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1, An apparatus for decoding a transmitted sig-al

comprising:

a) receilver means for receiving said transmitted signal;

1) filter means for limiting the frequency of the output

of said receiver meaas within a predetermined frequency;

c) generator means for generating a clock signal with
a frequency equal to a transmitting rate of said signal from

the output of said receiver means;

4a) ¢onverter means for sampling the output of said
filter means by said clock signal and converting the same inta

a binary signal; and

e) process means for processing the output of said

converter means to decode sald transmitted signal by a
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predeterxmined method.

2. 2n apparatus according to claim 1, wherein said

predetermined method is class IV partial response method.

5. An apparatus according to any one of the preceding
claims, wherein the cut-off frequency of said filter means is

a Nyquist frequency of said transmitted signal.
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BACKGROUND OF THE INVENTION

Field erthe Invention

The present invention relates generally to an apparatus
for decoding a digital signal and, more particularly, is
directed to an apéaratus for decoding a digital signal for
use with a digital video tape recorder and so on. |

Description of the Prior Art

In order to understand tlie present invention more

clearly, let us first explain the problems inherent in a

digital magneﬁic recording and‘reproducing apparatus such as
a digital video tape recorder and the like.

.In the digital-magnetic recording and reproduéing
apparatﬁs, if digital data series (represénted in the binary
form of "1l" or "on) is directly recorded, the fbllowing_
problems 1 to 3 are ptesented. o
1. A'maximél frequency of a recorded signal is increased
so high that thé recorded signal cannot be read.

2. | A.lot of direct ¢urrent éomponents and low frequency
components frequently appear in the recorded signal so that
when a digital signal is recorded and reproduced by
utilizing a rotary transformer, a distortion occurs in a
reproduced signal. As a result, it is freguently observed
that the reproduced information becomes considerably
different from the recorded informition.

3. When digital data is recorded, data series is generally
recorded together with a clock component according to the
so-called self-clock system. If digital "1" or "0" is
recorded too contiguously, then the error rate in extrabting
the clock.component at the playback side is increased.

In order to solve the above=mentioned probléms, the
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digital magnetic recording and reproducing apparatus is
arranged so as to record and reproduce a digital data signal
as follows.

According to this digital magnetic recording and
reproducing apparatus, upon recording, é digital input
signal is converted to a recording signal having a
predetermined frequency characteristic by a channel coding
(recording arg encoding) circuit. Then, this recording
signal is recorded on a magnetic record medium by a
recording head. Upon playback, a signal reproduced from the
magnetic record medium by a playback head is supplied to and
is reproduced by a decoder whose converting characteristic
is just opposite to that of the channel coding circuit. The

channel coding system might be the Nonreturn to

Zero—Inverted (NRZ-I) system, Interleaved NRZ-I (I-NRZ-I)

system and Scrambled I-NRZ-I (S-I-NR2Z-I) system based on a
partial response system (PR system) which makes effective
use of intersymbol interference in the digital recording.

According to the NRZ2-I system, an NRZ signal of binary
code form is converted to an NRZ-I recording signal. The
encoder which converts the input signal to the recording
signal just before the transmission line 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 PR (1, -1) transmission
line based on the partial response system. The NRZ-I system
has, on the other hand, a disadvantage that when the signal
is not inverted, a direct current component frequently

increases.

According to the I-NRZ-I system, an NRZ signal is
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converted to an I-NRZ-I recording signal. The I-NRZ-1I
system precoder performs the conversion reverse to that in a
PR (1, 0, -1) transmission line based on the class IV
partial response and is called a PR (1, 0, -1) encoder or a
class IV partial response encoder.

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 that it does not contain direct
current (DC) components. In addition, the identifying
signal cannot be affected by the cross-talk component caused
by the increased wavelength of the recording signal and also
it cannot be affected by the rotary transformer of the head
system.

Although the identifying signal reproduced according tv
the I-WRZ-I system does not contain direct current
components, the recording signal contains direct current
componzntsi. In order to reduce the direct current component
of the recording signal, the S—-I-NR!I-I system is proposed.
According to the S-I-NRZ-I system, adding the M series
signal (represented jn the form of binary random number) to
the input signal in mod. 2 (or to scramble the input signal
by the M s¢ries signal), it is possible to reduce the direct
current components.

Fig. 1 is a block diagram showing an arrangement of a
prior-art digital video tape recorder using the
above-mentioned channel coding circuit of the S-I-NRZ-I

system.

Referring to Fig. 1, it will be seen that an analog
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video signal is supplied to an input terminal 1. This analog

video signal is supplied to an analog—to-digital (A/D)
converter 2, in which it is converted to a digitized data
signal. The digitized data signal is supplied through a bit
reduction encoder 3 to an error correction code (ECC)
encoder 4, in which it is encoded to have a parity code for
the error-correction. The data signal having the parity
code is supplied to an M scramble circuit 5 and is thereby
converted, for example, to a signal having no direct current
(DC) components corresponding to a characteristic of a
head-tape system which will be describzad later. The
scramble circuit 5 utilizes a so-called M series signal as a
pseude¢rancom signal and hence is called the M scramble
circuit. The signal thus converted is supplied to an adder
6, whereby it is added with a synchronizing (SYNC) code from
a terminal 7.

The signal having the synchronizing code added 1is
supplied to an adder 8, and the output signal of the adder 8
is fed through delay elements 9a and 9b back to the adder 8.
Each of the delay elements 9a and 9b has a sampling cycle D.
The adder 8 and the delay elements 9a and 9b constitute a
class IV partial response (PR) (1, 0, =1) precoder shown by
a broken line block in Fig. 1, thereby effecting the
processing of [T_%_ETJ according to the class IV partial
response system.

The signal from the adder 8 is supplied through a
recording amplifier 10 to a recording head 1l and is thereby
recorded on a tape 12.

The recorded signal is reproduced from the tape 12 by
means of a playback head 13 and a playback amplifier 14.
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The electromagnetic transducing system formed of the _ _ i
recording head 11, the tape 12 and the playback head 13 has
a characteristic of [1 - DI. /

The signal from the playback amplifier 14 is supplied
through an equalizer 15 to an adder 16, and the signal from
the equalizer 15 is suppiied through a delay element 17
having a sampling cycle D to the adder 16. The adder 16 and
the delay element 17 constitute a class IV partial response
(PR) (1, 1) decoder as shown by a broken line block in Fig.
1. Accordingly, wher the characteristic [1 - D] of the
eledtremagnetic_transducihg system formed by the recerding
head 11, the tape 12 and the playback head 13 is eomblned
w1th the characterlstlc (1 + DI of the class IV PR (1 l)
decoder formed of the adder 16 and the delay element 17,
there is presented the characterlstlc (1 - D2] ~This
characteristic [1 ~-Dzl 1s complemetery to the

characteristic IT—%—Byi of the above-mentioned class IV PR

(1, 0, -1) decoder. Accordingly, the following equation is

establ ished.

TEmx(1-D) x (L+D) =1

Thus, the transmission with transfer function "1" is carried
out, aud a ternary signal (1, 0, =1) of class IV partial
response system is generated.
. =esaaty eecnacy,
ThiS‘tazaas;\51gnal is supplied to a te#aay)51gnal
comparator 18 from which there is decoded a signal which is
not yet precoded in the recording mode. The thus decoded
signal is supplied through an M descrambl. circuit 19 to a

time base corrector 20, in which it is timebase-c@i rected.

The signal from the time base corrector 20 is supplied

through a bit reduction decoder 22 to a digitalftoeanalog

: ' P
-6 = ' L
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(D/A) converter 23, in which it is converted to an analog
video signal. This analog video signal is supplied to an
output terminal 24.

The signal from the ternary signal comparator 18 is
supplied to a synchronizing (SYNC) code detecting circuit
25, and the synchronizing code detected is supplied to a
terminal 26.

In the digital circuit system formed of the circuit
elements from the A/D converter 2 to the D/A converter 23 of
the prior-art digital video tape recorder, a video signal is
processed in a digital fashion in the recording system from
the A/D converter 2 to the class IV PR (1, 0, -1) precoder
formed of the adder 8 and the delay elements 9a and 9b,
whereas a video signal is processed in an analog fashion in
the reproducingdsystem from the playback head 13 to the
ternary comparator 18. A video signal is therefore
processed in a digital fashion by a circuit system from the
M descramble circuit 19 to the D/A converter 23,

Hence, the equalizer 15, the adder 16 and the delay
element forms a decoder system which processes a video
signal in an analog fashion. In the analog data 'processing,
it is frequently obssrved that error occurs in the data
signal due to temperature characteristic and aging change.

Further, the delay element 17 forming the class IV
partial response (1. i) decoder is formed of an analog delay
line so that the delay time of the delay element 17 cannot
be varied without difficulty. As & result, when
transmission rate is changed upon cue ov review playback
mode, it is difficult to vary the samplirig frequency in

accordance with the transmission rate varied.

- 7 -
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In order to solve the above-mentioned problems, it
is proposed that the output signal from the playback amplifier
14 is converted in the form of analog to digital signal and the
circuit elements from the equalizer 15 to the ternary signal
comparator 18 perform the processing in a digital fashion. The
digital processing generally requires a sampling frequency
twice as high as the transmission rate of a transmission signal
from a sampling thenrem standpoint. The digital wvideo tape
recorder or the like, in particulaf, requires a very high

sampling frequency; which cannot be realized in practice.

OBJECTS AND SUMMARY OF THE INVENTION

It is an object of the present invention to provide
an apparatus for decoding a transmitted signal which is less
susceptible to the above-mentioned dzfects of the prior art.

More specifically, it is an object of the present
invention to provide an apparatus for decoding a signal in
which the signal can be digitally processed at an earlier
stage.

According to the present invention, there is provided
an apparatus for decoding a transmitted signal comprising:

a) recelver means for receiving saild transmitted signal;

b) filter means for limiting the frequency of the output

of said receiver means within g predetermined frequency;

c) generator means for generating a ¢lock signal with

25 a frequency equal to a transmitting sate of said signal from

\\
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d) converter means for sampling the output of said
filter means by said clock signal and converting the same into

a binary signal; and

e) process means for processing the output of said
converter means to decode said transmitted signal by a

predetermined method.

According to the present invention, a transmitted
signal can be digitally processed by an equalizer or the like,

whereby influences such as temperature characteristic

E\S
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and aging change can be reduced, and a digital signal can be
reproduced satisfactorily.
The above, and other objects, #eFtwres and advantages
of the present invention will be apparent from the following
5 detailed description of a preferred embodiment of the
invention when read in conjunction with the accompanying
drawings, wherein like reference numerals identify the same

or similar elements.

BRIEF DESCRIPTION OF THE DRAWINGS

lq Fig. 1 is a block diagram showing an example of a
.i::. prior-art digital video tape recorder;
;::. Fig. 2 is a diagram of the frequency spectrum of a
":: reproduced signal used to explain the present invention; and

Fig. 3 is a block diagram of an embodiment of an

15 apparatus for decoding a digital signal according to the
.:?‘: present invention.
et DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT
s e, An embodimeht of an apparatus for decoding a digital
e signai according‘to‘the,preSent invention will hereinaftér
. 2? be described with reference to Figs. 2 and 3.
.::'f When the class IV partial response systém is employed
M as the recording and reproducing system, the frequency
spectrum of a reproduced signal is represented as shown in
Fig. 2, in WhiChf%ﬁ*iS an Nyquist frequency andﬁ%-a
25 transmigsion rate.

Referring to Fig. 3 which shows an embodiﬁeht of the
present invention, there is shown a tape 31 on which a video
signal is recorded according to the class IV partial
response system. The recorded signal is reproduced from the

tape 31 by means of a playback head 32 and a playback
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amplifier.33.

The signal from the playback amplifier 33 is supplied
to a low-pass filter 34 whose cut-off frequency corresponds
to the Nyquist frequency of the recorded signal. The signal
from the low-pass filter 34 is supplied to an
analoguto-digital (A/D) converter 35, in whieh,it is
converted to a digital signal. The signal from the playback

amplifier 33 is also supplied through a multiply-by-2

circuit 36 to a phase-locked loop circuit 37 which generates
a clock signal with the frequency fs equal to the

 transmission rate. This clock signal is supplied to a |

terminal 38 as well as to the A/D converter 35. Hence, the
A/D converter 35 generates a digitized signal of, for
gxamplé, é bits in response to the glqck-signalﬁ_' |

The apparatus of the_presenﬁ invention utilizes the
élass IV partial tesp0n$e system so that even when éhe _
sampling is effected by the clock signal with the frequency
fs equal to the transmigszion rate, thén a problem of |
so-called aliasing n)ise or the like Can be avoided.

The digitized signal from the A/D converter 35 is

supplied to serially-connected data Jatch circuits 39a to Y

39c. The clock signal is supplied to the serially-connected

data latch circuits 39a to 39c so that the data %atch
circuits 39a to 39¢ generate signals each delayed hy the
sampling cycle D (transmission rate). These signals are
weighted by predetermined weight ratios by weighting
circuits 40a to 406, and are then added together by an adder
41. 7 '

: The éircuit arrangement formed from the latch éiréuit

39a to the adder 41 constitutes a transversal filter. 'Thus,

-, ll -
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a desired equalizer characteristic can be presented by
freely determining the coefficients of the weighting
circuits 40a to 40c.

The signal frdm Ehe adder 41 is supplied to ain adder 42
and is also supplied to a data latch circuit 43. The clock
signal isfsupplied_to_the data latch circuit 43, and the
output signai of the latch circuit 43 is supplied to the
adder 42, whereby the adder 42 and the latch circuit 43
cOnStiﬁute a class IV partial::espdnse (éR) (1, 1) decoder
as shown by a broken line block in Fig. 3, thereby
performing the decoding expressed as [l + Dl.

The signal from the adder 42 is supplied to a digital
ternary signal.comparato; 44, and the compared output signal
of one bit is fed to a terminal 45. o

The signal developed at the terminal 4% is supplied to
the afore-noted M descramble circuit 19 (see Fig. 1) which
reproduces (or descfambles) a video signal. |

As described above, according to the above embodiment
of the present invention, since the video signal can be
digitally processed by the eqnalizer and so on at the figst
stage of the apparatus, influences due to temperature
characteristic, aging change and the like can be reduced.
Hence, the apparatus of the invention can reproduce the
digital signal satisfactorily; | | o

Since in the above embodiment the data latch circuit is
employed as the délay element, the analsy délay'iine can be
removed, which provides:anrincreaséd accuraby.fnom a design
standpoint and also a decreased cost from a
manuﬁacturing~proéess,standpoint. 'Eufﬁher, the circuit

elements of the apparatus can cope with the cue playback
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mode and the review playback mode with ease.

Furthermore, the circuit elements of the apparatus of
the invention can be fabricated as an integrated circuit
(IC) and can be logically designed, which provides a
highly-effective circuit and also a high performance.

In addition, in the above-mentioned circui£ arrangement
of the present invention, the output signal of the adder 42
is converted to the analog signal by a D/A converter 46, and
the analog signal is supplied through a low-pass filter 47
to a terminal 48, whereby an analog eye pattern can be
monitored.

It should be understood that the above description is
presented by way of example on a single preferred embodiment
of the invention and it will he apparent that many
modifications and variations could be effected by one
skilled in the art without departing from the spirit and
scope of the novel concepts ¢of the invention so that the

scope of the invention should be determined cunly by the

appended claims.
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THE CLAIMS DEFINING THE INVENTIQON ARE_AS FOLLOWS:

1. An apparatus for decoding & transmitted signal
comprising:

a) receiver means for receiving said transmitted signal;

b) filter means for limiting the frequency of the output

of saild receiver means within a predetermined frequency:;

c) generator means for generating a clock signal with
a frequency equal to a transmitting rate of said signal from

the output of said receiver means;

d) converter means for sampling the output of said
filter means by said clock signal and converting the same into

a binary signal; and

e) process means for processing the ouatput of said
converter means to decode said transmitted signal by a

predetermined method.

2. An apparatus according to claim 1, wherein said

predetermined method is class i¥ partial response method,
3. An apparatus according to claim 1 or 2, wherein said

recelver means i1s a magrnetic head and said signal is

transmitted through a magnetic medium by recording.

- 14 =
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4. An apparatus according to any one of the preceding
claims, wherein said signzl is precoded in a recording process

in accordance with said class IV partial response method.

5. An apparatus according to any one of the preceding
claims, wherein the cut-off frequency of said filter means is

a Nyquist frequency of said transmitted signal.

6. An apparatus according to any one of the preceding

claims, wherein said process means has an equalizer.

7. An apparatus according to claim 6, wherein said

equalizer is a transversal filter.

8. An apparatus for decoding a transmitted signal,
substantially as herein described with reference to and as

1llustrated in Figure 3 of the accompanying drawings.

Dated this 1lth day of August 1992.

SONY CORPORATION
By Its Patent Attorneys:

GRIFFITH HACK & CO.
Fellows Institute of Patent
Attorneys of Australia.
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