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This invention relates to a video-audio digital
recording and reproducing apparatus in which an analog video
signal and an analog audio signal are converted into digital
signals to be recorded on a2 recording medium and recorded

digital signals are reproduced in an analog form.

A video—audio digital recording and reproaucing appara-
tus is known in the art wﬁich can record the analog video
signal and thg analog audio signal in a digital form on the
recording medium such as a magnetic tape, a magnetic disk,
an optical disk or the like and reproduce digital signals

recorded on such a recording medium and convert them into

analog signals. Fig. 1 of the accompanying drawings is a

block diagram illustrating the configquration of a prior art

video-audic digital recording and reproducing apparatus which

is disclosed in Japanese Patent Application Laid-Open

No. 61-61,275.
In Fig. 1, reference numerals 1 and 2 respectively
indicate & video analog-digital (A/D) converter which

converts the analog video signal into the digital signal,



form E;\—w deg@-audi o digital recording and reproduci ng ap- -paratus_is _known
in-the art which can record the anal og video signal and thewﬁnal og audio

signal in a digital formon the recordi ng medium such as a ﬂﬁn ﬁmWﬁﬁad :

magnetic disk, an optical disk or the Iike and reproduce
and an audio A/D converter which converts the analog audio

signal into the digital signal. Video signals which has
been converted into the digital signal by the video A/D
converter 1 is supplied to a C2 encoder 3. The C2 encoder 3
derives a C2 parity in the error correction encoding of the
video signal and adds it to the video signal. The video
signal to which the C2 parity is added is then sent to an
interleave random-access memory (RAM)} 4 which in turn
interleaves (shuffles) the input video data. The audio
signal which has been converted into the digital signal by
the audioc A/D converter 2 is supplied to an audio error
correction encoder 5. The audio error correction encoder 5
encodes the digital audio signal for error correction. The
video data which has been shuffled by the interleave RAM 4
and the audio.data which has been encoded by the audio error
correction encoder 5 are synthesized to each other by an
adder, and then the synthesized data is supplied to a Cl
encoder 6. The Cl encoder 6 derives a Cl parity for the
synthesized data and adds it to the data. The data to which
the Cl parity is added is supplied te a modulator 7 which
encodes the error correction encoded data for recording.
The data encoded for recording is recorded on .a magnetic
tape 8 by a magnetic head 10 mounted on a rotating drum 8.
Reference numerals 11-19 in Fig.l indicate elements of

the reproducing system, and 11 indicates a demodulator which
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decodes reproduced data for recording. The data decoded for
recording is then supplied to a Cl decoder 12. The Cl
decoder 12 performs the error correction on the reproduced
data on the basis of the Cl parity word, and the reproduced
data which has been corrected is sent to an audio/video
(A/V) separation circuit 13. The A/V separation circuit 13
separates the reproduced data into video data and audio
data, and the former is supplied to a deinterleave RAM 14
and the latter to an audio error correction decoder 18. The
deinterleave RAM 14 deinterleaves (deshuffles) the input
video data, and the deshuffled video data is sent to a C2
decoder 15. The C2 decoder 15 performs the error correction
on the deshuffled video data on the basis of the C2 parity
word,; and the corrected video signal is sent to an inter-
polation circuit 16 which interpolates the video signal in a
case where it'has been impossible to perform the error
correction. A video digital-analog {(D/A) converter 17
converts the digital video signal which is ocutputted from
the interpolation circuit 16, into the analog signal. The
audio error correcfion decoder 18 performs the error
correction on the input audio data, and the corrected audio
signal is supplied to an audio D/A converter 19 which in
turn converts the digital audio signal the into the analosg
signal.

The operation of the prior art apparatus will be
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described.

The analog video signal is converted into the digital
signal by the video A/D converter 1, and the digital video
signal is supplied to the C2 encoder 3. The digital video
data to which the C2 parity has been added in the C2 encoder
3 is subjected to a predetermined shuffling (interleaving)
process in the interleave RAM 4, and then sent to the adder.
In contrast, the analog audio signal is converted into the
digital signal by the audio A/D converter 2, and the digital
audio signal is encoded for error correction in the audio
error correctioﬁ encoder 5 and thereafter sent to the adder.
In the adder, both these data are synthesized to each other,
and the synthesized data is supplied to the Cl encoder 6, in
which the. Cl1 parity is added to the synthesized data. As a
result, the cross interleaving process in which an error
correction parity word is added before and after the inter-
leaving process is carried out. The data which has been
subjected to the encoding for error correction and the
interleave process is encoded for recording by the modulator
7, and then the encoded data is recorded on the magnetic
tape 8 by the magnetic head 10.

In the reproducing system, the digital data reproduced
by the magnetic head 10 is decoded for recording by the
demodulator 11, and the decoded data is corrected by the Cl

decoder 12 on the basis of the Cl parity word. The output
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of the Cl decoder 12 is separated by the A/V separation
circuit 13 into video data and audio data. The audio data
is processed by the audio error correction decoder 18, and
then the analog audio signal is reproduced by the audio D/A
converter 19. In contrast, in the deinterleave RAM 14, the
video data is subjected to the deshuffling {(deinterleaving)
process in which the data is rearranged to the original
sequence, and then the C2 decoder 15 performs the error
correction on the basis of the C2 parity word, or sets an
error flag when it is not possible to correct an error.
Thereafter, the video data is subjected to the primary or
secondary signal interpolation by the interpclation circuit
16, and the analog video signal is reproduced by the video
D/A converter 17.

The interleaving and deinterleaving processes in the
thus configured digital recording and reproducing apparatﬁs
are usually done with the object of scattering errors in the.
decoding process and for converged errors such as burst
errors.

Recently, in order to cope with digital data processing
systems such as a digital video tape recorder (VTR), a
recording method is widely employed in which the video
signal is compressed by a high-efficiency encoding process
and the compressed video data is recorded on a recording

medium such as a magnetic tape. In a case where such a
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errdr correction. The video data which has been shuffled

o A/D converter 2 is supplied to an audio error correctl o egcoder 5.
audi o error cor- rection encoder 5 encodes the digit Iflﬁiﬁ’ﬁi’ ced or

recording method is employed, the video signal is divided
into blocks in a unit of a plurality of pixels, and each of
these blocks is subjected to a high-efficiency encoding
process. Since the manner of performing this encoding

process varies depending upon the content of the video

signal, the data amount is not always constant. In such a
case, therefore, even if the interleaving process is done in
the error correction, errors caused in the decoding process
and fér burst errors aré not always scattered on a screen,

and errors may become larger than expected.

It is an object of the invention to provide a video-

i audio digital recording and reproducing apparatus which,
even in a case that the video signal is compressed by a
high-efficiency encoding process; is hardly affected by
burst errors.

It is another object of the invention to provide a
video-audio digital recording and reproducing apparatus
which, even in a case that the video signal is compressed by
2 high-efficiency encoding process, can efficiently record
the video signal on a recording medium and reduce the deter-
ioration of the image quality. |

A video~-audio digital recording apparatus according to
the invention comprises an interleave RAM for storing a

blocked video signal in a unit of a block, and a high-
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efficiency encoding circuit for compressing the video signal
which is read out from the interleave RAM, and randomly
performs the process of reading the video signal from the

interleave RAM. In the interleave RAM disposed at the front

stage of the high-efficiency encoding circuit, the video
signal is divided to form a plurality of blocks, and the
sequence of reading these blocks is shuffled. As.a result,’
blocks which will have a larger amount of compressed data

are scattered, and errors caused in the decoding process and

for burst errors also are scattered.

In addition to the interleave RAM and the high-
efficiency encoding circuit, a video-audio digital recording
and reproducing apparatus according to the invention further
comprises ‘a high-efficiency decoding circuit for expanding
compressed video data, and a deinterleave RAM for storing.
video data outputted from the high-efficiency decoding
circuit, and performs the process of writing video data into
the deinterleavé RAM in the same sequence as the process of
reading video data from the interleave RAM. Since the
sequence of writing videc data into the deinterleave RAM
which is Aisposed at the rear stage of the high-efficiency
decoding circuit is the same as that of reading video data
from the interleave RAM disposed at the front stage of the
high-efficiency encoding circuig, the original arrangement

of the blocks can correctly be reconstructed.

error correction encoder 5 are synthesized to each other by an adder,—-
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The invention will be further described by way of

example only with reference to the accompanying drawings, in

which:-

Fig. 1 is a block diagram illustrating the configur-
ation of a prior art video-audio digital recording and‘
reproducing apparatus.

Fig. 2 is a block diagram illustrating the configur-
ation of a video-audio digital recording and reproducing
apparatus according to the invention.

Fig. 3 is a block diagram illustrating the inner
configuration of a high-efficiency encoding circuit used in
the apparatus of Fig. 2.

Fig. 4 is a diagram schematically showing an example of
an input image. |

Fig. 6 is a diagram showing.the distribution of the
data amount in a case where the input image shown in Fig. 4
is compressed by a high-efficiency encoding process.

Fig. 6 is a diagram showing an example of the sequence
of reading-blocks after the input image shown in Fig. 4 is
compressed by a high-efficiency encoding.

Fig. 7 is a graph showing the wvariation of the accumul-
ated data amount obtained when each block is read out in the

sequence shown in Fig. 6.

hesi zed data is supplied to a Cl encoder 6. The Cl encoder 6 derives a
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Fig. 8 is a diagram showing another example of the
sequence of reading blocks after the input image shown in
Fig. 4 is compressed by a high-efficiency encoding.

Fig. 9 is a graph showing the variation of the accumul-
ated data amount obtained when each block is read out from

the blocks in the sequence shown in Fig. 8.

Fig. 2 is a block diagram illustrating the configur-
ation of a video—-audio digital recording and reproducing
apparatus according to the invention. In Fig. 2, reference
numerals 1 and 2 respectively indicate a video A/D converter
which converts an analog video signal into a digital signal,
and an audio A/D converter which converts an analog audio.:
signal into a digital signal. The video signal is converted
into the digital signal by the video A/D converter 1, and
then supplied to an interleave RAM 22. The interleave RAM
22 divides the digital video signal into blocks each of a
plurality of pixels, and performs the interleaving process
with one block as a unit. The video signal read out from
the interleave RAM 22 is supplied to a high-efficiency
encoding circuit 21 which in turn compresses the video
signal in a unit of one block. The compressed video signal

is supplied to a video error correction encoder 20. The
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video error correction encoder 20 has a configuration in
which the C2 encoder 3 and Cl encoder & used in the prior
art apparatus of Fig. 1 are combined together, and derives
Cl and C2 parities and adds them to the video signal to
output the encoded video data to an adder 30. The audio
signal is converted to the digital signal by ‘the audio A/D
converter 2 and supplied to an audio error correction
encoder 5. The audio error correction encoder 5 encodes the
digital audio signal for error qorrection, and the encoded
audio data is sent to the adder 30. The encoded video data
and the encoded audio data are synthesized to each other by
the adder 30, and then supplied to a modulator 7 by which
the data encoded for error correction is encoded for record-
ing. The data encoded for recording is recorded on a
magnetic tape'8 by a magnetic head 10 mounted on a rotating
drum 9.

The configuration of the reproducing system will be
described. Data which has been reproduced from the magnetic
tape 8 is decoded for recording by a demodulator indicated
by the numeral 11. The data decoded for recording is sent
to an A/V separation circuit 13 in which the data decoded
for recording is separated into video data ana audio data.
The video data is supplied to a video error correction
decoder 23, and the audio data to an audio error correction

decoder 18. The video error correction decoder 23 has a
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l4dei nterl éaves (deshuffles) the input video data, and the deshuffled video
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configuration in which the Cl decoder 12 and C2 decoder 15

11

used in the prior art apparatus of Fig. 1 are combined
together, and performs the error cérrection on the basis of
Cl ana C2 parity words. The video data which has been
corrected is supplied to a high-efficiency decoding circuit
24 by which the compressed video data is expanded, and the
expanded video signal is sent to a deinterleaye RAM 25. The
deinter;eave RAM 25 performs the deinterleaving process on
the video signal in a unit of a block. Then, the video
signal stored in the deinterleave RAM 25 is read out to be
sent to an interpolation circuit 16 which interpolates the
video signal in a case where it has been impossible to
pérform the error correction. A video D/A converter 17
converts the digital video signal into an analog signal.
The audio error correction decoder 18 performs the errors
correction on the input audio data, and the corrected audio
signal is supplied to an audio D/A converter 19 which in
turn converts the digital audio signal into an analog
signal.

Fig. 3 is a block diagram illustrating the inner
configuration of the high-efficiency encoding circuit 21
used in the recording system shown in Fig. 2. 'The high-
efficiency encoding circuit 21 comprises an orthogonal
transformation circuit 26 which performs the orthogonal

transform on each of the data blocks in a unit of a block, a
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variable-length encoding circuit 27 which performs the
variable~-length encoding on the output of the orthogonal
transformation circuit 26 in accordance with the content of
the image, and a total data amount estimation circuit 28
which estimates the total data amount after the compression
(i.e., after the variable-length encoding) on the basis of
the data obtained before the high-efficiency encoding {i.e.,
on the basis of the output of the orthogonal transformation
circuit 26). The total data amount estimation circuit 28
controls the data amount in the variable-length encoding
circuit 27 with a block as a unit, so that all the data in a
prredetermined field ultimately converges in a specified
track of the magnetic tape 8.

The operation of this apparatus will be described.

In the recording system, the digitai video signal which
has been converted by the video A/D converter 1 in a similar
manner as the prior art apparatus is stored in the inter-
leave RAM 22, and divided into blocks in a unit of a
plurality of pixels. Then, the video signal is read out so
that the interleaving process is performed in a unit of a
block, and thereafter compressed by the high-efficiency
encoding circuit 21. C1 and C2 parities are a&ded to the
compressed video data by the video error correction encoder
20, thereby encoding the video data for error correction.

The digital audio signal which has been converted by the
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audio A/D converter 2 in a similar manner as the prior art
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apparatus is encoded for error correction by the audio error
correction.encoder 5. The video eﬂcoded data and the audio
encoded data are synthesized to each other by the adder 30.
The synthesized data is encoded for recording by the modula-
tor 7, and then recorded on the magnetic tape 8 by the
magnetic head 10.

In the reproducing system, the digital data reproduced
from the magnetic tape 8 is decoded for recording by the
demodulator 11, and the decoded data is separated by the aA/V
separation circuit 13 into video data and audio data.

Errors in these video and audio data are corrected by the
decoding for error correction in the wvideo error correction
decoder 23 and the audio error correction decoder 18,
respectively.“ When it is impossible to correct an error, a
flag is set to the corresponding data. Then, the compréssed
video data is expanded by the high-efficiency decoding
circuit 24. The expanded data is sent to the deinterleave
RAM 25 to be subjected to the deinterleaving process in a
unit of a block, and thereafter respectively returned to the
positions corresponding to those of the original video
blocks. The video signal in which an error haé not been
corrected and the error flag is on is subjected to the pixel
interpolation along the horizontal and vertical directions

or along the time axis by the interpolation circuit 16.
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Then, the analog video signal is reproduced by the video D/A
converter 17.

In the high-efficiency encodiné method employed in the
above-described digital recording and reproducing apparatus,
generally, the variable-length encoding is carried out after
dividing the video signal into blocks (e.g., each of the
blocks consisting of 8 X 8 pixels) and performing the
orthogonal transform in a unit of a block. When compressed
data is to be recorded on a recording medium such as a
magnetic tape, it is necessary to store compressed data for
one or several fields in a specified track in order to
simplify special reproducing and editing processes. Since
the quantizing and encoding processes in the employed high-
efficiency encoding method are conducted in accordance with
the content of video data in eéch block, the amount of
compressed data in each block for one or several fields is
not always constaﬁt. Depending upon the content of video
data, therefore, there are cases where the amount of com-
pressed data may be so large that the data cannot be
recorded in a specified track, or inversely there are cases
where the amount of compressed data may be so small that a
considerably wide region of a specified track femains
unrecorded. In order to ensure that compressed video data
can be always recorded in a specified track, according to

the embodiment, the total amount of compressed data is



Si ggai I's supplied to the C2 encoder 3. The digital video data to which the
C2 parity has been added in the C2 encoder 3 is subjected to a
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the basis of the data obtained before the high-efficiency
encoding, and the wvariable-length éncoding circuit 27
controls the data amount with a2 block as a unit, so that the
compressed video data in one or several fields ultimately
converge in a specified track.
A case where the video signal indicative of an image of
a house shown in Fig. 4 which has a large amount of data at
the center area is inputted to the apparatus will be descri-
bed. It is assumed that the high-efficiency encoding blocks
are 60 blocks which are obtained by dividing a screen in six
~along the vertical direction and in ten along the horizontal
direction, and that, when the high-efficiency encoding is
performed on each of these blocks, these blocks have data
amounts ranging from 1 to 10 as shown in Fig. 5. The video
signal of each of these blocks is sequentially read out from
the interleave RAM 22 with starting at the upper and left
corner and proceeding along the horizontal direction as
shown in Fig. 6. The numbers shown in a circle of each
blocks in Fig. 6 indicate the sequence of reading the video
signal. When the high-efficiency encoding is proceeded
according to this sequence, the accumulated d;ta amount in
one field varies as shown in Fig. 7. In this illustrated
case, the image correlation exists along the horizontal

direction. Therefore, blocks having a large amount of
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compressed data are localized, resulting in that the
accumulated data amount greatly varies when such a block is
encoded in a high-efficiency. The Sroken straight line in
Fig. 7 indicates an ideal variation of the accumulated data
amount. If the accumulated data amount greatly deviates
from this ideal variation, the final accumulated data amount
cannot be within a prefixed total data amount, and hence the
data amount is controlled. Thi; causes the reduced accuracy
of the compressed video data, i.e., éhe inferior image
quality.

According to the invention, therefore, the blocks are
randomly read out from the interleave RAM 22, for example,
in the sequence shown in Fig. 8. This enables each block to
be encoded in a high-efficiency irrespective of the image
correlation, so that blocks having a greater amount of
compressed data are scattered. As a result, the accumulated
data amount in one field varies as shown in Fig. 9 with
becoming closer to the ideal variation indicated by the
broken straight line. This eliminates the necessity of
controlling the data amount, and prevents the accuracy of
compressed video data from deteriorating.

The reproduced video signal is.written ingo the de-
interleave RAM 25 in the same sequence as that of randomly
reading the video signal from the interleave RAM 22.

Consequently, each block can certainly be returned to its
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original position, thereby enabling the original image to be
accurately reproduced.

Since in the above-described iﬁterleaving process the
sequence of processing the video signal in a unit of a high-
efficiency encoding block is random in the term of positions
in the screen, the arrancement of blocks recorded on a
recording medium is also random, resulting in that errors
are not locally concentrated even if a burst error burst has
occurred on a recording medium in the reproducing process.

As seen from the above description, according to the
invention, since the interleave RAM 22 is disposed at the
front stage of the high-efficiency encoding circuit 21 and
the reading process is randomly conducted in a unit of a
high-efficiency encoding block, it is possible to provide a
video~audio digital recording and reproducing apparatus in
which the degree of the bias in the data amount caused by
the image correlation can be reduced so as to make the
amount of the compressed data to be easily estimated, and
the video signal can be encoded in a high-efficiency without
reducing the accuracy of the compressed video data more than
need, and the deterioration of the image quality can be
reduced, and which is hardly affected by burst‘errors.

As this invention may be embodied in several forms
without departing from the spirit of essential character-

istics thereof, the present embodiment is therefore
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illustrative and not restrictive, since the scope of the
invention is defined by the appended claims rather than by
the description preceding themn, and.all changes that fall
within metes and bounds of the claims, or equivalence of
such metes and bounds thereof are therefore intended to be

embraced by the claims.
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1. A video-audio digital recording apparatus in which

digital video and audio signals are recorded on a recording
medium, comprising:

storage means for dividing a digital video signal into
blocks each having a plurality of pixels, for storing the
blocked video sigﬁal, and for performing the shuffling in a
unit of a block; and

encoding means for reading the blocked video signal
from said storage meaﬁs, and for compressing and encoding

the blocked video signal in a unit of a block.

2. A video—audio digital recording apparatus according
to claim 1, further comprising:

means for adding an error correction code to encoded'
data from said encoding means to obtain video data with
correction code;

means for adding an error correction code to the
digital audio signal to obtain audic data with correction
code; and

means for synthesizing the obtained video.data with
correction code and the obtained audio daté with correction
code, and for recording the synthesized data on the record-

ing medium.
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3. A video-audio digital recording apparatus according
to claim 1 or 2, wherein said encoding means comprises:

an orthogonal transformation circuit for performing an
orthogonal transform on the video signal of each block;

an encoding circuit for performing a variablé—length
encoding on an output of said orthogonal transformation
circuit; and

a control circuit for controlling the variable-length

encoding in said encoding circuit.

4., A video-audio digital recording apparatus according
to claim 3, wherein said control circuit estimates the total
data amount of encoded data obtained by said encoding
circuit, on the basis of the output of said orthogonal
transformation circuit, and controls the data amount of

encoded data in a unit of a block in accordance with the

estimated result.

5. A video-audio digital recording and reproducing
apparatus'in which digital video and audio signals are
recorded on a recording medium and original video and audio
signals are reproduced from the recording medium,
comprising:

first storage means for dividing a digital video signal

| A
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into blocks each having a plurality of pixels, for storing'
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‘the blocked video signal, and for performing the shuffling

in a unit of a block;

encoding means for reading the blocked video signal
from said first storage means, and for compressing and
encoding the blocked v%deo signal in a unit of a block;

decoding means for expanding and decoding the
compressed-encoded ,video signal in a unit of a block; and

second storage means for storing an output of said
decoding means, and for performlnd the deshuffllnd in a unit
of a block, thereby returning blocks to the original

arrangement.

6. A video-audio digital recording and reproducing
apparatus éccording to claim 5, further comprising:

means for adding an error correction code to encoded
data from said encoding means to obtain video data with
correction code;

means for adding an error correction code to the
digital audio signal to obtain audio data with correction
code;

means for synthesizing the obtained video data with
correction code and the obtained audio data wi£h correction
code, and for recording the synthesized data on the record-
ing medium;

means for reproducing the synthesized data from the

T



4 the'thus configured digital recording and reproduci ng apparatus are

usual Fy done with the object of scattering errors in the decodi ng process
and for converged errors such as burst errors. Recent W,_—l n order to cope
with digital data process- Sheet Has Been Rel laced

T
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recording medium, and for separating the synthesized data
into the video data with correction code and the audio data
with correction code;

ﬁeans_for decoding the error correction code of the
separated video data with correction code; and

means for decoding the error correction code of the

separated audio data with correction code.

7. A video~audio digital recording and reproducing
apparatus according to claim 5 or 6, wherein said encoding means
comprises:

an orthogonal transformation circuit for performing an
orthogonal transform on the video signal of each block;

an eﬁcoding circuit for performing a variable-length
encoding on an output of said orthogonal transformation
cifcuit; and

a control circuit for controlling the variable-length

encoding in said encoding circuit.

8. A video-audio digital recording and reproducing
apparatus according to claim 7, wherein said control circuit
estimates the total data amount of encoded dat; obtained by
said encoding circuit, on the basis of the output of said
orthogonal transformation circuit, and controls the data

amount of encoded data in a unit of a block in accordance

HlllII| llllll IIIIl I



I ng %stems such as a digital video tape recorder (VIR), a recording nethod
I s widely enployed in which the vid- eo signal is conpressed by a .
hi gh-effi ci ency encodi ng process and the conpressed video data is recorded
on a recording nedium such as a nagnetic tape. In a case where such a-
recording nethod is enpl oyed, the video This Sheet Hag

R i il

23

with the estimated result.

8. A video—~audio digital recording apparatus in which
analog video and audio signals are inputted to be digitized
and digital video and audio signals are recorded on a
recording medium, comprising:

means for converting an input analog video signal into
a digita; video signal;

means for converting an input analog audio signal into
a digital audio signal;

storage means for dividing the digital video signal
into blocks each having a plurality of pixels, for storing
the blocked video signal, and for performing the shuffling
in a unit of a block;

encoding means for reading the blocked video signal
from said storage means, and for compressing and encoding
the blocked video signal in a unit of a block;

means for adding an error correction code tc encoded
data from said encoding means to obtain video data with
correctioq code;

means for adding an error correction code to the
digital audio signal to obtain audio data with-correction
code; and

means for synthesizing the obtained video data with

correction code and the obtained audio data with correction

llllllli ) Illll \llll li ﬂl\




signJI,is divided into blocks in a unit of a plurality of pix- els, and
each of these blocks is subjected to a high-ef- ficiency encoding process.
Since the manner of per- formng this encodlng process varles dependlng

upon the content of the video signal, the dat gn Replaced

constant.

In such a case, therefore, even if the lﬂl

il
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code, and for recording the synthesized data on the record-

ing medium.

10. A video-audio digital recording and reproducing
apparatus in which analog video and audio signals are
inputted to be digitized, digital video and audio signals
are recorded on.a recording medium and o?iginal analog video
and audéo signals are reproduced from the recording medium,
comprising: |

means for converting an input analog video signal into
a digital video signal;

means for converting an input analog audio signal into
a digital audio signal;

fifst'storage means for dividing the digital video
signal into blocks each having a plurality of pixels, for
storing the blocked video signal, and for performing the
shuffling in a unit of a block;

encoding means for reading the blocked video signal
from said first storage means, and for compressing and
encoding the blocked video signal iﬁ a unit of a block;

means for adding an error correction code to encoded
data from said encoding means to obtain wvideo aata with
correction code;

means for adding an error correction code to the

digital audio signal to obtain audio data with correction

[



I nt edl,eaving process is done in the error correction, er- rors caused in
t he-decodi ng process and for burst errors are not always scattered on a
screen, and errors may becone | arger than expected. EP-A-0401854 discioses

an orthogonal transform coding device in vihich input si gnﬁ{issShggtgasswgngilagg{d
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caode;

means for synthesizing the obtained video data with
correction code and the obtained audio data with correction
code, and for recording the synthesized data on the record-
ing medium;

means for reproducing the synthesized data from the
recordipg me@%um, and for separating the synthesized data
into the video data with corréction cgde and the audio data
with correction code;

video error correction decoding means for decoding the
error correction code of the separated video data with cor-
rection code;

audio error correction decoding means for decoding the
error correction code of the separated audio data with
correction codé;

decoding means for expanding and decoding the error-
corrected video signal in a unit-of a block;

second storage means for stering an output of said
decoding means, and for performing the deshuffling in a unit
of a block, thereby returning blocks to the original ar-
rangement;

means for reading the digital video signai from said
second storage means, and converting it into the analog
video signal; and

means for converting an output of said audio error

e



Iarge!bl-ocks‘v\,hi ch are in turn nmade up of small blocks of data. Subsequent
to the orthogonal transform a data anpunt estimating unit _quantjzes the
small blocks with a plurality of quantizers so that an optl rmm guanti zer

may be selected. On this basis, the orthogonal trans- as Been Re; Iac
processed by a variable | ength encoder. '" ,I ,!
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correction decodingumeans to the analog audio signal.
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The fJUrth.exaane on which the precharacterising por- tion of appended

cl-aiim 1 is based has a | arge bl ock forned by assenbling small bl ocks

situated at various positions of the picture plane wher ebyhisSkeetkia Badn Replaced
in- formation contained in the respecg%ve | arge bl ocks is s Iﬂﬂ'q ’ H '
n LIBRIE 1R

equal since the amount of information

ABSTRACT

VIDEQ-AUDIO DIGITAL RECORDING/REPRODUCING APPARATUS

A video-audio digital recording and reproducing
apparatus, in which the recording system has an interleave
RAM for storing the blocked video signal in a unit of a
block, and an encoding circuit for compressing and encoding
the video signal read out from the interleave RAM, and the
reprcoducing system has a decoding circuit for expanding and
decodigg thg comEressed_vidgo data, and a deinterleave RAM
for storing video data outputted from the decoding circuit.
The reading of blocks from the inﬁerleave-RAM is randoﬁl?
conducted. The sequence of writing blocks into the deinter-
leave RAM is the same as that of reading blocks from the
interleave RAM. In this recording and reproducing appara-
tus, blocks having a large amount of compressed data are
scattered and errors in the decoding process due to burst
errors are also scattered, thereby enabling compressed video

data to be recorded on a recording medium with an improved

efficiency.



|

the picture:plane is scattered.

a video-

In a
ﬁ]ﬁrﬁ

i

even

(]

is an object of the invention to _pravide
whi ch i

It

recordi ng and reproduci ng appar at us
is com pressed by a high-efficie
is hardly affected by burst errors.

audi o digital

case that the video signa

process,

gl 6l
N N
4300030
No11035%00]. N R o 1S
010y 010y
TTAo810 NE TTNo819] [FI193AN0?
-0t Lvavdas]  3ava{t 3999501 Ly tod] v/Ql—o 3N
Il RN \ REI 0301A] -
vy 7 7
TS 51 91 Ll
moH<4,vaaoomc\; g 2
SUEL 1) //mucoozu N
o NOI 1033409 4ILIINNOO|  1wNoi s
YO Tl 010Ny
a08d3 0140y
VY 43 L43ANOD
e o I i M 7 1
~43IN| 0301
77 7 7
L v ¢ _
14y J101 4y
[ 814



placed

1l

ital
s Bex

- eo-ayfl g, dif
[V

0l

51t ‘s anat her object of the invention to provide a vid

recordi ng and reproduci ng appar at us

Oy | b1\,
43009414 _ 43 L4IANOD
. TYND IS
e I it
010NV olany
LInodaio 4300034 11003190 il TTinoaiol [53a3nn00
1l INo11933409 N110930]_] | I¥N9IS
,<mamww N omwmzmrw> zu:mmmu_ IAVIT=INO I LYI0d[> V740 53q A
AN 0341 A -HO [ H -3 INT 4G 43N 0341A
7 7 7 A e
el 02 ve G2 YA
| ZOP<4;_ G, 2
[ Fnaonag | //muaoozw M
7’ NO1 12384020 dILYIANOD | qyygyg
1l | _ TTE 47¥1==0 o) qny
01any otany
43000N3 11n0d19
01|y 0119348001 | N1 G0aN3L. | 5ayanle] T GOY Lo TiNElS
~haon dodud) (AONIINLR Haguni| | - o3ain
08 7 7 7 \\
L 02 12 22 _
81 4



mhich .everr in a case that the video signal is com pressed by a
highseff|C|ency encodi ng process, can ef- ficiently record the video signal
on a recordi ng nmedi um and reduce the deterioration of the imge quality.
According to the present invention, there is provid- ed a video-audio
digital recording apparatus in which
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digitél video and audio signals are recorded on a record- ing nedium
conpri sing: storage neans for dividing a digital video signal into blocks
each having a plurality of pixels, for storing the bl ocked video signal,
and for performng shuf- fling of the blocks within one or several fields;

and
4ja

This Sheet Has Been Replaced
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encodi ng .means for reading the blocked video sig- nal fromsaid storage
means, and for conpressing and encodi ng the bl ocked video signal in a unit
of a block, the encodi ng neans conprising: an orthogonal transfornmation
circuit for perform ng an orthogonal transformon the video signal of each

5]4
Fig.b
ONE BLOCK
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bl ock; tan encoding circuit for performng a variable-length encoding on an .
out put of said orthogonal transfor- mation circuit; and a control circuit

for controlling the variable-1ength encoding in said encoding circuit;
characterised in

Gl4

Fig. b
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that sai.d eontrol circuit estimates the total data ampunt of encqdedhdta
obt ai ned by said encoding circuit for said one or severafht

basis of the utput of said orthogonal transformation ci rCLﬂ \ﬂ"‘“
the data anount of encoded data in a unit
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6 The invention will be further described by way of ex- anple only with
refersence to the acconpanying draw ings, in which:- Fig. 1 is a block
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VIDEO-AUDIO DIGITAL RECORDING/REPRODUCING APPARATUS

) ~+ DATE OF Recppr 18| 93

This invention relates to a2 video-audio digital
recording and reproducing apparatus in which an analog video
signal and an analog audio signal are converted into digital
signals to be recorded on a recording medium and recorded

digital signals are reproduced in an analog form.

A video~audio digital recording and reproducing appara-
tus is known in the art which can record the analog video
signal and thg analog audio signal in a digital form on the
recﬁrding medium such as 2 magnetic tape, a magnetic disk}
an optical disk or the like and reproduce digital signals

. recorded on such a recording medium and convert them into

analog signals. Fig. 1 of the accompanying drawings is a
block diagram illustrating the configuration of a prior art
video-audio digital recording and reproducing apparatus which
is disclosed in Japanese Patent Application Laid-Open
No. 61-61,275.

In Fig. 1, reference numerals 1 and 2 respectively
indicate a video analog-digital (A/D) converter which

converts the analog video signal into the digital signal,



Ll

figuration of a |gh eff|C| ge@oding circuit used i a aratus of
Fig. 2. Fig. 4 is s tically show ng an ex DD A TR rna

i mage. Fig. 5|sa mmme di stribution of t At RV HATA ,
case where the |nput

and an audio A/D converter which converts the analog audio
signal into the digital signal. Video signals which has
been converted into the digital signal by the video A/D
converter 1 is supplied to a C2 encoder 3. The C2 encoder 3
derives a C2 parity in the error correction encoding of the
video signal and adds it to the video signal. The video
signal to which the C2 parity is added is then sent to an
interleave random-access memory {(RAM) 4 which in turn
interleaves (shuffles) the input video data. The audio
signal which has been converted into the digital signal by
the audio A/D converter 2 is supplied to an audio error
correction encoder 5. The audio error correction encoder 5
encodes the digital audio signal for error correction. The
video data which has been shuffled by the interleave RAM 4
and the audio data which has been encoded by the audio error
correction encoder 5 are svnthesized to each other by an
adder, and then the synthesized data is supplied to a Cl
encoder 6. The Cl encoder 6 derives a C1l parity for the
synthesized data and adds it to the data. The data to which
the Cl parity is added is supplied to a modulator 7 which
encodes the error correction encoded data for recording.
The data encoded for recording is recorded on -a magnetic
tape 8 by a magnetic head 10 mounted on a rotating drum 9.
Reference numerals 11-19 in Fig.1l indicate elements of

the reproduc;ng system, and 11 indicates a demodulator which
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Fig. 4 is conpressed by a high-efficiency encodi ng proc- 3 2 T -
di agr am shaowi ng an exanpl e of the se- quence of reading bl ’ @mmﬁf

i nput i mage shown in Fig. 4 is conpressed by a high-effidgi gncy encodi ng-

Fig. 7 is a graph show ng the variation of the accu- 18 JAN 1997
3

decodes reproduced data for recording. The data decoded for

recording is then supplied to a Cl deccder 12. The Cl
decoder 12 performs the error correction on the reproduced
data on the basis of the Cl parity word, and the reproduced
data which has been corrected is sent to an audio/video
(A/V) separation circuit 13. The A/V separation circuit 13
separates the reproduced data into video data and audio
data, and the former is supplied to a deinterleave RAM 14
and the latter to an audio error correction decoder 18. The
deinterleave RAM 14 deinterleaves (deshuffles) the input
video data, and the deshuffled video data is sent to a C2
decoder 15. The C2 deccder 15 performs the error correction
on the deshuffled video data on the basis of the C2 parity
word, and the corrected video signal is sent to an inter-
polation circuit 16 which interpolates the video signal in a
case where it has been impossible to perform the error
correction. A video digital-analog (D/A) converter 17
converts the digital video signal which is outputted from
the interpolation circuit 16, into the analog signal. The
audio error correction decoder 18 performs the error
correction on the input audio data, and the corrected audio
signal is supplied to an audio D/A converter 19 which in
turn converts the digital audio signal the into the analog
signal.

The operation of the prior art apparatus will be

This Sheet Has Been Rep
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mul at ed data anount obtai ned when each block is read oy
shown in Fi'g. 6. Fig. 8 is a diagramshow ng another e
sequence of reading blocks after the input image shownf i
conpressed by a high-efficiency encoding. Fig. 9 is a graph shomnng e
variation of the accu- 18 yAN to57

the sequence -

described.

The analog video signal is converted into the digital
signal by the video A/D converter 1, and the digital video
signal is supplied to the C2 encoder 3. The digital video
data to which the C2 parity has been added in the C2 encoder
3 is subjected to a predetermined shuffling (interleaving)
proéess in the interleave RAM 4, and then sent to the adder.
In contrast, the analog audio signal is converted into the
digital signal by the audio A/D converter 2, and the digital
audic signal is encoded for érror'correction in the audio
error correction encoder 5 and thereafter sent to the adder.
In the adder, both these date are synthesized to each other,
and the synthesized data is supplied to the Cl encoder 6, in
which the. Cl parity is added to the synthesized data. As a
result, the cgoss'interleaving process in which an error
correction parity word is added before and after the inter-
leaving process is carried out. The data which has been
subjected to the encoding for error correction and the
interleave process is encoded for recording by the modulator
7, and then the encoded data is recorded on the magnetic
tape 8 by the magnetic head 10.

In the reproducihg system, the digital data reproduced
by the magnetic head 10 is decoded for recording by the
demodulator 11, and the decoded data is corrected by the Cl

decoder 12 on the basis of the Cl parity word. The output

This Sheet Has Been Replaced
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mul at ed data anount obtai ned when each block is read out fromthe blogcks in

t he sequence shown in Fig. 8 Fig. 2 is a block diagra - '

configura- tion of a video-audio digital recording and nggﬁ Mgm
apparatus according to the invention. In Fig. 2, refer-{ dnce numer al s
2 respectively indicate a video A 18 JAN 1997

i %nd

of the Cl decoder 12 is separated by the A/V separation
circuit 13 into video data and audio data. The audio data
is processed by the audio error correction decoder 18, and
then the analog audio signal is reproduced by the audio D/a
converter 19. 1In contrast, in the deinterleave RAM 14, the
video data is subjected to the deshuffling {deinterleaving)
process in which the data is reafranged‘to the original
sequence, and then the C2 decoder 15 performs the error
correction on the basis of the C2 parity word, or sets an
error flag when it is not possible to correct an error.
Thereafter, the video data is subjected to the primary or
secondary signal interpolation by the interpolation circuit
16, and the analog video signal is reproduced by the video
D/A converter 17

The interleaving and deinterleaving processes in the
thus configured digital recording and reproducing apparatﬁs
are usually done with the object of scattering errors in the
decoding process and for converged errors such as burst
errors.

Recently, in order to cope with digital data processing
systems such as a digital videoc tape recorder {VTR}, a
recording method is widely employed in which the video
signal is compressed by a.high—efficiency encoding process
and the compressed video data iIs recorded on a rgcording

medium such as a magnetic tape. In a case where such a

T I\II il
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D converter which converts an anal og video signal into ) di gital signal,

and an audi‘o A/ D converter which con- verts an anal og ] ' paps

digital signal. The REPLACEMENT SHEET 1 7 OCT 1997 Piéi}ﬂﬂ%@fs%'l
L‘!NAN G574

recording method is employed, the video signal is divided

into blocks in a unit of a plurality of pixels, and each of
these blocks is subjected to a high-efficiency encoding
process. Since the manner of performing this encoding
process varies depending upon the content of the video
signal, the data amount is not always constant. In such a
case, therefore, even if the interleaving process is done in
the error correction, errors caused in the decoding process
and for burst errors are not always scattered on a screen,

and errors may become larger than expected.

It is an object of the invention.to provide a video-
audio digital recording and reproducing apparatus which,
even in a case that the video signal is compressed by a
high-efficiency encoding process, is hardly affected by
burst errors.

It is another object of the invention to provide a
Video-audio digital recording and reproducing apparatus
which, even in a case that the video signal is compressed by
a2 high-efficiency encoding process, can efficiently record
the video signal on a recording medium and reduce the deter-
ioration of the image quality. |

A video-audio digital recording apparatus according to
the invention comprises an interleave RAM for stéring a

blocked video signal in a unit of a block, and a high-

ot Has Been Re: laced

TN

5 ———



7 video signal is converted into the digital signal by the vi deo A/D
converteer 1 and then supplied to an inter- | eave RAM 23 Epf PP A
RAM 22 di vi des the digital

efficiency encoding circuit for compressing the video signal
which is read out from the interleave RAM, and randomly
performs the process of reading thé video signal from the
interleave RAM. In the interleave RAM disposed at the front
stage of the high-efficiency encoding circuit, the video
signal is divided to form a plurality of blocks, and the
sequence of reading these blocks is shuffled. As.a result,’
blocks which will have a larger amount of compressed data

are scattered, and errors caused in the decoding process and

for burst errors also are scattered.

In addition to the interleave RAM and the high-
efficiency encoding circuit, a video-audio digital recording
and reproducing apparatus according to the invention further
comprises a high-efficiency decoding circuit for expanding
compressed video data, and a deinterleave RAM for storing_
video data outputted from the high-efficiency decoding
circuit, and performs the process of writing video data into
the deinterleave RAM in the same sequence as the process of
reading video data from the interleave RAM. Since the
sequence of writing video data into the deinterleave RAM
which is disposed at the rear stage of the high-efficiency
decoding circuit is the same as that of reading video data
from the interleave RAM disposed at the front stage of the
high-efficiency encoding circuit, the original arrangement

of the blocks can correctly be reconstructed.

———
————
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video signal into blocks each of a plurality of pixels,.

interleaving process with one block as a unit.

fromthe interleave RAM 22 is supplied to a high-effic
circuit 21 which in turn conpresses the video signal i
bl ock. The conpressed video signal is supplied to

and perforns the

The vi d

\>
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8 JAN 1997
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The invention will be further described by way of

example only with reference to the accompanying drawings, in

which:~

Fig. 1 is a block diagram illustrating the configur-~-

ation of a prior art video~audio digital recording and

reproducing apparatus.

Fig. 2 is a block diagram illustrating the configur-

ation of a2 video-audio digital recording and reproducing

apparatus according to the invention.

Fig. 3 is a block diagram - -illustrating

configuration of a high—efficieﬁcy encoding

the apparatus of Fig. 2.

the inner

(o

ircuit used in

Fig. 4 is a diagram schematically showing an example of

an input image.

Fig. 5 is a diagram showing the distribution of the

data amount in a case where the input image

is compressed by a high-efficiency encoding

Fig. 6 is a diagram showing an example

shown in Fig. 4

P

(o

rocess.

f the sequence

of reading blocks after the input image shown in Fig. 4 is

compressed by a high-efficiency encoding.

Fig. 7 is a graph showing the variation of the accumul-

ated data amount obtained when each block is read out in the

sequence shown in Fig. 6.

v
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a.video error correction encoder 20. The video error cor- tion encoder 20
has a, conf.i guration in which the C2 ncoder 3 and Cl encode DS 265 Frh el | “‘F
prior art appa- ratus of Fig. 1 are conbined together, andjdes s
C2 parities and adds themto the video signal to output th¢ e¢ncoded video
data to an adder 30. The audio 18 JAN 1997

f
Fig. 8 is'a diagram showing another example of the

sequence of reading blocks after the input image shown in
Fig. 4 is compressed by 2 high-efficiency encoding.

Fig. 9 is a graph showing the variation of the accumul-~-
ated data amount obtained when each block is read out from

the blocks in the sequence shown in Fig. 8.

Fig. 2 is a2 block diagram illustrating the configur-
ation of a video-audio digital recording and reproducing
apparatus according te the invention. 1In Fig. 2, reference
numerals 1 and 2 respectively indicate a video A/D converter
which converts an analog video signal into a digital signal,
and an audio A/D converter which converts an analog audio-
signal into a digital signal. The video signal is converted
into the digital signal by the video A/D converter 1, and
then supplied to an interleave RAM 22. The interleave RAM
22 divides the digital video signal into blocks each of a
plurality of pixels, and performs the interleaving process
with one block as a unit. The video signal read out from
the interleave RAM 22 is supplied'to a high-efficiency

encoding circuit 21 which in turn compresses the video

signal in a unit of one block. The compressed video signal
is supplied to a video error correction encoder 20. The -
ThﬁShﬁiﬁi“ﬁﬁiﬁﬂﬁﬁmi

e~
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signal is converted to the digital signal by the audio A .

suppljed to an audio error correction encoder 5. The audi -r'a' %E%NT
encoder 5 en- codes the digital audio signal for error correct|o Sy Vo kit may
encoded audio data is sent to the adder 30. The en- codeg ?gﬁ a and
t he encoded audi o data are syn-

10

video error correction encoder 20 has a configuration in
which the C2 encoder 3 and Cl encoder 6 used in the prior
art apparatus of Fig. 1 are combined together, and derives
Cl and C2 parities and adds them to the video signal to
output the encoded video data to an adder 30. The audio
signal is converted to the digital signal by the audioc A/D
converter 2 and supplied to an audio error correction
encoder 5. The audio error correction encoder 5 encodes the
digital audio signal for error qorrection, and the encoded
audio data is sent to the adder 30. The encoded video data
and the encoded audio data are synthesized to each other by
the adder 30, and then supplied to a modulator 7 by which
the data encoded for error correétion is encoded for record-
ing. The data encoded for recording is recorded on a
magnetic tape'B by a magnetic head 10 mounted on a rotating
drum 8.

The configuration of the reproducing system will be
described. Data which has been reproduced from the magnetic
tape 8 is decoded for recording by a demodulator indicated
by the numeral 11. The data decoded for recording is sent
to an A/V separation circuit 13 in which the data decoded
for recording is separated into video data ana audio data.
The video data is suppligd to a video error correction
decoder 23, and the audio data to an audio error cbrrection

decoder 18. The video error correction decoder 23 has a
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t-hesi zed to each other by the adder 30, and then sup- plied to a nodul ator
7 by which the data encoded for error correction is encoded for recordlng
The data en- coded for recording is recorded on a nagne ape

magnetic head 10 nounted on a rotating drum 9. The conf EEEEA{E&%EHE‘SHEET
reproduci ng systemw || be

18 AN 1997
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configuration in which the C1 decoder 12 and C2 decoder 15
used in the prior art apparatus of Fig. 1 are combined
together, and performs the error cérrection on the basis of
Cl and C2 parity words. The video data which has been
corrected is supplied to a high-efficiency decoding circuit
24 by which the compressed video data is expanded, and the
expanded video signal is sent to a deinterleave RAM 25. The
deinterleave RAM 25 performs the deinterleaving process on
the video signal in a unit of a block. Then, the video
signal stored in the deinterleave RAM 25 is read out to be
sent to an interpolation circuit 16 which interpolates the
video signal in a case where it has been impossible to
perform the error correction. A video D/A converter 17
converts the digital video signal into an analog signal.
The audio error correction decoder 18 performs the errors.
correction on the input audio data, and the corrected audioc
signal is supplied to an audio D/A converter 19 which in
turn converts the digital audio signal into an analog
signal.

Fig. 3 is a block diagram illustrating the inner
configuration of the high~efficiency encoding circuit 21
used in the recording system shown in Fig. 2. .The high-
efficiency encoding circuit 21 comprises an orthogonal
tfansformation circuit 26.which performs the orthoéonal

transform on each of the data blocks in a unit of a block, a
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descri bed.

decoded for,
data decoded for recording is sent to an AN separation cirf
the data decoded for recording is separated into video datp pnd audi o dat 4.

Dat a whi ch has been reproduced fromthe nmagnetic tape 8 is

recording by a denod- ulator indicated by the r@m

REET

The video data is supplied 18 JAN 1997
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variable-length encoding circuit 27 which performs the
variable~-length encoding on the output of the orthecgonal
transformation circuit 26 in accordance with the content of
the image, and a total data amount estimation circuit 28
which estimates the total data amount after the compression
(i.e., after the variable-length encoding) on the basis of
the data obtained before the high-efficiency encoding (i.e.,
on the basis of the output of the orthogonal tr;nsformation
circuit 26). The total data amount estimation circuit 28

controls the data amount .in the variable-length encoding

circuit 27 with a block as a unit, so that all the data in a

predetermined field ultimately converges in a specified
track of the magnetic tape 8.
. The operation of this apparatus will be described.

In the recording system, the digital video signal which
has been converted by the video A/D converter 1 in a similar
manner as the prior art apparatus is stored in the inter-
leave RAM 22, and divided into blocks in a unit of a
plurality of pixels. Then, the video signal is read out so
that the interleaving process is performed in a unit of a
block, and thereafter compressed by the high-efficiency
encoding circuit 21. Cl and C2 parities are aéded to the
compressed video data by the video error correction encoder
20, thereby encoding the video data for error correction.

The digital audio signal which has been converted by the
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to a video error correction decoder 23, and the audio data to an audio

error correction decoder 18. The video error correction decoder 23 has a
configuration in which the Cl decoder 12 and C2 decoder | %&g@ ’igHE
prior art apparatus of.Fig. 1 are conbi ned together, an 2 REET
error

correction on the basis of Cl1 and C2

18 JAN 1997
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audio A/D converter 2 in a similar manner as the prior art
apparatus is encoded for error correction by the audio error
correction encoder 5. The wvideo eﬂcoded data and the aﬁdio
encoded data are synthesized to each other by the adder 30.
The synthesized data is encoded for recording by the modula-
tor 7, and then recorded on the magnetic tape 8 by the
magnetic head 10.

In the reproducing system, the digital data reproduced
from the magnetic tape 8 is decoded for recording by the
demodulator 11, and the decocded data is separated by the aA/V
separation circuit 13 intoe video data and audio data.

Errors in these video and audio data are corrected by the
decoding for error correction in the video error correction
decoder 23 and the audio error correction decoder 18,
respectively. When it is impossible to correct an error, a
flag is set to the corresponding data. Then, the compr;ssed
video data is expanded by the high-efficiency decoding
circuit 24, The expanded data is sent to the deinterleave
RAM 25 to be subjected to the deinterleaving process in =2
unit of a block, and thereafter respectively returned to the
positions corresponding to those of the original video
blocks. The video signal in which an error hag not been
corrected and the error flag is on is subjected to the pixel
interpolation along the horizontal and vertical directions

or along the time axis by the interpolation circuit 16.
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parity words. The video data which has been corrected I's supplied to a
hi gh-effi cirency decoding circuit 24 by which the conpres ' |

expanded, and the ﬁj NE%H’SHEET
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Then, the analog video signal is reproduced by the video D/A
converter 17.

In the high-efficiency encodiné method employed in thg
above-described digital fécording and repréducing apparatus,
generally, the variable-~length encoding is carried out after
dividing the video signal into blocks (e.g., each of the
blocks consisting of 8 X 8 pixels) and performing the
orthogonal transform in a unit of a block. When compressed
data is to be recorded on a recording medium such as a
magnetic tape, it is necessary to store compressed data for
one or several fields in a specified track in order to
simplify special reproducing and editing processes. Since-
the quantizing and encoding processes in the employed high-
efficiency encoding method are conducted in accordance with
the content of video data in eéch block, the amount of
compressed data in each block for one or several fields is
not always constant. Depending upon the content of video
data, therefore, there are cases where the amount of com-
pressed data may be so large that the data cannot be
recorded in a specified track, or inversely there are cases
where the amount of compressed data may be so small that a
considerably wide region of a specified track ;emains
unrecorded. In order to ensure that compressed video data
can be always recorded in a specified track, according to

the embodiment, the total amount of compressed data is
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expanded video signal is sent to a deinterleave RAM 25. The deinterleave

RAM 25 perforns the deinterleaving process on the video Fri=t—af
a bl ock. Then, the video signal stored in the deinterl ea} E&Eﬁ? 3
out to be sent to an interpolation circuit 16 which intefpplates the Viteo
signal in a case where it has been 18 JAN 1997

13

estimated by the total data amount estimation circuit 28 on
the basis of the data obtained before the high-efficiency
encoding, and the variable-length éncoding circuit 27
controls the data amount with a block as a unit, so that the
compressed video data in one or several fields ultimately
converge in a specified track.

A case where the video signal indicative of an image of
a house shown in Fig. 4 which has a large amount of data at
the center area is inputted to the apparatus will be descri-
bed. It is assumed that the high-efficiency encoding blocks
are 60 blocks which are obtained by dividing a screen in six
along the vertical direction and in ten along the horizontal
direction, and that, when the high-efficiency encoding is
performed on each of these blocks, these blocks haye-data
amounts ranging from 1 to 10 as shown in Fig. 5. The video
signal of each of these blocks is sequentially read out from
the interleave RAM 22 with starting at the upper and left
corner and proceeding along the horizontal direction as
shown in Fig. 6. The numbers shown in a circle of each
blocks in Fig. 6 indicate the sequence of reading the video
signal. When the high-efficiency encoding is proceeded
according to this sequence, the accumulated d#ta amount in
one field varies as shown in Fig. 7. In this illustrated
case, the image correlation exists along the horizontal

direction. Therefore, blocks having a large amount of

————
—
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i npossible to performthe error correction. A video DA converter 17
converts tthe digital video signal into an an- al og signal. : '
correction decoder 18 per- forns the errors correction on tHetimld *wﬁﬁiSHEET
data, and the corrected audio signal is supplied to an audijo D/ A CONVETTE

19 which in turn converts the digital audio sig- 18 JAN 1997
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compressed data are localized, resulting in_that the
accumulated data amount greatly varies when sﬁch a block is
encoded in a high-efficiency. The Broken straight line in
Fig. 7 indicates an ideal variation of the accumulated data
amount. If the accumulated data amount greatly deviates
from this ideal variaticen, the final accumulated data amount
cannot be within & prefixed total data amount, and hence the
data amount is controlled. Thi; causes the reduced accuracy
of the compressed video data, i.e., fhe inferior image
guality.

According to the invention, therefore, the blocks are
randomly read out from the interleave RAM 22, for example,
in the sequence shown in Fig. 8. This enables each block to
be encoded in a high-efficiency irrespective of the image
correlation, so that blocks having a greater amount of
compressed data are scattered. As a result, the accumulated
data amount in one field varies as shown in Fig. 8 with
becoming closer to the ideal variation indicated by the
broken straight line. This eliminates the necessity of
controlling the data amount, and prevents the accuracy of
compressed video data from deteriorating.

The reproduced video signal is written in£o the de-
interleave RAM 25 in the same sequence as that of randomly
reading the video signal from the interleave RAM 22.

Consequently, each block can certainly be returned to its
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into an analog signal. Fig. 3 is a block diagramill ust
con- figuration of the high-efficiency encoding circuit 21
recordi ng systemshown in Fig. 2. The high-effi- ciency engo
conprises an orthogonal transformation circuit 26 which perjf
or t hogonal

17

original position, thereby enabling the original image to be
accurately reproduced.

Since in the above-described iﬁterleaving process the
sequence of processing the video signal in a unit of a high-
efficiency encoding block is random in the term of positions
in the screen, the arrangement of blocks recorded on a
recording medium is also random, resulting in that errors
are not locally concentrated even if a2 burst error burst has
occurred on a recording medium in the.reproducing process.

As seen from the above description, according to the
invention, since the interleave RAM 22 is disposed at the
front stage of the high-efficiency encoding circuit 21 and
the reading process is randomly conducted in a unit of a
high-efficiency encoding block, it is possible to provide a
video-audio digital recording and reproducing apparatus in
which the degree of the bias in the data amount caused by
the image correlation can be reduced so as to make the
amount of the compressed data to be easily estimated, and
the vi@eo signal can be encoded in a high-efficiency without
reducing the accuracy of the compressed video data more than
need, and the deterioration of the image quality can be
reduced, and which is hardly affected by burst‘errors.

As this invention may be embodied in several forms
without departing from the spirit of essential character-

istics thereof, the present embodiment is therefore
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transformon each of the data blocks in a unit of a block, a

vari able-length encoding circuit 27 which perforns the variahle:length
encodi ng on the output of the orthogonal transformation qREPH

accordance with the content of the imge, and a total datja QH%ELtQHWPSPEET

estimation circuit 28 which estimates the total data anoynt] after the co
18 JAN 1997
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illustrative and not restrictive, since the scope of the
invention is defined by the appended claims rather than by
the descripﬁion preceding thenm, and'all changes that fall
within metes and bounds of the claims, or equivalence of
such metes and bounds thereof are therefore intended to be

embraced by the claims.
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pression (i.e., after the variable-length encoding) on the basis of the
dat a eobt ained before the high-efficiency en- coding (i.e., on the basis of*

the output of the orthogonal transformation circuit 26)..The.tot-al--dat
amount esti- mation circuit 28 controls the data anmount REP]_}M‘Q;__ 4@,‘1‘
bl e-l1 ength encoding circuit 27 with a block as a unit, pop—"" """
' 18 Ian 1997
1%
CLAIMS

I. A video~audio digital recor&ing apparatus in which
digital videc and audio signals are recorded on a2 recording
medium, comprising:

storage means for dividing a digital video signal into
blocks each having a plurality of pixels, for storing the
blocked wvideo sigﬁal, and for performing the shuffling in a
unit of a2 block; and

encoding mean; for reading the blocked video signal
from said storage meaﬁs, and for compressing and encoding

the blocked video signal in a unit of a block.

2. A video-audio digital recording apparatus according
to claim 1, further comprising:

means for adding an error correction code to encoded.
data from said encoding means to obtain video data with
correction code;

means for adding an error correction cdde to the
digital audio signal toc obtain audio data with correction
code; and

means for synthesizing the obtained video.data with
correction code and the obtained audio data with correction
code, and for recording the synthesized data on the record-

ing medium. e L
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that all the data in a predetermned field ultimately con- verges in a

speci fi ed ‘track of the magnetic tape 8. The operation of this apparatus
wi || be described.

{8 Jan 197
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3. A video-audio digital recording apparatus according
to claim 1 or 2, wherein said encoding means comprises:

an orthogonal transformation circuit for performing an
orthogonal transform on the video signal of each block;

an encoding circuit for performing a variable-length
encoding on an output of said orthogonal transformation
circuit; and

a control circuit for controlling the variable-length

encoding in said encoding circuit.

4. A video~audio digital recording apparatus according
to claim 3, wherein said control circuit estimates the total
data amount of encoded data obtained by said encoding
circuit, on the basis of the output of said orthogonal
transformation circuit, and controls the data amount of

encoded data in a unit of a block in accordance with the

estimated result.

5. A video-audio digital recording and repreducing
apparatus in which digital video and audio signals are
recorded on a recording medium and original video and audio
signals are reproduced from the recording medium,
comprising:

first storage means for dividing a dlgltal video signal

is Sheet Has Been Replaced / /”/I
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9 In the recording system the digital video signal \r/T\chh has been
converted by the video A/D converter 1 in a simlar

apparatus is stored in the interleave RAM 22, and di viide Mﬁbﬁm N platet

unit of a plurality of pixels. Then, the video signal 4,|s rea

T 18JAN1%ﬁ
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into blocks each having a plurality of pixels, for storing
the blocked video signal, and for performing the shuffling
in a unit of a block;

encoding means for reading the blocked video signal
from said first storage means, and for compressing and
encoding the blocked v@deo signal in a unit of a2 block;

decoding means for expanding and decoding the
compressed-encoded ,video signal in a unit of a block; and

second storage means for storing an output of said
decoding means, and for perforﬁing éhe“deshuffling in a unit
of a block, thereby returning blocks to the original

arrangement.

6. A video~audio digital recording and reproducing
apparatus ;ccording to claim 5, further comprising:

means for adaing an error correction code to encoded
data from said encoding means to obtain video data with
correction code; |

means for adding an error correction code to the
digital audio signal to obtain audio data with correction
code;

means for synthesizing the obtained video data with
correction code and the obtained audio data wifh correction
code, and for recording the synthesized data on the record-
ing medium;

means, for reproducing the synthesized data from the

T —— —————

i —————"

s *



o -

r
:

out so that the interleaving process is perforned in a bnllhof a bl ock, and

thereafter :conpressed by the high- efficiency encoding'ciﬂ.ﬁ‘ A £ ok g

C2 parities are added to the conpressed video data by t:h , ko HEET
correction encoder 20, thereby encoding the video dataffo
correction.

The digital audio signal which has 18 JAN 1997
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recording medium, and for separating the synthesized data
into the video data with correction code and the audio data
with correction code;

means for decoding the errer correction code of the
separated video data with correction code; and

means for decoding the error correction code of thé

separated audio data with correction code.

7. A video-audio digital recording and reproducing
apparatus according to claim 5 or 6, wherein said encoding means
comprises:

an orthogonal transformation circuit for performing an
orthogonal transform on the video signal of each block;

“an eﬁcoding circuit for performing a variable-length
encoding on an output of said orthogonal transformation
cifcuit; and

a control circuit for controlling the variable-length

encoding in said encoding circuit.

8. A video-audio digital recording and reproducing
apparatus according to claim 7, wherein said control circuit
estimates the total data amount of encoded dat; obtained by
said encoding circuit, on the basis of the output of said
orthogonal transformation circuit, and controls- the data

amount of encoded data in a unit of a block in accordance

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\
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been converted by the audio A/D converter 2 in a simlar manner as the
prior-art *apparatus is encoded for error correction by the audlo errar
- correction encoder 5. The video encoded data and the au ‘ mwﬁgogﬁﬁﬁare
synt hesi zed to each other by the adder 30. The synthe- g% ~F

encoded for recording by the nodul ator 7,

23

with the estimated result.

9. A video-audio digital recording apparatus in which
analog video and audio signals are inputted to be digitized
and digital video and audio signals are recorded on a
recording medium, comprising:

means for converting an input analog video signal into
a digital video signal;

means for converting an input analog audio signal into
a digital audio signal;

storage means for dividing the digital video signal
into blocks each having a2 plurality of pixels, for storing
the' blocked video signal, and for performing the shuffling
in a unit of a block;

encoding means for reading the blocked video signal
from said storage means, and for compressing and encoding
the blocked video signal in a unit of a block;

means for adding an error correction code to encoded
data from said encoding means to obtain video data with
correction code;

means for adding an error correction code to the
digital audio signal.to obtain audio data with.correction
code; and

means for synthesizing the obtained video data with

correction code and the obtained audlo data with correction

———— —
—— — e e
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aﬁd then recorded on the nmagnetic tape 8 by the mag- netic head 10. in the

reproduci ng system the digital data repro- duced fromthe
i s decoded for recording by the denodul ator 11, and the deL'
rated by the A/V separation circuit 13 into video daf

sepa-

18 JAN 1997
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code, and for recording the synthesized data on the record-

ing medium.

10. A video-audio digital recording and reproducing
apparatus in which analog video and audio signals are
inputted to be digitized, digital video and audio signals
are recorded on.a recording medium and o;iginal analog video
and audio signals are reproduced fronm the recording medium,
comprising: |

means for converting an input analog video signal into
a digital video signal;

means for converting an input analog audio signal into
a digital audio signal;

first.storage means for dividing the digital video
signal into blocks each having a plurality of pixels, for
storing the blocked video signal, and for performing the
shuffling in a unit of a block;

encoding means for reading the blocked videc signal
from said first storage means; and for compressing and
encoding the blocked video signal in a unit of a block;

means for adding an error correction code to encoded
data from said encoding means to obtain video aata with
correction code;

means for adding an error correction code to the

digital audio signal to obtain audio data with correction
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and audio data. Errors in these video and audio data are corrected by the
decoding for error correction in the vid- eo error correctrmn decoder 23
and the audio error cor- rection decoder 18, respectively. REP& (iﬁ?jﬁﬁ
i npossible to correct an error, a flag is set to the corregs
Then, the conpressed video data I s expanded by the

18 JAN 1997
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code;

means for synthesizing the obtained video data with
correction code and the obtained audio data with correction
code, and for recording the synthesized data on the record-
ing medium;

means for reproducing the synthesized data from the
recording mg@@um, and for separating the synthesized date
into the video data with correction céde and the audio data
with correction code;

video error correction decoding means for decoding the
error correction code of the separated video data with cor- |
rection code;

audio error correction decoding means for decoding the
error correction code of the separated audio data with
correction codé;

decoding means for expanding and decoding the error-
corrected video signal in a unlt of a block;

second storage means for storing an output of said
decoding means, and for performing the deshuffling in a unit
of a block, thereby returning blocks to the original ar-
rangement;

means for reading the digital video signai from said
second storage means, and converting it into the analog
video signal; and

means for converting an output of said audlo error
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[ ||| IIIII llllll mll Illll II Illl




hi gh-efficiency decoding circuit 24. The expanded data is sent to the
deinterl eave RAM 25 to be subjected to the deinterl eaving jpgt
of a block, and there- after respectively returned to the
correspond- ing to those of the origi'nal video blocks. Th
whi ch an error has riot been corrected and the error

26

c i ;
orrection deCOdln%Umeans to the analog audio signal.
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flag is on is subjected to the pixel interpolation alon _the'horiiontal and

vertical directions or along the tinme axis by the inter it flas Beed Rbabo 18
Then, the anal og video signal is reproduced by the video 1 1} f?
In the high-efficiency encoding nethod enployed in the a fiil'g H’ i
digital recording and reproducing
27
ABSTRACT
VIDEQ-AUDIO DIGITAL RECORDING/REPRODUCING APPARATUS

A video-audio digital recording and reproducing
apparatus, in which the recording system has an interleave
RAM for storing the blocked wvideo signal in 2 unit of =a
block, and an encoding circuit for compressing and encoding
the video signal read out from the interleave RaM, and the
reproducing system has a decoding circuit for expanding and
decodigg the compressed video data, and 2 deinterleave RAM
for storing video data outputted from the decoding circuit.
The reading of blocks from the inﬁerleave.RAM is randcomly
conducted. The secuence of writing blocks into the deinter-
leave RAM is the same as that of reading blocks from the
interleave RAM. In this recording and reproducing appara-
tus, blocks having 2 large amount of compressed data are
scattered and errors in the decoding process due to burst
errors are also scattered, thereby enabling compressed video
data to be recorded on a recording medium with an improved

efficiency. r
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processes Since the quantizing and encoding process- es in the enpl oyed
hi gh- eff|C|ency encodi ng method are conducted in accordance with the
content of video data in each bl ock, the amount of conpressed data in each

bl ock for one or several fields is not always constant.
content of video data, therefore, “ IFT"i mm
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t-here are cases where the anmount of conpressed data may be so |arge that
the data cannot be recorded in a specified track,

or inversely there are
cases iwhere the amount of conpressed data may be so small that a con-
siderably wi de region of a specified track remains unre-,cof&Ent. i
to ensure that conpressed video data

. 18 JAN 1997
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can be always recorded in a specified track, according to the enbodi nent,
the tofal anmount of conpressed da- ta is estlnated by the total dat a anDunt
estimation cir- cuit 28 on the basis of the data obtained lpe s

efficiency encoding, and the variable-1ength encodi ng C|rc
the data anobunt with a block as a unit,
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so that the conpressed video data in one or several fields ultimtely
converge Iin a specified track. A case where the video sig 3 catlve of
an i mage of a house shown in Fig. 4 which has a | arge anoyni >
center area is inputted to the apparatus will be describeg. [T

t hat the high-efficiency en-
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cdding bl.ocks are 60 bl ocks which are obtained by di- viding a screen in
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Fig. 5.
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direction. Therefore, blocks having a | arge anount of conpressed data are
| ogal i zed, resulti ng in that the ac- cumul ated_data am)unt greatly varies

when such, a bl ock is encoded in a high-efficijencpapilherhrsResBtTal giG 11 N

in Fig. 7 indicates
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an ideal variation o{ t he

the accunul ated data E’Claim(a) s paged A2 1o paged 1&T
VIDEO-AUDIO DIGITAL RECORDING/ mﬁ@ﬂizﬁu}u@ paged .

| DATE OF RECERT J2loler

Description

‘This invention relates to a video-audio digital re-
cording and reproducing apparatus in which an analog
video signal and an analog audio signal are converted
into digital signals to be recorded on a recording medium
and recorded digital signals are reproduced in an analog
form,

A video-audio digital recording and reproducing ap-
paratus is known in the art which can record the analog
video signal and the analog audio signal in a digital form
on the recording medium such as a magnetic tape, a
magnetic disk, an optical disk or the like and reproduce

-digital signals recorded on such a recording medium

and convert them into analog signals. Fig. 1 of the ac-
companying drawings is a block diagram illustrating the
configuration of a prior art video-audio digital recording
and reproducing apparatus which is disclosed in Japa-
nese Patent Application Laid-Open No. 61-61,275.

In Fig. 1, reference numerals 1 and 2 respectively
indicate a video analog-digital (A/D) converter which
converts the analog video signal into the digital signal,
and an audio A/D converter which converls the analog

REPLACEMENT SHEET
17 QCT 1947

udio signal into the digital signal. Video signals which
as been converted into the digital signal by the video

D converter 1 is supplied to a C2 encoder 3. The C2
encoder 3 derives a C2 parity in the error correction en-
coding of the video signal and adds it lo the video signal.

iThe video signal to which the C2 parity is added is then

sent to an interleave random-access memory (RAM) 4
which in turn interleaves (shuffles) the input video data.
The audio signal which has been converted into the dig-
ital signal by the audio A/D converter 2 is supplied to an
audio error correction encoder 5. The audio error cor-
rection encoder 5 encodes the digital audio signal for
error correction. The video data which has been shuffled



anount greatly deviates fromthis ideal variation, the fi- nal accunul ated
data anount cannot be within a pre- fixed total data anount, and hence the
data amount is controlled. This causes the reduced accuracy of the
conpressed video data. i.e., the inferior imge quality. According to the
i nvention, therefore, the bl ocks are 2

by the interleave RAM 4 and the audio data which has

been encoded by the audio esror correction encoder 5

are synthesized to each other by an adder, and then the

synthesized data is supplied toa C1 encoder 6. The C1

encoder 6 derives a C1 parity for the synthesized data

and adds it to the data. The data to which the C1 parity

is added is supplied to a modulator 7 which encodes the

error correction encoded data for recording. The data

encoded for recording is recorded on a magnetic tape

8 by a magnetic head 10 mounted on a rotating drum 9.

Reference numerals 11-19 in Fig.1 indicate ele-

ments of the reproducing system, and 11 indicates a de-

modulator which decodes reproduced data for record-

ing. The data decoded for recording is then supplied to

a C1 decoder 12. The C1 decoder 12 performs the error

correction on the reproduced data on the basis of the

C1 parity word, and the reproduced data which has been

corrected is sent to an audio/video (A/V) separation cir-

cuit 13. The A/V separation circuit 13 separates the re-

produced data into video data and audio data, and the

former is supplied to a deinterleave RAM 14 and the lat-

ter to an audio error correction decoder 18. The deinter-

leave RAM 14 deinterleaves (deshuffles) the input video

data, and the deshuffled video data is sent to a C2 de-

coder 15. The C2 decoder 15 performs the error correc-

lion-on the deshuffled video data on the basis of the C2

REPLACEMENT SHEET parity word, and the corrected video signal is sent to an

interpolation circuit 16 which interpolates the video sig-

17 0CT 1997 nal in a case where it has been impossible to perform

the error correction. A video digital-analog {D/A) con-

verter 17 converts the digital video signal which is out-

putted from the interpolation circuit 16, into the analog

signal. The audio error correction decoder 18 performs

the error correction on the input audio data, and the cor-

rected audio signal is supplied to an audio D/A converter

19 which in turn converts the digital audio signal the into
the analog signal.

The operation of the prior art apparatus will be de-

scribed.




randomy read out fromthe interl eave RAM 22,

for ex-

anple, in the

sequence shown in Fig. 8. This enables each bIock to be encoded in a

hi ‘gh- efficiency irrespec- tive of the image correlation,

so that bl ocks

having a greater anmount of conpressed data are scattered. As a result,

accunul ated data anmount in one field vard es

! gﬁﬁ;ﬁi‘% i 3w
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The analog video signal is converted into the digital
signal by the video A/D converter 1, and the digital video
signal is supplied lo the C2 encoder 3. The digital video
data to which the C2 parily has been added in the C2
encoder 3 is subjecled lo a predetermined shuifling (in-
terleaving) process in the interleave RAM 4, and then
sent lo the adder. In contrast, the analog audio signal is
converted into the digital signal by the audio A/D con-
verter 2, and the digital audio signal is encoded for error
correction in the audio error correction encoder 5 and
therealler sent to the adder. In the adder, both these da-
ta are synthesized lo each other, and the synthesized
data is supplied to the C1 encoder 8, in which the C1
parity is added to the synthesized data. As a result, the
cross interleaving process in which an error correction
parity word is added before and after the interleaving
process is carried out. The data which has been sub-
jected to the encoding for error correction and the inter-
leave process is encoded for recording by the modulator
7, and then the encoded data is recorded on the mag-

_ netic tape 8 by the magnetic head 10. _
In the reproducing system, the digital data repro-

duced by the magnetic head 10 is decoded for recording
by the demoduiator 11, and the decoded data is correct-
ed by the C1 decoder 12 on the basis of the C1 parity
word. The output of the C1 decoder 12 is separated by
the A/V separation circuit 13 into video data and audio
data. The audio data is processed by the audio error

correction decoder 18, and then the analog audio signal

is reproduced by the audio D/A converter 19. In contrast,
in the deinterleave RAM 14, the video data is subjected
to the deshuffling (deinterleaving) process in which the

| data is rearranged to the original sequence, and then

the C2 decoder 15 performs the error correction on the
basis of the C2 parity word, or sels an error flag when it
is not possible to correct an error. Thereafter, the video
data is subjected to the primary or secondary signal in-
terpolation by the interpolation circuit 16, and the analog
video signal is reproduced by the video D/A converter
17.

The interleaving and deinterleaving processes in

t he



as shown in Fig. 9 with becomng closer to the ideal var- iation indicated
by the broken straight line. This elim- nates the necessity of controlling
t he data.anobunt, and prevents the accuracy of conpressed video data from
deteriorating. The reproduced video si gngl is witten into the dein-

the thus configured digital recording and reproducing
apparatus are usually done with the object of scattering
errors in lhe decoding process and for converged errors
such as burst errors.

Recently, in order to cope with digilal data process-
ing systems such as a digital video tape recorder (VTR),
a recording method is widely employed in which the vid-
eo signal is compressed by a high-efficiency encoding
process and the compressed video dala is recorded on
a recording medium such as a magnetic tape. In a case
where such a recording method is employed, the video
signal is divided into blocks in a unit of a plurality of pix-
els, and each of these blocks is subjected to a high-ef-
ficiency encoding process. Since the manner of per-
forming this encoding process varies depending upon
the content of the video signal, the data amount is not
always constant. In such a case, therefore, even if the
interleaving process is done in the error correction, er-
rors caused in the decoding process and for burst errors
are not always scattered on a screen, and efrors may
become larger than expected.

EP-A-0401854 discloses an orthogonal transform
coding device in which input signals are subdivided into
large blocks which are in turn made up of small blocks
of data. Subsequent to the orthogonal transform, a data
amount estimating unit quantizes the small blocks with
pe- - a pluralily of quantizers so that an optimum quantizer
KEPLACEMENT SHEET may be selected. On this basis, the orthogonal trans-
ET formed data is processed by a variable length encoder.
17 0CT 997 The fourth example on which the precharacterising por-
tion of appended claim 1 is based has a large block
formed by assembling small blocks situated at various
positions of the picture plane whereby the amount of in-
formation contained in the respective large blocks is
substantially equal since the amount of information on
the picture plane is scattered.

{t is an object of the invention to provide a video-
audio digital recording and reproducing apparatus
which, even in a case that the video signal is com-
pressed by a high-efficiency encoding process, is hardly
affected by burst errors.

i




terl eave RAM 25 in the same sequence as that of ran- domly reading the
vi deo ‘si‘gnal fromthe interleave RAM 22. Consequently, each bl ock can
certainly be returned to its original position, thereby enabling the
original im age to be accurately reprgyuced.

v

[t is another object of the invention to provide a vid-
ec-audio digital recording and reproducing apparatus
which, even in a case that the video signal is com-
pressed by a high-efficiency encoding process, can ef-
ficiently record the video signal on a recording medium
and reduce the deterioration of the image quality.

According to the present invention, there is provid-
ed a video-audio digital recording apparatus in which
digital video and audio signals are recorded on a record-
ing medium, comprising:

storage means for dividing a digital video signal into
blocks each having a plurality of pixels, for storing
the blocked video signal, and for performing shuf-
fling of the blocks within one or several fields; and
encoding means for reading the blocked video sig-
nal from said storage means, and for compressing
and encoding the blocked video signal in a unit of a
block, the encoding means comprising:
an orthogonal transformation circuit for performing
an orthogonal transform on the video signal of each
block;
an encading circuit for performing a variable-length
encoding on an output of said orthogonal transfor-
mation circuil; and
a control circuit for controlling the variable-length
encoding in said encoding circuit; characterised in
that
|REPLACEMENT SHEET said controt circuit estimates the total data amount
of encoded data obtained by said encoding circuit
17 0CT ©97 for said one or several fields, on the basis of the
utput of said orthogonal transformation circuit, and
controls the data amount of encoded data in a unit
of a block in accordance with the estimated result
so that the compressed data of said one or several
fields converges to a predetermined amount of da-
ta.




12 Since in the above-described interleaving process the sequence of
processi hg the video signal in a unit of a high-efficiency encoding bl ock
is randomin the term

The invention will be further described by way of ex-
ample only with reference to the accompanying draw-
ings, in which:-

Fig. 1 is a block diagram illustrating the configura-
tion of a prior art video-audio digital recording and re-
producing apparatus.

Fig. 2 is a block diagram iflustrating the configura-
tion of a video-audio digital recording and reproducing
apparatus according to the invention.

Fig. 3 is a block diagram illustrating the inner con-
figuration of a high-efficiency encoding circuit used in
the apparatus of Fig. 2.

Fig. 4 is adiagram schematically showing an exam-
ple of an input image. '

Fig. 5 is a diagram showing the distribution of the
data amount in a case where the input image shown in
Fig. 4 is compressed by a high-efficiency encoding proc-
ess.

Fig. 6 is a diagram showing an example of the se-
quence of reading blocks after the input image shown
in Fig. 4 is compressed by a high-efficiency encoding.

Fig. 7 is a graph showing the variation of the accu-
mulated data amount obtained when each block is read
out in the sequence shown in Fig. 6.

Fig. 8 is a diagram showing another example of the
sequence of reading blocks after the input image shown
in Fig. 4 is compressed by a high-efficiency encoding.

Fig. 9 is a graph showing the variation of the accu-
mulated data amount obtained when each block is read
out from the blocks in the sequence shown in Fig. 8.

Fig. 2 is a block diagram illustrating the configura-
tion of a video-audio digital recording and reproducing
apparatus according to the invention. In Fig. 2, refer-
ence numerals 1 and 2 respectively indicate a video A/
D converter which converts an analog video signal into
a digital signal, and an audio A/D converter which con-
verts an analog audio signal into a digital signal. The

REPLACEMENT SHEET
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of positions in the screen, the arrangenent of blocks re- corded on a
recording mediumis also random resulting in that errors are not locally
concentrated even if a burst error burst has occurred on a recordi ng nedi um
in the reproduci ng process. As seen froglthe above description, according
to

video signal is converted into the digital signal by the
video A/D converter 1, and then supplied to an inter-
leave RAM 22. The interleave RAM 22 divides the digital
video signal into blocks each of a piurality of pixels, and
performs the interleaving process with one block as a
unit. The video signal read out from the interleave RAM
- 22 I8 supplied to a high-efficiency encoding circuit 21

REPLACEMENT SHEET which in turn compresses the video signal in a unit of
one block. The compressed video signal is supplied to
17 OCT 1997 a video error correction encoder 20. The video error cor-
ection encoder 20 has a configuration in which the C2
encoder 3 and C1 encoder 6 used in the prior art appa-
ratus of Fig. 1 are combined together, and derives C1
and C2 parities and adds them to the video signal to
output the encoded videodata to an adder 30. The audio
signal is converted to the digital signal by the audio A/
D converter 2 and supplied to an audio error correction
encoder 5. The audio error correction encoder 5 en-

codes the digital audio signal for error correction, and
the encoded audio dala is sent to the adder 30. The en-
coded video data and the encoded audio data are syn-
thesized to each other by the adder 30, and then sup-
plied 1o a modulator 7 by which the data encoded for
error correction is encoded for recording. The data en-
coded for recording is recorded on a magnetic tape 8 by

a magnetic head 10 mounted on a rotating drum 8.

The configuration of the reproducing system will be
described. Data which has been reproduced from the
magnetic tape 8 is decoded for recording by a demod-
ulator indicated by the numeratl 11. The data decoded
for recording is sent to an A/V separation circuit 13 in
which the data decoded for recording is separated into
video data and audio data. The video data is supplied
to a video error correction decoder 23, and the audio
data to an audio error correction decoder 18. The video
error correction decoder 23 has a configuration in which
the C1 decoder 12 and C2 decoder 15 used in the prior
art apparatus of Fig. 1 are combined together, and per-
forms the error correction on the basis of C1 and C2
parity words. The video data which has been corrected




the invention, since the interleave RAM 22 is disposed at th rWEMEN'a@HEET
of t'he' hi gh- efficiency encoding circuit 21 and the reading pfogess Is
randon1y conducted in a unit of a high-efficiency encoding bf ocks bCTSWQ?
possible to provide a video-audio digital recording and reprjoduci ng
apparatus in which the degree of the bi8s in the data

is supplied to a high-efficiency decoding circuit 24 by
which the compressed video data is expanded, and the
expanded video signal is sent to a deinterleave RAM 25.
The deinterleave RAM 25 performs the deinterleaving
process on the video signal in a unit of a block. Then,
the video signal stored in the deinterleave RAM 25 is
read out to be sent to an interpolation circuit 16 which
interpolates the video signal in a case where it has been
impossible to perform the error correction. A video D/A
converter 17 converts the digital video signal into an an-
alog signal. The audio error correction decoder 18 per-
forms the errors correction on the input audio data, and
the corrected audio signal is supplied to an audio D/A
converter 19 which in turn converts the digital audio sig-
nal into an analog signal.

Fig. 3 is a block diagram illustrating the inner con-
figuration of the high-efficiency encoding circuit 21 used
in the recording system shown in Fig. 2. The high-effi-
ciency encoding circuit 21 comprises an orthogonal
transformation circuit 26 which performs the orthogonal
transform on each of the data blocks in a unit of a block,
a variable-length encoding circuit 27 which performs the
variable-length encoding on the output of the orthogonal
transformation circuit 26 in accordance with the content
of the image, and a total data amount estimation circuit
28 which estimates the total data amount after the com-
pression (i.e., after the variable-lenglh encoding) on the
basis ot the data obtained before the high-efficiency en-
coding (i.e., on the basis of the output of the orthogonal
transformation circuit 26). The total data amount esti-
mation circuit 28 controls the data amount in the varia-
ble-length encoding circuit 27 with a block as a unit, so
that all the data in a predetermined field uitimately con-
verges in a specified track of the magnetic tape 8.

The operation of this apparatus will be described.



anount caused by the inmage correlation can be reduced so asjgg
ampunt ‘of the conpressed data to be easily estimated, and t |reta {54\d
can he encoded in a high-efficiency without reducing the acgufacy of the
conpressed video data nore than need, and the dete- rioratipn}of{peri gege
quality can be reduced, and which 9

In the recording system, the digilal video signal
which has been converled by the video A/D converter 1
in a similar manner as the prior art apparatus is stored
in the interleave RAM 22, and divided into blocks in a
unit of a plurality of pixels. Then, the video signat is read
oul so that the interleaving process is performed in a
unit of a block, and thereafter compressed by the high-
efficiency encoding circuil 21. C1 and C2 parities are
added to the compressed video data by the video error
correction encoder 20, thereby encoding the video data
for error correction. The digital audio signal which has
been converted by the audio A/D converter 2 in a similar
manner as the prior art apparatus is encoded for error
correction by the audio error correction encoder 5. The
video encoded data and the audio encoded data are
synthesized to each other by the adder 30. The synthe-
sized data is encoded for recording by the modulator 7,
and then recorded on the magnetic tape 8 by the mag-
netic head 10.

tn the reproducing system, the digital data repro-
duced from the magnetic tape 8 is decoded for recording
by the demodulator 11, and the decoded data is sepa-
rated by the A/V separation circuit 13 into video data
and audio data. Errors in these video and audio data are
corrected by the decoding for error correction in the vid-
eo error correction decoder 23 and the audio error cor-
rection decoder 18, respectively. When it is impossible
to correct an error, a flag is set to the corresponding da-
ta. Then, the compressed video data is expanded by the
high-efficiency decoding circuit 24. The expanded data
is sent to the deinterleave RAM 25 to be subjected to
the deinterleaving process in a unit of a block, and there-
after respectively returned to the positions correspond-
ing to those of the original video blocks. The video signal
in which an error has riot been corrected and the error
flag is on is subjected lo the pixel interpolation along the
horizontal and vertical directions or along the time axis
by the interpolation circuit 16. Then, the analog video
signal is reproduced by the video D/A converter 17.

In the high-efliciency encoding method employed in
the above-described digital recording and reproducing
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apparatus,, generally, the variable-length encoding is
carried out alter dividing the video signal into blocks (e.
g.. each of the blocks consisting of 8 X 8 pixels} and
performing the orthogonal transform in a unit of a block.
When compressed data is to be recorded on a recording
medium such as a magnetictape, itis necessary to store
compressed data for one or several fields in a specified
track in order to simplify special reproducing and editing
processes. Since the quantizing and encoding process-
es in the employed high-efficiency encoding method are
conducted in accordance with the content of video data
in each block, the amount of compressed data in each
‘block for one or several fields is not always constant.
Depending upon the content of video data, therefore,
there are cases where the amount of compressed data
may be so large that the data cannot be recorded in a
specified track, or inversely there are cases where the
amount of compressed data may be so small that a con-
siderably wide region of a specified track remains unre-
corded. In order 10 ensure that compressed video data
can be always recorded in a specified track, according
to the embodiment, the total amount of compressed da-
ta is estimated by the total data amount estimation cir-
cuit 28 on the basis of the data obtained before the high-
efficiency encoding, and the variable-length encoding
circuit 27 controls the data amount with a block as a unit,
so that the compressed video dala in one or several
fields ultimately converge in a specified track.

A case where the video signal indicative of an image
of a house shown in Fig. 4 which has a large amount of
data at the center area is inputted to the apparatus will
be described. It is assumed that the high-efficiency en-
coding blocks are 80 blocks which are obtained by di-
viding a screen in six along the vertical direction and in
ten along the horizontal direction, and that, when the
high-efficiency encoding is performed on each of these
blocks, these blocks have data amounts ranging from 1
to 10 as shown in Fig. 5. The video signal of each of
these blocks is sequentially read out from the interleave
RAM 22 with starting at the upper and left corner and




1. A video-audio digital recording apparatus in which digital video an

audi o signals are recorded on a recording medium coMpst ROIAS Bans
(22) for dividing a digital video signal into bl ocks dfehiat
pturaliity of pix- els, for storing the bl ocked video gid

11

proceeding along the horizontal direction_as shown.in
Fig. 6. The numbers shown in a circle of each blocks in
Fig. 6 indicate the sequence of reading the video signal.
When the high-efficiency encoding is proceeded ac-
cording to this sequence, the accumulated data amount
in one field varies as shown in Fig. 7. In this illustrated
case, the image correlation exists along the horizontal
direction. Therefore, blocks having a large amount of
compressed data are localized, resuiting in that the ac-
cumulated data amount greatly varies when such a
block is encoded in a high-efficiency. The broken
straight line in Fig. 7 indicates an ideal variation of the
accumulated data amount. if the accumulated data
amount greatly deviates from this ideal variation, the fi-
nal accumulated data amount cannot be within a pre-
fixed total data amount, and hence the data amount is
controlled. This causes the reduced accuracy of the

compressed video data. i.e., the inferior image quality.
According 1o the invention, therefore, the blocks are

randomly read out from the interieave RAM 22, for ex-
ample, in the sequence shown in Fig. 8. This enables
each block to be encoded in a high-efficiency irrespec-
tive of the image correlation, so that blocks having a
greater amount of compressed data are scattered. As a
result, the accumulated data amount in one field varies
as shown in Fig. 9 with becoming closer to the ideal var-
iation indicated by the broken straight line. This elimi-
nates the necessity of conlrolling the data amount, and
prevents the accuracy ol compressed video data from
deteriorating.

The reproduced video signal is written into the dein-
terleave RAM 25 in the same sequence as that of ran-
domly readling the video signal from the interleave RAM
22. Consequently, each block can certainly be returned
to its original position, thereby enabling the original im-
age !o be accurately reproduced.




performng shuffling of the blocks within one or several field R@?ﬂ}‘i
encodi ng neans (21) for reading the bl ocked video signal from gaijd
nmeans, and for conpressing and encodi ng the bl ocked vi deo signgl

of a block, t he encodi ng neans

12

Since in the above-described interleaving process
the sequence of processing the video signal in a unil of
a high-efficiency encoding block is random in the term
of positions in the screen, the arrangement of blocks re-
corded on a recording medium is also random, resulting
in that ecrors are not locally concentrated even if a burst
error burst has occurred on a recording medium in the
reproducing process.

As seen from the above description, according to
the invention, since the interleave RAM 22 is disposed
at the front stage of the high-efficiency encoding circuit
21 and the reading process is randomly conducted in a

~ unit of a high-efficiency encoding block, it is possible to

provide a video-audio digital recording and reproducing
apparatus in which the degree of the bias in the data
amount caused by the image correlation can be reduced
so as to make the amount of the compressed data to be
easily estimated, and the video signal can be encoded
in a high-efficiency without reducing the accuracy of the
compressed video data more than need, and the dete-
rioration of the image quality can bereduced, and which
is hardly affected by burst errors.

|n19
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(21) conprising: an orthogonal transformation circuit (26).for.. MLI.QLLLM,Q_
an orthogonal transformon the vid- eo signal of each bliﬁﬁﬁl&m:ﬁ DB
circuit (27) for performing a varia- ble-length encodingd OHEPU~h

said or-
13 17 OCT 997

Claims

1. A video-audio digital recording apparatus in which
digital video and audio signals are recorded on a
recording medium, comprising:

storage means {22) for dividing a digital video
signal into blocks each having a plurality of pix-
els, for storing the blocked video signal, and for
performing shuffling of the biocks within one or
several fields; and

encoding means (21) for reading the blocked
video signal from said storage means, and for
compressing and encoding the blocked video
signal in a unit of a block, the encoding means
(21) comprising:

an orthogonal transformation circuit (26) for
performmg an orthogonal transform on the vid-
eo signal of each block;

an enceding circuit {27) for performing a varia-
ble-length encoding on an output of said or-
thogonatl transformation circuit (26); and

a control circuit (28) for controlling the variable-
length encoding in said encoding circuit (27);
characterised in that '

said control circuit (28) estimates the lotal data
amount of encoded data obtained by said en-
coding circuit (27) for said one or several fields,
on the basis of the output of said orthogonal
transformation circuit {26), and controls the da-
ta amount of encoded data in a unit of a block
in accordance with the estimated resuit so that
the compressed data of said one or several
fields converges to a predetermined amount of
data.

lllllllll//l//lllll//lllll /]



t hogonal transformation circuit (26); and a control ci rcuf REMEI
| ength encoding in said encoding jcIFrcur

controlling the vari abl e-
characterised in that sai

anount of encoded data obtai ned by sai cifn-

d control circuit (28) estinate

2. Avideo-audiodigital recording apparatus according
to claim 1, further comprising:

means (20) for adding an error correction code
to encoded data from said encoding means
(21) to obtain video data with correction code,
means (5) for adding an error correction code
to the digital audio signal to obtain audio data
with correction code; and

means (30) for synthesizing the obtained video
data with correction code and the obtained au-
dio data with correction code, and for recording
the synthesized data on the recording medium.

3. Avideo-audio digital recording and reproducing ap-
paratus in which digital video and audio signals are
recorded on a recording medium and original video

and

audio signals are reproduced from the record-

ing medium, comprising:

the video-audio digital recording apparatus of

claims 1 or 2;

4. Avideo-audio digital recording and reproducing ap-
paratus according to claim 3, further comprising:

means (11,13) for reproducing the synthesized
data from the recording medium (8), and for
separating the synthesized data into the video
data with correction code and the audio data
with correction code,

means {23) for decoding the error correction
code of the separated video data with correc-
tion mode; and

means (18) lor decoding tho error correction
code of the separated audio dala with correc-
tion code.

5. Avideo-audio digital recording and reproducing ap-

Iy




coding circuit (27) for said one or several fields, on the basis of the

out put' of said orthogonal transformation circuit (26), and controls the da-
ta amount of encoded data in a unit of a block in accordance with the
estimated result so that the conpresseqsdata of said one or severa

paratus according to claim 3 or 4 further comprising:

means (17) for reading the digital video signal
from said second storage means {16), and con-
verting it into the analog video signal; and
means {19) for converting an output of said au-
dio error correction decoding means (18) tothe
analog audio signal.

6. An apparatus according to any preceding claim fur-
ther comprising:

means (1) for converting an input analog video
signal into a digital video signal;
means (2) for converting an input analog audio
signal into a digital audio signal.
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fields converges to a predeterm ned anount of dat a.
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further

code to encoded data

recordi ng apparatus according to claim1,

2. A video-audio digital

conprising: neans (20) for adding an error correction
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to the digital audio signal to obtain audio data with correction code; and
means (30) for synthesizing the obtained video data with correction code

and-t he -obtai ned au- dio data with correction code WA@W%T‘P t he

synt hesi zed data on the recordi ng nedi um3
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3. A video-audio digital recording and reproduci ng ap- paratus in which
digital video and audio signals are recorded on a recording nedi um and
original video and audio signals are reproduced from.the.record—iHg

medi um conprising: the video-audio di g| t al recor’tﬁ%}ﬁﬁk@?&'fLﬁ{EB'Il
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clains 1 or 2; 4. A video-audio digital recording and reproducing ap-
paratus according to claim3, further conprising: neans (11 1 3) for
repr.oduci ng the synthesized data fromthe recording medium (8). and for
separating the synthesized data into thg vi deo
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data wi.th correction code and the audio data with ool pl means

(23) for decoding the error correction code of t REE@@EHE&QP BEDt dat a
with correc- tion node; and npans (18) for decodin friection

Fig. 6
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S. A video-audio

code .of the separated audio data with correc- tion code.

digital recording and reproduci ng ap- RE
T PLACEMENT SHEET
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15 paratus according to claim3 or 4 further conprising: neans (17) for
readlng the digital video signal fromsaid second storage neans (16), and

con-- verting it into the anal og video signal;

an out put of said au-

Fig. 8
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and nmeans (19) for converting
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dio error, correction decoding neans (18) to the anal og audio signal. 6. An
apparatus according to any preceding claimfur- ther conprising: neans (1)
for converting an input anal og video signal into a digital video signal,
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means (2) for converting an input anal og audio signal .nto’*éph‘\%ﬁ’\{}%{\”ﬁﬂ%ﬁf
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ABSTRACT -
:3:0-3UD"O DICITAL RECORDING/REP2ODUCING APPARAT is

A Video—audio'digital recording and reproducing
apparatus, in which the recording system has an interleave
RAM for storing the blocked video signal in 2 unit of a
block, and an encoding circuit for compressing and encoding
the video signal read out from the interleave RAM, and the
reproducing sr¥stem has a decoding circuit for expanding aad
de;odigg thg comgressed_vidgo data, and 2 deinterleave.RAM
for storing video data outputted from the decoding circuit.
The reading of blocks from the Ln»erleave.RAM is ranaomlv
conducted The sequence of wrxtlng blocks into the deinter-
leave RAM is the same as that of reading blocks from the
interleave RAM. 1In this recording and reproducing appara-
tus, blocks having 2 large amount of compressed data are
scattered and.errors in the decoding process due to burst
errors are also scattered, thereby enabling compressed video
data to be recorded on a recording medium with an improved

efficiency.

FIGURE 2



