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(57) ABSTRACT 

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 and to a recording 
medium, on which information is recorded by this transfer 
rate coding apparatus, by obtaining an amount of codes to be 
temporarily generated in each unit period of time by a 
temporary or tentative coding, and then Storing a temporary 
transfer rate (namely, a value of the temporary amount of 
codes to be generated in each unit period of time), and 
Setting a target transfer rate (namely, a target value of an 
amount) of codes to be sent in each unit period of time from 
a total of the temporary transfer rates and the recordable 
capacity of the recording medium and next performing an 
actual or real coding according to the target transfer rates. 

26 Claims, 11 Drawing Sheets 

ACT WITY 
DETECTOR 

5 FIXED WAU 

O 
D S. CODE c - BUFFER OUTPUT 

ERMINAL 

C 12, TRANSFER YET"; 
output 

WARIABLE 
LENGTH 
CODER 

TEMPORARY CODE TARGET 
INTER-IMAGE LOCAL CODE AMOUNT AMON TRANSFER RAT 

: PREDICTOR DECODER COUMER CONTROLER SETING DEVICE 

TEMPORARY 
TRANSFERRATE 
MEMORY 

30 

  

  

  

  

    

  

  

  

  

  



US RE38,227 E 
Page 2 

JP 
JP 
JP 
JP 
JP 
JP 
JP 

U.S. PATENT DOCUMENTS 

5,410,351 A 4/1995 
5.432,769 A 7/1995 
5,471.450 A 11/1995 
5,557419 A 9/1996 
5,570,132 A 10/1996 
5,594,598 A 1/1997 

FOREIGN PATENT DOCUMENTS 

63-151225 
2-194734 
3-263927 
O4085763 
4-2271.85 
4-227186 
O4318786 

Kojima 
Honjo 
Yonemitsu et al. 
Muto 
De With et al. 
Shikakura 

6/1988 
8/1990 
11/1991 
3/1992 
8/1992 
8/1992 
11/1992 

IEEE Transactions On Consumer Electronics, vol. 35, No. 2, 
May 1989, New York US p. 97-105, Chao et al. “A Pocket 
Video/Audio System Using the Asynchronous Tranfer Mode 
Technique'. 
International standards organization: “Final text for DIS 
11172-1 (REV2): information technology: coding of mov 
ing pictures and associated audio for digital Storage media 
part 1-coding at up to about 1.5 mbit/s (ISO/IEC JTC1/ 
SC29/WG 11 N 0156), passage text” coded representation of 
audio, picture multimedia and hypermedia information (ten 
tative title), Apr. 20, 1992. ISO/IEC JTC 1/SC 29 N 147. 
Final text for DIS 11172–1 (REV. 2): information technolo 
gy-coding of moving pictures and asSociated audio FO, 

OTHER PUBLICATIONS 

1992, pp. 1–57, XP002034584. 



US RE38,227 E Sheet 1 of 11 Aug. 19, 2003 U.S. Patent 

HE00030 TWOOT HEZI INVITÒ 

80101038d H0WWI-HEINI 
80103130 \LIMI 10W 

| 9 

TIWNIW HE | |fldNI 30WWI 

  

  

  

  

  

  

  

  

  



US RE38,227 E Sheet 2 of 11 Aug. 19, 2003 U.S. Patent 

30WWI 801010}}}d 8B] NI 

OZ 

| 7 

  

  

  

  



US RE38,227 E Sheet 3 of 11 Aug. 19, 2003 U.S. Patent 

30 
8 | 

Z | 

08 

ÅHOWBW 
H3000   

  

    

  

    

  

  

  

  







US RE38,227 E Sheet 6 of 11 Aug. 19, 2003 U.S. Patent 

    

  

  

  

  

  

  

  

  

  

  

  

    

  



US RE38,227 E Sheet 7 of 11 Aug. 19, 2003 U.S. Patent 

EWI 1 + – – – – 

31W8 9NIOWEH 

  



US RE38,227 E Sheet 8 of 11 

<— HBO WEH —> 
3000 

Aug. 19, 2003 U.S. Patent 

(B) || 0/-/ 

  

  

  

  

  

  

  

  

  









US RE38,227 E 
1 

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 is 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 invention 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 is recorded. Further, this invention relates 
to a reproducing apparatus for reading moving picture 
information from the recording medium. More particularly, 
this invention 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 is recorded. 

2. Description of The Related Art 
When a variable length code is used in performing a 

highly efficient coding of an image Signal, a part of an image 
represented by the image Signal, which part contains a Small 
amount of image information, is coded or converted into a 
Small amount of codes. Therefore, it is reasonable for 
increasing the efficiency of coding to employ a variable 
length coding. Especially, in case of an inter-image predic 
tive coding of each frame or field of a moving picture, an 
amount of codes corresponding to a part having no motion 
is very little. Thus, the efficiency of transmission or record 
ing of information or codes can be increased if the trans 
mission or recording is 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 is called an 
asynchronous transmission mode (ATM) which is exten 
Sively Studied as a packet transmission in 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 is controlled. 

Meanwhile, in case of recording media termed package 
media (for example, a Video tape recorder (VTR), a video 
disk or the like as presently used), information is recorded 
thereon at predetermined tape Speed or a predetermined 
rotational Speed. AS the result, an amount of information 
recorded on the recording medium in 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, in case that 
a moving picture of 100 minutes is recorded on a recording 
medium whose maximum recording time is 120 minutes, the 
remaining capacity of the recording medium corresponding 
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2 
to the recording time of 20 minutes is 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, in case of a conventional coding apparatus, the 
transfer rate is fixed to a constant value as will be described 
hereinbelow by referring to FIG. 1. 

FIG. 1 is a Schematic block diagram for illustrating the 
configuration of an example of the conventional coding 
apparatus. Incidentally, the coding apparatus of FIG. 1 is in 
conformity with CCITT (International Telegraph and Tele 
phone Consultative Committee) Specified Standard System. 
AS shown in this figure, image Signals are inputted to a 

predictive Subtracter 2 and an activity detector 4 through an 
image input terminal 31. Incidentally, what is called activity 
indicates a degree of change in data, which is represented by 
an image 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 is Subtracted from 
the image Signal. Then, a prediction residual Signal repre 
Senting a result of the Subtraction is outputted from the 
predictive subtractor 2 to a discrete cosine transform (DCT) 
device 3. 

Next, in the DCT device 3, a DCT is performed on the 
prediction residual signal. Then, a signal representing a 
result of the DCT is outputted from the DCT device 3 to a 
quantizer 6 whereupon a quantization is 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 is next inputted to a variable length 

coder 7 and a local decoder 15. Further, in the device 7, 
information represented by the inputted Signal is converted 
into a compressed code. Subsequently, a Signal representing 
the compressed code is inputted to a buffer 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 is 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 
transfer 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 is 
decoded and as a consequence, a reproduced prediction 
residual Signal is produced. Then, the reproduced prediction 
residual signal is inputted to an adder 14 whereupon the 
inter-frame prediction Signal inputted from the inter-image 
predicting device 13 is added to the reproduced prediction 
residual signal inputted from the local decoder 15. 
Subsequently, a reproduced image Signal representing a 
result of this addition is Supplied to an inter-image predicting 
device 13 whereupon the reproduced image Signal is delayed 
by one frame and a motion compensation is effected to 
generate an inter-frame prediction signal. The generated 
inter-frame signal is Supplied from the inter-image predict 
ing device 13 to the prediction subtracter 2 and the adder 14. 

Further, the quantization is controlled according to what 
is called an occupancy of the buffer and to the activity of an 
original image. 

Thus, information representing the occupancy of the 
buffer 32 and the activity detected by the activity detecting 
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device 4 is inputted to the quantization controller 5 where 
upon a quantization Step width is Set according to the 
inputted information. Further, a Signal indicating the quan 
tization Step width is inputted to the quantizer 6. 
Incidentally, the quantization Step width is Set in 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 
is shown in FIG. 2. 

FIG. 2 is a diagram for illustrating the manner of the 
quantization control, which shows an example of the rela 
tion between the occupancy of the buffer 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 is due to the fact that in case of a block having large 
activity, change in image Signal is large and that an error is 
not noticeable and that in contrast, in case of a block having 
Small activity, even a Small error is conspicuous. 

Practically, the value of the quantization Step width Set 
according to the occupancy of the buffer is multiplied by a 
multiplier which ranges from (%) to 2 and is set according 
to the activity regarding each block. 
At that time, if the average value of the activity is 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 is employed as an activity. Incidentally, 
when using DCT or the like, a quantization error is con 
spicuous in a block of an edge portion. Therefore, it is 
preferable that an edge portion is detected before the activity 
is determined, and Subsequently, the activity of a block of 
the detected edge portion is regulated in 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 is a schematic block diagram for illustrating the 
configuration of an example of the conventional decoding 
apparatuS. 
AS shown in this figure, codes inputted from a code input 

terminal 20 to a buffer 41 at a constant transfer rate are 
outputted to a variable length decoder 22 in Synchronization 
with a processing to be effected therein. 

In he variable length decoder 22, the variable length code 
is converted into a fixed length code. Then, in the dequan 
tizer 23, the fixed length code is converted into a quantiza 
tion representative value (hereunder Sometimes referred to 
Simply as a quantization representative). The quantization 
representative is inputted to an inverse DCT device 24 
whereupon an inverse DCT is performed on the quantization 
representative to produce a reproduction predictive residual 
Signal. Then, the reproduction predictive residual Signal is 
applied to the adder 14. 

Next, in the adder 14, a prediction Signal inputted from the 
inter-image predictor 13 is 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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4 
reproduced image. This reproduced image Signal is output 
ted from an image output terminal 25. Further, the repro 
duced image Signal is also inputted to the inter-image 
predictor 13. 

However, as described above, in case of the conventional 
coding apparatus, the transfer rate is controlled in Such a 
manner to be constant. Thus, the conventional coding appa 
ratus has a drawback in that although an amount of codes 
corresponding to a portion of an image is Sufficient and a 
corresponding quantization Step width is too narrow, an 
amount of codes corresponding to another portion of the 
image is insufficient and a corresponding quantization Step 
width is large (namely, quantization is coarse) and thus the 
picture quality is degraded. 

Further, in case of the conventional coding apparatus, a 
coding is performed at a constant transfer rate irrespective of 
the length (or duration) of a moving picture. Thus, the 
conventional coding apparatus has another drawback in that 
if the length of a moving picture is 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, in case of an apparatus for reproducing 
information from a recording medium as above described, it 
is usual that information representing an image or an audio 
is continuously read and reproduced from the medium and 
thus there is no necessity of Special control of reproduction 
of the information. 

In case of a constant-line-velocity (CLV) disk medium is 
which a line Velocity is 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 is preferable for making the most of the capacity of a 
recording medium that the transfer rate for transferring 
image information to be recorded is 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 is recorded as what is called variable transfer 
rate information and is reproduced from the recorded Vari 
able transfer rate information. 

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

above described drawbacks of the prior art. 
It is, 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 
generated by this variable transfer rate control coding appa 
ratus is recorded. 
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Further, it is another object of the present invention to 
provide a variable transfer rate moving picture information 
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 thereof 
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 information by the reproducing 
apparatuS. 

SUMMARY OF THE INVENTION 

To achieve the foregoing object, in accordance with an 
aspect of the present invention, there is 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 in 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 is provided a recording medium on which 
information is 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 
generated in 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 in Such a 
manner that a total amount of codes generated from the 
moving picture Signal is equal to a predetermined value. 
Thus, a coding of the moving picture Signal is effected by 
controlling an amount of generated codes in accordance with 
the target transfer rate corresponding to each unit period of 
time. 

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 
time by making increase in the target transfer rate be leSS 
than increase in 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 is not 
constant, and an amount of codes recorded thereon and 
generated from the entire moving picture is made to be 
nearly equal to the available (or recordable) capacity of the 
recording medium. 

Thus, as described above, in case of the variable transfer 
rate control coding apparatus, an amount of codes to be 
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6 
temporarily generated in each unit period of time is 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 transfer rates and the recordable capacity of the 
recording medium and finally, an actual coding is 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 in 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 in case of the conventional coding 
apparatus, becomes large. 

Thus, in accordance with the present invention, amounts 
of codes are Suitably distributed to portions of the image 
according to the contents of information representing the 
portions, and moreover the picture quality is improved. 
Furthermore, the target transfer rate corresponding to each 
unit period of time is Set in Such a manner that a total amount 
of codes is constant. Therefore, by controlling a coding 
according to the target transfer rate, even if the length or 
duration of a moving picture is changed, all codes are 
recorded on the recording medium without waste thereof. 
Further, in accordance with the present invention, fluctua 
tion in quantized value becomes Small and as a consequence, 
change in 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, in 
which there is no motion, of a picture is Small. 
Consequently, the picture quality is improved Sharply. 

Further, although the transfer rate may vary with unit 
periods of time, the transfer rate is unchanged within each 
unit period of time. Thus, the variable transfer rate control 
coding and decoding apparatuses of the present invention 
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, if the variable transfer rate control 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 
ferrate control coding apparatus of the present invention can 
record longer than the conventional coding apparatus does. 

Furthermore, the recording medium of the present inven 
tion is a medium on which image information generated by 
the variable transfer rate control coding apparatus of the 
present invention is recorded. Each time when a unit period 
of time passes, the transfer rate is 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 is recorded on the full recording capacity of the 
recording medium. Consequently, the picture quality of a 
moving picture reproduced from the recording medium is 
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 in practical use. 

Further, in accordance with another aspect of the present 
invention, there is provided a variable transfer rate infor 
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mation recording medium, on which moving picture infor 
mation coded by changing the transfer rate is recorded and 
on which reading operation control information is also 
recorded in a multiplex recording manner. The reading 
operation control information is used for directing informa 
tion 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, in accordance with a further aspect of the 
present invention, there is 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 
time of a moving picture is also recorded in a multiplex 
recording manner. 

Furthermore, in accordance with Still another aspect of the 
present invention, there is provided a variable transfer rate 
information reproducing apparatus for reproducing moving 
picture information coded while changing a transfer rate 
every predetermined period of time and recorded on a 
recording medium, which apparatus is provided with infor 
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, in case that it is not necessary to read 
information, the information reading means reads the read 
information again and thereafter discards unnecessary infor 
mation. 

Moreover, in accordance with yet another aspect of the 
present invention, there is provided a variable transfer rate 
information reproducing apparatus for reproducing moving 
picture information coded while changing a transfer rate 
every predetermined period of time and recorded on a 
recording medium, which apparatus is 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 information reading mean which occasionally 
does not read information but Stands by according to the 
reading control information. 

Furthermore, in accordance with another aspect of the 
present invention, there is provided a variable transfer rate 
information reproducing apparatus for reproducing informa 
tion 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 is provided 
with control information Separation means for detecting the 
reading operation control information, and in which infor 
mation reading means occasionally does not read informa 
tion but Stands by according to the reading operation control 
information. 

Further, in accordance with a further aspect of the present 
invention, there is provided a variable transfer rate infor 
mation reproducing apparatus for reproducing information 
from a recording medium on which information representing 
a transfer rate of a moving picture Signal corresponding to 
each unit period of time and moving picture information 
coded while changing the transfer rate thereof every unit 
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8 
period of time are recorded in a multiplex recording manner, 
which apparatus is provided with transfer rate information 
Separation means for detecting code amount information 
representing a transfer 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 invention, there is provided a variable transfer 
rate information reproducing apparatus for reproducing 
moving picture information from a recording medium on 
which the moving picture information coded while changing 
a transfer rate every unit period of time is recorded as a 
packet of information, which apparatus is 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 invention, there is provided a variable transfer rate 
information reproducing apparatus for reproducing informa 
tion on a recording medium on which fixed-transfer-rate 
information coded while fixing a transfer rate and moving 
picture information coded while changing a transfer rate 
every predetermined period of time are recorded in a mul 
tiplex recording manner, which apparatus is provided with a 
fixed-transfer-rate detector for detecting an amount of codes 
generated from the information for the period of the prede 
termined length, information reading means for reading 
information recorded on the recording means and reading 
operation control means for controlling the information 
reading means in Such a manner that the amount of codes 
generated in 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 is called variable transfer rate infor 
mation obtained by controlling a transfer rate every period 
of the predetermined length is recorded. Further, reading 
control information for controlling the reproducing appara 
tus to read information or Stands by instead of reading 
information and information indicating an amount of codes 
representing the variable transfer rate information are also 
recorded thereon in a multiplex recording manner. 

In case of the variable transfer rate information reproduc 
ing apparatus of the present invention, the variable transfer 
rate information recorded on the recording medium is ready 
by the information reading means provided in the reproduc 
ing apparatus. 

Incidentally, information is 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 is stored in the decoding buffer. 

Thereafter, information of an amount necessary for decoding 
is outputted from this buffer. In case of decoding codes 
generated from fixed-transfer-rate information, the amount 
necessary for decoding is constant amount corresponding to 
a period of the predetermined length. In contrast, in 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 in the buffer, as 
well as the occupancy of the buffer, 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 is 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 in a multiplex recording 

C. 

AS described above, the variable transfer rate information 
reproducing apparatus of the present invention is provided 
with the information reading means for intermittently read 
ing information 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 is controlled according to the 
occupancy of the buffer and the amount of codes generated 
from information in 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, in case of the reproducing apparatus of the 
present invention, reading operation control information for 
controlling the information reading means and the informa 
tion concerning the amount of codes generated in each 
period of the predetermined length are recorded on the 
recording medium in 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 information 

reproducing apparatus and the recording medium used 
therein of the present invention have excellent effects in 
practical use. 

BRIEF DESCRIPTION OF THE DRAWINGS 

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

FIG. 1 is a Schematic block diagram for illustrating the 
configuration of a conventional image coding apparatus, 

FIG. 2 is a diagram for illustrating the manner of quan 
tization control; 

FIG. 3 is a schematic block diagram for illustrating the 
configuration of a conventional decoding apparatus, 

FIG. 4 is 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 is a schematic block diagram for illustrating the 
configuration of a code amount controller of the embodi 
ment of the present invention; 

FIG. 6 is a graph for showing the conversion character 
istics between temporary transfer rates and target transfer 
rates corresponding to each unit period of time, 

15 

25 

35 

40 

45 

50 

55 

60 

65 

10 
FIGS. 7(A) and 7(B) are diagrams for illustrating data 

Streams (or code sequences) recorded on a recording 
medium; 

FIG. 8 is a schematic block diagram for illustrating the 
configuration of a variable transfer rate decoding apparatus 
embodying the present invention for decoding codes gener 
ated by the variable transfer rate control coding apparatus of 
FIG. 4; 

FIG. 9 is a schematic block diagram for illustrating the 
configuration of a first example of a variable transfer rate 
information reproducing apparatus embodying the present 
invention; 

FIG. 10 is 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 invention; 

FIG. 12 is a schematic block diagram for illustrating the 
configuration of a Second example of a variable transfer rate 
information reproducing apparatus embodying the present 
invention; 

FIG. 13 is 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 is a schematic block diagram for illustrating the 
configuration of a third example of a variable transfer rate 
information reproducing apparatus embodying the present 
invention; 

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 is a schematic block diagram for illustrating the 
configuration of a fourth example of a variable transfer rate 
information reproducing apparatus embodying the present 
invention; 

FIG. 17 is a schematic block diagram for illustrating the 
configuration of a fifth example of a variable transfer rate 
information reproducing apparatus embodying the present 
invention; and 

FIG. 18 is 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 

Hereinafter, preferred embodiments of the present inven 
tion will be described in detail by referring to the accom 
panying drawings. 

FIG. 4 is a Schematic block diagram for illustrating the 
configuration of a variable transfer rate control coding 
apparatus embodying the present invention. 

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 VTR 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. 

Hereinafter, a coding performed in this variable transfer 
rate control coding apparatus will be described in detail by 
referring to FIG. 4. 
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A coding is performed on a Same moving picture Signal 
two times. At first time, a coding process is performed for 
effecting a temporary coding for Setting a target transfer rate 
corresponding to each unit period of time. At Second time, 
another coding proceSS is 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 is 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 ideas employed in 
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 is a moving picture Signal. Further, the activity is 
not used as an estimate of an amount of codes. Moreover, the 
apparatus of the present invention performs a coding, which 
is the same as a real coding, and uses an output coded by a 
variable length coding. In contrast, in 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 
is effected correspondingly. However, in case of the appa 
ratus of the present invention, a target-transfer-rate Setting 
unit is equal to a predetermined unit period of time and a 
control operation unit period is less than the predetermined 
unit period of time. Further, a target transfer rate is 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 is not performed according to the occupancy of a buffer. 
Instead, a transfer rate corresponding to each unit period of 
time is 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 is controlled according to the occupancy of the buffer 
and the target rates. Incidentally, the target transfer rate is Set 
in Such a fashion that moving picture Signals to be recorded 
are just Stored in the recordable area of the recording 
medium. Thus, so long as the buffer 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 

is not changed and is kept constant. Usually, a buffer 10 has 
capacity corresponding to an amount of codes generated in 
a period of 0.2 to 0.3 Second. Further, instantaneous change 
in amount of codes is absorbed by the buffer 10. Thus, the 
unit period of time is 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, it is preferable that the unit period of time 
is Set as adapted to change of a long period. For example, the 
unit period of time is set to be 0.5 to 0.1 second. 

Incidentally, in cases of the apparatus of the previous 
applications, Simple activity is used when estimating an 
amount of codes. In contrast, in case of this embodiment, a 
nearly Same coding is performed two times. Thus, there is no 
necessity of Simplifying a coding process. Therefore, Simi 
larly as in case of the real coding, a variable length coding 
is 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 is called cyclic 
prediction is employed for performing a coding. Thus, 
differences in 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 is used to obtain the temporary transfer rate 
for transferring the moving picture Signal. 
AS showing in FIG. 4, an image signal outputted from the 

VTR 1 is inputted to the prediction subtracter 2 and the 
activity detector 4. In case of this embodiment, the same 
image Signal is Supplied to a coding portion two times. 
Therefore, all image Signals before coded are recorded on a 
mass image recording medium Such as VTR. For instance, 
a memory element as optical disk and a hard disk drive 
(HDD) which have sufficient capacity may be employed as 
the mass image recording medium. 

In case of the apparatus of FIG. 4, a basic coding process 
is similarly to that of the conventional apparatus. First, a 
prediction signal Supplied from the inter-image predictor 13 
is Subtracted by the prediction Subtracter 2 from the image 
Signal outputted from the VTR1. 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 is inputted to the variable length coder 7 and the 
local decoder 15. Information represented by the quantized 
Signal is converted by the variable length coder 7 into a 
compressed code. This compressed code is then inputted to 
the selector 9. 

At the time, an input to the Selector 8 is Switched to a 
terminal A through which a predetermined fixed value is 
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 is inputted from 
the activity detector 4 to the quantization controller 5. 
Incidentally, the fixed value is Set in Such a way that the 
image coded by using this fixed value has Sufficient picture 
quality. 
On the other hand, in the local decoder 15, the code is 

decoded to produce a reproduced prediction residual signal. 
This reproduced prediction residual signal is then inputted to 
the adder 14 whereupon the prediction signal inputted from 
the inter-image predictor 13 is added to the reproduced 
prediction residual signal. Then, a reproduced image Signal 
represented a result of this addition is inputted to the 
inter-image predictor 13 whereupon an inter-frame predic 
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tion signal is generated from the reproduced image Signal. 
Subsequently, the inter-frame prediction signal is 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 is inputted 
to the temporary code amount container 16 through the 
Selector 9. Further, an amount of codes generated in each 
unit period of time is 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 in detail hereinbelow. This target transfer rate 
Setting means 40 is used to Set a target transfer rate from the 
temporary amount of codes each unit period of time in 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 is 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 unit periods of time, 
which are used again in the actual coding (real coding), are 
Stored. 

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

FIG. 5 is a schematic block diagram for illustrating the 
configuration of the code amount controller 17 of this 
embodiment. 
AS shown in this figure, the temporary transfer rate 

inputted from the temporary transfer rate input 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 entire picture and 
correspond to each of the converters, is 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 58, 
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 is less than the target total 
amount of codes but is greater than any of the total amounts 
of codes corresponding to the other conversion characteris 
tics. Then, information representing the Selected conversion 
characteristic is inputted from the conversion characteristic 
information output terminal 62 to the target buffer rate 
setting device 18 of FIG. 4. FIG. 6 shows the conversion 
characteristics corresponding to the converters 1 to n. 

Namely, FIG. 6 is 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 in this figure, the upper limit (Rmax) to the 
outputs of the transfer rate converting devices is first deter 
mined. This is due to the facts that there is an upper limit to 
the processing ability (or throughputs) of the recording 
medium and the decoder and that the maximum transfer rate 
is determined according to this upper limit to the through 
puts. Therefore, although the variable transfer rates are 
employed, the maximum target transfer rate is a fixed value. 
AS shown in this figure, for example, logarithmic char 

acteristics are employed as the conversion characteristics, by 
which change in each target transfer rate is compressed or 
Suppressed throughout in comparison with change in each 
temporary transfer 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 in Visual picture quality is conspicuous. 
Therefore, the amount of codes is Somewhat increased. 
The conversion characteristics between the temporary 

transfer rate X and the target transfer rate R are given by, for 
instance, the following equations: 

wherein K and Y are positive numbers and Z is a positive 
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 
each unit period of time is obtained by converting the 
temporary transfer rate corresponding to each unit period of 
time, the conversion is 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 in capacity of 
the recording medium becomes Smaller. 

Incidentally, in case of the code amount controller 17 of 
FIG. 5, the transfer rate converting devices, the accumula 
tion adders and the comparators are placed in parallel with 
one another as illustrated in this figure and operate in 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 illus 
trated in FIG. 5. In this case, after the temporary coding is 
finished and before the real coding is performed, the total 
amounts of codes corresponding to various conversion char 
acteristics are calculated from the data Stored in the tempo 
rary transfer rate memory 19. AS a consequence, a conver 
Sion characteristic most Suitable for calculating the target 
transfer rate is Selected. Further, information representing 
the Selected conversion characteristic is outputted. Such a 
Serial processing is described in, 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 is used to perform a coding by 
controlling an amount of codes in 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 image Signal 
as used in the temporary coding is outputted from the VTR 
1. Then, a coding Similar to the temporary coding is per 
formed. Basically, manners of operation is 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 inter-image predictor 13, the adder 14 and the local 
decoder 15 are similar to those of the operation of the 
corresponding elements in case of performing the temporary 
coding. However, the contents of the operation of these 
elements in case of performing the real coding are different 
from those of the operations of these elements in case of 
performing the temporary coding. 
When performing the real coding, an output of the vari 

able length coder 7 is applied to the buffer 10 through the 
Selector 9. Further, variation in amount of generated codes, 
which variation is of a short period, is absorbed by the buffer 
10. Codes are outputted from the buffer 10 through the code 
output terminal 11 to the decoder. 

Furthermore, a reading rate for reading a code from the 
buffer 10 is controlled by a value Supplied from the target 
transfer rate Setting device 18 every unit period time. Thus, 
the amount of codes outputted from the buffer 10 changes 
each 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 
is converted according to the conversion characteristics 
inputted from the code amount controller 17 and thus the 
target transfer rate is established. 
On the other hand, information representing the occu 

pancy of the buffer 10 is inputted to the quantization 
controller 5 through the selector 8. 

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

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

Next, it 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 is far larger than the number of unit periods 
illustrated in these figures. In case of the conventional 
apparatus, when the data Stream is recorded on the recording 
medium, the amount of data of a portion of the data Stream 
corresponding to a unit period is constant as illustrated in 
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 in the recording medium because 
the total amount of codes is controlled. 

Next, a variable transfer rate decoding apparatus of the 
present invention will be described hereinbelow by referring 
to FIG. 8. 
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FIG. 8 is a schematic block diagram for illustrating the 

configuration of the variable transfer rate decoding appara 
tus of the present invention for decoding codes generated by 
the variable transfer 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 is different from the conven 
tional decoding apparatus of FIG. 3 in that the transfer rate 
is inputted to the buffer 21. 
The codes inputted from the code input terminal 20 are 

outputted from the buffer 21 to the variable length decoder 
22 in Synchronization with the operation performed in the 
device 22. Further, a Speed of writing the transfer ratio to the 
buffer 21 is controlled according to rate information inputted 
from the transfer rate input terminal 27 every unit period of 
time in Such a manner to be adapted to the transfer rate of 
the inputted code. 

Turning to FIG. 9, there is 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 is read 
intermittently by an information reading means 94 from the 
recording medium and Subsequently is inputted to buffer 
means 95A having a decoding buffer for decoding. Further, 
information outputted intermittently from information read 
ing means 94 is Moreover, written to the buffer means 
95A. Moreover, the information is outputted therefrom to a 
demultiplexer 96 when the information is necessary for 
decoding. 

In the demultiplexer 96, audio information and image 
information are separated. Then, the audio information and 
the image information are inputted to an audio detector 92 
and an image decoder 97, respectively. Further, the audio 
information and the image information are decoded by the 
audio decoder 92 and the image decoder 97, respectively. 
Moreover, a reproduced audio and a reproduced image are 
outputted from a reproduction audio output terminal 93 and 
a reproduced image output terminal 98. 
On the other hand, information representing the occu 

pancy of the buffer, which information is outputted from the 
buffer means 95A, is fed to a reading operation controller 99. 
At that time, the buffer means 95A becomes almost empty 
when an amount of written information is Small in compari 
Son with an amount of information required for decoding. 
Further, the buffer means 95A becomes nearly full of infor 
mation when an amount of information written thereto is 
larger than an amount of information used for decoding. 

Then, reading operation control information is outputted 
from the reading operation controller 99 to the information 
reading means 94 according to the State of the buffer means 
95A. Namely, when the buffer of the buffer means 95A is 
nearly empty, reading operation control information is out 
putted to initiate a reading operation or to continue to 
performed a reading operation. Further, when the buffer is 
nearly full of information, the reading operation control 
information is 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 is 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 in case where information is not read by the 
information reading means 94 from the recording medium at 
present time and on the other hand, information is read from 
the buffer means at the maximum rate for decoding, a 
reading operation of the information reading means 94 is 
controlled is such a way that the buffer of the buffer means 
does not become empty until the next reading operation is 
Started. 

For example, in 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 is a little larger than 
an amount of information read two times. Further, the 
information reading means 94 is controlled in Such a manner 
that if a recording area, on which information left in the 
buffer is recorded, is less than half of the recordable area of 
the buffer, the reading operation is kept performed and that 
if the recording area, on which information left in the buffer 
is recorded, is equal to or greater than half of the recordable 
area of the buffer, the reading operation is ceased and the 
information reading means Stands by. 
A more practical manner of Such control is illustrated in 

FIG 10. 
FIG. 10 is a graph for illustrating a manner of such 

reading control and illustrates the relation among the decod 
ing rate, the reading rate and the occupancy of the buffer. 
AS illustrated in this figure, the decoding rate varies every 

predetermined period Tcl. Further, information is read from 
the recording medium intermittently at a predetermined 
reading rate. It is controlled every predetermined period Tr 
whether or not a reading of information is performed. 

In a period between the moments t13 and t14, the decod 
ing rate has a maximum value Rimax. Further, the value of 
the reading rate is Rimax. 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 is greater than the decoding rate. Thus, during 
this period, the occupancy of the buffer increases. At a 
moment t2 at which a period of time Tr has passed since a 
reading operation is commenced at the moment t1, the 
occupancy of the buffer is 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 t2 when a period 2Tr has passed since the 

moment t2 at which the reading operation is ceased at the 
precedent time, the occupancy of the buffer is less than /2. 
Thus, the reading operation is resumed. 

In case of this example, the moment when the decoding 
rate changes is Synchronized with the moment at which the 
reading operation is commenced or ceased as illustrated in 
this figure. However, it is not necessary to Synchronize 
former moment with the latter moment. 

Further, the information reading means 94 of FIG. 9 
performs an information reading operation in accordance 
with the reading operation control information Sent from the 
reading operation controller 99. However, is 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, in case of employing what is called a disk of the 
Spiral type in which information track is continuous, a usual 
reading operation is continuously performed when an infor 
mation reading operation is kept performed. In contrast, 
when the information reading operation should be stopped 
and the apparatus should stand by, the reproducing head is 
skipped to the precedent track and a tracing is 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, in case of employing what is called 
a disk of the concentric circle type in which information 
track is 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 is skipped to the Subsequent 
track to read information recorded on the next track. 

Meanwhile, in case of a VTR having what is called a 
rotary drum, information tracks are distributed discontinu 
ously on tape. Thus, after information is once read from the 
track, the tape or reproducing head is moved. Further, a 
tracing is repeatedly performed on the portion which has 
been already read. Thus the apparatus is put into a Stand-by 
State. Moreover, the reproducing head or the tape is shifted 
in Such a manner that the reproducing head is set on the 
Subsequent track. Thus information recorded on the next 
track is 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 information recorded on the same track and 
outputs the read information. Further, unnecessary informa 
tion may be discarded later. In this case, information is read 
in a narrow Sense. However, Substantially, information to be 
read is 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 invention. 
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 
is partitioned into 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 is 
recorded, and a data area, on which image information and 
audio information 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 is a schematic block diagram for illustrating the 
configuration 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 is omitted 
herein. 

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

In case of the apparatus of FIG. 12, information read from 
the recording medium by information reading means 94 is 
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 buffer 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 image output terminal 98, 
respectively. 
On the other hand, the control information 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 is inputted to the information reading means 94 
therefrom. In the information reading means 94, it is 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 is 
recorded on the recording medium in a multiplex recording 
manner. When reproducing the recorded information, the 
information reading means 94 is controlled according to the 
reading operation control information. This is rational and 
results in 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 in the information 
reading means should be definite. 

Incidentally, the control information is recorded in the 
Sector header or the audio and image headers of the record 
ing medium. Incidentally, in the recording medium, a control 
header and a control information area may be provided for 
recording the control information. 

FIG. 13 is 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 is a schematic block diagram for illustrating the 
configuration 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 elements is omitted herein. 

The apparatus of FIG. 14 is different from the apparatus 
of FIG. 9 in that the former apparatus is 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 is inputted to the 
buffer means 95 and control information separation device 
131. Operations of the composing elements following the 
buffer 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, in the transfer rate Separation 
device 131, the Synchronization code corresponding to code 
amount information is detected from the audio header and 
the image header. Then, amounts of codes B1 and B2 
corresponding to a period of the predetermined length, 
which are recorded in these headers, respectively, are sepa 
rated. Thus, the decoding rate (namely, the transfer rate) 
corresponding to the period of the predetermined length is 
calculated, and the calculated decoding rate is inputted to the 
reading operation controller 99. 
As is 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 image header and image data are recorded as 
a packet of information. Further, a total value B1 of an audio 
code amount and an image code amount to be decoded in a 
period, of, for instance, 100 mS is recorded in a packet 
header. 

In case of the apparatus of FIG. 14, the information 
reading means 94 is 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 is 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 is Supplied to the information reading means 
94 to prevent occurrences of an overflow 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 is calculated corresponding to each of the 
cases that the reading operation is performed and that the 
reading operation is not performed. The reading means 94 is 
controlled in Such a manner that the predicted occupancy is 
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 information 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 is known 
preliminarily. 
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Moreover, as can be seen from a comparison between the 
second example of FIG. 10 and this example, in case of this 
example, the processing to be performed in the decoder 
becomes Somewhat complex but the information reading 
means 94 can be controlled in Such a manner to be fit for the 
throughput thereof. 

FIG. 16 is a schematic block diagram for illustrating the 
configuration 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 is omitted herein. 

The example of FIG. 16 is different from the third 
example of FIG. 14 in that the former example is provided 
with a packet code amount detector 141 instead of the 
transfer 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 
elements of the third example of FIG. 14. 

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

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

In case of the example of FIG.16, the information reading 
means 94 is controlled by the reading operation controller 
99. Thus the code amount to be read by the information 
reading means 94 is preliminarily known. On the other hand, 
information representing an amount of codes needed for 
performing a decoding is 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, in case of the third example, an 

amount of information to be read is preliminarily known 
before a reading operation is performed. In contrast, in 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 is a little slower than 
that in case of the third example. However, an amount of 
codes required for decoding is known in a Stage precedent to 
the buffer means 95. Therefore, the response is faster than 
that in case of the first example in which the information 
reading means is controlled according to the occupancy of 
the buffer. 

FIG. 17 is a schematic block diagram for illustrating the 
configuration of the fifth 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. 16. For 
Simplicity of description, the explanation of these compos 
ing elements is omitted herein. 
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The example of FIG. 17 is different from that of FIG. 16 

in that the former example is provided with a fixed-rate 
detector 151, that the buffer means are connected to the rear 
of the demultiplexer 96 and that audio buffer means 152 and 
image buffer means 153 are separately provided as the buffer 
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 is recorded on the 
recording medium by using a fixed transfer rate as illustrated 
in FIG. 18. Further, a reading operation is controlled in 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 is 
immediately separated by the demultiplexer 96 into audio 
information and image information. Then, the audio infor 
mation and the image information are inputted to the audio 
decoder 92 and the image decoder 97 through the buffer 
means 152 and 153, respectively. 

Furthermore, audio information outputted from the 
demultiplexer 96 is also inputted to the fixed rate detector 
151. In the fixed rate detector 151, an amount of codes 
generated in a period of the predetermined length, which are 
generated from audio information outputted by the demul 
tiplexer 96 is measured. Thereafter, information represent 
ing the amount of the codes generated from the audio 
information is 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 is controlled 
according to the reading operation control information Sent 
from the reading operation controller 99 in such a way to 
read information from the recording medium or to Stop a 
reading operation. 

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

In this case, image information does not affect the control 
of the information reading means 49. AS long as the image 
information is recorded in Such a manner that there is only 
a Small difference between a moment at which the image 
information is recorded and another moment at which the 
corresponding audio information is recorded, information 
Sufficient for a decoding can be obtained. Thus, there is not 
an occurrence of an overflow in the buffer means 153. 

Regarding the Speed of the response of the information 
reading means 94 to the control information, it is the same 
with the fourth example. However, it is unnecessary to 
record image information every period of the predetermined 
length as a packet of information. The control operation can 
be easily performed. 

Incidentally, audio information is employed as an 
example of the fixed rate information. However, other kinds 



US RE38,227 E 
23 

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, it is to be understood that the 
present invention is 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 invention, therefore, is to be determined Solely 
by the appended claims. 
What is claimed is: 
1. A variable transfer rate coding apparatus for coding a 

plurality of moving picture Signals in 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 is 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 in one prescribed time 
period 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 transfer 
rates corresponding to the moving picture Signals in 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 in the total Stream according to a real 
quantization Step width which is 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 is increased or decreased with the decrease or 
increase of the buffer filling rate Occupancy informa 
tion 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 

24 
Volume which is 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 in which the target transfer rate Setting 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 is less than increase of the temporary transfer rates 
and So that a maximum value of each of the target 
transfer rates is lower than a constant value. 

3. A variable transfer rate coding apparatus according to 
claim 2 in 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 
period; 

a plurality of accumulation adders for respectively accu 
mulating a plurality of converted transfer rates obtained 
from all the temporary transfer rates in 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 in 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 in the 
judgement device denotes a recording capacity of a record 
ing medium. 

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

a quantizer for quantizing each of the moving picture 
Signals in the total data Stream according to the tem 
porary quantization Step width for each prescribed time 
period; 

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 in which the real coding means comprises: 

a quantizer for quantizing each of the moving picture 
Signals in 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 quantization 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 information 
recorded on a recording medium, comprising: 

information reading means for intermittently reading the 
pieces of moving picture information 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 buffer means and controlling 
a reading operation performed by the information read 
ing means according to the Occupancy information 
filling rate to prevent an overflow of the pieces of 
moving picture information Stored in 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. 

8. A variable transfer rate information reproducing appa 
ratus according to claim 7 in which the information decod 
ing rate is equal to or lower than the constant information 
reading rate, the reading operation performed by the infor 
mation reading means is stopped under the control of the 
reading operation controlling means in 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 is restarted under the 
control of the reading operation controlling means in 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 is 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 is continued 
under the control of the reading operation controlling means 
to read the pieces of moving picture information Stored in 
the buffer means in duplicate as pieces of unnecessary 
information and discard the unnecessary information in 
cases where the information filling rate is higher than a 
prescribed upper limit. 

11. A variable transfer rate information reproducing appa 
ratus according to claim 7 in 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 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 
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an image decoder for decoding the pieces of image 

information obtained by the demultiplexer to obtain a 
piece of reproduced image 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, in 
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 information 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 informa 
tion Stored in 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. 

13. A variable transfer rate information reproducing appa 
ratus according to claim 12 in which the information decod 
ing rate is equal to or lower than the constant information 
reading rate, and the reading operation performed by the 
information reading means is stopped or restarted according 
to the reading operation control information to maintain an 
Occupancy information filling rate representing an Occu 
pancy degree of the buffer means within an allowable range. 

14. A variable transfer rate information reproducing appa 
ratus according to claim 12 in 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 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 image decoder for decoding the pieces of image 
information obtained by the demultiplexer to obtain a 
piece of reproduced image 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 information read by the information reading 
means, 

buffer means for temporarily Storing the pieces of moving 
picture information 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 information 
obtained by the transfer rate information Separating 
means to prevent an overflow of the pieces of moving 
picture information Stored in the buffer means and to 
prevent 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. 

16. A variable transfer rate information reproducing appa 
ratus according to claim 15 in which the information decod 
ing rate is equal to or lower than the constant information 
reading rate, and the reading operation performed by the 
information reading means is 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 buffer means within an allow 
able range. 

17. A variable transfer rate information reproducing appa 
ratus according to claim 15 in 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 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 image decoder for decoding the pieces of image 
information obtained by the demultiplexer to obtain a 
piece of reproduced image information. 

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

information reading means for intermittently reading the 
pieces of moving picture information and code amount 
of the pieces of the moving picture information in one 
packet from the recording medium at a constant infor 
mation reading rates for each prescribe time period, in 
which the pieces of moving picture information 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 in one packet read by the information reading 
means for each prescribed time period; 

buffer means for temporarily Storing the pieces moving 
picture information in one packet read by the informa 
tion reading means for each prescribed time period 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 code amount obtained by 
the packet code amount detecting means to prevent an 
overflow of the pieces of moving picture information 
Stored in 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 in which the information decod 
ing rate is equal to or lower than the constant information 
reading rate, and the reading operation performed by the 
information reading means is 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 buffer means within an allow 
able range. 

20. A variable transfer rate information reproducing appa 
ratus according to claim 18 in 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 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 image decoder for decoding the pieces of image 
information obtained by the demultiplexer to obtain a 
piece of reproduced image 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 at a 
constant information reading rate the pieces of moving 
picture information from the recording medium, the 
pieces 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 
period 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 information; 

first buffer means for temporarily Storing the pieces of first 
information demultiplexed by the demultiplexing 
means and outputting the pieces of first information at 
an information decoding rate; 

Second buffer means for temporarily Storing the pieces of 
Second information demultiplexed by the demultiplex 
ing means and outputting the pieces of Second infor 
mation at the information 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 in 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 buffer means to obtain 
pieces of reproduced first information; and 

Second decoding means for decoding the pieces of Second 
information output from the Second buffer means to 
obtain pieces of reproduced Second information, 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 information. 
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22. A variable transfer rate information reproducing appa 
ratus according to claim 21 in which the information decod 
ing rate is equal to or lower than the constant information 
reading rate, and the reading operation performed by the 
information reading means is 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 in 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 in the total data 
Stream is equal to the prescribed Storing capacity value, 
wherein each of the moving picture Signals in the total 
data Stream is 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 in one 
prescribed time period being 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 transfer 
rates obtained by converting the temporary transfer 
rates corresponding to the moving picture Signals in the 
total data Stream according to the particular target 
transfer conversion characteristic is 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 in 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 in the buffer is output is prepared, each of the 
moving picture Signals in the total data Stream being 
quantized according to a real quantization Step width 
which is determined according to each of the activities 
of the moving picture signals and the buffer 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 is increased or decreased with the 
decrease or increase of the buffer 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 is equal 
to the prescribed Storing capacity value of the recording 
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region, the real variable length codes being temporarily 
stored in 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 
transfer rates for the prescribed time periods are vari 
able with time. 

24. A recording medium according to claim 23, further 
comprising: 

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 is Separated from 
the information of the moving picture Signals, the 
information of the moving picture Signals is tempo 
rarily Stored in a buffer unit and is output at an 
information decoding rate, a reading operation is con 
trolled according to the reading operation control infor 
mation to prevent an overflow of the information of the 
moving picture Signals Stored in 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 is 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, 
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 is 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 cal 
culating a temporary transfer rate indicating an 
amount of temporary variable length codes in One 
prescribed time period for each of prescribed time 
periods, the plurality of temporary transfer rates being 
variable with time, 

target transfer rate Setting means for Setting a target 
transfer 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 
transfer 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 
time, and Outputting Occupancy information 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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to each of the activities of the moving picture Signals 
and the Occupancy information Output from the 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 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 Outputting 
the real variable length codes to the buffer means One 
after another to output the real variable length codes 
from the buffer means at the One corresponding target 
transfer rate for each prescribed time period, the target 
transfer rates for the prescribed time periods being 
variable with time. 

26. A variable transfer rate coding method for coding a 
plurality of moving picture Signals in a total data Stream, 
comprising: 

a temporary coding Step of quantizing each of the moving 
picture Signals in the total data Stream 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, changing the temporary quantized Signals to a 
plurality of temporary variable length codes according 
to a variable length coding and calculating a tempo 
rary transfer rate indicating an amount of temporary 
variable length codes in One prescribed time period for 
each of prescribed time periods, the plurality of tem 
porary transfer rates being variable with time, 

a target transfer rate Setting 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 
transfer 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. 

a buffering Steps of 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 
time, and Outputting Occupancy information 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 
to 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 buffering 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. 


