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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention:

[0001] The present invention relates to a device for
recording and/or reproducing digital data having a plu-
rality of kinds of rates, and a method for reproducing the
same.

2. Description of the Related Art:

[0002] In recent years, various kinds of digital video
cassette recorders (hereinafter, referred to as DVCRs)
for recording video signals such as TV signals in digital
form have been developed. However, since video sig-
nals contain a great amount of information, in the case
where the video signals are recorded in digital form in a
storage medium such as a tape, a long recording time
is required. In view of such a problem, a method for re-
cording video signals, which are subjected to high effi-
ciency coding, in digital form has been proposed, for ex-
ample in the International Conference on Consumer
Electronics (ICCE) 1989, June 6-9, Digest of Technical
Papers WPM8.6 "AN EXPERIMENTAL STUDY ON A
HOME-USE DIGITAL VTR".
[0003] In the past, DVCRs record input video signals
in synchronization with a field frequency thereof. More
specifically, a magnetic head mounted in a rotary cylin-
der rotating in synchronization with the field frequency
records video signals in tracks each having a track angle
predetermined in accordance with set standards.
[0004] DVCRs use a rotary cylinder for the purpose
of enhancing a recording density, and record data in
tracks so as to be disposed on a magnetic tape in the
diagonal direction of a magnetic tape traveling direction.
For example, when a magnetic tape is wrapped around
a rotary cylinder provided with two magnetic heads by
about 180 degrees and the rotary cylinder rotates at a
speed of 9000 rpm (rotation per minute), 18000 tracks
are recorded on the magnetic tape per minute.
[0005] In general, DVCRs reproduce data in the same
state as in the recorded state, except for special repro-
duction such as scene search, still, and slow reproduc-
tions. If data is reproduced in the state different from the
recorded state, normal reproduction cannot be ob-
tained. Thus, in the case of producing DVCRs, mechan-
ical design specifications such as a track angle and a
tape traveling speed should be strictly observed.
[0006] Since there are various kinds of high efficiency
coding, the data rate after being subjected to high effi-
ciency coding takes various values. Particularly in pre-
recorded soft tapes, etc., the data rate is required to be
decreased by high efficiency coding for the purpose of
reducing tape cost.
[0007] In recent years, studies to supply digital video
signals at a very low data rate in video services utilizing

a digital TV broadcasting, a CATV, a telephone, etc.
have been made. For example, the data rate of DVCRs
for broadcasting is very high, i.e., 270 Mbit/s; however,
a method for transmitting data after decreasing the data
rate to 3 to 12 Mbit/s by filtering, high efficiency coding,
etc. and a method for recording data after decreasing
the data rate to 25 Mbit/s have been put into practical
use. Furthermore, regarding TV signals, in addition to
the NTSC system and the PAL system, 1125 line-60 field
system and 1250 line-50 field system have been put into
practical use.
[0008] In the case where a plurality of data rates are
obtained depending upon TV signal systems or high ef-
ficiency coding methods after coding, a recording meth-
od and a reproducing method suitable for each data rate
are required.
[0009] In general, the recording density and track
pitch of the magnetic tape are respectively kept at nearly
predetermined levels. Thus, the number of tracks and
the tape traveling speed per predetermined period of
time are increased in proportion to the data rate. When
data is recorded at a data rate different from a normal
recording data rate, a signal processing circuit and a de-
vice having a completely different cylinder construction
are required. It is desired that data in one tape is copied
to another tape for a short period of time. In particular,
when a great amount of pre-recorded soft tapes, etc.
are produced, it is desired to copy data at a data rate
higher than normal for a short period of time so as to
shorten the time for producing the tapes.
[0010] Reference is also made to US Patent No.
4,942,487, relative to which the present invention is
characterised.

SUMMARY OF THE INVENTION

[0011] The present invention provides a digital data
reproducing device according to claim 1.
[0012] Preferably, the data rate is in proportion with a
travelling speed of the recording medium.
[0013] Thus, the invention including shuffling enables
data to be output at a rate different from that used during
recording. Also, stable reproduction can be made pos-
sible irrespective of the track angles.
[0014] These and other advantages of the present in-
vention will become apparent to those skilled in the art
upon reading and understanding the following detailed
description with reference to the accompanying figures.
[0015] In the following, Examples 6 and 7 are embod-
iments of the invention. The remaining Examples pro-
vide additional technical information not forming part of
the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016]

Figure 1 is a block diagram of a recording and re-
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producing device of Example 1.

Figures 2A to 2E are block diagrams of a first re-
cording adaptor used in Example 1.

Figure 3 is a block diagram of a first reproducing
adaptor used in Example 1.

Figure 4 is a block diagram of a recording and re-
producing device of Example 2.

Figures 5A to 5D are timing diagrams showing the
operation of recording and reproducing in Example
2.

Figure 6 is a block diagram of a recording and re-
producing device of Example 3.

Figures 7A and 7B are timing diagrams showing the
operation of recording and reproducing in Example
3.

Figures 8A and 8B are diagrams showing a head
construction of 180°-opposing double heads and
the positional relationship betweeh the magnetic
head and the magnetic tape in helical recording
used in the examples, respectively.

Figures 9A and 9B are diagrams showing other
head construction of "paired" heads used in the ex-
amples.

Figure 10 shows a track pattern in helical recording
at normal speed.

Figure 11 shows a track pattern in helical recording
in Example 4.

Figure 12 is a timing diagram in helical recording in
Example 4.

Figure 13 is a timing diagram in helical recording
under other conditions in Example 4.

Figure 14 is a timing diagram in helical recording
under other conditions in Example 4.

Figure 15 is a diagram illustrating a track pattern of
a recording device according to the present inven-
tion.

Figure 16 is a block diagram of a reproducing device
of Example 6 according to the present invention.

Figure 17 is a block diagram of a reproducing device
of Example 7 according to the present invention.

Figure 18 is a block diagram of a recording device

of Example 8.

Figure 19 is a block diagram of a recording device
of Example 9.

Figure 20 is a block diagram of a recording and re-
producing device of Example 10.

Figure 21 is a diagram illustrating a recording de-
vice of Example 11.

Figure 22 is a diagram showing the relationship be-
tween the track pitch and the tape traveling speed
in Example 11.

Figure 23 is a block diagram of a recording device
of Constructional Example 2 of Example 11.

Figures 24A to 24D are timing diagrams showing
the operation of recording in Constructional Exam-
ple 2 of Example 11.

Figure 25 is a block diagram of a recording device
of Constructional Example 3 of Example 11.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0017] Hereinafter, the illustrative examples are de-
scribed with reference the drawings. The identical ref-
erence numerals denote the identical components.

Example 1

[0018] Figure 1 is a block diagram of a recording and
reproducing device of Example 1. In this figure, a video
A/D converter 11, a video signal coding processor 12,
an audio A/D converter 13, an audio signal coding proc-
essor 14, an error correction encoder 15, a modulator
16, a magnetic recording and reproducing system 17, a
demodulator 18, an error correction decoder 19, a video
signal decoding processor 20, a video D/A converter 21,
an audio signal decoding processor 22, and an audio D/
A converter 23 are the same as those used in conven-
tional DVCRs; therefore, the detailed description thereof
will be omitted.
[0019] In the present example, an input selector 31 is
provided between the error correction encoder 15, and
the video signal coding processor 12 and the audio sig-
nal coding processor 14. The input selector 31 selects
between the outputs (terminals V and A) of the coding
processors 12 and 14 and the outputs (terminals v and
a) of a first recording adaptor 32. The outputs selected
by the input selector 31 are input to the error correction
encoder 15. The input selector 31 is a type of an input
selector and can be switched automatically or manually.
The first recording adaptor 32 receives a plurality of sig-
nals having a data rate lower than that of ordinary video
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and audio signals. Then, the first recording adaptor 32
converts the signals thus received into the same format
as that of the outputs of the video signal coding proces-
sor 12 and the outputs of the audio signal coding proc-
essor 14, and output the converted signals to the input
selector 31. In the specification, "rate" refers to data
rate. Furthermore, "data rate of input data stream" refers
to data rate of digital data input to the first recording
adaptor 32, and "recording rate" refers to the data rate
of digital data input to the modulator 16. The other con-
struction on the recording side is the same as that of the
conventional example.
[0020] On the reproducing side, the output of the error
correction decoder 19 is input to the video signal decod-
ing processor 20, the audio signal decoding processor
22, and a first reproducing adaptor 33. The first repro-
ducing adaptor 33 reversely converts the format of the
signal thus received and divides the signal into the orig-
inal signals.
[0021] An example of the first recording adaptor 32 is
shown in Figure 2A. The first recording adaptor 32 is
designed so as to receive 4 low-rate signals. Here, it is
assumed that the total of the data rates of these signals
does not exceed a maximum recording data rate (here-
inafter, referred to as maximum data rate) of n bit/s (n
is a positive number) of the recording and reproducing
device. An input selector 34 switches these inputs. Fig-
ure 2B shows the connection in the case where four sig-
nals are input; Figure 2C shows the connection in the
case where three signals are input; Figure 2D shows the
connection in the case where two signals are input; and
Figure 2E shows the connection in the case where one
signal is input. These four outputs are input into a format
converter 35. The format converter 35 converts the data
thus received into the same format as that of the output
of the video signal coding processor 12 and the output
of the audio signal coding processor 14. Here, in the
case where all of the low-rate signals have a data rate
smaller than 1/4 of the maximum data rate of the record-
ing and reproducing device, data corresponding to the
data rate difference can be added. For example, the for-
mat converter 35 performs various processings such as
the addition of a fixed value, the addition of an error cor-
rection code, and the multiple-writing by selecting im-
portant information. In the case where such a variety of
signals are recorded, it is required to know certain infor-
mation (hereinafter, referred to as auxiliary data) such
as the data rate of signals, the number of signals, and
the format of signals (how the signals are formatted by
the format converter 35) at the time of reproducing data.
Thus, these auxiliary data are required to be recorded
on the magnetic tape, and added to the video data and
audio data.
[0022] Figure 3 is a block diagram of the first repro-
ducing adaptor 33. The output of the error correction de-
coder 19 is input to a format reverse-converter 36. The
format reverse-converter 36 judges the signal format
based on the auxiliary data and converts the output of

the error correction decoder 19 into the format of low-
rate signals. The output of the format reverse-converter
36 is input to input terminals 37a to 37d of a quad 1-4
demultiplexer 37 composed of four 1-4 demultiplexers.
The quad 1-4 demultiplexer 37 outputs four signals re-
spectively to output terminals 37-1a to 37-1d, 37-2a to
37-2d, 37-3a to 37-3d, and 37-4a to 37-4d in accord-
ance with selection signals. Four outputs 37-1a to 37-1d
of the demultiplexer 37 are directly input to input termi-
nals 38-1a to 38-1d of a quad 4-1 multiplexer 38. The
output terminals 37-2a and 37-2d are directly connected
to input terminals 38-2a and 38-2d of the quad 4-1 mul-
tiplexer 38, and the output terminals 37-2b and 37-2c
are connected to an input terminal 38-2b of the quad
4-1 multiplexer 38 through a 2-input selector 39. An in-
put terminal 38-2c is kept open. The output terminals
37-3a, 37-3b and 37-3c, 37-3d are respectively con-
nected to input terminal 38-3a and 38-3c of the quad
4-1 multiplexer 38 through 2-input selectors 39. Input
terminals 38-3b and 38-3d are kept open. The output
terminals 37-4a to 37-4d are connected to an input ter-
minal 38-4a of the quad 4-1 multiplexer 38 through a
4-input selector 40. Input terminals 38-4b to 38-4d are
kept open. The quad 4-1 multiplexer 38 selects one
group of input terminals among the input terminals
38-1a to 38-1d; the input terminals 38-2a to 38-2d; the
input terminals 38-3a to 38-3d; and the input terminals
38-4a to 38-4d. In the case where the input terminals
38-1a to 38-1d are selected, the input terminal 38-1a is
connected to an output terminal 38a, the input terminal
38-1b is connected to an output terminal 38b, the input
terminal 38-1c is connected to an output terminal 38c,
and the input terminal 38-1d is connected to an output
terminal 38d. Signals which are multiple-recorded by
the 2-input selector 39 and the 4-input selector 40 are
selected corresponding to the number of output signals,
whereby signals having errors are removed. Regarding
a plurality of output signals, only one of them may be
used, or in the case where recorded signals are video
signals, picture-in-picture signals, multi-screen signals,
etc., some of them may be simultaneously used.
[0023] According to the above-mentioned construc-
tion, a number of types of signals can be simultaneously
recorded or signals of one kind are multiple-recorded by
the same recording and reproducing device without
changing the format of the tracks. If the multiple-record-
ing is made possible, the error correction ability can be
enhanced; therefore, inexpensive magnetic tape of low
quality can be utilized as a recording medium. Alterna-
tively, by decreasing the track pitch (i.e., lowering the
tape traveling speed), long-time recording can be per-
formed.
[0024] It is noted that the recording and reproducing
device of the present example having another construc-
tion provide the same effects. In the present example,
the number of low-rate signals is 4; however, any
number of low-rate signals enables the similar recording
and reproducing of data. These signals may not be the
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same. Furthermore, these signals may have the same
or different data rates.
[0025] The recording adaptor 32 and the reproducing
adaptor 33 may be provided outside of the recording and
reproducing device or may be built therein. In the case
where the recording adaptor 32 and the reproducing
adaptor 33 are built in the recording and reproducing
device, the functions thereof can be contained in the er-
ror correction encoder 15 and the error correction de-
coder 19. In the case where the recording adaptor 32
and the reproducing adaptor 33 are externally provided,
signals having different data rates or different data for-
mats can be recorded by changing the recording adap-
tor 32 and the reproducing adaptor 33.
[0026] In the recording and reproducing device per-
forming no high efficiency coding of input signals, the
input selector 31 can be provided before the video signal
coding processor 12 and the audio signal coding proc-
essor 14, not right before the error correction encoder
15. This enables the use of a shuffling function of the
video signal coding processor 12 and the audio signal
coding processor 14.
[0027] In the present example, auxiliary data such as
the data rate of signals, the number of signals, and the
kinds of formats is recorded on the magnetic tape simul-
taneously with the recording of audio and video data. In
the case where the magnetic tape is accommodated in
a cassette, the cassette can be attached to a secondary
storage medium (for example, an IC memory and a
sheet having magnetic stripes), and the auxiliary data
can be recorded in the secondary stowage medium.
Thus, the auxiliary data can be obtained before starting
the reproducing operation. Alternatively, the auxiliary
data can be input to the recording and reproducing de-
vice from outside every time data is reproduced.

Example 2

[0028] Figure 4 is a block diagram of a recording and
reproducing device of Example 2. A video A/D converter
11, a video signal coding processor 12, an audio A/D
converter 13, an audio signal coding processor 14, a vid-
eo signal decoding processor 20, a video D/A converter
21, an audio signal decoding processor 22, an audio D/
A converter 23, and an input selector 31 are the same
as those of Example 1. The output of the input selector
31 is input to a recording and reproducing selector 43
through an error correction encoder 41 and a modulator
42. The recording and reproducing selector 43 selects
an input or an output at the time of recording and repro-
ducing data. The outputs of the recording and reproduc-
ing selector 43 are connected to a rotary head of a mag-
netic recording and reproducing system 44. When low-
rate signals are input, a tape speed of the magnetic re-
cording and reproducing system 44 is switched by a
tape traveling controller 45 in accordance with the data
rate of input signals.
[0029] In the present example, the low-rate signals

are input to a second recording adaptor 46. The second
recording adaptor 46 converts the input signals into a
format which is similar to that of the output signals of the
video signal coding processor 12 and the audio signal
coding processor 14 which corresponds to the recording
data rate. At the same time, the data rate of the low-rate
signals is output to the error correction encoder 41, the
modulator 42, and the tape traveling controller 45 as
tape traveling speed data. Output terminals of the re-
cording and reproducing selector 43 are connected to a
demodulator 47 and an error correction decoder 48. The
outputs of the error correction decoder 48 are given to
the video signal decoding processor 20, the audio signal
decoding processor 22, and a second reproducing
adaptor 49. The error correction decoder 48 performs
error correction and decoding of the received data, and
reads the tape traveling speed data simultaneously re-
corded on the magnetic tape. Based on the tape
traveling speed data, the demodulator 47 and the sec-
ond reproducing adaptor 49 are operated and the tape
traveling speed of the tape traveling controller 45 is con-
trolled.
[0030] Figures 8A and 8B are diagrams schematically
showing the rotary head of the magnetic recording and
reproducing system 44. The magnetic recording and re-
producing system 44 reproduces data from and records
data on the magnetic tape, using the rotary head by a
helical scanning method. Here, a double-azimuth head
is used as the rotary head. This double-azimuth head
includes two heads provided at the periphery of a cylin-
der so that a straight line can be obtained by connecting
the positions of the two heads to a center axis of the
cylinder (hereinafter, such two heads are referred to as
180°-opposing double heads). In this case, the magnet-
ic tape is wrapped around a rotary cylinder by 180°. It
is assumed that the head having one azimuth angle is
the A head and the head having the other azimuth angle
is B head.
[0031] Hereinafter, the operation of the present exam-
ple will be described. In the case where the error cor-
rection encoder 41 is connected to terminals V and A of
the input selector 31, the recording and reproducing de-
vice of the present example records and reproduces vid-
eo signals and audio signals in the same manner as in
the conventional example. In the case where the error
correction encoder 41 is connected to terminals v and
a, the second recording adaptor 46 outputs the data rate
of signals transmitted at a low data rate as tape traveling
speed data. When the data rate of the low-rate signals
is 1/j or less (j is an odd number) of the maximum data
rate of the recording and reproducing device, the tape
traveling speed is 1/j of conventional tape traveling
speed.
[0032] Figures 5A to 5D are timing diagrams in which
the period for actually recording and reproducing data
by each head is represented as "High" and the period
for recording and reproducing no data by each head is
represented as "Low". Figure 5A is a timing diagram in
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the case of the conventional recording and reproducing.
Figures 5B, 5C, and 5D are timing diagrams in the case
where j is 3, 5, and 7, respectively. A recording method,
in which irrespective of the fact that the magnetic head
is scanning, data is recorded only once in every n times
scans, is referred to as "skip" recording. The use of the
180°-opposing double heads requires the condition that
j is an odd number. In order to alternately scan by using
180°-opposing double heads with a different azimuth,
scanning must be performed in the following manner: A
(BA)B(AB)A(BA)..., where A denotes a head having one
azimuthal angle and B denotes a head having another
azimuthal angle, and the parentheses correspond to a
head performing no recording and reproducing. Since
scanning without recording and reproducing is per-
formed for an even-number of times per scan, j results
in an odd number.
[0033] The error correction encoder 41, the modulator
42, the magnetic recording and reproducing system 44,
the demodulator 47, and the error correction decoder
48 respectively function in the same manner as in the
error correction encoder 15, the modulator 16, the mag-
netic recording and reproducing system 17, the demod-
ulator 18, and the error correction decoder 19, except
for the functions enabling the operation corresponding
to the above-mentioned skip recording and reproducing.
Furthermore, the recording and reproducing selector 43
connects the head to the modulator 42 in the case of
recording data, and connects the head to the demodu-
lator 45 in the case of reproducing data.
[0034] The input data stream at a low data rate are
converted into a format which is the same as that of the
outputs of the video signal coding processor 12 and the
audio signal coding processor 14 and which corre-
sponds to the maximum data rate. Thereafter, the con-
verted signals are subjected to error correction coding
and modulation. At the time of reproducing data, the da-
ta is demodulated by the demodulator 47 and subjected
to error correction and decoding by the error correction
decoder 48. Thereafter, the data is reverse-converted
into a format of the low-rate signals by the second re-
producing adaptor 49, and thus, recorded signals are
reproduced.
[0035] In the case where the data rate of the low-rate
signals is smaller than 1/j (j > 1) of the maximum data
rate of the recording and reproducing device, the sec-
ond recording adaptor 46 can add data corresponding
to the data rate difference. For example, the second re-
cording adaptor 46 performs processings such as the
addition of a fixed value, the addition of error correction
coding, and the multiple-writing by selecting important
information. In the case where such a variety of signals
are recorded, it is required to know the auxiliary data at
the time of reproducing data. Thus, the auxiliary data
must be recorded on the magnetic tape. The auxiliary
data is recorded on the magnetic tape after being added
to video data and audio data by the format converter
(not shown) in the second recording adaptor 46. At the

time of reproducing data, since the tape traveling speed
data is obtained by the error correction decoder 48, it is
possible to reproduce data at an appropriate tape
traveling speed. When the tape traveling speed is var-
ied, track angles of tracks to be formed (an angle formed
by a tape edge and each track) are slightly different.
However, this does not cause any problems for obtain-
ing the tape traveling speed data.
[0036] According to the above-mentioned construc-
tion, the format of the tracks is not changed. Thus, a
long-time recording which is j times that of the low-rate
signals can be performed only by changing the tape
traveling speed and the recording timing, using the
same recording and reproducing device. Furthermore,
when j is j1 x j2, j2 times long-time recording can be per-
formed by conducting j1 times multiple-recording. When
multiple-recording can be performed, error correction
ability is enhanced. Consequently, an inexpensive mag-
netic tape of poor quality can be used. In addition, a
long-time recording is made possible by decreasing the
track pitch (that is, lowering the tape traveling speed).
In the case where the head width is larger than the track
pitch, even though multiple-recording is not performed,
an inexpensive magnetic tape of poor quality can be
used by increasing the track pitch (that is, multiplying
the tape traveling speed by a head width/normal track
pitch) so as to reduce the generation of errors.
[0037] The block construction of the recording and re-
producing device of the present example is merely one
example. The same effects can also be obtained with
any construction. In the present example, the double-
azimuth 180°-opposing double heads (the magnetic
tape is wrapped around the rotary cylinder by 180°) as
shown in Figures 8A and 8B is used. This limits the val-
ue of j to odd numbers. If "paired" heads shown in Fig-
ures 9A and 9B are used, i.e., the head A and the head
B are disposed adjacent to each other, j can be any
number of 1 or more. Alternatively, in the case where
data is recorded by providing a guard band instead of
using the azimuth, j is any number of 1 or more irrespec-
tive of the head construction.
[0038] In the present example, the recording and re-
producing timing as shown in Figures 5A to 5D is used.
For example, in the case where a head utilizing a pie-
zoelectric element is used, the same track can be re-
peatedly reproduced even at timings other than this tim-
ing, and error correction ability can be enhanced.
[0039] Furthermore, the recording adaptor 46 and the
reproducing adaptor 49 can be provided outside of the
recording and reproducing device or built therein. In the
case where the recording adaptor 46 and the reproduc-
ing adaptor 49 are built in the recording and reproducing
device, the functions thereof can be contained in the er-
ror correction encoder 41 and the error correction de-
coder 48. In the case where the recording adaptor 46
and the reproducing adaptor 49 are externally provided,
signals having different data rates are recorded by
changing the recording adaptor 46 and the reproducing
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adaptor 49.
[0040] In the recording and reproducing device per-
forming no high efficiency coding of input signals, the
input selector 31 can be provided before the video signal
coding processor 12 and the audio signal coding proc-
essor 14, not immediately before the error correction en-
coder 41. This enables the use of a shuffling function of
the video signal coding processor 12 and the audio sig-
nal coding processor 14.
[0041] In the present example, the tape traveling
speed data is also recorded on the magnetic tape simul-
taneously with the recording of audio and video data. In
the case where the magnetic tape is accommodated in
a cassette, the cassette can be attached to a secondary
storage medium (for example, an IC memory and a
sheet having magnetic stripes), and the tape traveling
speed data can be recorded in the secondary storage
medium. Thus, the appropriate tape traveling speed da-
ta can be obtained before starting the reproducing op-
eration. Alternatively, the appropriate tape traveling
speed data can be input to the recording and reproduc-
ing device from outside every time data is reproduced.

Example 3

[0042] Figure 6 is a block diagram of a recording and
reproducing device of Example 3. A video A/D converter
11, a video signal coding processor 12, an audio A/D
converter 13, an audio signal coding processor 14, a vid-
eo signal decoding processor 20, a video D/A converter
21, an audio signal decoding processor 22, an audio D/
A converter 23, an input selector 31, and a recording
and reproducing selector 43 are the same as those of
Example 2. The detailed description thereof will be omit-
ted.
[0043] Output terminals of the input selector 31 are
connected to an error correction encoder 51 and a mod-
ulator 52, and a modulated output of the modulator 52
is given to the recording and reproducing selector 43. In
the present example, low-rate input signals are given to
a third recording adaptor 53. The third recording adaptor
53 converts the given input signals into a format which
is the same as that of the outputs of the video signal
coding processor 12 and the audio signal coding proc-
essor 14 and which corresponds to the recording rate.
The outputs of the third recording adaptor 53 are given
to terminals v and a of the input selector 31. The data
rate of low rate signals input to the third recording adap-
tor 53 is given as recording operation data, to the error
correction encoder 51, the modulator 52, a tape
traveling controller 54, a rotary cylinder driving control
device 55, and an operation clock selector 56. The op-
eration clock selector 56 supplies the operation clock
corresponding to the recording rate at the time of record-
ing data. The tape traveling controller 54 and the rotary
cylinder driving control device 55 controls the tape
traveling speed and the rotation speed of the rotary cyl-
inder of the magnetic recording and reproducing system

57, respectively, based on recording operation data.
Here, the recording operation data is one type of auxil-
iary data, which is data for determining the tape traveling
speed and the rotation speed of the rotary cylinder of
the magnetic recording and reproducing system 57. At
the time of reading data, the recording and reproducing
selector 43 is switched to a demodulator 58 side. The
demodulator 58 demodulates the signals recorded on
the magnetic tape and generates an operation clock. An
error correction decoder 59 performs error correction to
decode the original signals and read video data and au-
dio data. At this time, the recording operation data re-
corded on the magnetic tape is read so as to be given
to the demodulator 58, a third reproducing adaptor 60,
the tape traveling controller 54, and the rotary cylinder
driving control device 55, whereby the tape speed at the
time of reproducing data is controlled. The third repro-
ducing adaptor 60 reproduces and outputs original low-
rate signals based on this recording operation data.
[0044] In the present example, the magnetic record-
ing and reproducing system 57 has a rotary head as
shown in Figures 8A and 8B and records data on the
magnetic tape by a helical scanning method. For exam-
ple, a double-azimuth 180°-opposing double heads is
used as the rotary head. Here, the magnetic tape is
wrapped around a cylinder by 180°. It is assumed that
the head with one azimuth angle is A head and the head
with the other azimuth angle is B head.
[0045] Hereinafter, the operation of the present exam-
ple will be described. In the present example, video sig-
nals and audio signals are recorded and reproduced at
a normal speed in the same manner as in conventional
DVCRs, in the case where the error correction encoder
51 is connected to terminals V and A by the input selec-
tor 31.
[0046] In the case where the error correction encoder
51 is connected to terminals v and a, the data rates of
low-rate signals are output from the third recording
adaptor 53 as recording operation data. When the total
of the data rates of the low-rate signals is k1/k2 or less
(k1, k2 are integers, k1 < k2) of the maximum data rate
(n bit/s, where n is a positive number) of the recording
and reproducing device, the data rate at which data is
recorded on the magnetic tape is made k1/k2 of conven-
tional data rate. At the same time, the rotation number
of the cylinder and the tape traveling speed are made
k1/k2 of the conventional rotation number and the con-
ventional tape traveling speed, respectively.
[0047] Figures 7A and 7B are timing diagrams in
which the period for actually recording and reproducing
data by each head is represented as "High" and the pe-
riod for recording and reproducing no data by each head
is represented as "Low". Figure 7A is a timing diagram
in the case of the conventional recording and reproduc-
ing. Figure 7B is a timing diagram in the case of k1/k2 =
4/5. Eight tracks are formed according to the timing di-
agram of Figure 7B within a period of time during which
10 tracks are formed according to the timing diagram of
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Figure 7A. The period of time required for forming one
track shown in the timing diagram of Figure 7B is 5/4
times that shown in the timing diagram of Figure 7A;
however, the recording rate shown in the timing diagram
of Figure 7B is 4/5 times that shown in the timing dia-
gram of Figure 7A. Therefore, the amount of data re-
corded at 4/5 of the normal rate in one track is the same
as that recorded at normal rates. Consequently, input
data stream having a data rate of 4/5 of normal data rate
can be recorded for 5/4 times of maximum recording
time. Thus, a long-time recording of a low-rate signal is
possible.
[0048] The error correction encoder 51, the modulator
52, the magnetic recording and reproducing system 57,
the demodulator 58, and the error correction decoder
59 are provided with additional functions to operate for
recording and reproducing utilizing variable rotation
number and variable tape traveling speed. Except for
these functions, the error correction encoder 51, the
modulator 52, the magnetic recording and reproducing
system 57, the demodulator 58, and the error correction
decoder 59 are respectively the same as the error cor-
rection encoder 15, the modulator 16, the magnetic re-
cording and reproducing system 17, the demodulator
18, and the error correction decoder 19. The operation
clock selector 56 supplies the operation clock corre-
sponding to the recording rate to the error correction en-
coder 51 and the modulator 52 at the time of recording
data. At the time of reproducing data, the operation clock
demodulated from signals reproduced from the magnet-
ic tape is supplied to the demodulator 58 and the error
correction decoder 59.
[0049] The third recording adaptor 53 converts the
low-rate signals into a format which is the same as that
of the outputs of the video signal coding processor 12
and the audio signal coding processor 14 and which cor-
responds to the recording rate. After being subjected to
the error correction coding and modulation, the signals
are recorded. At the time of reproducing data, after be-
ing subjected to demodulation and error correction de-
coding, the data is reverse-converted into low-rate sig-
nals by the third reproducing adaptor 60, whereby the
recorded signals can be obtained.
[0050] In the case where the data rate of the low-rate
signals is smaller than k1/k2 of the maximum data rate
of the recording and reproducing device, the third re-
cording adaptor 53 adds data corresponding to the data
rate difference. For example, the third recording adaptor
53 performs processings such as the addition of a fixed
value, the addition of error correction coding, and mul-
tiple-writing by selecting important information.
[0051] When the signals are recorded or reproduced
by the above-mentioned method, there is a need to
know the auxiliary data. For this reason, the auxiliary
data should be recorded on the magnetic tape. The aux-
iliary data to be added to video and audio data is also
output from the third recording adaptor 53. At the time
of reproducing data, since the recording operation data

is obtained by the error correction decoder 59, correct
reproduction is made possible.
[0052] According to the above-mentioned construc-
tion, the format of tracks is not changed. Thus, long-time
recording, i.e., k2/k1 times longer recording, can be per-
formed with respect to low-rate signals merely by chang-
ing the recording operation, using the conventional re-
cording and reproducing device. Furthermore, the gen-
eration of errors can be reduced by recording data with
a wider track pitch (i.e., increasing tape the tape
traveling speed), using the head with larger width. As a
result, an inexpensive magnetic tape of poor quality can
be utilized.
[0053] The block construction of the recording and re-
producing device of the present example is merely an
example.
[0054] In the present example, the double-azimuth
180°-opposing double heads as shown in Figures 8A
and 8B is used. Head A and head B are located in such
a manner that head A and head B are symmetric with
respect to a rotation axis of a rotary cylinder. In this case,
the magnetic tape is wrapped around a cylinder by 180°.
[0055] In the present example, the operation clock se-
lector 56 supplies the operation clock corresponding to
the recording data rate to the error correction encoder
51 and the modulator 52. Since signals corresponding
to a desired recording data rate are input to the modu-
lator 52, a signal processing such as forming blanks be-
tween data can be performed instead of changing the
operation clock. In the case where the operation clock
is not changed, the constructions of the error correction
encoder 51 and the modulator 52 are not required to be
changed.
[0056] The third recording adaptor 53 and the third re-
producing adaptor 60 may be provided outside of the
recording and reproducing device or may be built there-
in. In the case where the third recording adaptor 53 and
the third reproducing adaptor 60 are built in the record-
ing and reproducing device, the functions thereof can
be contained in the error correction encoder 51 and the
error correction decoder 59. In the case where the third
recording adaptor 53 and the third reproducing adaptor
60 are externally provided, signals having different data
rates can be recorded by changing the third recording
adaptor 53 and the third reproducing adaptor 60.
[0057] In the recording and reproducing device per-
forming no high efficiency coding of input signals, the
input selector 31 can be provided before the video signal
coding processor 12 and the audio signal coding proc-
essor 14, not right before the error correction encoder
51. This enables the use of a shuffling function of the
video signal coding processor 12 and the audio signal
coding processor 14.
[0058] In the present example, the recording opera-
tion data is also recorded on the magnetic tape simul-
taneously with the recording of audio and video data. In
the case where the magnetic tape is accommodated in
a cassette, the cassette can be attached to a secondary
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storage medium (for example, an IC memory and a
sheet having magnetic stripes), and the recording oper-
ation data can be recorded in the secondary storage me-
dium. Thus, the appropriate recording operation data
can be obtained before starting the reproducing opera-
tion. Alternatively, the appropriate recording operation
data can be input to the recording and reproducing de-
vice from outside every time data is reproduced.

Example 4

[0059] Hereinafter, the long-time recording of low-rate
signals in a recording device of Example 4 will be de-
scribed. In the present example, the tape traveling
speed of the second and third examples is modified. The
present example will be described with reference to Fig-
ure 6. In the case where the error correction encoder 51
is connected to the terminals V and A by the input se-
lector 31, video signals and audio signals are recorded
and reproduced at a normal speed in the same manner
as in conventional DVCRs. When data is recorded at a
normal speed, the traveling speed of a magnetic tape is
set to be 18 mm/s by the tape traveling controller 54. In
an auxiliary data storage region of the magnetic tape,
the value of data rate 24 Mbit/s at input data stream is
recorded. Figure 10 is a diagram showing a track pattern
during recording at a normal speed.
[0060] In the case where the error correction encoder
51 is connected to the terminals v and a, the data rate
of low-rate signals is output as recording operation data
from the third recording adaptor 53.
[0061] Hereinafter, the operation of recording and re-
producing data will be described, in the case where the
data rate of input video signals is 4 Mbit/s, i.e., the data
rate is 1/6 of a 24 Mbit/s normal data rate.
[0062] Recording operation data indicating that the
data rate at the input data stream is 4 Mbit/s is input to
the operation clock selector 56. A command is input to
the tape traveling controller 54 so that the tape traveling
speed becomes 1/3 of that in the case of data rate of 24
Mbit/s, that is, 6 mm/s. The output signal of the operation
clock selector 56 controls the recording and reproducing
selector 43 so that data is recorded on the magnetic tape
during only one scan out of three scans of the magnetic
tape by the recording and reproducing head and data is
not recorded during the remaining two scans. In stead
of controlling the recording and reproducing selector 43,
controlling the error correction encoder 51 can be used
for the above mentioned skip recording. Assuming that
the head path of the nth rotation by head A is represent-
ed by An and the head path of the nth rotation by head
B is represented by Bn, data is recorded when the head
paths represented by An, Bn+1, An+3, and Bn+4 trace
the magnetic tape, and data is not recorded when the
head paths represented by Bn, An+1, An+2, Bn+2,
Bn+3, and An+4 trace the magnetic tape, as shown in
Figure 11. Figure 12 is a timing diagram during skip re-
cording. Here, Tα represents a time required for the cyl-

inder to rotate by one turn when the tape traveling speed
is 6 mm/s; and Tβ represents a time required for the cyl-
inder to rotate by three turns when the tape traveling
speed is 18 mm/s. A solid line represents a period during
which data is recorded, and a broken line represents a
period during which data is not recorded.
[0063] In the present example, the tape traveling
speed which is one over an odd number (e.g. 1/3) of the
normal tape traveling speed is used, and skip recording
is performed once in every certain odd number times (e.
g., once in every three times). The reason for this is as
follows:
[0064] In the case where the recording and reproduc-
ing head used in the present example is a 180°-oppos-
ing double heads as shown in Figures 8A and 8B, when
the tape traveling speed which is one over an even
number (e.g., 1/2) is used, and skip recording is per-
formed once in every certain even number times (e.g.,
once in every four times), only data traced by one head
path of the head A and the head B is reproduced. As a
result, only recording using one kind of azimuth is real-
ized.
[0065] Figure 13 is a timing diagram showing intermit-
tent recording in which the traveling of the magnetic tape
is stopped after skip recording. In Figure 13, the solid
line represents a period during which data is actually re-
corded on the magnetic tape in skip recording; and the
broken line represents a period during which data is not
recorded in skip recording and a period during which da-
ta is not recorded by stopping the traveling of the mag-
netic tape. The period tp is a period during which the
magnetic tape travels, and the period tq is a period dur-
ing which data is not recorded by stopping the traveling
of the magnetic tape. The controls such as the skip re-
cording for a predetermined period of time and the stop
of the traveling of the magnetic tape for a predetermined
period of time are performed based on the recording op-
eration data. In the present specification, "intermittent
recording" means a recording method in which two
modes are alternately executed: Two modes are a re-
cording mode in which the tape travels and data is re-
corded and a non-recording mode in which the tape
does not travel and data is not recorded. In the present
example, the periods tp and tq shown in Figure 13 sat-
isfy the following Equation (1):

[0066] As in the present example, in the case where
signals with a 4 Mbit/s data rate of input data stream is
recorded by a recording device with a recording data
rate of 24 Mbit/s, the signals are subjected to 1/6 time
axis compression.
[0067] According to the above-mentioned recording
method, signals with a 4 Mbit/s data rate of input data
stream which is 1/6 of a normal data rate of 24 Mbit/s
can be recorded. That is, as shown in the following

tp = tq = t1 (1)
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Equation (2), such recording can be performed by com-
bining the change in tape traveling speed, skip record-
ing, and intermittent recording.

[0068] At this time, the value of 4 Mbit/s data rate of
input data stream is recorded in an auxiliary data stor-
age region of the magnetic tape.
[0069] Skip recording, in which the tape traveling
speed is set to be 1/d of a normal data rate of input data
stream, data is recorded on the magnetic tape during
only one scan among d times scans, and data is not re-
corded during the remaining (d-1) times scans, is per-
formed for the period of tp. Intermittent recording, in
which the traveling of the magnetic tape is stopped, is
performed for the period of tq. In this case, the recording
data rate becomes 1/j of the normal recording data rate,
as shown in the following Equation (3):

[0070] As described above, in the case where the re-
cording and reproducing heads are 180°-opposing dou-
ble heads as shown in Figures 8A and 8B, d is required
to be an odd number for arranging the tracks on the
magnetic tape in the same manner as in the case of a
normal speed shown in Figure 10. On the other hand,
in the case where the recording and reproducing heads
are paired heads shown in Figures 9A and 9B, d is not
required to be an odd number.
[0071] Hereinafter, the operation of reproducing data
recorded on the magnetic tape will be described.
[0072] During reproducing data, the data is subjected
to demodulation and error correction decoding, and
then, reverse-converted into a format of low-rate signals
by the third reproducing adaptor 60, whereby recorded
signals can be obtained. When the data rate of the low-
rate signals is smaller than k1/k2 of the maximum data
rate of the recording and reproducing device, the third
recording adaptor 53 adds data corresponding to the da-
ta rate difference. For example, the third recording
adaptor 53 performs processings such as the addition
of a fixed value, the addition of error correction coding,
and multiple-writing by selecting important information.
[0073] Information as to whether the transmitting data
rate recorded in the auxiliary data storage region of the
magnetic tape is a normal data rate of 24 Mbit/s or not
is obtained by the error correction decoder 59. When
the transmitting data rate of recorded data is a normal
data rate of 24 Mbit/s, the error correction decoder 59
corrects errors of reproduced data and outputs it.
[0074] When the recorded data rate of the input data
stream is decoded to be 4 Mbit/s, a command is given
to the tape traveling controller 54 based on the recording
operation data obtained by the error correction decoder

1/6 = (1/3) x {t1/(t1+t1)} (2)

1/j = (1/d) x {tp/(tp+tq)} (3)

59 so that the tape traveling speed becomes 1/3 of the
transmitting data rate of 24 Mbit/s, i.e., 6 mm/s.
[0075] The recording and reproducing selector 43 is
controlled so that data is reproduced from the magnetic
tape during only one scan of the magnetic tape by the
recording and reproducing head among three times
scans, and data is not reproduced during the remaining
two scans (i.e., skip reproducing is performed).
[0076] A command for performing idle reproducing for
a period of tp = t1 and for stopping the traveling of the
magnetic tape during a period of tq = t1 is given to the
tape traveling controller 54 based on the recording op-
eration data.
[0077] The recording and reproducing of the signals
with a data rate of 4 Mbit/s which is 1/6 of a normal data
rate of 24 Mbit/s have been described above. In this
case, the data rate is made 1/6 as represented by Equa-
tion (2) by combining the change in tape traveling speed,
skip recording, and intermittent recording. However, the
present example is not limited thereto. For example, in
order to record the signals with a data rate of 12 Mbit/s
which is 1/2 of a normal data rate of 24 Mbit/s, data may
be recorded at a normal data rate for a period of tp = t1
and the traveling of the magnetic tape is stopped for a
period of tq = t1 as shown in the following Equation (4):

[0078] Figure 14 is a timing diagram in the case where
data is recorded at a data rate which is 1/2 of a normal
data rate. In Figure 14, the solid line in a period of tq
represents a period during which data is not recorded
by stopping the traveling of the magnetic tape.
[0079] Data can be recorded at a data rate which is
1/3 of a normal data rate (i.e., 8 Mbit/s) as follows:
[0080] A command is given to the recording and re-
producing selector 43 so that data is recorded during
only one scan among three times scans of the magnetic
tape by the recording head and data is not recorded dur-
ing the remaining two scans. Since data can be record-
ed at a data rate which is 1/3 of a normal data rate, in-
termittent transmission is not performed. A timing dia-
gram for recording data at a data rate which is 1/3 of a
normal data rate (i.e., 8 Mbit/s) is identical with that for
skip recording in which data is recorded at a data rate
which is 1/6 of a normal data rate (Figure 12).
[0081] For recording data at a data rate which is 1/12
of a normal data rate (i.e., 2 Mbit/s), skip recording is
performed for a period of tp = t1 and then the traveling
of the magnetic tape is stopped for a period of tq = t1 x 3.

[0082] In the past, one kind of recording and repro-
ducing device has been required for signals with each
kind of data rate of input data stream. In the present ex-

1/2 = t1/(t1+t1) (4)

1/12 = (1/3) x {t1/(t1+t1x3)} (5)
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ample, signals with a plurality of transmitting data rates
can be recorded and reproduced by one kind of record-
ing and reproducing device by combining the change in
tape traveling speed, skip recording, and intermittent re-
cording.
[0083] In the present example, a normal data rate of
input data stream is set to be 24 Mbit/s, the transmitting
speed of the magnetic tape is 8 mm/s, and the number
of rotation of the cylinder is set to be 9000 rpm (rotation
per minute). However, a normal data rate of input data
stream, the transmitting speed of the magnetic tape, and
the number of rotation of the cylinder can be arbitrarily
set. For example, in Equation (3), if d = 1 and tq = 0,
then j = 1. This parameter setting enables the conven-
tional recording.
[0084] Here, data of the input data stream such as 24
Mbit/s, 4 Mbit/s, etc. is recorded in the auxiliary data
storage region of the magnetic tape. Recording data
rate may be recorded instead of data rate of input data
stream. The ratio of data rate of input data stream to a
normal recording data rate (e.g., 1/6 in the case where
the normal data rate of input data stream is 24 Mbit/s
and the data rate of input data stream is 4 Mbit/s) may
be recorded. A signal indicating whether video signals
are transmitted at a normal data rate of input data
stream or at the other data rates may be recorded. The
data rate of input data stream may be recorded in an
auxiliary data storage region of the magnetic tape or
may be recorded in an auxiliary storage medium such
as a memory provided in a cassette accommodating the
magnetic tape. The auxiliary data storage region refers
to a region other than those of the magnetic tape in
which video data and audio data are recorded.
[0085] In the second, third, and fourth examples, the
recording devices, in which video signals are recorded
at two kinds of data rates, i.e., a normal data rate and a
data rate lower than the normal data rate, are described.
[0086] In the rotary cylinder driving control device 55
shown in Figure 6, two operations can be performed: a
method for rotating the cylinder at the same speed as
that used for recording at a normal data rate (method A)
and a method for decreasing the rotation speed of the
cylinder in accordance with the decrease in data rate
(method B). According to the method A, since the mag-
netic head scans the magnetic tape at three times the
number of tracks required for recording data, data is ac-
tually recorded during only one scan among three
scans. Assuming that the effective number of scans is
an average value of the number of heads actually used
for recording while the cylinder rotates by one turn, in
the method A, the number of scans becomes 1/3 of the
number of scans at the time when data is recorded at a
normal data rate. In both of the methods A and B, the
tape speed is 1/3 of that at a normal rate.
[0087] Figure 15 shows a track pattern on the mag-
netic tape according to the methods A and B. The track
pattern according to the method B is represented by a
track 152, which is the identical pattern with that of the

standard tracks. The track pattern according to the
method A is represented by track 154. As shown in Fig-
ure 15, the cylinder rotation speeds are different de-
pending upon the two methods, the respective track an-
gles are different from each other. Since it is difficult for
ordinary reproducing devices to deal with two kinds of
track angles, the recording format is limited to either one
of the track angles (i.e., method A or method B).
[0088] According to the method A, even though data
is recorded at a low data rate of 8 Mbit/s, the cylinder
rotation speed is the same as that for recording at a nor-
mal data rate. Because of this, the power consumption
and signal processing speed are the same as those for
recording at a normal data rate. On the other hand, ac-
cording to the method B, the ratio of the cylinder rotation
speed to the recording data rate during recording at a
normal data rate becomes three times the ratio of the
cylinder rotation speed to the recording data rate during
recording at a low data rate. For this reason, the device
having a circuit and head for a normal rate cannot be
compatible with the device having a circuit and head for
1/3 rate of the normal rate.

Example 5

[0089] As described above, the limitation of the angle
of the tracks leads to the great limitation of devices to
be actually used. For this reason, in the present exam-
ple, a data format of recording medium which permits a
plurality of track angles can be used. For example, dif-
ference between an center line of the standard track 152
and an center line of the track 154 is on the order of 3
µm at an edge of the tape, whereas the track pitch is on
the order of 10 µm. Compared to the track pitch, the dis-
placement between the standard track 152 and the track
154 is relatively small to such an extent that the two
tracks overlap. Therefore, a data format of magnetic
tape for a plurality of tracks can be designed for flexible
recording and reproducing.
[0090] As another example, a wide pitch head can be
used for the plurality of the tracks on the magnetic tape.
The wide pitch head can trace both the standard track
152 and the track 154 because the width of the head
exceeds the track pitch.
[0091] According to the present example, both of the
above-mentioned methods A and B can be selected.

Example 6

[0092] A reproducing device reproducing data record-
ed in a recording format enabling a plurality of track an-
gles will be described.
[0093] As is apparent from the track pattern of Figure
15, in the case where the angle of the recorded track is
different from the angle of a head scanning at a time of
reproducing data on the recorded track, it is difficult to
reproduce the correct recorded data. In the present ex-
ample, in order to reproduce signals from the tracks hav-
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ing various track angles, the cylinder rotation speed
which is higher than usual is used. According to this
method, it is difficult to reproduce all of the data recorded
in one track by only one head scan. However, since the
number of head scans is increased, all of the data re-
corded in one track can be reproduced by scanning one
track a plurality of times. Thus, according to the present
example, data can be reproduced from tracks with any
track angles. Because of this, even in the case where
the cylinder rotation speed is not limited at the time of
recording data as described in Example 5, correct data
can be reproduced. The effects obtained by increasing
the cylinder rotation speed can also be obtained by in-
creasing the number of heads mounted on the cylinder.
[0094] Figure 16 is a block diagram of a reproducing
device of Example 6 according to the present invention.
In Figure 16, the reference numeral 161 denotes a mag-
netic tape, 162 denotes an error correction shuffling de-
vice, 163 denotes a memory, 164 denotes a high effi-
ciency decoder, and 165 denotes an output portion.
[0095] Signals reproduced from the magnetic tape
161 are input to the error correction shuffling device 162.
The error correction shuffling device 162 corrects a part
or all of the error correction code and transfers decoded
data to the memory 163. The data stored in the memory
163 is read by the error correction shuffling device 162
so as to be shuffled in the order suitable for the process-
ing in the high efficiency decoder 164. If required, the
data thus read is subjected to error correction by the
error correction shuffling device 162 and is input to the
high efficiency decoder 164. The high efficiency decoder
164 decodes the input data, converted it into video data,
audio data, etc. and outputs the converted data to the
output portion 165.
[0096] As described above, according to the present
example, the reproduced data can be shuffled when it
is read from the memory 163 by controlling an address
of the data or a timing of retrieving the data. In general,
the data reproduced from the magnetic tape 161 in-
cludes address data. The address data indicates which
portion of the tracks the reproduced data has been re-
corded in. In the case where data is reproduced in the
order different from the usual order due to the off-track-
ing, the data from the memory 163 is shuffled in the cor-
rect order based on the address data. Such shuffling can
be utilized for high-speed reproduction, slow reproduc-
tion functions of DVCRs.

Example 7

[0097] A reproducing device of Example 7 according
to the present invention will be described. In the present
example, data can be reproduced by at least two kinds
of data rates, i.e., a normal data rate and a data rate
lower than the normal one. Here, it is assumed that the
normal data rate is 24 Mbit/s and the low data rate is 8
Mbit/s.
[0098] In the case where the data rate is 8 Mbit/s, the

tape traveling speed and the number of tracks repro-
duced per unit period become 1/3 of those at the time
when data is reproduced at the normal data rate (i.e.,
24 Mbit/s). As described in Example 4, there are two
methods for recording such low-rate signals. The track
angles are different between these methods. For this
reason, as described in Example 5, data recorded by
both of these methods cannot be reproduced by a nor-
mal reproducing method. In the present example, in the
case where the low-rate signals are reproduced, the
tape traveling speed is made 1/3 of that at a time when
data is reproduced at the normal data rate, and the ro-
tation number of the cylinder and the number of the ef-
fective heads are made the same as those at the time
when data is reproduced at the normal data rate.
[0099] As a result, even though each reproducing
head cannot exactly trace the tracks, the number of the
effective heads becomes three times that required for
reproducing data; therefore, sufficient amount of data
can be reproduced.
[0100] Figure 17 is a block diagram of a reproducing
device of Example 7 according to the present invention.
In Figure 17, the reference numeral 171 denotes a mag-
netic tape, 172 denotes an error correction shuffling de-
vice, 173 denotes a memory, 174 denotes a high effi-
ciency decoder, 175 denotes an output portion, 176 de-
notes a tape traveling controller, and 177 denotes a data
rate input portion. A data rate to be reproduced is input
to the data rate input portion 177. The data rate is then
input to the tape traveling controller 176. In the case
where the data rate is a normal data rate (i.e., 24 Mbit/
s), the magnetic tape 171 travels at a normal tape
traveling speed; and in the case where the data rate is
a low data rate (i.e., 8 Mbit/s), the magnetic tape travels
at a tape traveling speed which is 1/3 of the normal one.
In the present example, the rotation number of the cyl-
inder and the number of the effective heads at the time
when data is reproduced at the low data rate are the
same as those at the time when data is reproduced at
the normal data rate.
[0101] The signals reproduced from the magnetic
tape 171 are input to the error correction shuffling device
172. The error correction shuffling device 172 corrects
a part or all of the error correction code and transfers
the decoded data to the memory 173. The data stored
in the memory 173 is read by the error correction shuf-
fling device 172 so as to be shuffled in the order suitable
for the processing in the high efficiency decoder 174. If
required, the data thus read is subjected to the error cor-
rection by the error correction shuffling device 172 and
is input to the high efficiency decoder 174. The high ef-
ficiency decoder 174 decodes the input data, converted
it into video data, audio data, etc. and outputs the con-
verted data to the output portion 175.
[0102] As described above, according to the present
example, the reproduced data from the memory 173 can
be shuffled. In the case where data is reproduced in the
order different from the usual order due to the off-track-
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ing, the data from the memory 173 is shuffled in the cor-
rect order based on the address data. Such a method
for reproducing low-rate signals is similar to a method
by which normal-rate signals are reproduced at a slow
rate (i.e., 1/3 times).
[0103] As described above, in the reproducing device
of Example 7, stable reproduction of data can be made
possible irrespective of the track angles by reproducing
the low-rate signals and the normal-rate signals in al-
most the same reproducing method.

Example 8

[0104] Figure 18 is a block diagram of a recording de-
vice of Example 8. In Figure 18, the reference numeral
181 denotes an input portion for video signals or audio
signals, 182 denotes a time axis compressor, 183 de-
notes a high efficiency encoder, 184 denotes an error
correction encoder, 185 denotes a magnetic tape, and
186 denotes a data rate input portion. Video signals or
audio signals are input from the input portion 181 to the
time axis compressor 182. In the case where a value,
which indicates that the input video signals or the audio
signals are those to be reproduced at a normal data rate,
is input, the input data (i.e., the video signals or the audio
signals) is output to the high efficiency encoder 183 in-
stead of being subjected to time axis compression by
the time axis compressor 182. In the case where a val-
ue, which indicates that the input video signals or the
audio signals are those to be reproduced at a data rate
lower than the normal one, is input, the input data (i.e.,
the video signals or the audio signals) is subjected to
time axis compression by the time axis compressor 182
and is output to the high efficiency encoder 183. For ex-
ample, the low-rate signals represented by the solid line
of Figure 12 are subjected to time axis compression to
be converted into the normal-rate signals as represent-
ed by the dotted line. Here, time axis compression refers
to the conversion of signals having a low data rate into
signals having a large amount of data rate by utilizing a
memory device or a hard disk device, etc.
[0105] As described above, during reproducing, the
data rate of the low-rate signals is increased by the time
axis compression before high efficiency coding. By do-
ing so, the data rate after the high efficiency coding is
made almost the same as the normal data rate. More
specifically, the high efficiency encoder 183 decreases
the compression ratio of the normal-rate signals and in-
creases the compression ratio of the low-rate signals.
The data after the high efficiency coding is subjected to
the error correction coding by the error correction en-
coder 184 and is recorded on the magnetic tape 185.
[0106] As described above, in the present example,
since the normal-rate signals and the low-rate signals
can be recorded at almost the same data rate after the
high efficiency coding, a recording processing circuit is
simplified. In the construction shown in Figure 18, sig-
nals are input and then are subjected to time axis com-

pression. It is also possible that data which has been
subjected to time axis compression is input. Further-
more, data which is subjected to time axis compression
after high efficiency coding can be directly input to the
error correction encoder 184.
[0107] In the case where the low-rate signals are re-
corded according to the present example, the angle of
the tracks on the magnetic tape becomes different from
that in the case where the same data is recorded without
time axis compression. However, if the reproducing de-
vice of Example 6 or 7 is applied, the angle of the tracks
in both cases can be reproduced by the same reproduc-
ing device.
[0108] Furthermore, the control during reproducing
data can be made correct by recording, on the magnetic
tape, data indicating the difference in angle of the tracks
depending upon the recording methods, the tape
traveling speed during recording, the time axis compres-
sion ratio, the data rate, etc.

Example 9

[0109] Figure 19 shows a recording device of Exam-
ple 9.In Figure 19, the reference numeral 191 denotes
an input portion for video signals or audio signals, 192
denotes a high efficiency encoder, 193 denotes an error
correction encoder, 194 denotes a magnetic tape, 195
denotes a data rate input portion, and 196 denotes a
tape traveling controller. Video signals or audio signals
input from the input portion 191 are subjected to high
efficiency coding by the high efficiency encoder 192
based on the data rate for recording or reproducing input
from the data rate input portion 195, and are encoded
by the error correction encoder 193 to be recorded on
the magnetic tape 194.
[0110] The number of tracks in which low-rate signals
are recorded in a predetermined period of time is smaller
than that for recording normal-rate signals. In general,
the tape traveling speed is varied in proportion with the
number of tracks in which data is recorded in a prede-
termined time of period. In the present example, the tape
traveling speed is set to be lower by the tape traveling
controller 196 in the case of the low-rate signals. Be-
cause of this, when the low-rate signals are recorded,
the track pitch becomes smaller than that for recording
the normal-rate signals. As a result, the amount of tape
to be consumed can be decreased.
[0111] In the case where data is recorded with a track
pitch smaller than usual in accordance with the present
example, the angle of the tracks on the magnetic tape
becomes different from that in the case where data is
recorded with a normal track pitch. However, if the re-
producing device of Example 6 or 7 is applied, data can
be reproduced by the same reproducing device in both
cases.
[0112] Control during reproducing data can be made
correct by recording data indicating the difference in
width of the tracks depending upon the recording meth-
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ods, the tape traveling speed during recording, the time
axis compression ratio, the data rate, etc.

Example 10

[0113] Figure 20 shows a recording and reproducing
device of Example 10. In Figure 20, the reference nu-
meral 201 denotes a magnetic tape, 202 denotes an er-
ror correction de-shuffling device, 203 denotes a trans-
mission path, 204 denotes an error correction encoder,
and 205 denotes a magnetic tape.
[0114] The left side of the transmission path 203 cor-
responds to a reproducing device, and the right side of
the transmission path 203 corresponds to a recording
device. Data reproduced from the magnetic tape 201 by
the reproducing device is subjected to error correction
and the like by the error correction deshuffling device
202. The error-corrected data is input to the error cor-
rection encoder 204 of the recording device through the
transmission path 203. The data is subjected to error
correction coding by the error correction encoder 204
and is recorded on the magnetic tape 205.
[0115] In the present example, low-rate signals to be
reproduced by the reproducing device at a data rate low-
er than the normal data rate are also reproduced at a
data rate equivalent to the normal data rate (normal tape
traveling speed) and is output to the recording device.
In the recording device, both of the normal-rate signals
and the low-rate signals are recorded on the magnetic
tape 205 at the identical data rate (tape traveling speed).
[0116] Thus, the low-rate signals can also be copied
at a data rate equivalent to the normal data rate. For
example, in the case where the data rate of the normal-
rate signals is 24 Mbit/s and the data rate of the low-rate
signals is 8 Mbit/s, the low-rate signals can be copied
three times faster than that in the case where they are
copied at a low data rate. Such high-speed copying en-
ables a great reduction of the manufacturing period of
pre-recorded soft tapes and manufacturing cost thereof.
In addition, data recorded in this way can be reproduced
by the reproducing device of Example 6 or 7.
[0117] It is noted that the normal data rate and the low
data rate described in Examples 4 to 10 can be set to
be a plurality of values, respectively in one device.
[0118] As is apparent from the above description, in
the reproducing device according to the present exam-
ple, much more data than that reproduced by a normal
method can be reproduced. Consequently, even in the
case where the recording tracks have different angles,
all of the data in the tracks can be reproduced. Since
the limitation of the recording method (especially, the
track angles) can be alleviated by using the reproducing
device of the present invention, the reproducing device
of the present invention can be applied to various kinds
of recording methods.
[0119] Regarding the low-rate signals, data more than
that required for reproducing the low-rate signals can be
reproduced, and even in the case where the recording

track angles are different, all of the data in the tracks
can be reproduced. Thus, by using the reproducing de-
vice of the present invention, the limitation of the record-
ing method with respect to the low-rate signals can be
alleviated. Furthermore, the reproduction of the low-rate
signals can be performed by the same processing as
slow reproduction of the normal-rate signals.
[0120] According to the recording device of the
present example, the low-rate signals are subjected to
time axis compression to be recorded at a normal data
rate in a short period of time, and hence pre-recorded
soft tapes and the like can be produced in a short period
of time without using a special recording device. In ad-
dition, data can be recorded with a track pitch smaller
than usual, reducing the consumption amount of a pre-
recorded soft tape and the like. Furthermore, data can
be reproduced at a data rate higher than usual and the
reproduced data can be recorded at the higher data rate,
enabling high-speed copying.

Example 11

[0121] A recording device of Example 11 and the re-
lationship between the track pitch and the tape traveling
speed will be described with reference to Figures 21 and
22, respectively. In Figure 21, the reference numeral
211 denotes a head, 212 denotes a rotary cylinder, and
213 denotes a tape. In Figure 22, the reference numeral
152 denotes a standard track, 221 denotes a head mov-
ing vector, 222 denotes a tape traveling vector, 150 de-
notes a conventional predetermined head moving vec-
tor, and 151 denotes a conventional predetermined tape
traveling vector.
[0122] The rotary cylinder 212 provided with the head
211 rotates to form tracks on the tape 213, whereby data
is recorded. The rotation axis tilt angle relative to the
center line of the tape 213 is set so that the direction of
the head moving vector 221 (i.e., the direction in which
the head 211 moves) becomes a desired direction as-
sociated with the rotation of the rotary cylinder 212 hav-
ing the rotation axis.
[0123] The tape traveling speed is determined by the
data rate of signals to be recorded. The tape traveling
vector 222 is determined based on the distance which
the tape travels for the time period required for forming
one track. The direction of the tape traveling vector 222
is in parallel with the longitudinal direction of the tape.
Since the standard track 150 has already been deter-
mined, the desired direction of the head moving vector
221 is determined based on the tape traveling vector
222 so as to form the standard track 150.
[0124] According to the above-mentioned construc-
tion, the standard track 152 having a predetermined
track angle can be formed and data having a data rate
other than the normal one can be recorded.
[0125] Figure 23 is a block diagram of a recording de-
vice of the second construction example of Example 11.
The reference numeral 231 denotes a receiving signal
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input portion, 232 denotes a data recording circuit, 233
denotes a rotary cylinder, 234a and 234b denote record-
ing heads, 235 denotes a tape, 236 denotes a switch,
and 237 denotes a tape traveling control circuit. Here,
a 180°-opposing double heads is used, and the tape 235
is wrapped around the rotary cylinder 233 by 180°. The
recording heads 234a and 234b have respectively dif-
ferent azimuth angles.
[0126] In the recording device, data having a data rate
other than the normal one is input to the receiving signal
input portion 231. The data recording circuit 232 per-
forms recording signal processings such as error cor-
rection coding, modulation and demodulation, and data
shuffling to generate recording signals, and output the
recording signals in accordance with the recording tim-
ing. The recording signals are recorded on the tape 235
by the recording heads 234a and 234b provided in the
rotary cylinder 233. As described in Example 1, the an-
gle formed by the rotation axis of the rotary cylinder 233
and the center line of the tape 235 is set to be a desired
value determined the data rate of input data. The switch
236 connects the recording head which is recording da-
ta to the data recording circuit 232. When the data rate
other than the normal one is k1/k2 or less (k1 and k2
are integers) of the normal data rate, the tape traveling
control circuit 237 makes the tape traveling speed k1/k2
times the normal speed. At the same time, the tape
traveling control circuit 237 controls the rotation tilt angle
of the rotary cylinder 212 in accordance with the tape
traveling speed.
[0127] Figures 24A to 24D are timing diagrams in
which the period for actually recording data by each re-
cording head is represented by "High" and the period
for recording no data by each recording head is repre-
sented by "Low". Figure 24A is a timing diagram in which
data is recorded at a normal data rate. Figure 24B is a
timing diagram in which k1 is 1 and k2 is 3; Figure 24C
is a timing diagram in which k1 is 1 and k2 is 5; and
Figure 24D is a timing diagram in which k1 is 1 and k2
is 7. When signals having such a normal data rate are
recorded, the tape traveling speed should be known at
the time of reproducing data. For the purpose of knowing
the tape traveling speed, the tape traveling speed data
may be input to the reproducing device from outside
every time data is reproduced. Correct tape traveling
speed data can be always obtained by recording data
indicating the tape traveling speed in the part of the re-
cording signals by the data recording circuit 32.
[0128] According to the above-mentioned construc-
tion, even in the case where data having a data rate oth-
er than the normal one is input, tracks in accordance
with the standard can be formed. In particular, when the
data rate is low, long-time recording is made possible
and dubbing recording is made possible in a short period
of time by allowing a tape which is subjected to long-
time recording to travel at a normal speed.
[0129] Figure 25 is a block diagram of a recording de-
vice of the third construction example of Example 11.

The reference numeral 231 denotes a receiving signal
input portion, 232 denotes a data recording circuit, 233
denotes a rotary cylinder, 234a and 234b denote record-
ing heads, 235 denotes a tape, 236 denotes a switch,
237 denotes a tape traveling control circuit, and 238 de-
notes a data rate detecting circuit. The receiving signal
input portion 231, the data recording circuit 232, the ro-
tary cylinder 233, the recording head 234a and 234b,
the tape 235, the switch 236, and the tape traveling con-
trol circuit 237 function in the same way as in the second
construction example. The data rate of input data is de-
tected by the data rate detecting circuit 238. Tape
traveling speed is determined based on the detected da-
ta rate. Then, in accordance with the determined data,
the data recording circuit 232 and the tape traveling con-
trol circuit 237 are controlled.
[0130] According to the above-mentioned construc-
tion, data having a plurality of data rates (which may
contain a normal data rate) other than a normal one can
be recorded.
[0131] The block construction of the recording device
of the present example is merely an example. The same
effects can be obtained with any constructions. In the
present example, a double-azimuth 180°-opposing dou-
ble heads is used, and the tape is wrapped around the
cylinder by 180°. In this construction, k1 is 1, and k2 is
limited to an odd number. When paired heads, i.e., a
combination of a head A and a head B mounted adjacent
to each other is used, k2 can be an arbitrary number. In
the case where two paired double-azimuth 180°-oppos-
ing double heads are used and the tape winds around
the cylinder by 180°, k1 can be made 2. Alternatively, in
the case where data is recorded with a guard band in-
stead of any azimuth, k1 and k2 can be any numbers
even in any constructions of heads.
[0132] In the present example, the tilt angle of the ro-
tation axis of the rotary cylinder is varied. In the case
where a recording head utilizing, for example, a piezo-
electric element is used, tracks in accordance with
standards can be formed by moving the recording head
in parallel with the rotation axis of the rotary cylinder
while recording tracks with the same mechanism of the
rotary cylinder.
[0133] In the case where the data rate of input data is
smaller than k1/k2 of a normal data rate of the recording
device, the data recording circuit 232 can add data cor-
responding to the difference between the data rate of
the input data and k1/k2 of the normal data rate. For
example, the data recording circuit 232 can perform
processings such as the addition of a fixed value, the
addition of error correction coding, and multiple-writing
by selecting important information.
[0134] In the second and third construction examples,
the recording heads 234a and 234b are used. It is also
possible to use heads for recording and reproducing da-
ta.
[0135] In the present example, the tape traveling
speed data is recorded on the tape. In the case where

27 28



EP 1 041 555 B1

16

5

10

15

20

25

30

35

40

45

50

55

an auxiliary storage medium (e.g., a memory, a magnet-
ic tape) is provided in a cassette accommodating the
tape, such data can be stored in the auxiliary storage
medium. By doing so, correct tape traveling speed data
can be obtained before starting the operation of repro-
ducing.
[0136] As described above, in the recording device of
the present example, since the track angle of the tracks
to be recorded can be maintained at the same angle
even though the tape travels at any speed, data having
a data rate other than a normal one can be appropriately
recorded. Thus, the effects for practical use are great.
[0137] . Furthermore, in the case of the low-rate data,
long-time recording and fast dubbing recording by al-
lowing the tape to travel at a normal speed are made
possible.
[0138] The recording and reproducing devices in
above-mentioned examples may be devices designed
specifically for recording or reproducing data, or may be
recording/reproducing device in which a recording por-
tion and a reproducing portion cannot be simultaneously
operated. Even in this case, the same effects as those
in the above examples can be obtained.
[0139] In the above-mentioned examples 1 through
11, setting the recording data rate to be proportional to
the traveling speed of the magnetic tape allows using
the conventional recording format. Also, the recording
device can record auxiliary digital data on the recording
medium with digital data for audio and video signals.
The auxiliary digital data includes: a track angle; a track
pitch; a traveling speed of the recording medium; a ro-
tation number of the rotary cylinder. The auxiliary digital
data can be stored in an storage medium provided in a
cassette accommodating the recording medium.
[0140] Furthermore, the examples are described tak-
ing a VCR as an example; however, the same recording
method can be applied to devices other than VCRs.
These examples can be combined.
[0141] Various constructions other than those of the
above-mentioned examples 6 and 7 can be applied to
the present invention. For example, the above-men-
tioned hardware construction can be realized by using
software having the identical function with that of the
hardware.
[0142] According to the present invention, it is not
necessary to limit the kinds of data to be recorded. On
the other hand, in the case where the device of the
present invention tries to reproduce data which is re-
corded on the magnetic tape in a format which the de-
vice cannot reproduce, the device performs an abnor-
mal termination processing.
[0143] As described above, the reproducing device of
the present invention can deal with various video signals
with a simplified construction. Furthermore, according
to the present invention, the limitation during recording
data is greatly alleviated, so that the recording device
can be made simplified and varied. Thus, the practical
effects of the present invention are great.

Claims

1. A digital data reproducing device for reproducing
digital data from a recording medium (161; 171) by
using a head mounted on a rotary cylinder, the de-
vice being capable of reproducing first data intend-
ed for reproduction at a predetermined first rate,
and capable of reproducing second data intended
for reproduction at a second rate less than the pre-
determined first rate,
wherein the device comprises:

data reproducing means for reproducing the
second data at a rate higher than the second
rate, by rotation of the cylinder at a rotation rate
substantially equal to the rotation rate for repro-
ducing the first data at said predetermined first
data rate, the second data being reproduced by
the data reproducing means in a first order dif-
ferent from a usual order on the recording me-
dium due to off-tracking of the data reproducing
means ; and
data output means (162-165; 172-175) for se-
lectively outputting required data among the re-
produced digital data; characterised in that:

the data output means comprises a mem-
ory (163; 173) in which the data repro-
duced by the data reproduction means is
stored, and means (162; 172) for shuffling
the reproduced data for outputting from the
memory in a corrected second order by
controlling an address of the data or a tim-
ing of retrieving the data.

2. A digital data reproduction device according to
claim 1, wherein the data rate is in proportion with
a travelling speed of the recording medium (161;
171).

Patentansprüche

1. Digitaldatenwiedergabevorrichtung zur Wiederga-
be digitaler Daten von einem Aufzeichnungsmedi-
um (161; 171) unter Verwendung eines Kopfes, der
auf einem drehbaren Zylinder befestigt ist, wobei
die Vorrichtung in der Lage ist, erste Daten wieder-
zugeben, die zur Wiedergabe mit einer vorbestimm-
ten ersten Rate gedacht sind, und in der Lage ist,
zweite Daten wiederzugeben, die für die Wiederga-
be mit einer zweiten Rate gedacht sind, die kleiner
ist als die vorbestimmte erste Rate, wobei die Vor-
richtung aufweist:

Datenwiedergabemittel zur Wiedergabe der
zweiten Daten mit einer Rate, die höher ist als
die zweite Rate, durch Rotation des Zylinders
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mit einer Rotationsrate, die im Wesentlichen
gleich ist mit der Rotationsrate zur Wiedergabe
der ersten Daten mit der vorbestimmten ersten
Datenrate, wobei die zweiten Daten wiederge-
geben werden durch das Datenwiedergabemit-
tel in einer ersten Reihenfolge, die unterschied-
lich ist von einer gewöhnlichen Reihenfolge auf
dem Aufzeichnungsmedium, aufgrund des Off-
Trackings bzw. der Nicht-Spurführung des Da-
tenwiedergabemittels; und
Datenausgabemittel (162-165; 172-175) zur
selektiven Ausgabe geforderter Daten unter
den wiedergegebenen digitalen Daten; da-
durch gekennzeichnet, dass

das Datenausgabemittel einen Speicher
(163; 173) aufweist, in welchem die Daten, die
durch das Datenwiedergabemittel wiedergege-
ben sind, gespeichert werden, und Mittel (162;
172), um die wiedergegebenen Daten zu mi-
schen bzw. zu schieben, um von dem Speicher
ausgegeben zu werden in einer korrigierten
zweiten Reihenfolge, indem eine Adresse der
Daten oder ein Zeitpunkt der Wiedergewinnung
der Daten gesteuert wird.

2. Digitaldatenwiedergabevorrichtung nach Anspruch
1, wobei die Datenrate im Verhältnis bzw. propor-
tional zu einer Bewegungsgeschwindigkeit des Auf-
zeichnungsmediums (161; 171) ist.

Revendications

1. Dispositif de reproduction de données numériques
destiné à reproduire des données numériques à
partir d'un support d'enregistrement (161 ; 171) en
utilisant une tête montée sur un cylindre rotatif, le
dispositif pouvant reproduire des premières don-
nées destinées à une reproduction à un premier dé-
bit prédéterminé, et pouvant reproduire des secon-
des données destinées à une reproduction à un se-
cond débit inférieur au premier débit prédéterminé,
où le dispositif comprend :

un moyen de reproduction de données destiné
à reproduire les secondes données à un débit
supérieur au second débit, grâce à une rotation
du cylindre à une vitesse de rotation sensible-
ment égale à la vitesse de rotation destiné à
reproduire les premières données audit pre-
mier débit de données prédéterminé, les se-
condes données étant reproduites par le
moyen de reproduction de données dans un
premier ordre, différent d'un ordre habituel, sur
le support d'enregistrement en raison du suivi
de piste décalé du moyen de reproduction de
données, et
un moyen de sortie de données (162 à 165 ;

172 à 175) destiné à fournir sélectivement en
sortie des données requises parmi les données
numériques reproduites, caractérisé en ce
que :

le moyen de sortie de données comprend
une mémoire (163 ; 173) dans laquelle les
données reproduites par le moyen de re-
production de données sont mémorisées,
et un moyen (162 ; 172) destiné à brasser
les données reproduites en vue d'une sor-
tie depuis la mémoire dans un second or-
dre corrigé en commandant une adresse
des données ou bien un instant de récupé-
ration des données.

2. Dispositif de reproduction de données numériques
selon la revendication 1, dans lequel le débit de
données est proportionnel à une vitesse de défile-
ment du support d'enregistrement (161 ; 171).
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