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1. An apparatus for processing an input data s ignal

coniprising:

generator means for generating a plurality of pseudo-

random signals;

each of said plurality of pseudo-random signals and thereby

scramble means for scrambling the input data signal by

providing a plurality of respsctive outputs;

component for each of said outputs of said scramble means;

said scramble meéns under the control of said detector means;

selector means an identifying signal which identifies the pseudo-

random signal used in scrambling said one selected output of the

detector means for dshacting variation of a DC

selector means for selecting one of said outputs of

means for adding to said one output selected by said

scramble means; and
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means for transmitting a signal comprised of said one

Qutput selected by said selector means together with said )
identifying signal.
5. An apparatus according to claim 1; further
comprising:
receiver means for receiving a s_ al transmitted by
said means for transmitting;
detector means for detecting said identifying signal in
the received, transmitted signal; and
de-scramble means for de-scrambliné the received signal
in accordance with a pseudo-random signal corresponding to the

detected identifying signal.
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BACKGROUND OF THE INVENTION
Field of the Invention

The present invention relates to the application of
selective scrambling to a charnel coding circuit, for example, in
a digital video tape recorder.

Description of the Prior Art

A digital video tape recorder of a type to which the
present invention is applicable will be described with reference
to Fig. 1 in which a wvideo signal, for example; according to the
NTSC system, is supplied to an input terminal 1. The NTSC’video
signal applied to the input terminal 1 is supplied to an';nalog-
to~digital (A/D) converting circuit 2, in which it is converted
to a digital data sicnal. The digital date signal is supplied to
a bit reduction circuit 3, in which it is reduced in bit number
and is then fed to an error correction code (ECC) encoder 4. The
ECC encoder 4 adds a parity code for error correction and the
like to the data signal. The data signal having the parity code
added thereto is supplied to a channel coder 5, in which it is
converted to a data series whose characteristic conforms to the
characteristic of a tape head system of the digital video tape
recorder. The data series is supplied to an adding circuit 6, iq
which it is added to a predetermined.synchronizing (SYNC) code
from a synchronizing code generating circuit 7 to provide a

recording data signal. ‘The recording data signal which includes

AS:2147.APP 2
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the synchronizing code is supplied from the adding circuit 6
through a recording amplifier 8 to a recording head 9 and is
thereby recorded on a magnetic tape 10.

Upon playback, a signal reproduced from the magnetic
tape 10 by a reproducing head 11 is supplied through a playback
amplifier 12 to an equalizer 13, in which it is waveform-shaped
in a predetermined manner. The thus waveform-shaped signal is
supplied to a data reproducing circuit 14 which reproduces a data
series therefrom. The reproduced data series is supplied to a
channel decoder 15 which operates in a manner exactly opposite
the operation of the channel coder 5 provided at the recording
side. The decoded signal from the channel decoder 5 is supplied
to an error correction code (EcCC) decoder 16, in which it is
error-correctad by the above-mentioned parity code. The error-
corrected signal is reduced in bit number by a bit reduction
circuit 17 and is then converted from digital to analog form by a
digital-to-analog (D/A) converting circuit 18. Finally, the
reproduced analog video signal is provided at an output terminal
19.

In the use of the digital video tape recorder of Fig. 1
for recording on a previously recorded type, a video signal is
generally rewritten by a so-called overwrite system. In suth
overwriting, if an already recorded signal contained a low

frequency component, there is then the risk that a satisfactory
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erasing characteristic will not be achieved in the next overwrite
because the low frequency component is recorded in a relatively
sleep layer of the tape or other magnetic record medium. Further,
there is a substantial possibility that a low frequency component
in the signal recorded in adjacent tracks will result in a cross-
talk component upon playback.

Furthermore, when a rotary transformer is provided for
transmitting signals to and from the head or heads of the digital
video tape recorder, the low frequency band that can be
transmitted by the rotary transformer is limited so that a low
frequency component in the recorded signal causes distortion in
the waveform of the reproduced signal.

Therefore, the digital video tape recorder according to
the prior art includes the channel coder 5 and the channel
decoder 15 in order to reduce the low frequency component. Figs.
2A and 2B illustrate known circuit arrangements that can be used
for the channel coder S5 and the channel decoder 15, respectively,
in Fig. 1, and which utilizq an M series signal as a pseudo-
random signal.

In the channel coder 5 shown in Fig., 2A, the signal
from the ECC encoder 4 (Fig. 1) is supplied through an input
terminal 21 to a moduls (mod.)2-adder 22 which may be constituted
by an exclusive-OR gate. A reset signal associated with a

predetermined synchronizing block, and which is applied to a

AS:2147.APP 4.
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terminal 23, is supplied therefrom to an M series generator 24.
The M series signal from the M series generator 24 is also
supplied to the mod. 2-adder 22 which scrambles the M series
signal for effecting the channel coding. The reset signal

applied to the terminal 23 is also supplied to the synchronizing

code generator 7 which provides the above-mentioned synchronizing

code. The synchronizing code is supplied to the adding circuit
6, in which it is added to the data series from the mod. 2-adder
2, and the resulting added output is applied from an output
terminal 25 to the recording amplifier 8 shown in Fig. 1.

In the channel decoder 15 shown in Fig. 2B, the data

signal from the data reproducing circuit 14 (Fig. 1) is supplied

through an input terminal 26 to a mod. 2-adder 27 which is also
constityted by an exclusive-OR gate. The signal from the
terminal 26 is also supplied to a synchronizing code detecting
circuit 28 which detects the above-mentioned synchronizing code.
The detected signal is supplied from circuit 28 to an M series
generator 29 which provides an M series signal to the mod. 2-
adder 27 which effects channel decoding, that is, decodes the
signal scrambled by the M series signal in the channel coder 5.
The resulting decoded signal-is supplied through an output
terminal 30 to the ECC decoder 16 (Fig. 1).

The low frequency component in ﬁhe signal to be

recorded is reduced by adding the M series signal to the pseudo-

AS:2147.APP 5
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random signal in the modulo 2 adder 22 in Fig. 2A, whereby a
recording data signal having a reduced low frequency component is
generated. Upon playback the M series signal is added in the
mod.2-adder 27 to the same pseudo-random signal as in the
recording mode resulting in the original data signal being
decoded.

If the M series signal is added to the pseudo-random
signal in a modulo 2 adder for effecting the channel coding and
the channe! decoding as described above, in the absence of any
other data signal processing, when a certain relationship is
established between tlie pattern of‘theerecording signal and that
of the M series signal, there is the possibility that such
relationship will give rise to the occurrence of a low frequency
component. The occurrence of the low frequency component is
inevitable from a probability standpoint, and it is impossible to
escape such inevitability. The occurrence of such low fregquency
component causes deterioration of the overwrite characteristic,
the cross-talk characteristic,; the waveform characteristic and
the like, as described above.

Further, in a digital magnetic recording and
reproducing apparatus, such as, the above described digital videq
tape recorder, if the digital data series (represented in the
binary form of "1" or "0") is directly recorded, the following

problems arise:

AS:2147.APP 6




10

0-!0.
) .
“20 ¢
¢ %0
1) [ )
» e
v v

et
(Y

ten
¢
(2 X 2

PATENT
39-010M.2147

1. The maximal frequency of a recorded signal is increased
to such extend that the recorded signal cannot be read.

2. Direct current and low frequency components frequently
appear in the recorded signal so that, when a digital signal is
recorded and reproduced by the head system utilizing a rotary
transformer, distortion occurs in the reproduced signal. As a
result, it is frequently observed that the reproduced information
deviates considerably from the recorded information.

3. When digital data is recorded, a data series is generally
recorded according to the so-called self-clock system together
with a clock component. If many digital "1"s or "O0"s appear in
succession or contiguously, the error rate in extracting the
cleck component at the playback side is increased.

In order to solve the above-mentioned problems, it is
known to arrange a digital magnetic recording and reproducing
apparatus so that, upon recording, & digital input signal is
converted to a recording signal having a predetermined frequency
characteristic by a channel coding circuit, and this recording
signal is recorded on a magnetic record medium by a recording
head. Upon playback, a signal reproduced from the magnetic
record niedium by a playback head is supplied to, and is
reproducead by, a decoder whose converting characteristic is
opposite to that of the channel coding circuit. Three channel

coding systems are known that are each based on a partial
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response (PR) system which makes effective use of intersymbol
interference in the digital recording. These three channel
coding systems will be explained below:
A. Nonreturn to zero-inverted (NRZ-I) systenm

In the NRZ-I system, an NRZ signal (Fig. 3B), which
represents an input signal shown in Fig. 3A in the form of a
binary code, is converted to an NKZ-I recording signal shown in
Fig. 3C. The NRZ-I system utilizes an encoder to convert the
input signal to the recording signal just before the transmission
line, and this encoder is what might be called a precoder. The
NRZ-I system precoder is called'a PR (1, -1) encoder because it
effects the coding, that is, the conversion, just opposite to the
conversion of a PR (1, -1) transmission line based on the partial
resposise sysﬁemq Fig. 4A shows an example of a PR (1, =-1)
encoder that comprises a mod. 2 adder 31 and a one-bit delay
circuit 32, |

The NRZ-I system has the disadvantage that, when the
signal is not inverted, a direct current component frequently
appears in the recording signal. Recently, the interleaved NRZ-I
(I~NRZ-I) system has been employed in order to remove that
disadvantage of the NRZ-I system.

B. Interleaved NRZ-I (i1i-NRZ-I) system

According to the I-NRZ-I system, an NRZ signal shown in

Fig.igs is converted tc_gnvI-NRZ~I recording signal shown in Fig.

W

\
i
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3D by means of an I-NRZ-I system precoder which performs a
conversion reverse to that in a PR (1, 0, -1) transmission line
based on the class IV partial response. Such I-NRZ-I system
precoder is called a PR (1, 0, -1) encoder or a partial response
class IV encoder. Fig. 4B shows an example of a PR (1, 0, -1)
encoder that comprises a mod. 2 adder 31 and two one-bit delay
circuits 32a and 32b.

An identifying signal, which results from recording and
reproducing the I-NRZ-I recording signal, has frequency
characteristics similar to those of the magnetic recording and
reproducing systems so that it contains less high frequency
components and does not contain a direct current component. 1In
addi*tion, the identifying signal cannot be affected by the cross-
talk component caused by the increased wavelength of the
recording signal and cannot be affected by the rotary
transformer.

C. Scrambled I-NRZ-I (S-I-NRZ-I) system

Although the identifying signal reproduced according to
the I-NRZ-I system does not contain a direct current component,
the recording signal (see Fig. 3D) does contain a direct current
component. In order to reduce the direct current component of
the recording signal according to the I-NRZ-I system, the

S-I-NRZ-I system has been proposed. In-accordance with the

AS:2147 .APP 9
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S-I-NRZ-I system, the M series signal (represented in the form of
a binary random numkter) is added to the input signal in a mod. 2
adder, or the input signal is scrambled by the M series signal,
so as to make possible reduciné of the direct current component.

Referring now to Fig. 5, it will be seen that, in a
prior-art digital video tape recorder utilizing the S-I-NRZ-I
system channel coding circuit, a video signal is applied to an
input terminal 43 and is supplied from the latter through a
scramble circuit 44 to a PR (1, 0, =1) encoder or precoder 45.
The scramble circuit 44 and the PR (1, 0, =-1) encoder 45
constitute a channel coding circuit. A recording head 46A with
an associated rotary transformer, a m=gnetic tape 46B and a
reproducing head 46C with an associated rotary transformer
constitute a PR (1, -1) transmission line 47. A PR (1, 1)
decoder 48 is adapted to ecualize input data (00100 ...] to
provide data (001100 ...}. The PR (1, =-1) transmission line 47
and the PR (1, 1) decoder 48 together constitute a PR (1, 0, -1)
transmission line 49. A synchronizing pulse detecting circuit 50
is adapted to detect a synchronizing pulse SYP in the output of a
discriminator 48A which is operatively interposed between the PR
(1, 1) decoder 48 and the synchronizing pulse detecting circuit
50. ' The digital video tape recorder of Fig. 5 further has a

descramble circuit 51 and an output terminal 52.

AS:2147.APP 10
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When a recording signal [00100 ...] is supplied from b
the PR (1, 0, -1) encoder 45 to the recording head 46A, such
recording signal is converted, in the PR (1, -1) transmission
line 47 including the recording head 4éA, the tape 46B and the
reproducing head 46C, to a reproduced signal [001-1C0 ...]. This ]
reproduced signal [001-100 ...] is supplied to the PR (1, 1)
decoder 48 and converted by the latter to an identifying signal
(0010-100 ...]. The output from the PR (1, 1) decoder 48 is
supplied to the discriminator 48A, in which it is processed so
that [-1) is changed to (+1). The resultiné'identifying signal
is identical with the scramble signal (0010100 ...] that is used
when the PR (1, 0, =-1) encoder 45 generatzs the recording signal
(00100 ...]. Therefore, it is to be understood that a conversion
which is the reverse of that effected by the PR (1, 0, =-1)
encoder 45 is carried out in the PR (1, 0, =-1) transmission line
49.

When a certain M series pseudo-random signal Mgy is
added to the input signal in a mod. 2 adder in the scramble
circuit 44, the same pseudo-random signal My is added in a mod. 2
adder in the descramble circuit 51 to the identifying signal
resulting when the output of. the PR (1, 1) decoder 48 is
process¢ed in discriminator 48A such that (-1]) is changed to [+1].

In such modulo 2 addition, the addition of the same number

results in [000 ...] so that the pseudo-random signal My is

AS:2147.APP 11
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removed to provide the same data at the terminal 52 as the input
signal.

Therefore, with the channel coding circuit of the
S-I-NRZ-I system, if the input signal has a particular j.t*ern,
the direct current component or the low freguancy component of
the recording signal derived from the PR (1, 0, -1) encoder 45
cannot be reduced by the modulo 2 adding of the pseudo-random
signal My to the input signal.

OBJECTS AND SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention
to provide an improved selective scramble circuit which can avoid
the foregoing problems encountered with the prior art.

More specifically, it is an object of the present
invention to provide a selective scramble circuit which can carry
out the channel coding satisfactorily.

Another object of the present invention is to provide a
selective scramble circuit, as aforesaid, which can efficiently
suppress increasing of data redundancy.

Still another object of the present invention is to
provide a selective scramble circuit, as aforesaid, which can
reduce a direct current component in a recording signal
regardless of variations in the input signal pattern.

still another object of the present invention is to

provide a selective scramble circuit, as aforesaid, which can

AS:2147.APP 12
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prevent conversion error from being mixed into a resultant HO

recording signal.
A still further object of the present iavention is to

provide a selective scramble circuit which is suitable for

application to a channel coding circuit of a digital video tape “
recorder.

According to an aspect of the present invention, an
apparatus for processing a data signal comprises: generator means
for generating a plurality of pseudo-random signals; scramble
means for scrambling an input signal by a plurality of the
pseudo-random s;gnais and thereby providing a plurality of
respective scrambled outputs; detector means for detecting
variation of a DC component for each of the scrambled outputs of
the scramble means; selector means for selecting one of the
scrambled outputs under the control of the detector means, for
example, the scrambled output having a digital sum value closest
to zero; means for adding tc the output of the selector means an
information or identifying signal corresponding to the pseudo-~
random signal used in scrambling the input signal for providing

such output of the selector means; and means for transmitting the

output of the selector means with the information or identifying
sigpal.
The above, and other objects, features and advantages

of the present invention, will be apparent from the following

AS:2147 .APP 13
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detailed déscriptibn of bréferred embodiments of the invention
when read in conjunctiod with the accompanying drawihgs, wherein
the same-reference.numerals are used to identify the same or
similar elements in the several viaws. |

- BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a block diagram showing an arrangement of a
prior-arﬁ digital video tape recorder;
Fig. 2A is a schematic block diagram showing an example

of a knqwn_channel coder used in the digital video tape recorder

of Fig. 1;

Fig. 2B is a schematic block diagram showing an éxamplé
of a known channel decoder used in the digital video tape
recorder of Fig. 1; |

Figs. 3A to 3C are schematic diagrams to which
reference is made in explaining channel coding of an input
éignal;

~ Fig. 4A is a schematic block diagram showing a known
partial response IV (1, -1) encoder;

Fig. 4B is a schematic block diagram showing a known
partial response class IV (1, 0, -1) encoder;

Fig. 5 is a schematic block diagraﬁ of a main portiqn
of a digital Qideo tape recorder écCording to the prior art;

Fig; 6.is a block diagram showing an M scramble circuit

according to an embodiment of the present invention;

AS:2147.APP 14
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Fig. 7 is a diagrammatic view showing a data format and
to which reference will be made in explaining the present
invention;

Fig. 8 is a block diagram of a channel decoder
according to an embodiment of the present invention;

Fig. 9 is a block diagram of a digital video tape
recorder according to another embodiment of the present
invention;

Fig. 10 (formed of Figs. 10A and 10B together) is a
block diagram showing a selective scramble circuit included in
the digital video tape recorder of Fig. 9;

Fig. 11 is a block diagram of & selective descramble
circuit included in the digital video tape recorder shown in Fig.
9;

Fig. 12 is a diagram showing a data format of the
digital data signal used in accordance with the present
invention, and which shows the arrangement of one synchronizing
block;

Fig. 13 is a diagram showing a data arrangement of an M
series identifying code that is used in accordance with the
present invention;.and

Figs. 14A to 14F are timing charts to which reference
will be made in explaining the operation of a digital video tape

recorder according to the present invention.
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QETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring to the drawings in detail, and initially to
Fig. 6, it will be seen that, in a selective M scramble circuit
according to an embodiment of this invention that may bhe
advantageously employed in the digital video tape recorder of
Fig. 1, an input data signal is supplied through an input
terminal 61 to mod. 2 adders 62a, 62b, 62c and 62d. Each of the
mod. 2 aclders 62a-62d may be constituted by an exclusive-OR gate
as shown. A reset signal associated with a predetermined
synchronizing block of the input signal is supplied through a
terminal 63 to an M series generator 64. The M series gehgrator
64 is provided with four output terminals, from which there are
derived four M series signals of different phases. The four
kinds of M series signals are supplied to the adders 62a-624,
respectively.

The output signals from the adders 62a-62d, that is,
the.input data signal scrambled by the respective M series
signals, are supplied to a circuit 65 which measures run lengths
and digital sum values (DSV) corresponding to changes of the
direct currznt components of the respective signals. The circuit
65 is reset in response to the reset signal of each synchronizing
block and identifies the output signal from the adders 62a-62d
which has the shortest maximum run length and/or the output

signal which has the smallest maximum digital sum value in the
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interval from one synchronizing block until the next

synchronizing block. The run length is determined prior to the

digital sum value. L
The signals from the adders 62a-62d are suppliea to

respective buffer memories 66a-66d, each of which has a recording

or storing capacity of one synchronizing block, and are then

output therefrom in the first-in first-out (FIFO) fashion. The

output signals from the buffer memories 66a-66d are fed to

respective fixed contacts 67a-67d of a switch 67 which is

controlled by a switch control signal.sc from the circuit 65.
More particularly, the control signal S causes the

swit¢h 67 to selec£ the output signal from the one of the buffer

memorles 66a-66d, and hence from the respective one of the adders

62a-623, which has been determined by the circuit 65 to provide

the M scramble signals with the shortest maximum run length

and/zr the smallest maximum digital sum value. The M scramble

signal thus selected is supplied to a data adding circuit'68, in

which it is added to a data code identifying or corresponding to

the M series signal used for providing the selected M scramble

signal. B
The signal from the data adding circuit 68 is supplied

to a synchronizing code adding circuit 69 and the reset signal

from the terminal 63 is also applied to a synchronizing code

generating circuit 70 which supplies a synchronizing code to the
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adding circuit 69, whereupon, the output signal from the latter e
is fed to an output terminal 71.
With the above-described selective M scramble circuit,

good channel coding is effected by selecting the best one from

ettt o et b

5 among a plurality of M scramble signals. further, by édding data
identifying or corre@ponding.to the M series signal used in the
coding, it is possible to considerably reduce dafa redundancy.

The data format_of the recording data signal deveioped
at the output termiﬁal.71'is'represented in Fig. 7, where it will
10 be seen that one synchronizihg block is formed of a synchronizing

code SYNC, a data che'identifying or corrésponding to the M

series signal used in the coding and scrambled inpgt data in thié

order. The data code can be expressed by, for éxample, two bits
'such ac a =I(o, 0), b = (0, 1), ¢ = (1, 0) and d= (1, 1) in the
illustrated case where four kinds of M series signals are |

ceee prévided. The increase of data redundancy is very smal; as a

ce v 'resul-.t—. \

| when the circuit shown in Fig. 6 is applied to the
digital video tape recorder described above with reference to
;gfﬁ‘:. Fig. 1, the output signal of the ECC encoder 4 is supplied to the
' input terminal 61,‘ana the=si§nal from the dutput.terminal 71 is §
o‘rn/ supplied to the recording amplifier 8, whereby_recording can be |

effected similarly to the prior art.

e , / . 18
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Referring now to Fig. 8, it will be seen that, in a
decoder according to an embodiment of this invention for use in oy

the playback mode of the digital video tape recorder of Fig. 1, a
signal applied to an input terminnl 82 is supplied to a mod. 2
adder 83 again constituted by an exclusive-OR gate. The signal
from the input terminal 82 is also supplied to a synchronizing
code detecting circuit 84 which detects the above-mentioned
synchronizing code. The detected signal is supplied from circuit
84 to an M series generator 85 that is the same as the M series
generator 64 shown in Fig. 6. Four kinds of M series signals
that differ in place from each other are supplied from the
generator 85 to respective fixed contacts 86a, 86b, 86c and 86d
of a switch 86. The signal from the input terminal 82 is also
supplied to a data code identifying.circuit 87 which identifies
the above-mentioned data code corresponding to the kind of M
series signal used for the coding. By this identifying code, the
switch 86 is controlled so as to select from the generator 85 the
M series signal which is the same as that used in the recording
mode.

The M series signal selectively derived from the switch
86 is supplied to the mod. 2 adder 83, and the signal from the |
adder 83 is fed to an output terminal 88. In this way, the data
signal can be decoded. When the decoder described above with
reference to Fig. 8 is applied to the digital video tape recorder

AS:2147.APP 13
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of Fig. 1, the output of the data reproducing circuit 14 in Fig.
1 is supplied to the input terminal 82, and the signal from the
output terminal 88 is supplied to the ECC decoder 16 in Fig. 1.

In the circuits of Fig. 6 and 8, the M series
generators 64 and 85 are not limited to those which provide the M
series signal with different phases but they may be M series
generators of the type providing M series signals having
different recurrent cycles.

With the circuits of Figs. 6 and 8 included in the
digital video tape recorder of Fig. 1, upon playback, it becomes
possible to reproduce a clock signal with ease.

According to the present invention, as set forth above,
good channel coding can be effected by selecting the best one
from among the plurality of M scramble signals. Further, the
increase of data redundancy is suppressed considerably by adding
to the input or information signal data identifying to the M
series signal used in the coding.

Another embodiment of the present invention to which
the class IV partial response system can be applied will now be
described with reference to Figs. 9-11 in which parts
corresponding to those described with reference to Fig. 5 are
identified by the same reference numerals and will not be again

described in detail. In this embodiment, the present invention

AS:2147.APP 20
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is particularly applied to the channel coding circuit of the :;W
digital video tape recorder.

It will be seen jin Fig. 9 that an input terminal 43 !
receives a digital input signal x(t), in which t is the t.me, and |
this digital input signal x(t) has been processed to have an
error correction code, for example, a cyclic redundancy check
(CRCC) code and a parity code.

A selective scramble circuit 93 according to the
present invention receives the digital input gignal x(t) and
includes a pseudo-randon signal adding circuit and a plurality of
PR (1, 0, -1) encoders or precoders used in the channel coding.
By this selective scramble circuit 93, the digital inpyt signal
x(t) is converted to a recording signal y(t) having a reduced
high frequency component and a reduced direct current component.
The recording signal y(t) is processed by a PR (1, -1)
transmission line 47 formed of the recording head 46A with its
associated rotary transformer, the magnetic tape 46B and the
reproducing head 46C with its associated rotary transformer to
provide a reproduced signal. The reproduced signal is fed to the
PR (1, 1) decoder 48, and the output signal from the PR (1, 1)
decoder 48 is processed by the discriminator 48A so that [-1] is
converted to [+1). The identifying signal Ud(t) derived from the
discriminator 48A is supplied to the synchronizing pulse

detecting circuit 50 which separates the synchronizing pulse SYP

AS:2147.APP 21
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from the identifying signal Ud(t). A selective descrarmble

e —

circuit 94 is connected to the synchronizing pulse detecting

circuit 50 and receives therefrom the synchronizing pulse SYP and

the identifying signal Ud(t). The selective descramble circuit
94 is made to correspond to the selective scramble circuit 93 so
as to remove the pseudo-random signal from the identifying signal
Ud(t), and to supply the resulting output signal xd(t) to the
output terminal 52.

The selective scramble circuit 93 will now be described
more fully with reference to Fig. 10 which is formed of Figs. 10A
and 10B to permit the use of a suitably large scale, and in which
a block synchronizing pulse BLSY of cycle H is supplied to an
input terminal 115 from the external circuit. M series
generating circuits 116A, 116B, 116C and 116D are provided to
generate respective M series signals M, M,, My and ¥, which are
different from one another so as to constitute pseudo-random
signals:, These M series signals M,-M, are supplied to mod. 2
adders 117A-117D, adapted to perform the mod. 2 addition thereto
of the input data signal x(t), and which are each constituted by,
for example, an exclusive-OR gate. Three-input multiplexers
118A-118D receive the outputs of the mod. 2 adders 117-117d,
respectively, and identifying codes from identifying code
generating circuits 119A-119D, respectively, which correspond to

the M1-M4 series signals. The identifying codes generaﬁed by the
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identifying code generating circuits 119A, 119B, 119C and 119D
are referred to as code 1, code 2, code 3 and code 4,
respectively. Further, a synchronizing pulse generating circuit
120 is provided to generate the synchronizing pulse SYP which is
also supplied to eaczh of the multiplexers 118A-118D.

Th¢ block synchronizing pulse BLSY is supplied to the M
series generating circuits 116A-116D so that the latter are
initialized at every cycle H. Then, signals ri(t)-r4(t) of the
M,-M, series, respectively, generated by the M series generating
circuits 116A-116D are added in mod. 2 to the input signal x(t)
by means of the mod. 2 adders 117A-117D. The output signals of
the mod. 2 adders 117A-117D, the identifying codes from the
identifying code generating circuits 119A~119D and the
synchronizing pulse SYP generated by the synchronizing pulse
generating circuit 120 are supplied to the multiplexers 118A-
118D, respectively, in which they are combined in a time-
division-manner to generate signals ul(t)-ud(t), respectively.

Each of the time series or multiplexed signals ul(t)-
u4 (t) is a cyclic signal of cycle H, and the signal format of one
synchronizing block of cycle H is represented in Fig, 12. Such
synchronizing block is shown. to comprise synchronizing pulses
SYNCO and SYNC1 each of one byte, data identifying codes (program
number, etc.) IDO and ID1 each of one byte and an M series

identifying code MSID1 of one byte. The !dentifying code MSID1
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is followed by audio or video data DATA of k bytes, an error
correction code, for example, a parity code, of m bytes, and an M
series identifying code MSID2 of the same data format as the
identifying code MSID1. The area Sl1 of the block‘formed of the
data identifying codes IDO and ID1 and the area S2 formed of the
data and the error correction code are scrambled by the M series
signals.

The M series identifying codes which were referred to
above as the codes 1, 2, 3 and 4, and which selectively
constitute the M series identifying codes MSID1 and MSID2, are
represented as (00000000), (01010101}, [10101010) and (11111111},
respectively, as shown on Fig. 13.

With such arrangement, data of two bits ([00], (01],
(10] or [11])) is shown to be repeatedly written four times for
each of the codes 1, 2, 3 and 4, respectively, so that even when
an error occurs in the transmission system, the identifying code
of the M series being used can be positively read. Further, in
the embodiment being here described, the M series identifying
code MSID2 is of the same format as the code MSID1 and is located
distant frﬁm each M series identifying code MSID1 by (k + m)
bytes. Thus, regardless of the occurrence of burst error, the
identifying code can be accurately read on the basis of either

one of the M series identifying codes MSID1 and MSID2.
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Referring back to Fig. 10, it will be seen that the
output signals ul(t)-u4(t) from the multiplexers 118A-118D are Jos
respectively supplied to partial response (PR) class IV (1, 0, -
1) encoders 121A-121D acting as precoders, and in which the

5 signals ul(t)-u4(t) are respectively converted to signals yl(t)-
y4(t). The PR (1, 0, -1) encoders 121A-121D are all similarly
constructed and, by way of example, the PR (1, 0, -1) encoder
121A will be described in detail.

The PR (1, 0, -1) ehcoder 121A is shown to pe comprised

10 of an exclusive-OR gate 122 that carries out the mod, 2 addition,
a two-input switch circuit 123 and two one-bit delay circujts 124
and 125. The signal yl(t) is supplied Erom the output of the
exclusive-OR gate 122 to a first input terminal of the switch

«;'¢.t  circuit 123 and the switch circuit 123 responds to the level of a

ii&.. control signal J1 from a control circuit 129 to selectively

*¢" o« supply one of its two input signals through the one-bit delay

sues circuits 124 and 125, in succession, to an input of the

exclusive-OR gate 122.

A four-input switch circuit 126 is sliown to receive the

20 signals y1(t)-y4(t) at its four input termina’ , respectively.

.:3’. The switch circuit 126 responds to a code of a control signal J5
from the control circuit 129 to select one of the signals yi(t)=- ¥

Ty y4(t) and to supply such selected signal ysO(t) to the other or
second input terminal of the switch circuit 123 in each of the

VER G
+
ot
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PR (1, 0, -1) encoders 121A-121D. The signals yl(t)-y4(t) from
encoders 121A-121D are converted to signals yl(t-H)-y4(t-H),
respectively, by delay circuits 127A-127D each having a delay
time of one horizontal period (1H), and are then respectively fed
to four input terminals of a switch circuit 128. The switch
circuit 128 responds to a code of a control signal J6 also
derived from the control circuit 129 to select one of the signals
Yl1(t-H)~-y4 (t-H) as the recording signal y(t). The recording
signal y(t) is recorded on the magnetic tape 46B by means of the
recording head 46A.

The control circuit 129 is shown in Fig, 10 to include
a sequence contrel circuit 130 which responds to the block
synchronizing pulse BLSY from the terminal 115 to generate the
control signals J1-J4 supplied to the switch circuits 123 of the
encoders 121A-121D, respectively, and also to generate timing
signals used to control the operation of additional hereinafter
described circuits included in the control circuit 129. A
control signal J7 is also generated by the sequence control
circuit 130 and is employed to simultaneously switch the
miltiplexers 118A-118D,

The control circuit 129 is further shown to include
digital .~ value (DSV) measuring circuits 131A-131D, A digital
sum value (DSV) of digital data series yi(t) from, for example,
time t, to time t,, is defined by the following equation:

AS:2147 .APP 26
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ts
DSV = £ ai(t) e (1) b
tety

5 where yift) = 1 restlts in ai(t) = 1, and yi(t)

0 results

in ai(t) = 0, and further assuming that the digital data series

Yi(t) is generated bit by bit in synchronism with a clock pulse
CK whose unit time is T. (Fig. 14A).
In the present embodir=nt, when the digital sum value
10 is converged to zero, a direct current component of the digital
data series yi(t) becomes zero. The signals yl(t)-y4(t) are
supplied to the DSV measuring circuits 131A-131D, respectively,
which measure the digital sum values DSV,-DSV,, respectively,
during a predetermined period corresponding to a block K (Fig.
15 14C). The resultant digital sum values DsSV,-DSV, are supplied to
G a determining circuit 132 within the c¢ontrol circuit 129. The
E".. determining circuit 132 determines which of the digital sum

Yae® o values DSV,~-DSV, generated by the measuring circuits 131A-131D,

voes respectively, is closest to zero !nd supplies a corresponding
*e 9¢

sy o i
* 20 series number s0 identifying the respective one of the M series

signals ri(t)-rd4(t) to a swi%ch control circuit 133. If the
digital sum values of the signals yl(t)-y4(t) are measured for

o 6% one synchronizing block X in which time t ranges from
3 ¢ L
¢ @ ) ,
Ty (= 0) to Ty, (= Ty + H), in the next time t from Ty,, to Ty
¢ ed

P the one of the signals yl(t)-yd4(t) of the block K whose digital

sum value is closest to zero is selected by the switch circuit

¢e e
[ ]
Nhee
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128 under the control of the switch control circuit 133 to B

provide the recording signal y(t).

| The operation of the embodiment of the invention
illustrated in Fig. 10 will now be described with reference to
Figs. 14A-14F.

The output signal Us(t) of each of the multiplexers
118A-118D is expressed, when the respective M series identifying
code and the synchronizing pulse SYP are removed therefrom, by
the following equation:

Us(t) = x(t) + rs(t) (mod.2); =1 - 4 ....(2)

The output signal ys(t) of each of the PR (1, 0, -1) encoders
121A-121D is expressed as follows:

ys(t) = ys (t - 2) + Us(t) (mod. 2) vewe(3)

If it is assumed that data becomes effective from time
t = 0, that ys(=-2) = ys(-1) = 0 is determined to initialize the
PR (1, 0, =-1) encoders 121A-121D, and that the time t is updated
at every cycle T (= unit time 1) of the clock pulse CK (Fig. 14A

and is expressed as t = 2m or t = 2m + 1, equations (2) and (3)

yield:
ys(t=2m) = ys (2m-2) + (x(2m) + rs(2m))
m . m . T‘
=32 x(21) + & 1rs(2i) (mod. 2) ceo.(4)
G {20 =0
b m m .
ys(t=2m+1) = £ x (2i+l) + I rs(2i+l) (mod. 2) ....(5)
: i=0 i=0
AS:2147.APP 28




10

4 se

« o
¢ ¢

¢ 6t
3 d

LI

goon

°
sesa

‘ PATENT
39-0100.2147

The DSV measuring circuits i31A-131D measure the digital sum
values during the measuring period K‘frém time £t =T, + a to t =
Tysy = 1. In such case, the following equation (6) is
established.

emin £ a £ amax = 2 | ceeesa(6)
in which amin is determined by the time‘required to compare the
digital sum values and to determine the minimum value, and cmax
corresponds to the bit léngth of the synchronizing pulses SYNCO
and_SYNCl. The poftions‘of\the synchronizing block constituted ;
by the synchronizihg pulses SYNCO and SYNC1 are not scrambled so | ‘fm
that the digital sum value in the period of T, £ t < T, + a is
not éeaSured. The digital sum value, which is not measured, is
too small to‘reauce the effects that the present invention |
achieves, |

fhe DSV measuring circuits 131A-131D megsure ﬁhe |
digital sdm values, DSV,-DSV, of the respective series at time t
= T,,;- The determining circuit 132 in the control circuit 129
com?ares the digital sum values bSV\-DSV‘ during the‘time period
of 3 clocks, and supplies to the switgh control circuit 133 the
series number sO (1-4) of the series signals yl(t)-y4(t) f
corresponding to the digital, sum value which is closest to zero.
The switch control circuit 133 responds to the series number s0
to provide the signal J5 which controls the operation of the

switch 126 as shown in Fig. 14D and to providg the signal J6
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which controls tlie operation of'thé switch 128 as shown in Fig.
14E. The switch circuit 128 selecﬁively passes the signal ys
(t-H) (s=s0) of the selected series number s0 only during the
period of T,,, + emin + 3 g t.< Ty, + amin + 3. Hence, the
5 = following equation is established:

y(t) = ys (t - H) | - N ¢ )
and the signal sdpplied to the recording head 46A as the
recording signal y(t) is ys (TK'+ amin + 3) to ys(T,,, + amin +
2. o _

10 This means that the switch circuit 128 selectively provides,
during the measuring pericd.K, the signal of the series selected
‘during the.preceding measuring period K-1 at a timing delayed by
1H, or by the transmission time of one synchronizing bldck;

re ot | The switch circuit 126 is used to cause the

€ L3

§‘l§. 'PR'(i, 0-, =1) encoders 121A-121D to feed-back their output
£ fT . : )

‘:t?} signals y1(t)-y4(t). The switch 126 supplies the output signal

K ysO(t), selected as the recording signal during the period of Ty

teg te
SR

: ¢  +amin + 3 £t < T, + cemin + 3, to the respzctive second input
terminals of the switch circuits 123 of the PR'(l, 0, -1)

20 encoders 121A-121D during the period of two clocks, that is,

Lo
L

‘“ ¢ during the time period Ty, + amin + 1 s t < Ty, + emin + 3 in

& €%

&

¢ ec

which the PR (1, 0, -1) encoders 121A-121D are initialized. 1In
e the time period in which the PR (1, 0, -1) encoders 121A-121D are

initialized, each switch circuit 123 selectively supplies to the
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delay circuit 124 the signal ysoO(t) supplied to the switch
circuit 123 from the switch circuit 126, whereby the switch

circuit 126 and the switch circuits 123 in the plurality of PR -

(1, 0, =-1) encoders 121A to 121D are operated in association with

one another. More specifically,'within the precodef

initialization period, Ty,, + emin + 1 < t < T,

+ amin + 3, the output signal ys0(t), which is selected as the

recording signal during the period of Ty + amin + 3 < t < Ty, +

amin + 3, is fed back to the input terminals of the PR (1, 0, -1)
encoders 121A-121D instead of the output signals yl(t)-y4(t).

Generally, the delay circuits 124 and 125 in the PR- (1,

0, =1) encoders 121A-121D delay the output signals by 2 bits and

feed the delayed output signals back to the input terminals

‘thereof. Accordingly, in the absence of the described operation

of the switch circuit 126, the output signal y2(t), instead of

the recording signal yi(t) in the préceding period, would be fed

~back to the input terminal of the-PR'(l; 0, =1) encoder 121B when

the recording signal, for example, is switched from the output

signél yl(t) of the PR (1, O, -1)'encoder 121A to the output

 signal y2(t) of the PR (1, 0, ~1) encoder 121B, with the result

that the succeeding recording signal is made different from the
original one. However, the switch circuit 126 is provided to
enable the PR (1, 0, 01) encoders to be initialized during a

predetermined period of time so that even when the recording
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signal is switched, accurate signals are invariably fed back to
the input terminals of the PR (1, 0, -1) encoders 121A-121D.

By reason of the switch circuit 126 and the plurality
of switch circuits 123, the output signals ys(t) of the PR (1, O,
-1) encoders 121A-121D are precisely expressed as :

ys(t) = ys(t-2) + us(t) (mod.2) veeee(8)
where t # T, + emin + 3 and t # T, + aomin + 4,
and are alsq expressed as

ys(t) = ysO(t-2) + us(t) (mod. 2) .....(9)
where t = T, + amin + 3 and t = T, + amin + 4, and
ys0(t) represents the signal selected as the recording signal in
the time period of t < T, + emin + 3. If it is assumed in.
equations (8) and (9) that ys(-2) = ys (-1) = 0, ‘then equations
(4) and (5) yield

m m
ys(t=2m) = £ x(2i) + £ sx(2i) (mod. 2); s =1 ~ 4
{=0 i=0

m ]
ys (t=2m+l) = £ x (2i+1) + I rsx(2i+l) (mod. 2)
{=0 {20

In equation (11), rsx(2i+l) represents, if the present time t

lies in a range of T, + amin £ t < Ty, + amin, a pseudo-random

signal rs0(t) (s0 = 1 ~ 4) of the series selected during the

period of (2i+l1) < T, + amin. In the time period of Ty + amin <

(2i+1), rex (2i+1) represents pseudo-random signals ri(t)-r4(t)

AS:2147.APP 32

e

o~

R




PATENT
39-0100.2147

corresponding to the PR (1, 0, -1) encoders 121A-121D, which fact

is expressed by the following equations.

rsx(t) = rso(t) ; t £ T, + amin ceeeaaa(12)
rsx(t) = rs(t) ; t > T, + amin R ¢ 53
5 The PR (1, 0, -1) encoders 121A-121D generate the output signals

that had once contained the pseudo-random signals selected at
every synchronizing block. The signal y(t), selectively produced
from the switch circuit 128 at time t, is a signal that is

delayed by 1H (one horizontal period) after being scrambled by

}-
[®]

the selected pseudo-random pattern. The signal y(t) is expressed

by the following equations 1

y(t) = ys0 (t-H)
m m .
15 = T x (2i-H) + T rs0(2i-H) (mod. 2);
te ¢ {=0 i=0
o Yot
‘:“)(, t== 2m oonu_go-no(14)
& L3N
b y(t) = yso(t-H)
ov::.. m m .
ve b = T x (2i-H+1) + £ rso(2i-H+1l) (mod. 2);
A {=0 i=0
25 |
t=2m+1 il ... (15)
The arrangement of the reproducing side of the digital
i:‘% video tape recorder of Fig. 9, and particularly of the descramble

.
.
.
e

«%5e’ circuit 94 included therein, will now be described with reference

to Fig. 11 in which parts corresponding to those described with

[ AN
&
et
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reference to Fig. 9 are identified by the same reference numerals
and are not again described in detail.

In Fig. 11, it will be seen that the PR (1, 1) decoder
48 1is comprised of a one-bit delay circuit 134 and an exclusive-
OR gate 135 forming a mod. 2 adder. The PR (1, 1) decoder 48, in
association with the recording head 46A, the magnetic tape 46B
and the playback head 46C constitutes the PR (1, 0, =1)
transmission line 49 which is equivalent to the illustrated
circuit comprised of two one-bit delay circuits 136, 137 and an
exclusive-OR gate 138, namely, a mod. 2 adder. The PR (1, 0, =1)
transmission line 49 effects the conversion just opposite to the
conversion of the channel coding performed by the PR (1, 0, =1)
encoders 121A-121D in the example shown in Fig. 10, thereby
generating the identifying signal ud(t). The identifying signal
Ud(t) corresponds to the signals Ul(t) to U4(t) shown in Fig. 10.

The synchronizing-signal-recorded-portions SYNCO, SYNC1
and the M series identifying code-recorded—bortions MSID1, MSID2
in the identifying signal Ud(t) are not scrambled by the use of
pseudo-random signal, as shown in Fig. 12. Hence, the
identifying signal uUd(t) is supplied to the synchronizing pulse
cetecting circuit 50, in which the synchronizing pulse SYP of a
predetermined pattern can be reliably separated from the

identifying signal UD(t). The selective descramble circuit 94
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receives the synchronizing pulse SYP and the identifying signal
Ud(t) derived from the synchronizing pulse detecting circuit 5o0.

In the selective descramble circuit 94, the identifying
signal Ud(t) is supplied to a 1H delay circuit 139 and to first
and second registers 140 and 141. The M series identifying code
MSID1 shown in Fig. 12 is supplied to the first register 140,
whereas the M series identifying code MSID2 is supplied to the
second register 141, These M series identifying codes MSID1 and
MSID2 fed to the first and second registers 140 and 141 are fed
therefrom to an error correction circuit 142. The error
correction circuit 142 judges every byte of the identifying codes
MSID1 and MSID2 in a majority-logic-fashion and supplies at least
one byte of the judged result to a third register 143 as a
correct identifying code ([00] to [11]).

A control circuit 144 is initialized by the
synchronizing pulse SYP from the detecting circuit 50 and then
drives the first, second and third registers 140, 141 and 143 in
a predetermined timed relationship.

M series generating circuits 145A-145D are arranged in
the same way as the M series generating circuits 116A-116D of
Fig. 10. The M series generating circuits 1452-145D are %
initialized by the synchronizing pulse SYP to generate pseudo- b
random signals of M1-M4 series, which are fed to respective input

terminals of a four-input switch circuit 146. The switch circuit
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146 responds to an identifying code from the third register 143
to selectively produce one of the pseudo-random signals of the
M1-M4 series. This selected pseudo-random §ignal rsod(t-H) is
supplied to one input terminal of a mod. 2 adding circuit 147
(formed of, for example, an exclusive-OR gate). The output
signal Ud(t-H) from the 1H delay circuit 139 is supplied to the
other input terminal of the adding circuit 147, and the output
signal xd(t) from the adding circuit 147 is fed to the output
terminal 52.

The embodiment shown in Fig. 11 operates as follows:

The third register 143 stores the M series identifying
code of the block K corresponding to the time period T, £ t < T,
of the identifying signal Ud(t) during the time period of T,,, £ t
< Ty, and supplies the thus stored M series identifying code to
the switch circuit 146. The switch circuit 146 supplies the
signal rsOd{t-H) corresponding to the M series identifying code

<t <

to the adding circuit 147 during the time period of Ty, <

Ty.o- In the signals Ud(t), rs0d(t-H) and xd(t), the legend (d]
indicates in each case the possibility that the respective
variable will contain an error.

In order to examine the influence exerted by the
occurrence of error in the PR (1, O, =-1) transmission line 49,
let it be assumed that the input signal yd(t) applied to the

recording head 46A, that is, the input to the PR (1, 0, -1)
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transmission line 49, co:respohds'to that obtained when an error
signal e(t) is added to the recording signal'y(t) shown in Fig.
10. In other words,

yd(t) = y(t) + e(t) ceesesnsaa(l6)

and, if t = 2m, from equation (10), the identifying signal Ud(tj

which is the output signal from the PR (1, 0, -1) transmission

line 49 is expressed by the following equation:

Ud(t=2m) = Ud(2m) - yd(2m-2) (mod. 2)

(y(2m) + e(2m)) - (y (2m-2)_+ e(2m=-2))

g' (x(21i) + rso(2i)) + e(2m)
i=0 .

-mg (x(21) + rso (21i)) + é(2m-2)
i=0

n

= x(2m) + rso(2m) + e(2m) + 2(2m~-2) }.....(17)
From a mathematical standpoint, a feature that the addition of
mod. 2 is equivalent to the subtraction is utilized to derive the
equation (17). Similarly, from eQuation (11), if t = 2m+1l, the
identifying signal Ud(t) is expressed by the following equation:
Ud (t=2m+1) ='x(2m¥1) + rs0(2m+1) + e(2m+1)
+ 3(2m+3)  (mod. 2) Ceeee..(18)
Combining equations (17) and (18) yields |
Ud(t) = x(t) + rsO(t) + e(t) + e(t-2)  ...ees.(19)

Further, the output signal xd(t) of the adding circuit

' 147 can be calculated by the following equation:
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xd(t) = Ud(t-H) + rso(t-H) (mod. 2)
= x(t-H) + rso(t-H) + e(t-H) + (t-H-2)
+ rs0d(t-H) ceeeeaes (20)

Since the equality, rsod(t-H) = rsO(t-H) is established when the

~correct M series signal is selectad by the switch circuit 14s,

equation (20) can be modified %o read:

xd(t) = x(t-H) + e(t-H) + e(t-H-2) ceereees(22)
Thus, the output signal xd(t) from the adding circuit 147 becomes
equal to the output signal from the PR (1, 0, ~-1) transmissiecn
line. The fact that the addition of a number to the same number
results in zero in the addition of mod. 2 is utilized to derive
the equation (21) from equation (20). If e(t-H) = e(t-H-2) = 0
is established in equation (21), this yields:

xd(t) = x(t-=H) cee.(22)
Thus; it is to be understood that the input to the circuit shown
in Fig. 10, that is, the signal x(t), delayed by 1H, is egqual to
the signal xd(t) which is the output from the circuit shown in
Fig. 11. When the selective descramble circuit 94 is used as
described above, the pseudo-random signal of the same series as
the scrambled M series signal is added in mod. 2 to the
identifying signal ud(t) so that the scrambled M series signal is
removed from the identifying signal ud(t), thus making it

possible to correctly decode the input signal x(t).
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5

Although in the above-described embodiment shown in
Fig. 10 the control circuit 129 in the selective scramble circuit
93 measures the digital sum values of the respective output

signals yl(t)-y4(t) of the PR (1, 0, -1) encoders 121A-121D, the

control circuit 129 may measure, instead of the cigital sum
values, the maximum run lengths RUN,-RUN,, that is, the maximum
contiguous number of high level [1] bits or low level [0] bits,
in the respective output signals yl(t)-y4(t) within predetermined
time periods, and then generate, as the recording signal, the
output signal ys(t) which has the shortest of these maximum run
lengths RUN,-RUN,.

While the PR (1, 0, =1) encoders 121A-121D are employed
as the precoders in the above described embodiment the present
invention can be similarly applied to a channel coding circuit
which, for example, utilizes PR (1, =-1) encoders as the
precoders.

Furthermore, the addition of the M series identifying
code and of the synchronizing pulse may be effected, for example,
between the switch circuit 128 and the recording head 46A, rather
than at the multiplexers 119A-119D between the mod. 2 adders
117A-117D and the PR (1, 0, ~1) encoders 121A-121D. In that
case, although the M series identifying code and the

synchronizing pulse are not processed by the channel coding
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process, no problem is presented if a pattern is selected having
reduced high frequency and direct current components.

Since, in accordance with the present invention, the
precoders are used to reduce both the maximum fregucncy of the
recording signal and the direct current ccmponent, and the
pseudo-random signal, which scrambles the input signal, is
selected so as to provide the best direct current component of
the recording signal which is output from the precoders and to
provide the best run length, regardless of the change of the
pattern of the input signal, it is possible to substantially
suppress and thereby minimize the diregt current component of the
recording signal.

Further, in accordance with the present invention, when
the signal constituting the recording signal is switched from the
output of a first PR (1, O, -1) encoder to the output of a second
PR (1, 0, =1) encoder, the output signal of the first PR (1, 0, =
1) encoder, that is, the present recording signal, can be fed
back to the input terminal of the second PR (1, 0, -1) encoder by
means of the switch circuit 126 so that the recording signal can
be positively fed back to the input terminals of the respectivel
PR (1, 0, -1) encoders. Hence, mixing of conversion error into
the generated recording signal can be prevented.

Having described preferred embodiments of the invention

with reference to the accompanying drawings, it is to be
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understood that the invention is not limited to those precise
embodiments, and that various changes and modifications may bae
effected therein by one skilled in the art without departing from
the scope or spirit of the invention as defined in the appended

5 clainms.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS :

1. An apparatus for processing an input data signal

comprising:

generator means for generating a plurality of pseudo-

e o i v e 76

random signals;

scramble means for scfambling_the input data signal by
each of said plurality of pseudb-réndom signals and thereby
providing a plurality of respective outputs;

detector means for.aetecting variation of a DC
component for each of said dutputs of said scramble means;

selector meéhs_for selecting one of said outputs of.

said scramble means under the control of said detector means;

ve 4

::.': means for adding to said one output selected by said

:..;: selector means an identifying signal which identifies the pseudo-

,:?: random,signalluséd in scrambling said one selected output of the

é:;:, scramble means; and S | 3

| means for transmitting a signal comprised of said one
output_Seiected by said selector means together with said

Q::Z identifying signal. - |

e | 2. An apparatus according to claim 1; wherein said ﬁ

RIS means for transmitting includes means for recording:said one u

¢ &£

output selected by said selector means with said information
sigrial on a magnetic tape.

42
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3. An apparatus accorxding to claim 2; wherein said

detector means includes means for detecting run-lengths of said

outputs of said scramble means. X
4. An apparatus according to claim 2; wherein said
detector means includes means for detecting digital sum values of
said outputs of the scramble means, and said selector means
selects the one of said outputs of the scramble means having a
digital sum value closest to zero.
S. An apparatus according to claim 1; further
comprising:
receiver means for receiving a signal transmitted by
said means for transmitting;
detector means for detecting said identifying signal in
the received, transmitted signal; and
de-scramble means for de-scrambliné the received signal
in accordance with a pseudo-random signal corresponding to the
detected identifying signal.
6. An apparatus according to claim 1; further
comprising precoder means for encoding each of said outputs of I
said scramble means to have a predetermined frequency
characteristic.
7. An apparatus according to claim 6; wherein said

precoder means is a partial response encoder means.

43
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8. An apparatus according to claim 5; wherein said
precoder means includes a plurality of partial response encoders
each comprising feedback circuit means having a delay for
encoding a respective output of said scramble means in accordance
with a partial response method, and switching means for
providing, as a feedback to one of said partial response

encoders, an output signal of another of said partial response

encoders.

DATED THIS 3RD DAY OF AUGUST 1989
SONY CORPORATION

By its Patent Attorneys:

GRIFFITH HACK & CO.

Fellows Institute of Patent
Attorneys of Australia
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