is set in

.such a manner that the period indicated by the

particular number of bits is longer than one track

period. The signal of the next track, therefore, is
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written in ﬁhe memory 510 before all the packet signals
are read from the memory 510. As a result, it is no
longer possible to output signals corresponding to
input signals. Thus the dubbing can be inhibited.

The foregoing description concerns the case
in which all the signals at the position corresponding
to the time stamp are set to 0 or 1 level.
Alternatively, the same effect can be attained in the
time stamp gate circuit 530 by changing at least a bit
of the signal at the position of the time stamp. 2As a
result, when the reproduced signal is recorded in
another VTR, it is no longer possible to restore the
packets to the original position. The dubbing can thus
be inhibited.

Now, a technique will be described for
restoring with high accuracy the signal reproduced as -
mentioned above. The MPEG standard stipulates that the
accuracy of the system clock for decompressing and
restoring a compressed image should be set to 27 MHz
30 ppm or less. In order to achieve this accuracy, as
described above, the system clock is restored using the
clock reference SCR. 1In the case of digital broadcast,
the accuracy of the clock at the program distribution
center 30 shown in Fig. 1 is defined as 3 ppm or less.
In the case where the signal received at the receiver
51 and the receiver decoder 52 is restored directly by

the decoding circuit 260 without the VTR 53, the
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restoration of the system clock using the clock
reference SCR described above can achieve substantially
the same accuracy of the system clock as that for the
program distribution center 30.

Fig. 12 shows a block diagram of a circuit
for restoring the system clock on the basis of the
clock reference SCR. 1In Fig. 12, numeral 600
designates an input terminal for a signal received,
numeral 601 an output terminal for a system clock,
numeral 610 a circuit for detecting the clock reference
SCR, numeral 620 a subtractor circuit, numeral 630 a D/
A converter circuit, numeral 631 a low-pass filter
(hereinafter referred to as the LPF), numeral 632 a
voltage-controlled oscillator (hereinafter referred to
as the VCO), and numeral 640 a counter circuit.

The receive signal applied from the terminal.
600 is the one after error correction at the error
correétion circuit shown in Figs. 4 and 5 and before
the decoding at the decoding circuit 260. The signal
thus input corresponds to (1) or (2). Upon application
thereto of a signal before program division at the
program dividing circuit 230, the clock reference
detection circuit 610 performs the same operation as
the program dividing circuit 230 and detects and
outputs the clock reference SCR contained in a
predetermined packet. The detected clock reference SCR

is applied to the subtractor circuit 620 and the
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counter circuit 640. .The counter circuit 640 sets the
value of the reference SCR as the initial wvalue on the
counter. The system clock output from the terminal 601
is applied to the counter circuit 640 which counts the
system clock from the value set by the clock reference
SCR.- The count on the counter is applied to the
subtractor circuit 620, which outputs the difference
between the reference SCR and the count with the
reference input and applies the difference to the D/A
converter circuit 630. The D/A converter circuit 630
converts the input difference into an analog signal,
which is applied to the LPF 631. The LPF 631 smooths
the input aﬁalog signal and applies the smoothed signal
to the VCO 632. The VCO 632 controls the oscillation
frequency according to the input signal. The output
signal of the VCO 632 is output as a system clock from
the terminal 601.

The circuit shown in Fig. 12 constitutes what
is called a negative feedback circuit. In the case
where the system clock frequency is high as compared
with the intervals of the clock reference SCR, a
negative value is output from the subtractor circuit
620, while in the case where the system clock frequency
is lower, a positive value is produced from the
subtractor circuit 620, thereby controlling the
oscillation frequency of the VCO 632 to a constant

level. As a consequence, the system clock frequency at
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the receiver side, i.e., the receiver decoder can be
made equal to the system clock frequency at the
transmission side, i.e., ﬁhe program distribution
center 30, so that the accuracy of the system clock can
be maintained substantially less than %3 ppm.

| Now, a technique is described for restoring
with high accuracy the signal reproduced from the VTR
53. In this case, the accuracy of the clock at the
program distribution center 30, the accuracy of the
time stamp at the time stamp adder circuit shown in
Fig. 9, and the accuracy of the clock of the temporal
adjusting circuit shown in Fig. 11 are determinant
factors. In the case where a clock signal is produced
independently for each of these circuits, the overall
accuracy'must be maintained to 30 ppm or less. The
clock accuracy at the program distribution center 30 is
+3 ppm. Therefore, the accuracy of the time stamp at
the time stamp adder circuit shown in Fig. 9 and the
accuracy of the clock for the temporal adjusting
circuit shown in Fig. 1l are required to be maintained
to 13 ppm or less respectively. In order to maintain
fhis accuracy, a high-accuracy crystal oscillator is
required.

A technique for improving the accuracy of the

time stamp at the time stamp adder circuit shown in
Fig. 9 is illustrated in Fig. 13. 1In Fig. 13, numeral

650 designates a clock restoration circuit shown in

- Fig. 12, numeral 600 a PLL circuit, numeral 602 a
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system clock input terminal, numeral 603 a clock signal
output terminal, numerals 661, 665 frequency divider
circuits, numeral 662 a phase comparator circuit,
numeral 663 an LPF, and numeral 664 a VCO.

The system clock signal output from the
terminal 601 is applied through the terminal 602 to the
PLL circuit 660. The system clock signal applied from
the terminal 602 is frequency-divided to a
predetermined frequency at the frequency-divider
circuit 661. The signal thus frequency-divided is
applied to the phase comparator circuit 662, and the
oscillation frequency of the VCO 664 is frequency-
divided at the frequency divider circuit 665 to a
frequency equal to the output signal frequency of the
frequency divider circuit 661. The phase comparator
circuit 661 compares the phases of the two input
signals, and applies a phase error signal therebetween
to the LPF 663. The output signal of the LPF 663 is
applied to the VCO 664 for controlling the oscillation
frequency of the VCO 664. This PLL circuit 660
constitutes what is called a negative feedback circuit.
In the case where the oscillation frequency of the VCO
664 is higher than the system clock input from the
terminal 602, the input to the PLL circuit 660 is fed
back in such a manner as to reduce the oscillation
frequency, and vice versa. As a consequence, the

oscillation frequency of the VCO 664 is phase-~locked to
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the system freduency. The accuracy of the clock signal
frequency output from the terminal 603 thus can be
maintained at +3 ppm or less which is substantially
equal to the accuracy of the system clock signal input.

The accuracy of the time stamp can thus be
set to that of the clock at the program distribution
center 30. In view of the accuracy value of *3 ppm,
the clock accuracy of the temporal adjusting circuit is
set to *27 ppm or less. An error twice as large as
when using an independent clock is permitted, thereby
facilitating the designing of the oscillator.

The clock restoration circuit 650 is required
in the decoding circuit 260, and therefore can double
as a clock restoration circuit included in the decoding
circuit 260. A clock restoration circuit may
alternatively be provided independently for adding a
time stamp signal.

In the embodiment shown in Fig. 13, assume
that the system clock frequency is 27 MHz and the time
stamp frequency is 49.152 MHz. The dividing ratio of
the frequency divider circuit 661 is set to 1/1125, and
the dividing ratio of the frequency divider circuit 665
to 1/2048. 1In this case, the frequencies of the
signals applied to the phase comparator 662 are both
set to 24 kHz.

In the case where the time stamp frequency

assumes a value different from the aforementioned
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frequency, the dividing ratio of the frequency divider
circuits 661, 665 is changed appropriately to meet the

situation. Also, in the case where the time stamp

'frequency is set to 27 MHz, the PLL circuit 660 of

course is not required, and the system clock signal
output from the terminal 601 is used as a clock signal
for the time stamp.

In Fig; 9, assume that the time stamp
frequency and the bus clock frequency are both set to
49.152 MHz. The ciock signal of 49.152 MHz generated
in the embodiment of Fig. 13 is appliea from the
terminals 400, 403, whereby the frequency accuracy of
the time stamp can be maintained at 3 ppm or less, a
value equal to the system clock accuracy of the program
distribution center 30.

In the case where the time stamp frequency is
set to 27 MHz and the bus clock frequency to 49.152
MHz, on the other hand, the PLL circuit 660 is not
required. The system clock Signal output from the
terminal 601, therefore, is applied as a time stamp
clock signal from the terminal 400, while the bus clock
frequency has an accuracy of only about 100 ppm. A
local oscillator can thus be used. Fig. 14 shows the
configuration of a fime stamp adder circuit in such a
case. In this circuit, numeral 670 designates a local
oscillator adapted to oscillate at 49.152 MHz described

above.
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Now, description is made about the accuracy
of the clock signal for the temporal adjusting circuit
shown in Fig. 11 when a time stamp signal is prepared
as shown in Fig. 13. 1In the case where the time stamp
clock signal applied from the terminal 504 and the bus
clock fregquency applied from the terminal 501 are equal
to each other at, say, 49.152 MHz, for example, a clock
signal is applied for both from a local oscillator of
the same frequency of 49.152 MHz. The accuracy of the
clock frequency in this case is required to be *27 ppm
or less as described already. |

In the case where the bus clock frequency and
the time stamp signal frequency are different from each
other, on the other hand, the accuracy of the time
stamp signal applied from the terminal 504 is required
to be 27 ppm or less, while the required accuracy of .
the bus clock signal applied from the terminal 502 is
only about 100 ppm. In this case, both clock signals
can be produced by a local oscillator. This
corresponds to setting the time stamp signal frequency
to 27 MHz and the bus clock frequency to 49.152 MHz in
the above-mentioned case.

Further, a technique is described for
operating.the VTR 53 in stable fashion. For the VTR 53
to operate stably, the relation between the rate of
data input from the terminal 300 shown in Fig. 6

(corresponding to the time stamp frequency) and the
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rotational speed of the rotarylcylinder {not shown)
included in the tape transport system 320 is required
to coincide with the relation between the rate of the
data output from the terminal 300 at playback
(corresponding to the time stamp freguency) and the
rotational speed of the rotary cylinder. An embodiment
for realizing such coincidence of relations is shown in
Fig. 15.

In Fig. 15, numeral 600 designates an'input
terminal for a signal corresponding to Fig.-8(3)
received at the interface circuit 305 shown in Fig. 6,
numeral 611 a time stamp read circuit, numeral 621 a
subtractor circuit, numeral 635 a D/A converter
circuit, numeral 636 an LPF, numeral 637 a VCO, numeral
641 a counter circuit, numeral 651 a clock restoration
circuit, numeral 710 a change-over. circuit, numeral 720
a frequency divider circuit, numeral 730 a servo
circuit, and numeral 740 a local oscillator of the time
stamp clock.

First, the operation in recording mode is
described. At recording, the change-over circuit 710
selects and outputs a signal from the VCO 637. The
clock restoration circuit 651 shown in Fig. 15 can be
realized in the same configuration as the clock
restoration circuit 650 shown in Fig. 12. The clock
festoration circuit 651 has the time stamp read circuit

611 read the time stamp of each packet from the signal
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input applied through the terminal 600, and the output
signal of the time stamp read circuit 611 is applied to
the subtractor circuit 621 and the counter. Subsequent
operations are the same as those of ﬁhe clock
restoration circuit 650. The output signal of the VCO
637 is synchronized with the time stamp signal added to
the packet signal input. The clock signal synchronized
with the time stamp signal which is output from the
clock restoration circuit 651 is applied to the change-
over circuit 710. At recording, a signal from the VCO
637 is selected and output from the change-over circuit
710. The output signal from the change-over circuit
710 is applied to the frequency divider circuit 720,
and after being frequency-divided at a predetermined
dividing ratio, is applied to the servo circuit 730.
The servo circuit 730 controls the rotation of the
rotary cylinder in such a manner that the rotary
cylinder is in phase with the signél applied from the
frequency divider circuit 720.

Now, the operation in playback mode is
described. At playback, an output signal of the local
oscillator 740 for time stamp clock applied to the
change-over circuit 720 is selected and output, and the
output signal is frequency-divided by the frequency
divider circuit 720 and applied to the servo circuit
730. The servo circuit 730 controls the rotary
cylinder in such a manner as to operate in phase with

the reference signal applied thereto.
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At recording, the rotation of the rotary
cylinder is controlled on the basis of the clock
synchronized with the time stamp signal, while at
playback, the rotation of the rotary cylinder is
controlled in such a manner as to be phase-locked to
the time stamp clock signal for controlling the output
of the reproduced data. At playback, therefore, the
data outpﬁt from the tape transport system can be
synchronized with the data output from the interface,
thereby eliminating any data overage or shortage in the
process.

According to the embodiment shown in Fig. 15,
a -technique was described in which the clock is
synchronized with the time stamp applied for recording_
so that the relation between the rate of data input
(corresponding to the time stamp frequency) and the
rotational speed of the rotary cylinder (not shown)
included in the tape transport system 320 coincides
with the relation between the rate of data output from
the terminal 300 at playback (corresponding to the time
stamp frequency) and the rotational speed of the rotary
cylinder. It is also possible to obtain the
coincidence of the relations at the time of playback by
controlling the cylinder rotation. An embodiment for
such a case is shown in Fig. 16.

In Fig. 16, the component parts are partially
the same as the corresponding ones of the embodiment

shown in Fig. 15, and the common parts are designated
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by the same reference numerals respectively. Numerals
750 to 752 designate frequency divider circuits,
numeral 760 a selection circuit, and numeral 770 a
control circuit.

At recording, the output signal of the local
oscillator 740 for the reproduction time stamp is
applied to the ffequency divider circuit 751, where the
input signal is frequency-divided at a predetermined
dividing ratio, and the selection circuit 760 selects
and outputs an output signal of the frequency divider
circuit 751. The output signal of the selection
circuit 760 is applied to the servo circuit for
controlling the rotary cylinder in such a mannef as to
be synchronized in phase with a reference 'signal.

At playback, the output signal of the local
oscillator 740 is applied to the frequency divider
circuits 750 to 752. The dividing ratio of the
frequency divider circuit 750 is set smaller and the
dividing ratio of the frequency divider circuit 752 is
set larger than that of the frequency divider circuit
751. As a result, the frequencies of the signals

output from the respective frequency divider circuits

'ére such that the output signal of the frequency

divider circuit 750 is higher in frequency than that oi
the frequency divider circuit 751, while the output
signal of the frequency divider circuit 752 is lower

than that of the frequency divider circuit 751. Each
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output signal is applied to the selection circuit 760,

-and selectively output therefrom in accordance with the

control signal from the control circuit 770. The
output signal of the selection circuit 760 is applied
to the servo circuit 730. The memory 510 is the same
as the corresponding one shown in Fig. 11. The control
circuit 770 for controlling the write and read
operations of the memory 510 produces a selective
control signal for the selection circuit 760.

The clock signal frequency for the signal
shown 'in Fig. 8(3) with a time stamp added thereto and
applied to the VTR 53 is substantially equal to the
oscillation frequency of the local oscillator 740 but
different in c¢rystal accuracy. Even in the case where
a reference signal for.the rotary cylinder is produced
by frequency-dividing the output clock of the local
oscillator 740 at a predetermined fréquency divider
circuit 751 at the time of recording, therefore, the
fact that data is output from the memory 510 while
watching the time stamp at playback leads to the fact
that the data reproduced from the cylinder included in
the tape transport system 320 and applied to the memory
510 fails to coincide with the data output from the
memory 510 in amount within the framework of the above-
mentioned accuracy, resulting in an overage or a
shortage of data a predetermined time later. In view

of this, the control circuit 770 monitors the data
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overage and shortage, and in the case where the data is
in short supply, selectively outputs the output signal
of the frequency divider circuit 750 thereby to
increase the rotational frequency of the cylinder. 1In
the case where the data is on the increase, by
contfast, the output signal of the frequency divider
circuit 752 is selected to control the rotational speed
of the cylinder downward. In the case where it is
decided that there is not any overage or shortage, the
output signal of the frequency divider circuit 751
providing the same dividing ratio as for recording is
selected.

As described above, a compressed signal can
be recorded and reproduced in stable fashion by use of
the invention.

Fig. 17 is a block diagram showing the
overall configuration of the receiver decoder 52 and
the VTR 53 for the case in which the time stamp clock
and the bus clock have different frequencies. Although
the receiver decoder 52 based on the embodiment of Fig.
5 is shown, the effect is similar when the output
signal of the change-over circuit 240 is decrypted on
the basis of the embodiment shown in Fig. 4; The
interface circuit 290 is shown on the basis of the
embodimeht of Fig. 14. 1In this case, the receiver
decoder 52 and the VTR ‘53 are connected by a modulated

signal. Numerals 800, 810 designate modem circuits for
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that purpose. As a result, the signal output froﬁ the
terminal 402 shown in Fig. 14 is modulated at the modem
circuit 800, output from the receiver decoder 52
through the terminal 203, and applied to the VTR 53
through the terminal 300.

' The VTR 53 operates in a manner according to
the embodiment of Fig. 6. The signal applied from the
terminal 300 is applied to the interface circuit 305.
The interface circuit 305 operates in accordance with
the embodiment of Fig. 15. This circuit is supplied
with a modulated signal, and therefore, the input
signal from the terminal 300 is applied to and
demodulated by the modem circuit 810. The demodulated
signal is applied to the clock restoration circuit 651
and the parity adder circuit 311. The parity adder
circuit 311 and the modulation circuit 312 process the
signal in accordance with the clock signal restored at
the clock restoration circuit 651. Numeral 830
designates a tape transport section of the tape
transport system 320 shown in Fig. 6.

In Fig. 17, the local oscillator 740
generates a clock for the time stamp. This time stamp
clock is used also for the reproduction signal
processing at the demodulation circuit 330 and the
error correction circuit 331. Numeral 820 designates a
local oscillator for the bus clock.

In the embodiment shown in Fig. 17, the

interface circuit for the VIR 53 and a part of the
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circuits of the tape transport system operates in the
same manner as the corresponding parts of the
embodiment of Fig. 15. Another embodiment is shown in
Fig. 18. 1In the embodiment of Fig. 18, the frequency
of the local oscillator 740 having an oscillation
frequency equal to the time stamp clock frequency is
compared with the time stamp of the input signal, and
the rotation of the rotary cylinder is controlled in
accordance with the time stamp. This can produce the
same effect as the embodiment shown in Fig. 15. 1In
Fig. 18, reference numeral 721 designates a frequency
divider circuit, numeral 851 a subtractor circuit, and
numeral 852 a counter circuit.

The signal input from the terminal 600 has
the time stamp thereof read by the time stamp read
circuit 611. The time stamp thus read is applied to
the subtractor circuit 851 and the counter circuit 852.
A clock signal of a frequency equal to the time stamp
clock is output from the local oscillator 740, and is
applied to the counter circuit 852 and the freguency
divider circuit 721. The count on the counter circuit
852 is éet by the time stamp applied thereto for
counting the input clock signal. The output signal of
the counter circuit 852 is applied to the subtractor
circuit 851 where the difference with the input time
stamp is taken, which difference is applied to the

frequency divider circuit 721. The frequency divider
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circuit 721 frequency-divides the clock sighal from the
local oscillator 740, and thus produces a reference
signal for the servo circuit 730. When the difference
is applied from the subtractor circuit 851 in the
process, the dividing ratio of the frequency divider
circﬁit is finely adjusted in accordance with the
difference, and the reference signal applied to the
servo circuit 730 is synchronized with the time stamp
signal input.

In the way described above, the rotation of
the rotary cylinder can be controlled in synchronism
with the time'stamp input, with the result that the
recording operation of the VIR 53 can be performed in
stable fashion. Although the digital signal is
processed in a VTR according to the above-mentioned
embodiment, the invention is not limited to such an
application but the output of the interface circuit of
the receiver decoder may be applied to another type of
data storage device including a memory. |

According to this embodiment, a digitally
compressed video signal can be sent intermittently in
the form of packets. Also, the signal can always be
recorded and reproduced in-stable fashion, thereby
making it possible to restore the original time
intervals of the packet signal.

Now, another embodiment is described with

reference to Figs. 19 to 30. This embodiment concerns
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the case in which the clock signal for the time stamp
added to the packets received is identical in frequency
with the clock signal for transmitting the packets.

Fig. 19 shows the configuration of a digital
signal recording-reproduction apparatus. Numeral 1100
desiénates a rotary head, numeral 1101 a capstan,
numeral 1102 a recording-reproduction signal processing
circuit for generating a recording signal at recording
and demodulating the reproduced signal at playback,
numeral 1104 a control circuit such as a microprocessor
for controlling the recording and playback modes,
numeral 1105 a.circuit for generating a timing signal
providing a reference for the rotation of the rotary
head 1100, numeral 1106 a servo circuit for controlling
the rotary head and the tape feed rate, numeral 1107 an
input-output circuit for inputting the recording signal
or outputting the reproduced signal, numeral 1109 a
voltage-controlled oscillation circuit (VCO) for
generating a reference clock for recording, numeral
1110 an oscillation circuit for generating a reference
clock for reproduction, numeral 1111 a tape, and
numeral 1112 a recording-reproduction circuit for the
analog video signal.

At reéording, the recording data in packet
form are applied from the input-output terminal 1108 at
given time intervals. A bart of ;he packet data

applied from the input-output terminal 1108 is applied
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through the input-output circuit 1107 to the control
circuit 1104. The control circuit 1104 detects the
type of the packet data, the maximum transmission rate,
etc. by means of the information attached to the packet
data or the information sent separately from the packet
data; decides on a recording mode according to the
detection result, and sets the operation mode of the

recording-reproduction signal processing circuit 1102

" and the servo circuit 1106. The input-output circuit

1107 detects the packet data to be recorded, and
applies the detected packet data to the recording-
reproduction signal processing ciréuit 1102. The
recording-reproduction signal processing circuit 1102
determines the number of packets to be recorded in a
track according to the recording mode decided at the
control circuit 1104, generates an error correction
code, ID information, a sub-code or the like, generates
a recording signal, and records the signal on the tape
1111 by means of the rotary head 1100.

At playback, first, the reproduction
operation is performed in a given playback mode, and
the ID information is detected at the recording-
reproduction signal processing circuit 1102. The
control circuit 1104 decides on the recording mode
used, and resets the operation mode of the recording-
reproduction signal processing circuit 1104 and the

servo circuit 1106 for reproduction. The recording-
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reproduction signal processing circuit 1104 detects a
synchronization signal or detects and corrects an error
in accordance with the reproduced signal from the
rotary head 1100, reproduces the data, the sub-code or
the like, and applies them to the input-output circuit
1107. The input-output circuit 1107 outputs the
reproduced data from the input-output terminal 1108 on
the basis of the timing signal generated at the timing
signal generating circuit 1105.

At recording,. the VCb 1109 is controlled at
the rate of the recording data inéut from the input-
output terminal 1108 and a reference clock for
operation of the recording-reproduction apparatus is
generated, while at playback, on the other hand, the
clbck generated by the oscillation circuit 1110 ig used
as a reference clock for the operation.

The recqrding and reproduction operation for
an analog video signal will be described. At
recording, the analog video signal applied from the

input terminal 1113 is processed as predetermined at

‘the analog recording-reproduction circuit 1112 and is

recorded on the tape 1111 by means of the rotary head
1100. At pléyback, on the other hand, the wvideo signal
reproduced by the rotary head 1111 is processed in a
predetermined way at the analog recording-reproduction
circuit 1112, and then output from the terminal 1114.
The head for analog recording may double as the head

for digital recording or may be independently provided.
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Fig. 20 shows a recording pattern of a track.
Reference numeral 1003 designates an auxiliary data
recording area for such signals as audio signal,
numeral 1007 a data recording area for recording a
digitally compressed video signal, numeral 1012 a sub-
code.recording area for recording sub-codes such as the
time stamp and the program information, numerals 1002,
1006, 1011 preambles to the respective recording areas,
numerals 1004, 1008, 1113 postambles to the respective
recording areas, numerals 1005, 1009 gaps between the
respective recording areas, and numerals 1001, 1014
margins at track ends. By forming a postamble, a
ﬁreamble aﬁd a gap in each recordipg area, an
independent post-recording from the respective areas is
made possible. Needless to say, digital signals other.
than the digitally compressed video signal and the
audio signal may be recorded in the recording areas 103
and 1007.

Figs. 21A to 21B show a block composition of
each area. A block composition of the auxiliary data
recording area 1003 and the data recording area 1007 is
shown in Fig. 21A. Reference numeral 1021 designates a
synchronization signal, numeral 1021 ID information,
numeral 1022 a video signal or an auxiliary data, and
numeral 1023 a first parity (Cl parit?) for error
detection and cbrrection. The synchronization signal

1020 is composed of two bytes, the ID information 1021
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of four bytes, the data 1022 of 195 bytes, and the
parity 1023 of 9 bytes. Each block consists of 210
bytes. Fig. 21B shows a block cbmposition of the sub-
code recording area 1012. In the blocks of the sub-
code recording area, the synchronization signal 1020
and fhe ID information 1021 are the same as those in
Fig. 21A, and the data 1022 is composed of 24 bytes,
while the parity 1023 consists of five bytes, each
block being formed of 35 bytes which is one sixth'of
the bytes of the block in Fig. 21A. In this way, the
number of bytes for each block is set in the ratio of
integers and further the same composition of the
synchronization signal 1011 and the ID information 1012
is employed for all the areas, whereby the generation
of blocks for recording and the detection of ﬁhe
synchronization signal and the ID information can be
processed with the same circuit.

Fig.22 shows a composition of the ID
information 1021. Numeral 1031 designates an area
code, numeral 1032 a track address, numeral 1033 a
block address within a track, numeral 1034 ID data, and
numeral 1035 a parity for detecting an error of the
area code 1031, the track address 1032, the block
address 1033 énd the ID data 1034. The area code 1031
is fof identifying each area. The data recording area

1007, for example, is assigned “007, the auxiliary data

recording area 1003 is assigned #10”, and the sub-code
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recording area 1012 is assigned “11”, for example. A
plurality of types of codes, say,”00" and “01” may be
assigned to the data recording area 1007, etc. to
identify different data such as for variable-speed
reproduction. The track address 1032 is for track
identification, in which the address is changed for
every one or two tracks. In this case, 64 or 128
tracks can be identified with a 6-bit address. The
block address 1033 is for identifying the blocks of
each recording area. The data recording area 1007 is
assigned 0 to 157, the auxiliary data recording area
1003 is assigned 0 to 13, and the sub-code recording
area 1012 is assigned 0 to 17, for example.

The track address 1032 is repeated for each
12 tracks or each multiple of 12 traéks, for example,
in order to identify the third error correction code
described later.

The Cl parity 1023 is added to the area code
1031, the track address 1032 and the block address in
the data 1022 and the ID information 1021, for example.
As a result, the ability to detect the block address or
the like at playback can be improved.

Fig. 23 shows a data composition of each
track in the data recording area 1007. The
synchronization signal 1020 and the ID information 1021
are not shown. The data recording area 1007 is |

composed of 158 blocks, the first 139 blocks being for
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recording the data 1041, the next 14 blocks for
recording the third error correction code (C3 parity)
1044, and the last five blocks for recording the second
error correction code (C2 parity) 1043.

| The C2 parity 1043 of five bytes, as compared
with the C3 parity of 14 bytes, is added to the data of
139 bytes for éach track. On the other hand,.the C3
parity 1044 of seven bytes is added, for example, to
each of the even- and odd-numbered blocks into which a
139-block data is divided for each 12 tracks. The
Reed-Solomon code, for example, may be used as the
error correction code.

Fig. 24 shows a composition of the ID data

1034 in the data recording area 1007. The ID datum

1034 is composed of, for example, four bytes from four

blocks. This data is multiplex-recorded a piurality of

times thereby to improve the detection ability at
playback. The four-block data is composed of six types
of data ID-1 to ID-6.

ID-1 specifies the recording format of the
data recording area 1007. More specifically, a
plurality of types of formats can be handled by
changing the value of ID-1. In recording a digitally
compressed video signal of packet form, for example,
the ID-1 is set to #1~".

ID-2 specifies the recording mode, i.e., the
maximum recording rate. According to this embodiment,

data of about 25 Mbps can be recorded when using a 4-
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head rotary head for two-channel recording at the
rotational speed of 1800 rpm. In the case where the
recording is carried out at the rate of once every two
times (two tracks for each rotation), the recording
rate is about 12.5 Mbps. If the recording is effected
at the rate of once every four times, on the other
hand, the recording rate is about 6.25 Mbps. 1In this
case, if the tape feed rate is set to 1/2 or 1/4, the
track pattern on the tape is substantially the same.
In similar fashion, the maximum recording capacity can
be reduced to 1/n (n: positive integer) of 25 Mbps. At
recording, the transmission rate of the recording data
is identified and the optimum reco:ding mode is set.
The mode in which the recording operation is performed
is recorded in ID-2. For example, “1" is recorded for
25 Mbps, “2” for 12.5 Mbps, and *“3” for 6.25 Mbps.

ID-3 specifies the temporal compression mode,
i.e., the temporal compression ratio for recording.
This is applicable to a scheme in which a digital
signal, after being temporally compressed, transmitted
in a short time and recorded, is decompressed
temporally for reproduction. This code is set to *1”,
for example, when the temporal compression is lacking,
to “2” when the temporal compression ratio is two, and
to #3” when the temporal compression ratio is four.

ID-4 is for specifying the number of channels

of data recorded at the same time. In recording mode
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1, for example, data of 12.5 Mbps can be recorded in
two channels.

ID-5 specifies the number of packets recorded
in each track, and ID-6 the length of packets recorded.
The amount of data recorded in each track is controlled
for each packet, and the number of packets is recorded,
thereby making it possible to meet the regquirement of a
given transmission rate. The data amount can be
controlled for each or a plurality of tracks. By
recording the packet length, on the other hand, a
backet of an arbitrary length can be handled
successfully.

As described above, an efficient recording
operation can be performed with a simple recording and
reproduction processing by controlling the recbrding
mode and the data amount recorded in each track in
accordance with the transmission rate of the data
recorded. At playback, first, the ID data 1034 is
detected and the recording mode or the like is
identified, followed by setting the reproduction
processing circuit to the particular mode for
reproduction.

The data amount can be controlled by bytes if
the address of the last block is recorded in ID-5 and
the position of the last data in ID-6 without any
correspondence between packets-and blocks.

Correspondence between the frames of the

digital video signal to be recorded and the track for
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recording can be secured by setting the rotational
speed of the rotary head to the same value as the frame
frequency of the video signal or to a predetermined
relation with the frame frequency of the video signal.
In the case where the rotational speed of the rotary
head is identical to the frame frequency of the video
signal, the same rotational speed can be used in the
case where the apparatus is applied also to the
recording and reproduction of an analog video signal.
Thus the same servo circuit can be used. The
rotational speed is set to 1800 rpm, for example, for
the frame frequency of 30 Hz, to 1800/1.001 rpm for 30/
1.001 Hz, and to 1500 rpm for 25 Hz. In the case of
digital recording, the rotational speed of the rotary

head is proportional to the maximum recording rate, and

therefore the maximum recording rate can be increased

by increasing the rotational speed. With a double
speed of 3600 rpm, 3600/1.001 rpm or 3000 rpm, for
example, the maximum recording rate can be doubled. 1In
consideration of the compatibility with the analog
recording and reproduction, however, a very high
maximum recording rate poses a problem. The rotational
speed 5/4 times as high, i.e., 2250 rpm, 2250/1.001 rpm
or 1875 rpm or thereabouts may be a choice.

Fig. 26 shows an example configuration of
blocks for recording the digitally compressed video

signal transmitted in packets in the data recording
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area 1041. A data of 195 bytes is composed of, for
example, control information 1024 of three bytes for
data and packets 1071 of 192 bytes. A packet of data
is recorded in a block, i.e., in correspondence wiﬁh a
Cl code series, whereby a burst error which may occur
due to a dropout or the like on the tape and make
impossible correction by blocks is prevented from
affecting a plurality of packets constituting units of
transmission.

The control information 1024 is one
associated with the contents of data, the_recording
time, the copy control data, or other information
associated with the packet 1071. This information is
recorded for three bytes of each block or for each 3 x
n bytes of n blocks.

Fig. 26 shows a composition of blocks when
the length of the packet 1071 is set to 144 bytes. In
this composition, four packets 1971 are recorded in
three blocks.

Fig. 27 shows a composition of the packet
1071 shown in Fig. 25 of 26. The packet 1071 is
composed of, for example, a time stamp 1025 of three
bytes, control information 1072 of a byte for the
packet, and packet data 1073 of 188 or 140 bytes. 1In
the case where the number of packets 1073 is smaller
and the packet data is 130 bytes, for example, a dummy
data may be additionally recorded or the area for the

control information may be increased.



s

r

L]

10

15

20

25

_65 -

The time stamp 1025 is information on the
time at or during which a packet is transmitted. More
specifically, the time at whiéh the head of a packet is
transmitted or the intervals between packets are
counted with reference to a reference clock, and the
count is recorded in a packet together with the packet
data. At playback, the particular information is used
for setting the intervals between packets. The data
can thus be produced in the same form as when
transmitted.

As described above, by making arrangements to
express the relation between the number of bytes in
each packet and that in each block in a simple ratio of
n : m in integers and to record a number m of packets
in a number n of blocks, efficient recording is made
possible even when the packet length is different from
the recording area for each block. The characters n
and m represent a ﬁalue smaller than the number of
bytes for each packet and the number of bytes for the
recording area of each block, respectively. If these
values can be expressed.in an integral number of 10 or
less, the processing is facilitated. The recording
operation can be performed in similar fashion also in
the case where the length of a packet is longer than
the recording area of a block (n > m). Further, even
with packets of different lengths, the recording and

reproduction operation can be done easily by employing
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the same format of information such as the time stamp.

Different packet lengths can be identified by reference
to the recording format of ID-1 shown in Fig. 25 or the
packet length specified in ID-6. Packets can of course
be recorded in packed state without any correspondence

with the blocks. Such a scheme can be applied also to

the case wherein each packet has 192 bytes or more.

In the case where a number m of packets are

recorded in a number n of blocks, on the other hand,

the packets recorded in each track can be easily

managed by setting the number of blocks in a recording
area to a multiple of n. In the case of Fig. 26, for
example, the number of blocks of the data recording
area 1007 for recording the data is set to 138. Then,
184 packets can be recorded in a track. Nothing may be
recorded or other information may be recorded in the
remaining one block.

Fig. 28 shows a configuration of the input-
output circuit 1107 shown in Fig. 19. Reference
numeral 1300 designates a packet detection circuit,
numeral 1301 a time stamp check circuit, numeral 1302
an output control circuit, numeral 1303 a buffer, and
numeral 1304 a time control circuit. The transmission
rate of the data input to or output from the input-
output terminal 1108A, i.e., the frequency of the clock
signal is assumed the same as the reférence clock for
the recording-reproduction apparatus transmitted from

the VCO 1109 or the oscillation circuit 1110.
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At recording, the packet data and the clock
signal are applied from the input-output terminals
1108A and 1108B at the timing shown in Fig. 29. As
shown in Fig. 29, the packet data 1071 including a
packet i, a packet i+l, a packet i+2, a packet i+3, and
so on (i: integer) are applied at irregular time
intervals. The packet data and the clock signal thus
input are apblied to the packet detection circuit 1300,
and packets are detected by the clock output from the
timing signal generating circuit 1105 and applied from
the input terminal 1307. The packet 1071 detected is
applied from the output terminal 1305A to the
recording—reproduction signal processing'circuit 1102
for recording. The control signal and the like sent
with the packet are output to the control circuit 1104
from the output terminal 1306 for identifying the
packet type and determining the recording mode or the
like. Also, the time stamp 1025 attached to each
packet is applied to the time stamp check circuit 1301.

The time stamp check circuit 1301 compares
the time stamp 1025 with the packet interval counted by
the clock applied from the input terminal 1307. 1In the
case where they are different, the VCO 1109 is
controlled in such a manner as to correct the
difference by the control signal output from the output
terminal 1308. More specifically, the VvCO 1109 is

controlled in such a manner that the rate of data input
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is synchronized with the reference clock generated from
the VCO 1109.

At playback, the output control circuit 1302
is controlled to the output mode by the controi signal
input from the control circuit 1104 through the input
terminal 1306B, and the packet 1071 reproduced is
output in synchronism with the reference clock
generated at the oscillation circuit 1110. The
reproduced packet input from the recording-reproduction
signal processing circuit 1102 through the input
terminal 1305B is stored in the buffer 1303. Also, the
time stamp 1025 in the packet is applied to the time
control circuit 1304. The time control circuit 1304
generates a clock signal and controls the timing of
reading and outpﬁtting a packet from the buffer 1303 by
means of the time stamp 1025 and the cléck input from .
the input terminal 1307. The clock signal is output at
the same timing as shown in Fig. 29, i.e., at the
timing when the fecording data is input. As a result,
apparatuses for receiving and processing reproduced
packets including the devices for decoding digitally
compressed video signals or other digital signal
recording-reproduction apparatuses can process a
recorded or reproduced signal in the same manner as an
unrecorded signal.

As seen from above, in the case where the

transmission rate of the input-output data, i.e., the



Sm

L

10

15

20

25

- 69 -

frequency of the clock signal is identical to that of
the reference clock of a recording-reproduction
apparatus, or in the case where the transmission rate
is the same as the frequency of the reference clock
divided by an integer multiple thereof, then an input-
output circuit can be easily constructed without using
any PLL or the like. The frequency of the reference
clock must be set to an integer multiple of the
rotational speed of-the rotary head since it is
necessary to generate a reference signal for the
rotation of the rotary head. The rotational speed of
the rotary head is desirably synchronized with the
frame frequency of the video signal as described above.
As a result, if the transmission rate is synchronized
with the rotational speed of the rotary head or the
frame frequency of the video signal, the reference
clock of the recording-reproduction apparatus can be
easily set and constructed. The transmission rate of
course may be synchronized with the field frequency.
Assume that the transmission rate is set to
50.4 MHz that is 840 times higher than 60 kHz, for
example. Sixty kHz is an integer multiple, i.e., a
common multiple of all the frame frequencies including
30 Hz, 30/1.001 Hz and 25 Hz and the field frequency
thereof twice higher than the frame frequency. It is
also an integer multiple of 2250 rpm. Further, since

840 = 8 x 3 x 5 x 7, various frequency-dividing clocks
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can be easily generated by setting the reference clock
to the same 50.4 MHz as the transmission rate. When it
is enough to handle only a specific frame frequency, an
integer multiple of the particular frame frequency or
the field frequency can be employed with-equal effect.
Fig. 30 shows an example connection between
the digital signal recording-reproduction apparatus
shown in Fig. 19 and a digital broadcast receiver or
other digital signal recording-reproduction
apparatuses. Reference-numeral 1200 designates the
digital signal recording-reproduction apparatus shown
in Fig. 19, numeral 1201 a digital broadcast receiver,
and numeral 1202 another digital signal recording-
reproduction apparatus. The digitally compressed video
signal and the like received by the digital broadcast .
receiver 1201 or the digitally compressed video signal
or the like reproduced by another digital signal
recording-reproduction apparatus 1202 is applied from
the input-output terminal 1108 to the digital signal
recording-reproduction apparatus 1200 for recording.
Also, the digitally compressed video signal and_the
like reproduced at the digital signal recording-
reproduction apparatus 1200 is applied through the
input-output terminal 1108 to the digital broadcast
receiver 1201 or another digital signal recording-

reproduction apparatus 1202. The digital broadcast

receiver 1201 processes the input signal the same way
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as at the time of normal receiving, and generates and
applies the video signal to a TV set or the like. The
digital signal recording-reproduction apparatus 1202
processes the iﬁput signal in a predetermined way for
recording.

Although an input-output circuit for a
digital signal recording-reproduction apparatus is
described above, the foregoing embodiment is similarly
applicable to the input-output éircuits of other
devices such as the digital broadcast receiver 1201 or
the like. With the digital broadcast receiver or the
like, the reference clock for demodulation of the video
signal, for example, can be easily synchronized with
the transmission rate by setting the transmission rate .
to an integer multiple of the frame frequency.

Also, instead of the terminal acting bo;h as
an input and an output used in the above-mentioned
embodiment, independent terminals may be employed for
input and output.

According to this embodiment, the frequency
of the clock signal, i.e., the transmission rate of a
recording-reproduction signal is set to an integer
multiple of the field or frame frequency of the wvideo
signal or the rotational speed of the rotary head of a
recording-feproduction apparatus, thereby making it
possible to synchronize the operation of the recording-

reproduction apparatus with the input-output signal
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easily. Also, the cases with different transmission
rates or different formats of the recording signal can
be easily handled by applying an input or an output for

each packet with a predetermined number of bytes.
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WHAT IS CLAIMED IS: h

1. A digital wvideo signal output circuit for

intermittently outputting a digitally compressed video

signal including a clock reference in the form of
packets, comprising:

" means for detecting a clock reference from
packets of said digitaily compressed video signal;

means for generating a clock signal in phase

" with the clock reference detected by said detecting

means;

means for attaching time stamps to said
packets on the basis of the clock signal generated; and

means for intermittently outputting the
packets with said time stamp attached thereto.
2. A digital video signal output circuit
according to Claim 1, wherein said digitally compressgd
video signal includes a luminance signal and a color
difference signal; and |

said digital wvideo signal output circuit
comprises a decompressor circuit for decompressing the
digitally compressed video signal, means for modulating
the color subcarrier with a color difference signal
decompressed by said decompressor circuit, and means
for generating said color subcarrier accordiﬁg to said
clock signal.
3. A digital video signal output circuit

according to Claim 1, further comprising a local

AR
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oscillator, wherein said packet is output from said
output means on the basis of the oscillation frequency
of said local oscillator.
4. A digital video signal output circuit

5 according to Claim 3, wherein the oscillation frequency
of said local oscillator is different from the
frequency of said clock signal.
5. An apparatus for recording a digitally
compressed video signal containing a reference clock on

10 a magnetic recording medium by means of a rotary head,
said digitally compressed video signal being an
intermittent input signal in packet form including a
time stamp for the packet, comprising:

means for generating a reference signal for

15 controlling the rotation of the rotary head in phase

with the time stamp; and

means for controlling the rotation of said
rotary head on the basis of the reference signal
generated from said generating means.

20 6. A recording apparatus according to Claim 5,
wherein said reference signal generating means
includes:

means for detecting said time stamp from said
input signal;

25 means for generating a clock signal in phase
with the time stamp detected; and

a frequency divider circuit for dividing the

frequency of the clock signal.




10

15

20

25

—

\

L Ul

~ "o
- 75 -

7. A recording .apparatus according to Claim 5,
wherein said reference signal generating means
includes:

means for detecting the time stamp from said
input signal;

a local oscillator;

means for detecting the difference between
the signal based on the oscillation frequency of the
local oscillator and the time stamp detected; and

a frequency divider circuit for dividing the
frequency of the output signal of said local oscillator
and adjusting the dividing ratio by the difference
signal detected.
8. An apparatus for reproducing a digitally
compressed video signal including a clock reference on
a magnetic recording medium by a rotary head in phase:
with a time stamp, said digitally compressed video
signal being an intermittent input signal in packet
form including the time stamp for the packet,
comprising:

means for reproducing a signal recorded on a
magnetic recording medium by a rotary head;

a local oscillator;

temporal adjusting means for outputting a
packet signal reproduced in accordance with the time
stamp included in the reproduced signal on the basis of

the output signal from said local oscillator;
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a circuit for frequency-dividing the output
signal of said local oscillator; and -

means for controlling the rotation of said
rotary head on the basis of the output signal from said
frequency divider circuit.
9. A method for processing a digital video
signal, comprising the steps of:

receiving a digital signal with an
arrangement of a plurality of packets of a fixed
length, which signal includes at least a packet having
a clock reference and a unit digitally compressed video
signal for one of a plurality of programs;

extracting said received_digital signal in
packet form with respect to a selected one of said
plurality of programs;

detecting a clock reference inciuded in a
train of the extracted packets;

generating a clock signal in phase with said
detected clock reference; and

adding a time stamp representing the
intervals of adjacent packets for each packet on the
basis of said clock signal and outputting the digital
video signal for the selected program for recording
and/or storage.
10. A method according to Claim 9, wherein said
packet with said time stamp added thereto is output on
the basis of an oscillation frequency of 49.152 MHz

different from the fregquency of said clock signal.
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11. In a recording-reproduction apparatus for
converting digital information into packets, being
supplied with a-packet signal with a time stamp added
to each packet indicating the time of arrival of the
particular packet, and recording the packet signal with
said time stamp, a digital signal recording-
reproduction method comprising the steps of:

reproducing the packet signal with the time
stamp produced from said recording-reproduction
apparatus; and

changing and outputting at least a bit of
information of the time stamp included in the
reproduced packet signal.
12, A method according to Claim 11, wherein said
digital information includes at least selected one of
the bit~éompressed video information, the bit-
compressed audio infofmation, the video program
information and the viewing right information each in
packet form.
i3. A digital signal recording-reproduction
method for recording a packet signal with a time stamp,
comprising the steps of:

bit-compressing each of a plurality of
programs;

encrypting each of the bit-compressed
programs ;

converting into packets and time-division

multiplexing the programs encrypted;
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modulating the time-division multiplexed
programs on a single carrier;

transmitting the modulated signal;

receiving the transmitted signal;

demodulating the received signal;

decrypting at least a program included in
said demodulated signal;

being supplied with a packet signal with a
time stamp indicating the time of arrival of each
packet as a decrypted signal in packet form;

reproducing the recorded packet with the time
stamp; and

changing and outputting at least a bit of
information of the time stamp included in said
reproduced packet signal.
14. A digital signal recording-reproduction
apparatus for recording a packet signal with a time
stamp, comprising:

means for converting digital information into
packets;

being supplied with a packet signal with the
time stamp indicating the time of arrival of each
packet;

means for reproducing the packet signal with
the time stamp from said recording-reproduction
apparatus;

means for changing at least a bit of

information of the time stamp included in the
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reproduced packet signal; and

meéns for outputting the output signal of
said changing means.
15. A digital video signal input-output circuit
for intermittently performing selected one of
operétions of inputting and outputting digital signals
in packet form, comprising:

input-output means for performing selected
one of operations of inputting and outputting a
digitally compressed video signal in the form of
packets. each having a time stamp indicated in units of
period of a clock signal equal to an integer multiple
of selected one of the frame frequency and the field
frequency of said digitally compressed videc signal.
16. A digital video signal input-output circuit
according to Claim 15, wherein said time stamp
represents information indicating the time of
transmission of said packet.
17. A digital video signal input-output circuit
according to Claim 15, wherein the frequency of said
clock signal is an integer multiple of a common
multiple of 30 Hz, 30/1.001 Hz and 25 Hz.
18. A digital video signal input-output circuit
according to Claim 17, wherein the frequency of said
clock signal is an integer multiple of 60 kHz.
19. A digital video signal input-output circuit
according to Claim 18, wherein the frequency of said -

clock is 840 times as high as 60 kHz.
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20. A digital video signal recording apparatus
for performing selected one of operations of recording
and reproducing a digital signal on a magnetic
recording medium by a rotary head, comprising:

means for inputting a digitally compressed
video signal transmitted in the form of a packet
carrying a time stamp indicated in units of period of a
clock signal of a predetermined frequency; and

control means for setting the rotational
speed of said rotary head to a frequency egqual to the
frequency of said clock signal divided by an integer.
21. A digital video signal recording apparatus
according to Claim 20, wherein said time stamp
represents information indicating the time of

transmission of said packet.

22. A digital video signal recording apparatus

according to Claim 20, wherein the frequency of said
clock signal is an integer multiple of selected one of
the frame frequency and the field frequency of said
video signal.

23. A digital video signal recording apparatus
according to Claim 22, wherein the frequency of said
clock signal is an integer multiple of a common
multiple of 30 Hz, 30/1.001 Hz and 25 Hz.

24, A digital video signal recording apparatus
according to Claim 23, wherein the frequency of said

clock signal is an integer multiple of 60 kHz.
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25. A digital video signal reproduction apparatus
for reproducing a digital signal from a magnetic
recording medium by a rotary head, comprising:

means for reproducing a digitally compressed
video signal recorded in the form of packets each
carrying a time stamp indicated in units of period of a
clock signal of a predetermined frequency; and

output means for generating a reference_clock
of a predetermined frequency and outputting said
digitally compressed video signal at the same timing as
when input, by use of said reference clock and said
time stamp.
26. A digital video signal reproduction apparatus
according to Claim 25, wherein said time stamp
represents information indicating the time of
transmission of said packet. .
27. A digital video signal reproduction apparatus
according to Claim 25, wherein the frequency of said
reference clock is the same as that of said ciock
signal.
28. A digital video signal reproduction apparatus-
according to Claim 25, wherein the frequency of said
clock signal is an integer multiple of selected one the
frame frequency and the field frequency of said video
signal.
29. A digital video signal reproduction apparatus

according to Claim 28, wherein the frequency of said
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clock signal is an integer multiple of a common
multiple of 30 Hz, 30/1.001 Hz and 25 Hz.
30. A digital video signal reproduction apparatus
according to Claim 29, wherein the frequency of said
clock signal is an integer multiple of 60 kHz.
31. A digital_video signal input-output circuit
for performing selected one of intermittent operations
of inputting and outputting a diéital signal in packet
form in synchronism with a clock signal of a
predetermined frequency, comprising:

input-output means for performing selected
one of operations of inputting and outputting paqkets
each carrying a time stamp in units of period of said
clock signal.
32. A digital video signal input-output circuit
according to Claim 31, wherein said time stamp
represents information indicating the time of

transmission of said packet.



