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VARIABLE TRANSFER RATE CONTROL
CODING APPARATUS, REPRODUCING
APPARATUS AND RECORDING MEDIUM

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

This application 1s a continuation of application Ser. No.
08/142,280 filed Oct. 28, 1993, now abandoned.

BACKGROUND OF THE INVENTION

1. Field of The Invention

This i1nvention generally relates to a highly-efficient
encoding technique to be employed for efficiently perform-
ing a coding (or encoding) in digital-signal recording, trans-
mission and display apparatuses to generate a smaller
amount of codes (hereunder sometimes referred to simply as
code amount). More particularly, this invention relates to a
coding apparatus adapted to perform a coding of a moving
picture signal by controlling a transfer rate and also relates
to a recording medium on which a code generated by the
coding apparatus 1s recorded. Further, this invention relates
to a reproducing apparatus for reading moving picture
information from the recording medium. More particularly,
this 1nvention relates to a variable transfer rate recording
information reproducing apparatus for reproducing moving
picture information recorded on a recording medium, which
information represents a code generated by changing an
amount of information corresponding to a predetermined
period of time, and also relates to the recording medium on
which the moving picture information 1s recorded.

2. Description of The Related Art

When a variable length code 1s used in performing a
highly efficient coding of an image signal, a part of an 1mage
represented by the image signal, which part contains a small
amount of 1mage information, 1s coded or converted into a
small amount of codes. Therefore, 1t 1s reasonable for
increasing the efficiency of coding to employ a variable
length coding. Especially, 1n case of an inter-image predic-
five coding of each frame or field of a moving picture, an
amount of codes corresponding to a part having no motion
1s very little. Thus, the efficiency of transmission or record-
ing of mmformation or codes can be increased 1if the trans-
mission or recording 1s effected by making the visual picture
quality of a moving picture nearly constant and changing a
transfer rate according to an aspect of the moving picture.

Such a way of transmitting information i1s called an
asynchronous transmission mode (ATM) which is exten-
sively studied as a packet transmission i1n the field of
communication. In this case, basically, codes are generated
at a predetermined transfer rate. Further, packets (or cells)
are discarded on a transmission network if necessary. Thus,
an amount of information or codes 1s controlled.

Meanwhile, 1 case of recording media termed package
media (for example, a video tape recorder (VIR), a video
disk or the like as presently used), information is recorded
therecon at predetermined tape speed or a predetermined
rotational speed. As the result, an amount of information
recorded on the recording medium 1n a unit period of time
(or a unit time slot) becomes constant. Therefore, the capac-
ity of the recording medium can be indicated in terms of the
length of available recording time. For instance, 1n case that
a moving picture of 100 minutes 1s recorded on a recording
medium whose maximum recording time 1s 120 minutes, the
remaining capacity of the recording medium corresponding
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2

to the recording time of 20 minutes 1s space for recording
another picture.

To make the most of the capacity of a recording medium,
a transfer rate should be changed according to the contents
of a picture to be recorded and thus the total amount of codes
recorded thereon should be suited to the capacity thereof.
However, 1n case of a conventional coding apparatus, the
transfer rate 1s fixed to a constant value as will be described
hereinbelow by referring to FIG. 1.

FIG. 1 1s a schematic block diagram for illustrating the
configuration of an example of the conventional coding
apparatus. Incidentally, the coding apparatus of FIG. 1 1s 1n
conformity with CCITT (International Telegraph and Tele-
phone Consultative Committee) specified standard system.

As shown 1n this figure, image signals are inputted to a
predictive subtracter 2 and an activity detector 4 through an
image mnput terminal 31. Incidentally, what 1s called activity

indicates a degree of change 1n data, which 1s represented by
an 1mage signal, between adjacent blocks. In the predictive
subtracter 2, an inter-frame prediction signal (hereunder
sometimes referred to simply as a prediction signal) inputted
from an inter-image predicting device 13 1s subtracted from
the 1mage signal. Then, a prediction residual signal repre-
senting a result of the subtraction 1s outputted from the
predictive subtractor 2 to a discrete cosine transform (DCT)
device 3.

Next, in the DCT device 3, a DCT 1s performed on the
prediction residual signal. Then, a signal representing a
result of the DCT 1s outputted from the DCT device 3 to a
quantizer 6 whereupon a quantization 1s effected according
to a quantization step width (namely, a quantization step
size) designated by information inputted from a quantization
controller 5 thereon.

The quantized signal 1s next mputted to a variable length
coder 7 and a local decoder 15. Further, in the device 7,
information represented by the inputted signal 1s converted
into a compressed code. Subsequently, a signal representing
the compressed code 1s mputted to a butler 32. Note that data
(namely, the compressed code) inputted to the buffer 32 is
converted by the device 7 into a variable length code. Thus,
an amount of generated codes changes or fluctuates con-
stantly. However, such change in amount of the generated
codes 1s absorbed by the buffer 32. As the result, the
generated code is outputted to a decoding apparatus (shown
in FIG. 3) from a code output terminal 11 at a constant
transier rate.

On the other hand, in the local decoder 15, an inverse
quantization and an inverse DCT are performed on the
quantized signal inputted thereto. Thereby, the code 1is
decoded and as a consequence, a reproduced prediction
residual signal 1s produced. Then, the reproduced prediction
residual signal 1s inputted to an adder 14 whereupon the
inter-frame prediction signal mputted from the inter-image
predicting device 13 1s added to the reproduced prediction
residual signal inputted from the local decoder 135.
Subsequently, a reproduced 1mage signal representing a
result of this addition 1s supplied to an inter-image predicting
device 13 whereupon the reproduced 1image signal 1s delayed
by one frame and a motion compensation 1s effected to
ogenerate an 1nter-frame prediction signal. The generated
inter-frame signal 1s supplied from the inter-image predict-
ing device 13 to the prediction subtracter 2 and the adder 14.

Further, the quantization 1s controlled according to what
1s called an occupancy of the buifer and to the activity of an
original 1mage.

Thus, mformation representing the occupancy of the
buffer 32 and the activity detected by the activity detecting
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device 4 1s mputted to the quantization controller 5 where-
upon a quantization step width 1s set according to the
inputted information. Further, a signal indicating the quan-
tization step width 1s inputted to the quantizer 6.
Incidentally, the quantization step width 1s set 1n such a
manner to be wide (namely, quantization is coarse) when
many codes are stored in the buffer 32 and to be narrow
(namely, quantization is fine) when the buffer 32 is almost
empty. Such a characteristic of the quantization step width

1s shown 1n FIG. 2.

FIG. 2 1s a diagram for illustrating the manner of the
quantization control, which shows an example of the rela-
fion between the occupancy of the bufler and the quantiza-
tion step width.

In case of controlling the quantization according to the
activity, the quantization step width is wide (namely, the
quantization is coarse) when the activity is large. Further, the
quantization step width is narrow (namely, the quantization
is fine).

This 1s due to the fact that in case of a block having large
activity, change in 1image signal 1s large and that an error 1s
not noticeable and that 1in contrast, in case of a block having
small activity, even a small error 1s conspicuous.

Practically, the value of the quantization step width set
according to the occupancy of the buffer 1s multiplied by a
multiplier which ranges from (*2) to 2 and is set according
to the activity regarding each block.

At that time, if the average value of the activity 1s 1, the
average value of the quantization step width does not
change.

In case of this conventional coding apparatus, for
instance, a variance of tone levels (or density levels) of
pixels of a block 1s employed as an activity. Incidentally,
when using DCT or the like, a quantization error 1s con-
spicuous 1n a block of an edge portion. Therefore, it 1s
preferable that an edge portion 1s detected before the activity
1s determined, and subsequently, the activity of a block of
the detected edge portion 1s regulated 1n such a way not to
become large.

By using the activity of an input image as described
above, subjective visual picture quality can be made to be
uniform.

Next, a conventional decoding apparatus will be
described hereinbelow by referring to FIG. 3.

FIG. 3 1s a schematic block diagram for illustrating the
confliguration of an example of the conventional decoding
apparatus.

As shown 1n this figure, codes mputted from a code 1nput
terminal 20 to a buffer 41 at a constant transfer rate are
outputted to a variable length decoder 22 1in synchronization
with a processing to be effected therein.

In he variable length decoder 22, the variable length code
1s converted mto a fixed length code. Then, 1n the dequan-
tizer 23, the fixed length code 1s converted 1nto a quantiza-
tion representative value (hereunder sometimes referred to
simply as a quantization representative). The quantization
representative 1s 1nputted to an 1mverse DCT device 24
whereupon an mverse DCT 1s performed on the quantization
representative to produce a reproduction predictive residual

signal. Then, the reproduction predictive residual signal 1s
applied to the adder 14.

Next, 1in the adder 14, a prediction signal inputted from the
inter-image predictor 13 1s added to the reproduction pre-
dictive residual signal to generate a signal (hereunder
referred to as a reproduced image signal) representing a
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reproduced 1mage. This reproduced 1image signal 1s output-
ted from an 1mage output terminal 25. Further, the repro-
duced i1mage signal 1s also inputted to the inter-image
predictor 13.

However, as described above, 1n case of the conventional
coding apparatus, the transfer rate 1s controlled 1 such a
manner to be constant. Thus, the conventional coding appa-
ratus has a drawback 1n that although an amount of codes
corresponding to a portion of an 1mage 1s suflicient and a
corresponding quantization step width 1s too narrow, an
amount of codes corresponding to another portion of the
image 1s 1nsuflicient and a corresponding quantization step
width is large (namely, quantization is coarse) and thus the
picture quality 1s degraded.

Further, 1n case of the conventional coding apparatus, a
coding 1s performed at a constant transfer rate irrespective of
the length (or duration) of a moving picture. Thus, the
conventional coding apparatus has another drawback 1n that
if the length of a moving picture 1s shorter than the maxi-
mum recordable time of a recording medium to be used to
record the moving picture, a part of the recordable area of
the recording medium remains unused.

Meanwhile, 1n case of an apparatus for reproducing
information from a recording medium as above described, 1t
1s usual that information representing an image or an audio
1s continuously read and reproduced from the medium and
thus there 1s no necessity of special control of reproduction
of the information.

In case of a constant-line-velocity (CLV) disk medium 1s
which a line velocity 1s constant, a rotational frequency
should be changed according to the position on a disk.
However the rotational frequency [dose] does not depend on
the contents of information (for example, an amount of
codes corresponding to information to be recorded for a
predetermined period of time) but [depend] depends on the
position on the disk.

It 1s preferable for making the most of the capacity of a
recording medium that the transfer rate for transferring
image mformation to be recorded 1s changed according to
the contents of a picture to be recorded (for instance, an
amount of codes corresponding to a predetermined period of
time) in such a manner to vary with portions of an image
represented by the image information and that the image
information 1s recorded as what is called variable transfer
rate information and is reproduced from the recorded vari-
able transfer rate mformation.

However, 1n case of the conventional coding apparatus, it
1s not possible that the relative speed between a recording
medium and a reproducing head 1s changed frequency and
quickly according to the transfer rate for transferring the
variable transfer rate information. Thus, 1n case of the
conventional coding apparatus, moving picture information
1s first recorded at a fixed transfer rate. Thereafter, the
recorded moving picture information 1s continuously read as
fixed transfer rate information. Therefore, the prior art has a
drawback 1n that variable transfer rate information can not
be reproduced from a recording medium on which the
variable transfer rate information 1s recorded by changing
the transfer rate each predetermined period of time.

The present invention 1s accomplished to eliminate the
above described drawbacks of the prior art.

It 1s, therefore, an object of the present invention to
provide a variable transfer rate control coding apparatus
which and to a recording medium on which information
ogenerated by this variable transfer rate control coding appa-
ratus 1s recorded.
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Further, 1t 1s another object of the present invention to
provide a variable transfer rate moving picture mformation
reproducing apparatus which can reproduce variable transfer
rate moving picture information (namely, moving picture

information coded at a variable transfer rate changing every
prescribed time period and recorded on a recording medium)
from the recording medium at the time of decoding thereot
without changing the relative speed between the recording,
medium and the reproducing head and to provide a record-
ing medium suitable for the recording of the variable trans-
fer rate moving picture mmformation by the reproducing
apparatus.

SUMMARY OF THE INVENTION

To achieve the foregoing object, in accordance with an
aspect of the present mvention, there 1s provided a variable
transfer rate control coding apparatus which can distribute
codes of an amount most suitable to the contents of a moving
picture to be recorded on a recording medium and to a
recording medium by obtaining an amount of codes to be
temporarily generated to each unit period of time by a
temporary or tentative coding, and then storing a value of the
temporary amount of codes to be generated 1n each unit
period of time (hereunder sometimes referred so as a tem-
porary transfer rate), and setting a target value of an amount
(hereunder sometimes referred to as a transfer rate) of codes
to be sent in each unit period of time (namely, setting a target
transfer rate) from a total of the temporary transfer rates and
the recordable capacity of the recording medium and next
performing an actual coding (hereunder sometimes referred
to as a real coding) according to the target transfer rates.
Moreover, there 1s provided a recording medium on which
information 1s recorded by this variable transfer rate coding
apparatus.

Namely, the variable transfer rate coding apparatus for
performing a coding on a moving picture signal, which
comprises temporary coding means for obtaining a tempo-
rary transfer rate representing an amount of codes to be
ogenerated 1 each unit period of time from the moving
picture signal and target transfer rate setting means for
setting a target transfer rate corresponding to each unit
period of time from the temporary transfer rate 1n such a
manner that a total amount of codes generated from the
moving picture signal 1s equal to a predetermined value.
Thus, a coding of the moving picture signal 1s effected by
controlling an amount of generated codes 1n accordance with

the target transfer rate corresponding to each unit period of
fime.

Further, the target rate setting means of a preferred
embodiment (namely, a variable transfer rate control coding
apparatus) of the present invention is provided with a
transfer rate converting device which converts the temporary
transfer rate corresponding to each unit period of time into
the target transfer rate corresponding to each unit period of
fime by making increase 1n the target transfer rate be less
than increase 1n the corresponding temporary transfer rate
and limiting the maximum value of the target transfer rate to
a predetermined constant value.

Furthermore, in a preferred embodiment (namely, a
recording medium) of the present invention, the transfer rate
of the moving picture information recorded thereon 1s not
constant, and an amount of codes recorded thereon and
ogenerated from the entire moving picture 1s made to be
nearly equal to the available (or recordable) capacity of the
recording medium.

Thus, as described above, 1n case of the variable transfer
rate control coding apparatus, an amount of codes to be
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temporarily generated 1 each unit period of time 1s obtained
by a temporary coding, and thereafter a target value of an
amount (hereunder sometimes referred to as a transfer rate)
of codes to be sent in each unit period of time (namely,
setting a target transfer rate) is set from a total of the
temporary transier rates and the recordable capacity of the
recording medium and finally, an actual coding 1s performed
according to the target transfer rate. As the result, an amount
of codes corresponding to a portion of an image, the
quantization of which would be excessively fine 1n case of
the conventional coding apparatus, becomes small and an
amount of codes corresponding to another portion of an
image, the picture quality of which would be degraded by
coarse quantization 1n case ol the conventional coding
apparatus, becomes large.

Thus, 1n accordance with the present invention, amounts
of codes are suitably distributed to portions of the image
according to the contents of mnformation representing the
portions, and moreover the picture quality 1s 1mproved.
Furthermore, the target transfer rate corresponding to each
unit period of time 1s set in such a manner that a total amount
of codes 1s constant. Therefore, by controlling a coding
according to the target transfer rate, even if the length or
duration of a moving picture 1s changed, all codes are
recorded on the recording medium without waste thereof.
Further, 1n accordance with the present invention, fluctua-
tion 1n quantized value becomes small and as a consequence,
change 1n picture quality due to the control of a coding
becomes also small.

Especially, regarding an inter-image prediction coding, an
amount of data generated corresponding to a portion, 1n
which there 1s no motion, of a picture 1s small.
Consequently, the picture quality 1s improved sharply.

Further, although the transfer rate may vary with unit
periods of time, the transfer rate 1s unchanged within each
unit period of time. Thus, the variable transfer rate control
coding and decoding apparatuses of the present immvention
have good compatibilities with fixed transfer rate coding and
decoding apparatuses, respectively. Further, the formers can
be realized by adding systems each for controlling a total
amount of codes to the latter, respectively.

Moreover, 1if the variable transfer rate conftrol coding
apparatus of the present invention and the conventional
coding apparatus use a recording medium of same recording
capacity and obtain same picture quality, the variable trans-
fer rate control coding apparatus of the present invention can
record longer than the conventional coding apparatus does.

Furthermore, the recording medium of the present mnven-
fion 1s a medium on which 1image 1information generated by
the variable transfer rate control coding apparatus of the
present invention 1s recorded. Each time when a unit period
of time passes, the transfer rate 1s controlled or regulated
according to the contents of a portion, which corresponds to
a unit period of time, of information to be recorded, the total
amount of codes obtained from the information and the
recording capacity of the recording medium. Thus, infor-
mation 15 recorded on the full recording capacity of the
recording medium. Consequently, the picture quality of a
moving picture reproduced from the recording medium 1is
much better than that of a moving picture reproduced from
codes recorded by the conventional coding apparatus
employing a fixed transfer rate.

As described above, the variable transfer rate control
coding apparatus and the recording medium of the present
invention have excellent effects 1n practical use.

Further, in accordance with another aspect of the present
invention, there 1s provided a variable transfer rate infor-




US RE38,227 E

7

mation recording medium, on which moving picture mfor-
mation coded by changing the transfer rate 1s recorded and
on which reading operation control information i1s also
recorded 1n a multiplex recording manner. The reading
operation control information 1s used for directing informa-
fion reading means of a reproducing apparatus to read
information or to stand by instead of reading the

information, when reproducing information from this
recording medium.

Moreover, 1n accordance with a further aspect of the
present mvention, there 1s provided a variable transfer rate
information recording medium, on which moving picture
information coded by changing the transfer rate is recorded
and on which information representing an amount of codes
generated from a portion corresponding to a unit period of
fime of a moving picture 1s also recorded 1in a multiplex
recording manner.

Furthermore, 1n accordance with still another aspect of the
present mvention, there i1s provided a variable transfer rate
information reproducing apparatus for reproducing moving
picture 1nformation coded while changing a transfer rate
every predetermined period of time and recorded on a
recording medium, which apparatus 1s provided with mfor-
mation reading means for intermittently reading information
according to an amount of information necessary for decod-
ing each predetermined period of time. When information
should not be read, the information reading means ceases to
read information and stands by without changing the relative
speed between a reproducing head and the recording
medium. Further, 1n case that it 1s not necessary to read
information, the information reading means reads the read
information again and thereafter discards unnecessary infor-
mation.

Moreover, 1n accordance with yet another aspect of the
present mvention, there 1s provided a variable transfer rate
information reproducing apparatus for reproducing moving
picture 1nformation coded while changing a transfer rate
every predetermined period of time and recorded on a
recording medium, which apparatus 1s provided with a
decoding buffer for temporarily storing read information,
buffer means for outputting an occupancy of the decoding,
buffer, reading controller for outputting reading control
information according to the occupancy of the decoding
buffer, and mformation reading mean which occasionally
does not read information but stands by according to the
reading control information.

Furthermore, 1n accordance with another aspect of the
present invention, there 1s provided a variable transfer rate
information reproducing apparatus for reproducing informa-
fion from a recording medium on which reading operation
control information for controlling the information reading
means to read information or stands by instead of reading
information and moving picture information are recorded in
a multiplex recording manner, which apparatus 1s provided
with control information separation means for detecting the
reading operation control mnformation, and 1 which infor-
mation reading means occasionally does not read informa-
tion but stands by according to the reading operation control
information.

Further, 1n accordance with a further aspect of the present
invention, there 1s provided a variable transfer rate infor-
mation reproducing apparatus for reproducing mnformation
from a recording medium on which information representing
a transfer rate of a moving picture signal corresponding to
cach unit period of time and moving picture mmformation
coded while changing the transfer rate thereof every unit

10

15

20

25

30

35

40

45

50

55

60

65

3

per1od of time are recorded 1n a multiplex recording manner,
which apparatus is provided with transfer rate information
separation means for detecting code amount mnformation
representing a transier rate of the moving picture signal
corresponding to each unit period of time, reading operation
controller for outputting control information according to
the code amount information and information reading means
which occasionally does not read but stands by according to
the reading operation control information.

Additionally, in accordance with a still further aspect of
the present 1nvention, there 1s provided a variable transfer
rate 1nformation reproducing apparatus for reproducing
moving picture mmformation from a recording medium on
which the moving picture information coded while changing
a transfer rate every unit period of time 1s recorded as a
packet of information, which apparatus 1s provided with
packet code amount detector for detecting an amount of the
packet of read information, reading operation controller for
outputting reading operation control information according
to an amount of information corresponding to the packet and
information reading means which ceases to read information
and stands by according to the reading operation control
information.

Further, in accordance with a yet further aspect of the
present 1nvention, there 1s provided a variable transfer rate
information reproducing apparatus for reproducing informa-
fion on a recording medium on which fixed-transfer-rate
information coded while fixing a transfer rate and moving
picture 1nformation coded while changing a transfer rate
every predetermined period of time are recorded 1n a mul-
tiplex recording manner, which apparatus 1s provided with a
fixed-transfer-rate detector for detecting an amount of codes
ogenerated from the information for the period of the prede-
termined length, mmformation reading means for reading
information recorded on the recording means and reading
operation control means for controlling the information
reading means 1n such a manner that the amount of codes
cgenerated 1n each period of the predetermined length
becomes constant. The information reading means occasion-
ally does not read information and stands by according to the
reading control information.

As described above, on the recording medium of the
present invention, what 1s called variable transfer rate infor-
mation obtained by controlling a transfer rate every period
of the predetermined length i1s recorded. Further, reading
control information for controlling the reproducing appara-
tus to read information or stands by instead of reading
information and mmformation indicating an amount of codes
representing the variable transfer rate mformation are also
recorded thereon 1n a multiplex recording manner.

In case of the variable transfer rate information reproduc-
Ing apparatus of the present invention, the variable transfer
rate mnformation recorded on the recording medium 1s ready
by the information reading means provided 1n the reproduc-
Ing apparatus.

Incidentally, information 1s read by the information read-
ing means from the recording medium at a predetermined
rate (namely, information of a predetermined amount is read
in a period of predetermined length).

[

The read information i1s stored in the decoding bulifer.
Thereafter, information of an amount necessary for decoding
1s outputted from this buffer. In case of decoding codes
generated from fixed-transfer-rate information, the amount
necessary for decoding 1s constant amount corresponding to
a period of the predetermined length. In contrast, 1n case of
decoding codes generated from variable transfer rate
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information, the amount necessary for decoding varies every
period of the predetermined length.

Further, an amount of information stored 1n the buffer, as
well as the occupancy of the bufler, changes according not
only to the decoding rate (or the reading rate) but to whether
information is read from the recording medium (or whether
a reading operation is ceased and the apparatus stands by).

Moreover, the information reading means 1s controlled to
read information or cease to read and stand by according to
the occupancy of the buffer and the control information
recorded on the recording medium 1 a multiplex recording
manner.

As described above, the variable transfer rate information
reproducing apparatus of the present invention 1s provided
with the information reading means for mtermittently read-
ing 1nformation according to the amount of information
necessary for decoding codes generated from the moving
picture every period of the predetermined length. Further,
this information reading means 1s controlled according to the
occupancy of the buffer and the amount of codes generated
from 1information 1n a period of the predetermined length to
read information from the recording medium or to stand by
without reading information. Thereby, the information
coded at a variable transfer rate changing every predeter-
mined period of time and recorded on the recording medium
can be reproduced without changing the relative speed
between the recording medium and the reproducing head.

Moreover, 1 case of the reproducing apparatus of the
present invention, reading operation control information for
controlling the information reading means and the informa-
fion concerning the amount of codes generated 1n each
pertod of the predetermined length are recorded on the
recording medium 1n a multiplex manner and are thereafter
used at the time of reproduction. This facilitates a control
processing of the information reading means. Consequently,
information recorded at variable transfer rate can be repro-
duced by utilizing a buffer of relatively small capacity and
a small delay time.

As stated above, the variable transfer rate immformation
reproducing apparatus and the recording medium used
theremn of the present invention have excellent effects 1n
practical use.

BRIEF DESCRIPTION OF THE DRAWINGS

Other features, objects and advantages of the present
invention will become apparatus from the following descrip-
fion of preferred embodiments with reference to the draw-
ings 1 which like reference characters designate like or
corresponding parts throughout several views, and in which:

FIG. 1 1s a schematic block diagram for illustrating the
conilguration of a conventional 1mage coding apparatus;

FIG. 2 1s a diagram for illustrating the manner of quan-
tization control;

FIG. 3 1s a schematic block diagram for illustrating the
configuration of a conventional decoding apparatus;

FIG. 4 1s a schematic block diagram for illustrating the
configuration of a variable transfer rate control coding
apparatus embodying (namely, an embodiment of) the
present invention;

FIG. 5 1s a schematic block diagram for illustrating the
configuration of a code amount controller of the embodi-
ment of the present mnvention;

FIG. 6 1s a graph for showing the conversion character-
istics between temporary transfer rates and target transfer
rates corresponding to each unit period of time;
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FIGS. 7(A) and 7(B) are diagrams for illustrating data
streams (or code sequences) recorded on a recording

medium;

FIG. 8 1s a schematic block diagram for illustrating the
conflguration of a variable transfer rate decoding apparatus
embodying the present invention for decoding codes gener-

ated by the variable transter rate control coding apparatus of
FIG. 4;

FIG. 9 1s a schematic block diagram for illustrating the
confliguration of a first example of a variable transfer rate
information reproducing apparatus embodying the present
mvention;

FIG. 10 1s a graph for illustrating a reading operation
control effected by the first example of the variable transfer

rate information reproducing apparatus of FIG. 9;

FIGS. 11(a), 11(b) and 11(c) are diagrams for showing
examples of recording formats employed by a variable

transfer rate information recording medium embodying the
present 1nvention;

FIG. 12 1s a schematic block diagram for illustrating the
conilguration of a second example of a variable transfer rate
information reproducing apparatus embodying the present
mvention;

FIG. 13 1s a diagram for showing an example of a
recording format employed by a recording medium used by
the reproducing apparatus of FIG. 12;

FIG. 14 1s a schematic block diagram for illustrating the
confliguration of a third example of a variable transfer rate
information reproducing apparatus embodying the present
mvention;

FIGS. 15(a) and 15(b) are diagrams each for showing an
example of a recording format employed by a recording
medium used by the reproducing apparatus of FIG. 14;

FIG. 16 1s a schematic block diagram for illustrating the
conflguration of a fourth example of a variable transfer rate
information reproducing apparatus embodying the present
mvention;

FIG. 17 1s a schematic block diagram for illustrating the
conflguration of a fifth example of a variable transfer rate
information reproducing apparatus embodying the present
mvention; and

FIG. 18 1s a diagram for showing an example of a
recording format employed by a recording medium used by
the reproducing apparatus of FIG. 17.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Heremnafter, preferred embodiments of the present mnven-
tion will be described 1n detail by referring to the accom-
panying drawings.

FIG. 4 1s a schematic block diagram for illustrating the
configuration of a variable transfer rate control coding
apparatus embodying the present 1nvention.

In this figure, like reference characters designate like or
corresponding parts of the conventional apparatus of FIG. 1.

Principal differences between the coding apparatuses of
FIGS. 1 and 4 (namely, composing elements of FIG. 4 which
are not contained in FIG. 1) are a VIR 1, selectors 8 and 9,
a temporary code amount counter 16, a code amount con-
troller 17, a target transfer rate setting device 18 and a
temporary transfer rate memory 19.

Heremnafter, a coding performed 1n this variable transfer
rate control coding apparatus will be described 1n detail by
referring to FIG. 4.
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A coding 1s performed on a same moving picture signal
two times. At first time, a coding process 1s performed for
ciiecting a temporary coding for setting a target transier rate
corresponding to each unit period of time. At second time,
another coding process 1s performed for effecting an actual
coding (or a real coding). Therefore, in case of a coding
apparatus which performs a coding at the same speed as the
running speed of a moving picture, the processing time
required for performing the coding process twice 1s nearly
two times the running time of the moving picture.

A method for fixing a total amount of codes to a constant
value and distributing the amounts of codes by performing,
such a feed forward processing has been proposed by the
inventor of the present invention. Basic 1deas employed 1n
this method are described in previous Japanese Patent Appli-

cations (see, for example, the Japanese Unexamined Patent
Publication (Kokai Tokkyo Koho) Official Gazette Nos.

S63-151225, H2-194734 and H3-263927).

An object to be processed by the apparatus of the present
invention 1s a moving picture signal. Further, the activity 1s
not used as an estimate of an amount of codes. Moreover, the
apparatus of the present invention performs a coding, which
1s the same as a real coding, and uses an output coded by a
variable length coding. In contrast, 1n cases of the appara-
tuses of the previous applications, a unit period (hereunder
sometimes referred to as a target-transfer-rate setting unit
period), to which a target transfer rate is set correspondingly,
is equal to a unit period (hereunder sometimes referred to as
a control-operation unit period), to which a control operation
1s elfected correspondingly. However, 1n case of the appa-
ratus of the present invention, a target-transfer-rate setting
unit 1s equal to a predetermined unit period of time and a
control operation unit period 1s less than the predetermined
unit pertod of time. Further, a target transfer rate 1s set in
such a manner to become less than a corresponding tempo-
rary transfer rate and to be less than a predetermined upper
limit as will be described.

When performing a temporary coding, quantization con-
trol 1s not performed according to the occupancy of a buffer.
Instead, a transfer rate corresponding to each unit period of
time 1s fixed to a predetermined value and then a temporary
amount of codes corresponding to each unit period of time
(namely, a temporary transfer rate) is obtained. Upon
completion of this processing, the conversion characteristics
between the temporary transfer rate and the corresponding
target transfer rate are determined from the total amount of
codes and the capacity of the recording medium correspond-
ingly to each unit period of time.

When performing an actual coding (namely, a real
coding), the target transfer rate is established from the
corresponding temporary transfer rate and the conversion
characteristics every unit period of time. Moreover, the real
coding 1s controlled according to the occupancy of the buifer
and the target rates. Incidentally, the target transfer rate 1s set
in such a fashion that moving picture signals to be recorded
are just stored i1n the recordable areca of the recording
medium. Thus, so long as the buifer does not overflow, the
total amount of codes obtained as the result becomes
adapted to the recording medium.

At least, during each unit period of time, the transfer rate
1s not changed and 1s kept constant. Usually, a buffer 10 has
capacity corresponding to an amount of codes generated 1n
a period of 0.2 to 0.3 second. Further, instantaneous change
in amount of codes i1s absorbed by the buffer 10. Thus, the
unit period of time 1s set to be a little longer than the length
of a short period in which the change in amount of codes
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occurs. Namely, 1t 1s preferable that the unit period of time
1s set as adapted to change of a long period. For example, the
unit period of time 1s set to be 0.5 to 0.1 second.

Incidentally, 1n cases of the apparatus of the previous
applications, simple activity 1s used when estimating an
amount of codes. In contrast, in case of this embodiment, a
nearly same coding 1s performed two times. Thus, there 1s no
necessity of simplifying a coding process. Therefore, simi-
larly as 1n case of the real coding, a variable length coding
1s performed as the temporary coding. Consequently, an
exact amount of generated codes can be obtained from an
output signal representing a result of the coding.

Conversely, there has been proposed a method of using a
plurality of quantizers and variable length coders and esti-
mating an amount of codes by effecting different types of
quantization. In case of this method, what 1s called cyclic
prediction 1s employed for performing a coding. Thus,
differences 1n quantization influence a result of the predic-
tion. Consequently, a precise amount of codes can not be
obtained if a plurality of quantizers and a plurality of
variable length coders are not provided for the inter-image
prediction or the like.

Next, a temporary coding means 30 of this embodiment
will be described in detail hereinbelow. The temporary
coding means 30 1s used to obtain the temporary transfer rate
for transferring the moving picture signal.

As showing 1n FIG. 4, an image signal outputted from the
VTR 1 1s mputted to the prediction subtracter 2 and the
activity detector 4. In case of this embodiment, the same
image signal 1s supplied to a coding portion two times.
Theretore, all image signals before coded are recorded on a
mass 1mage recording medium such as VIR. For instance,
a memory clement as optical disk and a hard disk drive
(HDD) which have sufficient capacity may be employed as
the mass 1mage recording medium.

In case of the apparatus of FIG. 4, a basic coding process
1s similarly to that of the conventional apparatus. First, a
prediction signal supplied from the inter-image predictor 13
1s subtracted by the prediction subtracter 2 from the image
signal outputted from the VIR 1. Then, a signal representing
a result of this subtraction (namely, a predictive residual) is
inputted to the DCT device 3. Thereafter, a DCT operation
and a quantization operation are effected by the DCT device
3 and the quantizer 6, respectively. Subsequently, this quan-
tized signal 1s inputted to the variable length coder 7 and the
local decoder 15. Information represented by the quantized
signal 1s converted by the variable length coder 7 into a
compressed code. This compressed code 1s then inputted to
the selector 9.

At the time, an 1nput to the selector 8 1s switched to a
terminal A through which a predetermined fixed value 1is
inputted to the quantization controller 5 as the occupancy of
the buffer. Thus the quantization is changed only by the
activity corresponding to each block, which 1s inputted from
the activity detector 4 to the quantization controller 5.
Incidentally, the fixed value 1s set 1n such a way that the
image coded by using this fixed value has sufficient picture
quality.

On the other hand, 1n the local decoder 15, the code 1s
decoded to produce a reproduced prediction residual signal.
This reproduced prediction residual signal 1s then mputted to
the adder 14 whereupon the prediction signal inputted from
the inter-image predictor 13 1s added to the reproduced
prediction residual signal. Then, a reproduced 1mage signal
represented a result of this addition 1s inputted to the
inter-image predictor 13 whereupon an inter-frame predic-




US RE38,227 E

13

fion signal 1s generated from the reproduced 1mage signal.
Subsequently, the inter-frame prediction signal 1s supplied to
the prediction subtracter 2 and the adder 14.

In case of the apparatus of FIG. 4, at time of the first
coding, an output of the variable length coder 7 1s inputted
to the temporary code amount container 16 through the
selector 9. Further, an amount of codes generated in each
unit period of time 1s counted by the temporary code amount
counter 16 and a signal representing the count (namely, the
amount of codes generated in each unit period of time) is
then outputted therefrom.

Next, a target transfer rate setting means 40 will be
described 1n detail heremnbelow. This target transfer rate
setting means 40 1s used to set a target transfer rate from the
temporary amount of codes each unit period of time 1n such
a manner that a total of amounts of codes generated from the
moving picture signals becomes a predetermined value.

The temporary transfer rate outputted from the temporary
code amount counter 16 1s inputted to the code amount
controller 17 and the temporary transfer rate memory 19. In
the temporary transfer rate memory 19, all of the transfer
rates respectively corresponding to umit periods of time,
which are used again in the actual coding (real coding), are
stored.

For mstance, 1n case where a moving picture, the running,
time of which 1s 1 hour, i1s represented by a set of data
corresponding to 1 second, the amount or number of data to
be stored 1s 3600. The code amount controller 17, whose
configuration 1s shown 1n FIG. 5, 1s used to determine the
conversion characteristics between the temporary transfer
rates and the target transfer rates.

FIG. 5 1s a schematic block diagram for illustrating the
configuration of the code amount controller 17 of this
embodiment.

As shown 1n this figure, the temporary transfer rate
inputted from the temporary transfer rate mput terminal 51
is converted by n transfer rate converting devices (hereunder
sometimes referred to simply as converters) 52, 53, 54, . . .
whose conversion characteristics are different from one
another. Thereafter, the transfer rates respectively corre-
sponding to the conversion characteristics are accumulated
by the accumulation adders 55, 56, . . . 57 over the entire
running time of the moving picture. Thus the total amount of
codes, which are generated from the enfire picture and
correspond to each of the converters, 1s obtained.

Upon completion of the temporary coding, the total
amounts of codes corresponding to the transfer rate convert-
ing devices (or converters) are inputted to comparators 38,
59, . . . 60, respectively, whereupon the inputted total
amounts of codes are target total amounts of codes set from
the recordable capacity of the recording medium. Then,
outputs of the comparators are inputted to a judgment device
61 for making comparisons between each pair of the output
of the comparators. The judgement device 61 determines
and selects the conversion characteristic corresponding to
the total amount of codes which 1s less than the target total
amount of codes but 1s greater than any of the total amounts
of codes corresponding to the other conversion characteris-
tics. Then, mmformation representing the selected conversion
characteristic 1s mputted from the conversion characteristic
information output terminal 62 to the target bufler rate
setting device 18 of FIG. 4. FIG. 6 shows the conversion
characteristics corresponding to the converters 1 to n.

Namely, FIG. 6 1s a graph for showing the conversion
characteristics between the temporary transfer rates and the
target transfer rates corresponding to each unit period of
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time. As shown 1in this figure, the upper limit (Rmax) to the
outputs of the transfer rate converting devices 1s first deter-
mined. This 1s due to the facts that there 1s an upper limait to
the processing ability (or throughputs) of the recording
medium and the decoder and that the maximum transter rate
1s determined according to this upper limit to the through-
puts. Therefore, although the wvariable transfer rates are
employed, the maximum target transfer rate 1s a fixed value.

As shown 1n this figure, for example, logarithmic char-
acteristics are employed as the conversion characteristics, by
which change 1n each target transfer rate 1s compressed or
suppressed throughout 1n comparison with change 1n each
temporary transier rate, corresponding to the transfer rate
converting devices. Namely, each target transfer rate is
controlled as gently increases. In case of a portion of the
picture, which portion corresponds to a small temporary
amount of codes corresponding to each unit period of time,
degradation 1n visual picture quality 1s conspicuous.
Therefore, the amount of codes 1s somewhat increased.

The conversion characteristics between the temporary
transfer rate X and the target transier rate R are given by, for
instance, the following equations:

R=K*LOG(Y*X);
Or
R=K*X?

wherein K and Y are positive numbers and Z 1s a posifive
number less than 1. The conversion characteristics can be
changed by changing the values of Y and Z.

Namely, when the target transfer rate corresponding to
cach unit period of time 1s obtained by converting the
temporary transfer rate corresponding to each unit period of
fime, the conversion 1s effected by making a ratio of increase
in the target transfer rate to corresponding increase in the
temporary transfer rate less than 1 and limiting the maxi-
mum value of the target transfer rate to a constant value.

The larger the number n of kinds of the conversion
characteristics becomes, the more precise the selected con-
version characteristics become. Thus, waste 1n capacity of
the recording medium becomes smaller.

Incidentally, 1n case of the code amount controller 17 of
FIG. 5, the transfer rate converting devices, the accumula-
tion adders and the comparators are placed 1n parallel with
one another as illustrated 1n this figure and operate 1n parallel
with the temporary coding. However, the apparatus may
employ a serial processing instead of such a parallel pro-
cessing.

In case of employing a serial processing, the code amount
controller has only one transfer rate converting device, one
accumulation adder and one comparator, which are as 1llus-
trated 1n FIG. 5. In this case, after the temporary coding is
finished and before the real coding 1s performed, the total
amounts of codes corresponding to various conversion char-
acteristics are calculated from the data stored i the tempo-
rary transfer rate memory 19. As a consequence, a conver-
sion characteristic most suitable for calculating the target
transfer rate 1s selected. Further, information representing
the selected conversion characteristic 1s outputted. Such a

serial processing 1s described 1n, for example, the Japanese
Unexamined Patent Publication (Tokkyo Kokai Koho) Offi-

cial Gazette No. H2-417572.

Next, the coding means for performing an actual coding,
(namely, a real coding) will be described in detail herein-
below. This coding means 1s used to perform a coding by
controlling an amount of codes 1n accordance with the target
transfer rate corresponding to a unit period of time.
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In case of the apparatus of FIG. 4, the same 1mage signal
as used 1n the temporary coding is outputted from the VIR
1. Then, a coding similar to the temporary coding i1s per-
formed. Basically, manners of operation 1s of the prediction
subtracter 2, the DCT device 3, the activity 4, the quanti-
zation controller 5, the quantizer 6, the variable length coder
7, the 1nter-tmage predictor 13, the adder 14 and the local
decoder 15 are similar to those of the operation of the
corresponding elements 1n case of performing the temporary
coding. However, the contents of the operation of these
clements 1n case of performing the real coding are different
from those of the operations of these elements 1n case of
performing the temporary coding.

When performing the real coding, an output of the vari-
able length coder 7 1s applied to the buffer 10 through the
selector 9. Further, variation in amount of generated codes,
which variation 1s of a short period, 1s absorbed by the bufler
10. Codes are outputted from the buifer 10 through the code
output terminal 11 to the decoder.

Furthermore, a reading rate for reading a code from the
buffer 10 1s controlled by a value supplied from the target
transier rate setting device 18 every unit period time. Thus,
the amount of codes outputted from the buffer 10 changes
cach unit period of time. In the target transfer rate setting
device 18, the temporary transfer rate inputted from the
temporary transfer rate memory 19 every unit period of time
1s converted according to the conversion characteristics
inputted from the code amount controller 17 and thus the
target transier rate 1s established.

On the other hand, information representing the occu-
pancy of the buffer 10 1s mputted to the quantization
controller 5 through the selector 8.

Further, the quantization step width 1s controlled by the
quantization controller 5 according to the activity and the
filling rate of the bufler. In case of such control, differently
from the conventional apparatus, variation in amount of
generated codes, which variation 1s of a long period, is
absorbed by utilizing a variable transfer rate every unit
period of time. Thus only local variation thereof 1s absorbed.
Consequently, the possibility of an occurrence of an over-
flow becomes low.

Incidentally, 1n case where there 1s no need of utilizing a
fixed transfer rate for an output of the buffer, the buifer is
freated as a virtual one and thus an output of the variable
length coder 7 1s directly outputted.

Next, 1t will be described hereinbelow by referring to
FIGS. 7(A) and 7(B) how data streams coding by the coding
apparatus are recorded by the apparatus of the present
invention and the conventional apparatus.

FIGS. 7(A) and 7(B) are diagrams for illustrating the data
streams (or code sequences) recorded on the recording
medium.

In these figures, numerals designate numbers of unit
periods of time. Practically, there are unit periods, the
number of which 1s far larger than the number of unit periods
illustrated 1n these figures. In case of the conventional
apparatus, when the data stream 1s recorded on the recording
medium, the amount of data of a portion of the data stream
corresponding to a unit period 1s constant as illustrated 1n
FIG. 7(A). As the result, an open space is generated in the
recording medium. In contrast, in case of the embodiment of
the present invention, the amount of codes of the data stream
changes every unit period of time as illustrated in FIG. 7(B).
Moreover, no space occurs 1n the recording medium because
the total amount of codes 1s controlled.

Next, a variable transfer rate decoding apparatus of the
present mnvention will be described hereinbelow by referring,

to FIG. 8.
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FIG. 8 1s a schematic block diagram for illustrating the
conflguration of the variable transfer rate decoding appara-
tus of the present invention for decoding codes generated by
the variable transter rate control coding apparatus of FIG. 4.

In this figure, like reference characters designate like or
corresponding elements (namely, elements having the same
functions) of the conventional apparatus of FIG. 3. The
decoding apparatus of FIG. 8 1s different from the conven-
tional decoding apparatus of FIG. 3 in that the transfer rate
1s 1nputted to the buifer 21.

The codes mputted from the code nput terminal 20 are
outputted from the buffer 21 to the variable length decoder
22 1n synchronization with the operation performed 1n the
device 22. Further, a speed of writing the transfer ratio to the
buffer 21 1s controlled according to rate information inputted
from the transfer rate mnput terminal 27 every unit period of
fime 1n such a manner to be adapted to the transfer rate of
the 1nputted code.

Turning to FIG. 9, there 1s shown a schematic block
diagram for illustrating the configuration of a first example
of a variable transfer rate information reproducing apparatus
embodying the present invention.

In case of the apparatus of this figure, information coded
at a variable transfer rate changing every predetermined
period of time and recorded on the recording medium 1s read
intermittently by an information reading means 94 from the
recording medium and subsequently 1s mputted to buifer
means 95A having a decoding bufier for decoding. Further,
information outputted mntermittently from mformation read-
ing means 94 is [Moreover,| writfen fo the buffer means
95A. Moreover, the information 1s outputted therefrom to a
demultiplexer 96 when the information i1s necessary for
decoding.

In the demultiplexer 96, audio information and 1mage
information are separated. Then, the audio information and
the 1mage mformation are mputted to an audio detector 92
and an 1mage decoder 97, respectively. Further, the audio
information and the image imnformation are decoded by the
audio decoder 92 and the image decoder 97, respectively.
Moreover, a reproduced audio and a reproduced 1mage are
outputted from a reproduction audio output terminal 93 and
a reproduced 1mage output terminal 98.

On the other hand, information representing the occu-
pancy of the buffer, which information is outputted from the
buffer means 95A, 1s fed to a reading operation controller 99.
At that time, the buffer means 95A becomes almost empty
when an amount of written information 1s small 1n compari-
son with an amount of information required for decoding.
Further, the buffer means 95A becomes nearly full of 1nfor-
mation when an amount of information written thereto 1is
larger than an amount of information used for decoding.

Then, reading operation control information 1s outputted
from the reading operation controller 99 to the information
reading means 94 according to the state of the bufler means
95A. Namely, when the bufler of the buffer means 95A 1s
nearly empty, reading operation control information 1s out-
putted to i1nmitiate a reading operation or to continue to
performed a reading operation. Further, when the buffer 1s
nearly full of information, the reading operation control
information 1s outputted to control the information reading
means to cease a reading operation and stand by.

Next, a method for controlling the information reading
means 94 will be described concretely hereinbelow.

A reading of information by the information reading
means 94 from the recording medium 1s performed by using,
for example, a period of one revolution of a disk as a unit
period of time.
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Further, even 1n case where information 1s not read by the
information reading means 94 from the recording medium at
present time and on the other hand, information 1s read from
the buffer means at the maximum rate for decoding, a
reading operation of the mmformation reading means 94 is
controlled 1s such a way that the buifer of the buffer means
does not become empty until the next reading operation 1s
started.

For example, 1n case where an amount of codes read from
the recording medium during a period of the predetermined
length (hereunder sometimes referred to as a reading rate) is
equal to a maximum amount of codes required for decoding
during a period of the predetermined length (hereunder
sometimes referred to as a decoding rate), the buffer of the
buffer means 95A needs capacity which 1s a little larger than
an amount of information read two times. Further, the
information reading means 94 1s controlled 1in such a manner
that if a recording arca, on which information left in the
buffer 1s recorded, 1s less than half of the recordable area of
the buifer, the reading operation 1s kept performed and that
if the recording area, on which information left 1n the buifer
1s recorded, 1s equal to or greater than half of the recordable
arca of the buifer, the reading operation 1s ceased and the
information reading means stands by.

A more practical manner of such control is 1llustrated 1n
FIG. 10.

FIG. 10 1s a graph for illustrating a manner of such
readmg control and 1llustrates the relation among the decod-
ing rate, the reading rate and the occupancy of the buifer.

As 1llustrated 1n this figure, the decoding rate varies every
predetermined period Td. Further, information 1s read from
the recording medium intermittently at a predetermined
reading rate. It 1s controlled every predetermined period Tr
whether or not a reading of information 1s performed.

In a period between the moments t13 and t14, the decod-
ing rate has a maximum value Rmax. Further, the value of
the reading rate 1s Rmax. Thus, during this period, the
occupancy of the buffer does not change.

In contrast, in a period between the moments t1 and t2, the
reading rate 1s greater than the decodmg rate. Thus, during
this period, the occupancy of the bufler increases. At a
moment t2 at which a period of time Tr has passed since a
reading operation 1s commenced at the moment tl, the
occupancy of the buffer 1s larger than a level indicated by the
dashed central line K (namely, half of the capacity of the
buffer). Thus, the reading operation is stopped. After the
moment t2, the occupancy of the buffer decreases and
becomes equal to the level indicted by the central line K at
a moment t3.

At a moment t4 when a period 21Tr has passed since the
moment t2 at which the reading operation 1s ceased at the
precedent time, the occupancy of the buifer 1s less than %.
Thus, the reading operation 1s resumed.

In case of this example, the moment when the decoding
rate changes 1s synchronized with the moment at which the
reading operation 1s commenced or ceased as 1llustrated 1n
this figure. However, 1t 1s not necessary to synchronize
former moment with the latter moment.

Further, the information reading means 94 of FIG. 9
performs an mnformation reading operation 1n accordance
with the reading operation control information sent from the
reading operation controller 99. However, 1s practical
method for controlling the information reading means to
keep reading information from the recording medium or to
cease reading such information and stand by varies with the
kind of the recording medium employed.

In case of employing a disk medium, the practical method
for controlling the reading operation varies with the manner
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of controlling a tracking of a reproducing head. For
example, 1n case of employing what 1s called a disk of the
spiral type 1n which information track is continuous, a usual
reading operation 1s continuously performed when an mfor-
mation reading operation 1s kept performed. In contrast,
when the information reading operation should be stopped
and the apparatus should stand by, the reproducing head 1s
skipped to the precedent track and a tracing 1s repeatedly
performed on the track corresponding to an already read part
of information. Thus the apparatus falls into a stand-by state.

In contrast with this, 1n case of employing what 1s called
a disk of the concentric circle type 1n which information
track 1s closed like a circle, the apparatus falls into a
stand-by state by repeatedly performing a tracing on the
track corresponding to am already read part of information.
Then, the reproducing head i1s skipped to the subsequent
track to read mformation recorded on the next track.

Meanwhile, 1n case of a VIR having what 1s called a
rotary drum, information tracks are distributed discontinu-
ously on tape. Thus, after information 1s once read from the
track, the tape or reproducing head is moved. Further, a
tracing 1s repeatedly performed on the portion which has
been already read. Thus the apparatus 1s put into a stand-by
state. Moreover, the reproducing head or the tape 1s shafted
in such a manner that the reproducing head is set on the
subsequent track. Thus information recorded on the next
track 1s read.

Information recorded on the recording medium at a vari-
able transfer rate can be realized by controlling the infor-
mation reading means to keep reading information or stand
by without changing the number of revolutions of the disk
or drum, namely, without changing the relative speed
between the reproducing head and the recording medium as
described above.

Further, in the stand-by state, the reproducing head may
repeatedly read mmformation recorded on the same track and
outputs the read information. Further, unnecessary informa-
tion may be discarded later. In this case, information 1s read
in a narrow sense. However, substantially, information to be
read 1s not read. In the following description, the expression
“does not read and stands by” means “does not read sub-
stantially and stands by”, precisely speaking.

FIGS. 11(a), 11(b) and 11(c) are diagrams for showing
examples of recording formats employed by a variable
transfer rate information recording medium according to the
present 1nvention.

The formats of FIGS. 11(a), 11(b) and 11(c) are the
recording formats to be used for recording information on
the variable transfer rate information recording medium of
the present invention (incidentally, the recording formats to
be used for the recording medium of the compact disk
read-only memory (CD-ROM) type are shown in these
figures).

In these cases, the recording area of the recording medium
1s partitioned 1nto sectors having a predetermined number of
bytes as illustrated in FIG. 11(a). Each sector consists of a
sector header area, on which management information con-
cerning synchronization signals and sector addresses 1is
recorded, and a data area, on which 1image information and
audio mformation are recorded.

In case that data (or information) recorded on the data area
of FIG. 11(a) are read from the recording medium in
succession. The read data are an audio header, audio data,
image header and image data which are recorded in this
order as illustrated in FIG. 11(b). Further, as illustrated in
FIG. 11(c), a synchronization code is recorded on a leading
address of each of the headers.
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FIG. 12 1s a schematic block diagram for illustrating the
conflguration of a second example of a variable transfer rate
information reproducing apparatus according to the present
invention.

In this figure, same reference characters designate same or
corresponding elements (namely, elements having the same
functions) of the apparatus of FIG. 9. For simplicity of
description, the explanation of these elements 1s omitted
herein.

Ditferently from the apparatus of FIG. 9, the apparatus of
FIG. 12 does not have the reading controller 9 but 1is
provided with control information separation device 121. In
case of the example, reading operation control information
used for controlling information reading means 1s prelimi-
narily set in an encoder (namely, the coding apparatus).
Further, the reading operation control information 1s pre-
liminarily recorded on the recording medium 1n a multiplex
recording manner.

In case of the apparatus of FIG. 12, information read from
the recording medium by information reading means 94 1is
inputted to buffer means 95 and control information sepa-
ration device 121.

Operations of the demultiplexer 96, the audio decoder 92
and the image decoder 97, which follow the butfer means 95,
are similar to those of the same elements of the first example
of FIG. 9. Thus reproduced audio and image, which are
decoded, are outputted from the reproduced audio output
terminal 93 and the reproduced 1mage output terminal 98,
respectively.

On the other hand, the control mmformation separation
device 121 detects the synchronization code from an output
of the information reading means 94 and separates the
reading operation control information. The separated infor-
mation 1s inputted to the information reading means 94
therefrom. In the information reading means 94, it 1s deter-
mined according to the reading operation control informa-
tion whether the means 94 keeps reading information from
the recording medium or stands by.

In this way, the reading operation control information 1s
recorded on the recording medium 1 a multiplex recording
manner. When reproducing the recorded mformation, the
information reading means 94 1s controlled according to the
reading operation control information. This 1s rational and
results 1n that the processing can be easily performed in the
decoder or decoding apparatus. However, the delay time or
the like of the control processing effected 1n the information
reading means should be definite.

Incidentally, the control information 1s recorded in the
sector header or the audio and 1mage headers of the record-
ing medium. Incidentally, 1n the recording medium, a control
header and a control information arca may be provided for
recording the control information.

FIG. 13 1s a diagram for showing an example of the
recording format employed by the recording medium used
by the reproducing apparatus of FIG. 12.

FIG. 14 1s a schematic block diagram for illustrating the
confliguration of a third example of the variable transfer rate
information reproducing apparatus according to the present
invention.

In this figure, same reference characters designate same or
corresponding composing elements (namely, elements hav-
ing the same functions) of the apparatus of FIG. 9. For
simplicity of description, the explanation of these compos-
ing eclements 1s omitted herein.

The apparatus of FIG. 14 is different from the apparatus
of FIG. 9 1n that the former apparatus 1s provided with a
transfer rate separation device 131.
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Information read from the recording medium and output-
ted by the information reading means 94 1s inputted to the
buffer means 95 and control information separation device
131. Operations of the composing elements following the
buifer means 95 are similar to those of the same or corre-
sponding elements of the second example of FIG. 12.

FIGS. 15(a) and 15(b) are diagrams each for showing an
example of the recording format employed by the recording
medium used by the reproducing apparatus of FIG. 14.

In case of the apparatus of FIG. 14, an information signal
of the format of FIG. 15(a) is outputted from the information
reading means 94. Further, 1n the transfer rate separation
device 131, the synchronization code corresponding to code
amount 1information 1s detected from the audio header and
the 1mage header. Then, amounts of codes Bl and B2
corresponding to a period of the predetermined length,
which are recorded 1n these headers, respectively, are sepa-
rated. Thus, the decoding rate (namely, the transfer rate)
corresponding to the period of the predetermined length 1s
calculated, and the calculated decoding rate 1s inputted to the
reading operation controller 99.

As 1s seen from FIG. 15(a), the code amount information
represents an amount of codes (namely, decoding rate (or
transfer rate)) required for decoding of the recorded infor-
mation following this code amount information and corre-
sponding to the period of the predetermined length the audio
code amount B1 and the image code amount B2 required for
performing a decoding every 100 milli-seconds (ms)
(corresponding to 3 frames in case of an NTSC (National
Television System Committee) television are recorded on
both of the headers.

Further, the code amount of information may be recorded
by using the format of FIG. 15(b). Namely, an audio header,
audio data, an 1mage header and 1image data are recorded as
a packet of information. Further, a total value B1 of an audio
code amount and an 1mage code amount to be decoded 1n a
period, of, for instance, 100 ms 1s recorded in a packet
header.

In case of the apparatus of FIG. 14, the information
reading means 94 i1s controlled by the reading operation
controller 99. Thus the code amount to the read by the
information reading means 94 is preliminary known. On the
other hand, information representing an amount of codes
needed for performing a decoding i1s supplied from the
transfer rate information separation device 131.

Thus, the future occupancy of the buffer means 95 can be
predicted by the reading operation controller 99 from an
output of the reading operation controller 99 and an output
of the transfer rate information separation device 131. A
control signal 1s supplied to the information reading means
94 to prevent occurrences of an overtlow and an underflow
in the buffer means 95.

Namely, let Tr denote a unit period of time for performing,
a reading operation by the information reading means 94
(see FIG. 10). The predicted occupancy of the buffer means
95 at a moment when the period Tr has passed since the
present moment 1s calculated corresponding to each of the
cases that the reading operation 1s performed and that the
reading operation 1s not performed. The reading means 94 1s
controlled in such a manner that the predicted occupancy 1s
in the vicinity of the central line K of FIG. 10.

As can be seen from a comparison between the first
example of FIG. 9 and this example, in case of this example,
the mformation reading means 94 can be controlled faster
and the necessary capacity of the buffer can be reduced
because an amount of codes read from the buffer 1s known
preliminarily.
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Moreover, as can be seen from a comparison between the
second example of FIG. 10 and this example, 1n case of this
example, the processing to be performed in the decoder
becomes somewhat complex but the information reading
means 94 can be controlled 1in such a manner to be {it for the
throughput thereof.

FIG. 16 1s a schematic block diagram for illustrating the
confliguration of a fourth example of a variable transfer rate

information reproducing apparatus according to the present
invention.

In this figure, same reference characters designate same or
corresponding composing elements (namely, elements hav-
ing the same functions) of the apparatus of FIG. 9. For
simplicity of description, the explanation of these compos-

ing elements 1s omitted herein.
The example of FIG. 16 1s different from the third
example of FIG. 14 1n that the former example 1s provided

with a packet code amount detector 141 instead of the
transier rate separation device 131. Operations of the com-
posing elements other than the packet code amount detector
141 are similar to those of the same or corresponding
clements of the third example of FIG. 14.

In the packet code amount detector 141, a synchronization
signal corresponding to a packet 1s detected from an output
of the information reading means 94 and further an amount
of codes of this packet 1s measured until a synchronization
signal corresponding to the next packet 1s detected. In this
way, an amount of codes of one packet 1s obtained and 1s
inputted to the reading operation controller 99. The format
of this packet is similar to that of, for instance, FIG. 15(b).
However, 1t 1s not necessary to record the amount of
information of a packet in the packet header.

Further, such a packet 1s established each period of the
predetermined length (for example, 100 ms) required for a
decoding. Thus an amount of codes of one packet 1s variable.

In case of the example of FIG. 16, the information reading,
means 94 1s controlled by the reading operation controller
99. Thus the code amount to be read by the mmformation
reading means 94 1s preliminarily known. On the other hand,
information representing an amount of codes needed for
performing a decoding 1s supplied from the packet code
amount detector 141.

Thus, the reading operation controller 99 is controlled
according to an output of the reading operation controller 99
and an output of the packet code amount detector 141,
similarly as in case of the third example of FIG. 14.

As described above, 1n case of the third example, an
amount of information to be read i1s preliminarily known
before a reading operation 1s performed. In contrast, 1n case
of the fourth example, the result of the measurement effected
by the packet code amount decoder 141 represents an
amount of codes concerning information already read.
Thereby, the response to the control 1s a little slower than
that 1n case of the third example. However, an amount of
codes required for decoding 1s known 1n a stage precedent to
the buifer means 95. Theretfore, the response 1s faster than
that 1n case of the first example 1n which the mmformation
reading means 1s controlled according to the occupancy of
the buffer.

FIG. 17 1s a schematic block diagram for 1illustrating the
configuration of the fifth example of the variable transfer
rate 1nformation reproducing apparatus according to the
present mvention.

In this figure, same reference characters designate same or
corresponding composing elements (namely, elements hav-
ing the same functions) of the apparatus of FIG. 16. For
simplicity of description, the explanation of these compos-
ing eclements 1s omitted herein.
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The example of FIG. 17 1s different from that of FIG. 16
in that the former example 1s provided with a fixed-rate
detector 151, that the buffer means are connected to the rear
of the demultiplexer 96 and that audio buifer means 152 and
image bufler means 153 are separately provided as the buifer
means. Incidentally, operations of the composing elements
of the example of FIG. 17 other than the reading operation
controller 99, the fixed-rate detector 151 and the buffer
means 152 and 153 are similar to those of the same or
corresponding elements of the fourth example.

In case of the fifth example, an audio 1s recorded on the
recording medium by using a fixed transfer rate as illustrated
in FIG. 18. Further, a reading operation 1s controlled 1n such
a manner that a transfer rate of the audio information
becomes constant, as will be described later.

Information read by the information reading means 94 1s
immediately separated by the demultiplexer 96 1nto audio
information and 1image information. Then, the audio infor-
mation and the image mnformation are inputted to the audio
decoder 92 and the image decoder 97 through the buifer
means 152 and 153, respectively.

Furthermore, audio information outputted from the
demultiplexer 96 1s also inputted to the fixed rate detector
151. In the fixed rate detector 151, an amount of codes
ogenerated 1n a period of the predetermined length, which are
generated from audio mformation outputted by the demul-
tiplexer 96 1s measured. Thereafter, information represent-
ing the amount of the codes generated from the audio
information 1s outputted to the reading operation controller
99. The amount of the codes generated by the audio infor-
mation can be known by recording audio data composed of
a set of audio information corresponding to each unit period
of, for instance, 100 ms.

Further, the information reading means 94 1s controlled
according to the reading operation control information sent
from the reading operation controller 99 1n such a way to
read 1information from the recording medium or to stop a
reading operation.

In the reading operation controller 99, 1t 1s judged from
the audio code amount information corresponding to the
period of the predetermined length, which 1s mputted from
the fixed rate detector 151, whether a value indicated by the
audio code amount 1nformation 1s less than or more than a
predetermined audio average transfer rate (namely, a prede-
termined average decoding rate). If less than, a reading
operation 1s kept performed. In contrast, 1f more than,
reading operation control information, which indicates that
a reading operation 1s inhibited and that the information
reading means 1s caused to stand by, is outputted to the
information reading means 94. Thus information can be read
in synchronization with a decoding of audio iformation.

In this case, 1mage information does not atfect the control
of the information reading means 49. As long as the image
information 1s recorded 1n such a manner that there 1s only
a small difference between a moment at which the 1mage
information 1s recorded and another moment at which the
corresponding audio information 1s recorded, information
sufficient for a decoding can be obtained. Thus, there 1s not
an occurrence ol an overflow 1n the buifer means 153.

Regarding the speed of the response of the information
reading means 94 to the control information, 1t 1s the same
with the fourth example. However, 1t 1s unnecessary to
record 1mage 1mnformation every period of the predetermined
length as a packet of information. The control operation can
be easily performed.

Incidentally, audio information 1s employed as an
example of the fixed rate information. However, other kinds
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of information recorded by utilizing a fixed transfer rate may
be employed instead of audio information.

While the preferred embodiments of the present invention
have been described above, 1t 1s to be understood that the
present 1mvention 1s not limited thereto and that other
modifications will be apparent to those skilled in the art
without departing from the spirit of the invention. The scope
of the present mnvention, therefore, 1s to be determined solely
by the appended claims.

What 1s claimed 1s:

1. A variable transfer rate coding apparatus for coding a
plurality of moving picture signals 1n a total data stream,
comprising:

temporary coding means for quantizing each of the mov-

ing picture signals in the total data stream according to
a temporary quantization step width which 1s deter-
mined according to each of activities of the moving
picture signals to produce a plurality of temporary
quantized signals, changing the temporary quantized
signals to a plurality of temporary variable length codes
according to a variable length coding and calculating a
temporary transfer rate indicating an amount of tem-
porary variable length codes 1in one prescribed time
per1od for each of prescribed time periods, the plurality
of temporary transfer rates being variable with time;

target transfer rate setting means for preparing a plurality
of transfer rate conversion characteristics respectively
indicating the conversion of each temporary transfer
rate calculated by the temporary coding means to a
target transfer rate indicating an amount of target codes
in one prescribed time period, selecting a particular
transfer rate conversion characteristic from the plural-
ity of transfer rate conversion characteristics to provide
a prescribed value for a total amount of target codes
which are determined by a plurality of target transfer
rates obtained by converting the temporary transier
rates corresponding to the moving picture signals 1n the
total data stream according to the particular transfer
rate conversion characteristic, and calculating one tar-
get transfer rate from each of the temporary transfer
rates according to the particular transfer rate conversion
characteristic, the plurality of target transfer rates being
variable with time, and each target transfer rate corre-

sponding to one prescribed time period;

[storing] buffer means for temporarily storing codes,
outputting the codes at one corresponding target trans-
fer rate for each prescribed time period, the target
transfer rates for the prescribed time periods being
variable with time, and outputting [a buffer filling rate
indicating a filling rate] occupancy information repre-
senting an occupancy degree of the codes in the [stor-
ing] buffer means; and

real coding means for quantizing each of the moving
picture signals 1n the total stream according to a real
quantization step width which 1s determined according
to each of the activities of the moving picture signals
and the [buffer filling rate] occupancy information
output from the [storing] buffer means to produce a
plurality of real quantized signals so that a volume of
variable length codes obtained from each of the real
quantized signals according to the variable length cod-
ing 1s increased or decreased with the decrease or
increase of the [buffer filling rate] occupancy informa-
fion and so that a total sum of variable length codes
obtained from the real quantized signals becomes the
prescribed value, changing the real quantized signals to
a plurality of real variable length codes having a total
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volume which 1s equal to the prescribed value accord-
ing to the variable length coding, and outputting the
real variable length codes to the [storing] buffer means
one after another to output the real variable length
codes from the [storing] buffer means at one corre-
sponding target transfer rate for each prescribed time
period, the target transfer rates for the prescribed time
periods are variable with time.

2. A variable transfer rate coding apparatus according to

10 claim 1 1 which the target transfer rate sctting means
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COMPrises:
a code amount controller for selecting the particular

transfer rate conversion characteristics; and

a target transfer rate setting device for setting the target

transfer rate for each prescribed time period by con-
verting each of the temporary transfer rates into one
target transfer rate according to the particular transfer
rate conversion characteristic selected by the code
amount controller so that increase of the target transfer
rates 1s less than increase of the temporary transfer rates

and so that a maximum value of each of the target
transfer rates 1s lower than a constant value.

3. A varniable transfer rate coding apparatus according to
claim 2 1 which the code amount controller comprises:

a plurality of transfer rate converting devices for respec-

tively converting one temporary transfer rate into a
converted transfer rate according to one of the transfer
rate conversion characteristic for each prescribed time
per1od;

a plurality of accumulation adders for respectively accu-

mulating a plurality of converted transfer rates obtained
from all the temporary transfer rates 1n each of the
transfer rate converting devices and respectively gen-
erating a total amount of codes from the converted
transfer rates; and

a judgement device for selecting one total amount of

codes having a maximum value from the total amounts
generated 1n the accumulation adders, the selected one
total amount of codes being lower than a target total
code amount, and selecting one transfer rate conversion
characteristic relating to the selected one total amount
of codes as the particular transfer rate conversion
characteristic.

4. A variable transfer rate coding apparatus according to
claim 3, in which the target total code amount i the
judgement device denotes a recording capacity of a record-
ing medium.

5. A variable transfer rate coding apparatus according to
claim 1 1n which the temporary coding means comprises:

a quantizer for quantizing each of the moving picture

signals 1n the total data stream according to the tem-
porary quantization step width for each prescribed time
per1od;

a variable length coder for calculating the temporary

variable length codes from the temporary quantized
signals obtained by the quantizer according to the
variable length coding; and

temporary code amount counter for calculating the
temporary transfer rate from the amount of the tempo-
rary variable length codes for each prescribed time
period.

6. A variable transfer rate coding apparatus according to
claim 1 1n which the real coding means comprises:

a quantizer for quantizing each of the moving picture

signals 1n the total data stream according to the real
quantization step width for each prescribed time period;
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a variable length coder for calculating the real variable
length codes for each of the real quantized signals
obtained by the quantizer according to the variable

length coding; and

a quanfization controller for adjusting the real quantiza-
tion step width according to the [buffer filling rate}
occupancy information output from the [storing] buffer
means to control the quantization performed by the
quantizer.
7. A variable transfer rate information reproducing appa-
ratus for reproducing pieces of moving picture mformation
recorded on a recording medium, comprising:

information reading means for mtermittently reading the
pieces of moving picture mmformation from the record-
ing medium at a constant information reading rate, the

pieces of moving picture information [being recorded]
coded at a variable transfer rate changing every pre-
scribed time period being recorded,

buffer means for temporarily storing the pieces of moving
picture information read by the information reading
means and outputting the pieces of moving picture
information at an information decoding rate;

reading operation controlling means for detecting [an]
occupancy information [filling rate] representing an
occupancy degree of the buller means and controlling
a reading operation performed by the information read-
iIng means according to the occupancy information
[filling rate] to prevent an overflow of the pieces of
moving picture information stored in the buflfer means
and an 1nformation empty condition of the buflfer
means;, and

decoding means for decoding the pieces of moving pic-
ture information output from the buffer means to obtain
pieces of reproduced moving picture information.

8. A variable transfer rate information reproducing appa-
ratus according to claim 7 in which the information decod-
ing rate 1s equal to or lower than the constant information
reading rate, the reading operation performed by the mfor-
mation reading means 1s stopped under the control of the
reading operation conftrolling means 1n cases where the
occupancy information [filling rate] is higher than a pre-
scribed upper limit, and the reading operation stopped by the
reading operation controlling means 1s restarted under the
control of the reading operation controlling means 1n cases
where the occupancy information [filling rate] is lower than
a prescribed lower limit.

9. A variable transfer rate information reproducing appa-
ratus according to claim 7 in which the information decod-
ing rate 1s changeable.

10. A variable transfer rate information reproducing appa-
ratus according to claim 7 in which the reading operation
performed by the information reading means i1s continued
under the control of the reading operation controlling means
to read the pieces of moving picture mformation stored in
the bufler means in duplicate as pieces of unnecessary
information and discard the unnecessary information in
cases where the information filling rate 1s higher than a
prescribed upper limit.

11. A variable transfer rate information reproducing appa-
ratus according to claim 7 i1n which the decoding means
COMprises:

a demultiplexer for demultiplexing each of the pieces of
moving picture mnformation to a piece of audio infor-
mation and a piece of image mmformation;

an audio decoder for decoding the pieces of audio infor-
mation obtained by the demultiplexer to obtain a piece
of reproduced audio information; and
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an 1mage decoder for decoding the pieces of 1mage
information obtained by the demultiplexer to obtain a
piece of reproduced 1image information.
12. A variable transfer rate information reproducing appa-
ratus for reproducing pieces of moving picture information
recorded on a recording medium, comprising:

information reading means for intermittently reading at a
constant information reading rate the pieces of moving
picture information and a piece of reading operation
control information from the recording medium, 1n
which the pieces of moving picture information [are
recorded] coded at a variable transfer rate changing
every prescribed time period are recorded,;

buffer means for temporarily storing the pieces of moving
picture 1nformation read by the information reading
means and outputting the pieces of moving picture
information at an information decoding rate;

control information separating means for separating the
reading operation control information from the pieces
of moving picture information read by the information
reading means and controlling a reading operation

performed by the information reading means according
to the reading operation control information to prevent
an overflow of the pieces of moving picture 1nforma-
tion stored in the buifer means and an information
empty condition of the buffer means; and

decoding means for decoding the pieces of moving pic-
ture information output from the buifer means to obtain
pieces of reproduced moving picture 1nformation.

13. A variable transfer rate information reproducing appa-
ratus according to claim 12 1n which the information decod-
ing rate 1s equal to or lower than the constant information
reading rate, and the reading operation performed by the
information reading means 1s stopped or restarted according
to the reading operation control information to maintain [an]
occupancy information [filling rate] representing an occu-
pancy degree of the buller means within an allowable range.

14. A variable transfer rate information reproducing appa-
ratus according to claim 12 in which the decoding means
COMPIISES:

a demultiplexer for demultiplexing each of the pieces of
moving picture mnformation to a piece of audio infor-
mation and a piece of image information;

an audio decoder for decoding the pieces of audio infor-
mation obtained by the demultiplexer to obtain a piece
of reproduced audio information; and

an 1mage decoder for decoding the pieces of 1mage
information obtained by the demultiplexer to obtain a
piece of reproduced 1image information.
15. A variable transfer rate information reproducing appa-
ratus for reproducing pieces of moving picture of informa-
tion recorded on a recording medium, comprising:

information reading means for intermittently reading the
pieces of moving picture information and a piece of
transfer rate information from the recording medium at
a constant information reading rate for each prescribed
time period, in which the pieces of moving picture
information [are recorded] coded at a variable transfer
rate changing every prescribed time period, are
recorded, the transfer rate information indicating the
variable transfer rate;

transfer rate information separating means for separating
the transfer rate information from the pieces of moving
picture 1nformation read by the information reading
means;

buffer means for temporarily storing the pieces of moving
picture 1nformation read by the information reading
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means and outputting the pieces of moving picture
information at an information decoding rate;

reading operation controlling means for controlling a
reading operation performed by the information read-
ing means according to the transfer rate nformation
obtained by the transfer rate information separating
means to prevent an overflow of the pieces of moving
picture information stored in the buifer means and to

prevent an information empty condition of the bufler
means; and

decoding means for decoding the pieces of moving pic-
ture information output from the buifer means to obtain
pieces of reproduced moving picture 1nformation.

16. A variable transfer rate information reproducing appa-
ratus according to claim 15 1n which the information decod-
ing rate 1s equal to or lower than the constant information
reading rate, and the reading operation performed by the
information reading means 1s stopped or restarted under the
control of the reading operation controlling means to main-
tain [an] occupancy information [filling rate] representing
an occupancy degree of the builer means within an allow-
able range.

17. A variable transfer rate information reproducing appa-
ratus according to claim 15 1n which the decoding means
COMprises:

a demultiplexer for demultiplexing each of the pieces of
moving picture information to a piece of audio infor-
mation and a piece of 1mage information;

an audio decoder for decoding the pieces of audio infor-
mation obtained by the demultiplexer to obtain a piece
of reproduced audio information; and

an 1mage decoder for decoding the pieces of 1mage
information obtained by the demultiplexer to obtain a
piece of reproduced 1image information.

18. A variable transfer rate information reproducing appa-
ratus for reproducing pieces of moving picture mmformation
recorder 1n a packet on a recording medium for each
prescribed time period comprising:

information reading means for mtermittently reading the

pieces of moving picture mformation and code amount
of the pieces of the moving picture information in one
packet from the recording medium at a constant 1mfor-
mation reading rates for each prescribe time period, 1n
which the pieces of moving picture mmformation are
recorded with a changeable amount of code indicating
the pieces of the moving picture information in one
packet;

packet code amount detecting means for detecting the
code amount of the pieces of moving pictures infor-
mation 1n one packet read by the information reading
means for each prescribed time period;

bufler means for temporarily storing the pieces moving
picture information 1n one packet read by the informa-
tion reading means for each prescribed time period and
outputting the pieces of moving picture information at
an mnformation decoding rate;

reading operation controlling means for controlling a
reading operation performed by the information read-
ing means according to the code amount obtained by
the packet code amount detecting means to prevent an
overtlow of the pieces of moving picture information
stored 1in the buffer means and an information empty
condition of the buffer means; and

decoding means for decoding the pieces of moving pic-
ture information output from the buffer means to obtain
pieces of reproduced moving picture information.
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19. A variable transfer rate information reproducing appa-
ratus according to claim 18 1n which the information decod-
ing rate 1s equal to or lower than the constant information
reading rate, and the reading operation performed by the
information reading means 1s stopped or restarted under the
control of the reading operation controlling means to main-
tain [an] occupancy information [filling rate] representing
an occupancy degree ol the buller means within an allow-
able range.

20. A variable transfer rate information reproducing appa-
ratus according to claim 18 1n which the decoding means
COMPrises:

a demultiplexer for demultiplexing each of the pieces of
moving picture information to a piece of audio infor-
mation and a piece of 1mage information;

an audio decoder for decoding the pieces of audio infor-
mation obtained by the demultiplexer to obtain a piece

of reproduced audio information; and

an 1mage decoder for decoding the pieces of 1mage
information obtained by the demultiplexer to obtain a
piece of reproduced 1mage information.
21. A variable transfer rate information reproducing appa-
ratus for reproducing pieces of moving picture information
recorded on a recording medium, comprising:

information reading means for intermittently reading ar a
constant information reading rate the pieces of moving
picture information from the recording medium, the
pleces of moving picture information being classified
into pieces of first information coded at a fixed transfer
rate and recorded on the recording medium [at a fixed
transfer rate] and pieces of second information coded at
a variable transfer rate changing every prescribed time
pertod and recorded on the recording medium at a
variable transfer rate changing every prescribed time
period, at a constant information reading rate;

demultiplexing means for demultiplexing the pieces of
moving picture information read by the information
reading means to the pieces of first information and the
pieces of second nformation;

first butfer means for temporarily storing the pieces of first
information demultiplexed by the demultiplexing
means and outputting the pieces of first information at
an nformation decoding rate;

second buffer means for temporarily storing the pieces of
second 1information demultiplexed by the demultiplex-
ing means and outputting the pieces of second infor-
mation at the mmformation decoding rate;

fixed transfer rate detecting means for detecting the fixed
transfer rate from the pieces of first information;

reading operation controlling means for controlling a
reading operation performed by the information read-
ing means according to the fixed transfer rate detected
by the fixed transfer rate detecting means to prevent an
overflow of the pieces of first information stored 1n the
first buffer means and to prevent an information empty
condition of the first buffer means;

first decoding means for decoding the pieces of first
information output from the first buifer means to obtain
pieces of reproduced first information; and

second decoding means for decoding the pieces of second
information output from the second bufler means to
obtain pieces of reproduced second mnformation, pieces
of reproduced moving picture information being com-
posed of the pieces of reproduced first information
obtained by the first decoding means and the pieces of
second 1nformation.
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22. Avariable transfer rate information reproducing appa-
ratus according to claim 21 1n which the information decod-
ing rate 1s equal to or lower than the constant information
reading rate, and the reading operation performed by the
information reading means 1s stopped or restarted under the
control of the reading operation controlling means to main-
tain [an] occupancy information [filling rate] representing
an occupancy degree of the [first] buffer means within an
allowable range.

23. A recording medium on which codes are recorded,
comprising:

a recording region having a prescribed storing capacity

value; and

information of a plurality of moving picture signals 1n a
total data stream being stored in the recording medium
so that a sum of a plurality of real variable length codes
indicating the moving picture signals 1n the total data
stream 1s equal to the prescribed storing capacity value,
wherein each of the moving picture signals in the total
data stream 1s quantized according to a temporary
quantization step width which is determined according
to each of activities of the moving picture signals to
produce a plurality of temporary quantized signals
which are changed to a plurality of temporary variable
length codes, a temporary transfer rate indicating an
amount of temporary variable length codes 1n one
prescribed time period bemg calculated for each of
prescribed time periods, a plurality of target transfer
conversion characteristics respectively indicating the
conversion of each of the temporary transfer rates to a
target transfer rate indicating an amount of target codes
in one prescribed time period are prepared, a particular

target transfer conversion characteristic being selected

from the plurality of target transfer conversion charac-
teristics on condition that a total amount of target codes
which are determined by a plurality of target transier
rates obtained by converting the temporary transfer
rates corresponding to the moving picture signals 1n the
total data stream according to the particular target
transfer conversion characteristic 1s the prescribed stor-
ing capacity value of the recording region, one target
transfer rate being calculated from each of the tempo-
rary transfer rates according to the particular target
transfer conversion characteristic on condition that the
plurality of target transfer rates for the prescribed time
periods are variable with time, a buffer 1n which codes
are temporarily stored, the codes are output at one
corresponding target transfer rate for each prescribed
time period on condition that the target transfer rates for
the prescribed time periods are variable with time and
that a buffer filling rate indicating a filling rate of the
codes 1n the buffer 1s output 1s prepared, each of the
moving picture signals in the total data stream being
quantized according to a real quantization step width
which 1s determined according to each of the activities
of the moving picture signals and the buifer filling rate
output from the buffer to produce a plurality of real
quantized signals on condition that a volume of vari-
able length codes obtained from each of the real
quantized signals 1s increased or decreased with the
decrease or increase of the buifer filling rate and that a
total sum of variable length codes obtained from the
real quantized signals becomes the prescribed storing
capacity value of the recording region, the real quan-
tized signals being changed to the plurality of real
variable length codes of which a total volume 1s equal
to the prescribed storing capacity value of the recording

30

region, the real variable length codes being temporarily
stored 1n the buffer one after another, and the real
variable length codes stored in the buffer are recorded
in the recording region of the recording medium at one
corresponding target transfer rate for each prescribed
time period on condition that the plurality of target
transier rates for the prescribed time periods are vari-
able with time.

24. A recording medium according to claim 23, further
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reading operation control information stored in the
recording medium, wherein the information of the
moving picture signals in the total stream and the
reading operation control information are intermittently
read from the recording region of the recording
medium at a constant information reading rate, the
reading operation control information 1s separated from
the information of the moving picture signals, the
information of the moving picture signals 1s tempo-
rarily stored 1n a buffer unit and 1s output at an
information decoding rate, a reading operation 1S con-
trolled according to the reading operation control infor-
mation to prevent an overtlow of the information of the
moving picture signals stored 1n the buffer unit and an
information empty condition of the buffer unit, and the
information of the moving picture signals output from
the buffer unit 1s decoded to obtain pieces of repro-
duced moving picture information.

25. A variable transfer rate coding apparatus for coding

a plurality of moving picture signals in a total data stream,
COMPIISING.

temporary coding means for quantizing each of the mov-
ing picture signals in the total data stream according to
a temporary quaniization step width which is deter-
mined according to each of activities of the moving
picture signals to produce a plurality of temporary
quanitized signals, changing the temporary quantized
signals to a plurality of temporary variable length
codes according to a variable length coding and cal-
culating a temporary transfer rate indicating an
amount of temporary variable length codes in one
prescribed time period for each of prescribed time
pertods, the plurality of temporary transfer rates being
variable with time;

target fransfer rate setfting means for setfting a target
ransfer rate from each of the temporary transfer rates
calculated by the temporary coding means so that a
maximum value of each of the target transfer rates is
lower than a prescribed constant value, and so as to
provide a prescribed value for a total amount of target
codes which are determined by a plurality of the target
fransfer rates corresponding to the moving picture
signals in the total data stream, the plurality of target
transfer rates being variable with time, and each target
transfer rate corresponding to one prescribed time
period;

buffer means for temporarily storing codes, outputting the
codes at one corresponding target transfer rate for
each prescribed time period, the target transfer rates
for the prescribed time periods being variable with
lime, and outputiing occupancy mformation represent-
ing an occupancy degree of the codes in the buffer
means; and

real coding means for quantizing each of the moving
picture signals in the total stream according to a real
quantization step width which is determined according
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o each of the activities of the moving picture signals
and the occupancy information oulput from the buffer
means to produce a plurality of real quaniized signals
so that a volume of variable length codes obtained from
each of the real quantized signals according to the
vartable length coding is increased or decreased with
the decrease or increase of the occupancy injormation
and so that a total sum of variable length codes
obtained from the real quantized signals becomes the
prescribed value, changing the real quantized signals
to a plurality of real variable length codes having a
total volume which is equal to the prescribed value
according to the variable length coding, and ouipuiting
the real variable length codes to the buffer means one
after another to output the real variable length codes
from the bujffer means at the one corresponding target
ransfer rate for each prescribed time period, the target
iransfer rates for the prescribed time periods being
variable with time.

20. A variable transfer rate coding method for coding a

plurality of moving picture signals in a total data stream,
COMpPrising:

a temporary coding step of quantizing each of the moving
picture signals in the total data stream according to a
femporary quantization step width which is determined
according to each of activities of the moving picture
signals to produce a plurality of temporary quantized
signals, changing the temporary quantized signals to a
plurality of temporary variable length codes according
fo a vartable length coding and calculating a tempo-
rary transfer rate indicating an amount of temporary
vartable length codes in one prescribed time pertod for
each of prescribed time periods, the plurality of tem-
porary transfer rates being variable with fime;

a largel transfer rate seiting step of setting a target
transfer rate from each of the temporary transfer rates
calculated by the temporary coding step so that a
maximum value of each of the target transfer rates is
lower than a prescribed constant value, and so as to
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provide a prescribed value for a total amount of target
codes which are determined by a plurality of the target
fransfer rates corresponding to the moving picture
signals in the total data stream, the plurality of target
ransfer rates being variable with time, and each target
fransfer rate corresponding to one prescribed time
pertod;

a bujfering steps of temporarily storing codes, outpuiting
the codes at one corresponding target transfer rate for
each prescribed time period, the target transfer rates
for the prescribed time periods being variable with
lime, and outputiing occupancy mformation represent-
ing an occupancy degree of the codes in the buffering
step; and

a real coding step of quantizing each of the moving
picture signals in the total stream according to a real
quantization step width which is determined according
o each of the activities of the moving picture signals
and the occupancy information output from the buffer-
ing step to produce a plurality of real quantized signals
so that a volume of variable length codes obtained from
each of the real quantized signals according to the
variable length coding is increased or decreased with
the decrease or increase of the occupancy information
and so that a total sum of variable length codes
obtained from the real quantized signals becomes the
prescribed value, changing the real quantized signals
to a plurality of real variable length codes having a
total volume which is equal to the prescribed value
according to the variable length coding, and perform-
ing the bujfering step on the real variable length codes
one after another to output the real variable length
codes from the buffering step at one corresponding
target transfer rate for each prescribed time period, the
target transfer rates for the prescribed time periods
being variable with time.
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