
(err) "IMAGE DATA TRANSFER METHOD AND APPARATUS THEREFORM" The present
invention relates to a image data transfer method, i.e., coding,
transmitting and decoding method of moving image digital data which method
is 5 efficient, cost effective and capable of transferring rapidly moving
images clearly without a loss of recording time and image quality.
Conventional transfer methods of moving image data are known which are used
with the image coding 10 transmission systems disclosed in JP-A-62-164391
and IEEE, Trans. on Communications, Vol. COM-32, No. 3, March 1984, pp. 225
to 232. Fig. 2 is a block diagram showing the image data transfer system
according to the above conventional 15  techniques.  In the figure,
reference numeral 20 designates an image data transfer unit (moving image
coding unit), 22 an input video signal, 23 an A/D converter, 24 image data,
25 a frame memory whose capacity allows storage of image data of at least
one frame, 26 an image coding 20 circuit, 27 coded data, 28 a buffer
memory, 29 a coded data amount control circuit, and 30 a coded data amount
control signal. Reference numeral 31 represents a transmission medium, 21
an image data reproduction unit (moving image decoding unit), 32 coded
data, 33 a buffer 25 memory, 34 an image decoding circuit, 35 image data,
(err) 1 36 a frame memory, 37 a D/A converter, and 38 an output 



video signal.  Fig. 3 is a graph showing an example of a change with time
of the amount of coded data (hereinafter called coded data amount)
generated by the image coding 5  circuit 26 shown in Fig. 2.  Generally,
the coded data amount becomes small as the frame correlation becomes large,
and large as the latter becomes small. In operation of the system shown in
Fig. 2, the input video signal 22 is transformed into digital image 10
data 24 by the A/D converter 23 one frame after another every 1/30 second,
and stored in the frame memory 25. The image data 24 stored in the frame
memory 25 are subjected to high efficiency coding by the image coding
circuit 26 to be stored in the buffer memory 28.  The 15  coded data 27
stored-in the buffer memory 28 are read out therefrom at a speed of, e.g.,
1 M bits per second (hereinafter represented by 1 Mbps) and outputted to
the transmission medium 31.  If the content of image in the input video
signal 22 changes slowly, the coded data 20  amount 40 generated by the
image coding circuit 26 is small, such as in the case of frames a, b, c and
d shown in Fig. 3.  Namely, the coded data amount 40 is smaller than the
data transfer capacity 41 or A per one frame determined by the data
transmission speed of the trans- 25  mission medium 31 (in this case, the
data transfer capacity per frame is 1 Mbps x 1/30 second which is
approximately 32 K bits).  In such a case, the coded data with dummy data
inserted therein are sometimes used for    (err) 1  synchronous data
transmission between the image data 



transfer unit 20 and the image data reproduction unit 21. On the other
hand, if the content of image in the input video signal 22 changes rapidly,
or the scene represented 5  by the input video signal 22 changes, the coded
data amount 40 generated by the image coding circuit 26 may exceed the data
transfer capacity 41 or A per one frame, such as in the case of e and f
frames shown in Fig. 3. In such a case, in view of an increase of data
amount in 10  the buffer memory 28, a frame such as (err) frame is deleted
by means of the coded data amount control circuit 29, or coding parameters
are changed to use a higher data compression rate, such as in the case of h
and i frames. The coded data amount 40 is thus forcibly made small. 15
A constant data transmission speed has been used for the transmission
medium in the prior art techniques, so that frame deletion and/or coding
parameter change has been used for rapidly moving images in order to
forcibly reduce the coded data 20  amount.  Therefore, image quality of
moving images with rapid change deteriorates extremely, posing a problem
associated with information transfer and image reproduc- tion. In order to
solve the above problem, it can be 25  considered that the data
transmission speed of the. transmission medium be made high. However,
according to the conventional image data transfer method, the data transfer
speed is fixed at a constant value, so that    -4- if a communication line
is used as the transmission 



medium,  an  excessive  rise  in  communication  cost occurs.  Also, if a
package-based medium such as CD- 5  ROM (compact Disc Read Only Memory) is
used as the transmission medium, the total image recording time is
considerably reduced.   Each of them poses another issue to be solved. It
hag been desired therefore to realize an image 10  data  transfer  method
which  can  solve  the  above problems and allow rapidly moving images to
have the same quality as that of gently moving images, with less reduction
of total image recording time, and with cost effectiveness. 15       The
present invention therefore provides an image data transfer method
comprising the steps of: transforming an input video signal into image data
through sampling and quantization; coding  said  image  data  -according to
- a 20  predetermined image coding method to generate coded data; storing
said coded data into a data carrying medium; retrieving said coded data
from the data carrying 25 medium; decoding  said  coded  data  according
to  a predetermined  image  decoding  method  to  generate decoded data;
and reproducing said decoded data into an output    -5- video signal; 



wherein a data transfer speed is selected such that an amount of coded data
generated by coding said 5 image data over a predetermined time duration
becomes equal to or smaller than an amount of transferable data which is
capable of being stored into and retrieved from said data carrying medium
over said predetermined time duration; 10       data transfer speed
information on said selected data transfer speed is stored into said data
carrying medium along with said coded data; and the data transfer speed at
the time of retrieving said coded data from said data carrying medium is 15
controlled  according  to said  data transfer  speed. information retrieved
from said data carrying medium. To carry out this method, the present
invention also provides an image data transfer apparatus comprising an
image coding unit for transforming an 20 input video signal into coded data
and a data transfer unit for transferring said coded data to a data
carrying medium, said image coding unit comprising; an A/D converter for
converting said input video 25 signal subjected to sampling and
quantization into image data; an image coding circuit for transforming said
image  data  into  coded  data  according  to  a predetermined image coding
method and transmitting    -6- said coded data to said data transfer unit;
and 



a data transfer speed calculation circuit for selecting a data transfer
speed of said coded data; 5       wherein a data transfer speed is selected
at said data transfer speed calculation circuit such that an amount of
coded data generated by said image coding circuit over a predetermined time
duration becomes equal to or smaller than an amount of transferable 10
data by said data transfer unit which is capable of being  stored  into
and retrieved  from  said  data carrying medium over said predetermined
time duration; and data transfer speed information on said selected 15
data  transfer  speed  is transmitted  to  said data transfer unit along
with said coded data to control. data transfer to said data carrying
medium. The present invention also provides an image data reproduction
apparatus for use in the method of the 20 present invention comprising a
data reproducing unit for reproducing coded data from a data carrying
medium, and an image decoding unit for restoring a video signal from said
reproduced coded data; said image decoding unit comprising; 25       an
image decoding circuit for decoding said coded data transmitted  from said
data  reproducing  unit according to a predetermined image decoding method;
a D/A converter for converting said image data into said video signal; and
(err0    7 



a data transfer speed extraction circuit for extracting   a  data  transfer
speed   information transmitted from said data reproducing unit along with
5 said coded data and generating a data transfer control signal; wherein
said data transfer control signal is transmitted to said data reproducing
unit to control retrieval of coded data from said data carrying medium at
the data transfer speed determined by said data 10 transfer speed
information. Therefore, preferred embodiments of the present invention may
provide an image data transfer method which,  in transferring  image  data
including  both gently and rapidly moving images, can prevent quality 15
deterioration   of   rapidly  moving   images,   with substantially no
reduction of total image recording time, and with high efficiency and cost
effectiveness. The present invention will now be described in greater
detail by way of examples with reference to 20 the accompanying drawings,
wherein: Fig. 1 is a block diagram showing a first embodiment of an image
data transfer unit (moving image coding/recording unit) according to the
image data transfer method of the present invention; 25       Fig. 2 is a
block diagram showing a conventional image data transfer system; Fig. 3 is
a graph showing an example of a change in coded data amount in a
conventional image data transfer method;    Fig. 4 is a graph showing an
example of a change 



in coded data amount in the image data transfer unit of the first
embodiment shown in Fig. 1, and the correspond- ing change of data transfer
capacity,- 5            Fig. 5 is a block diagram of an image data
reproduction unit (moving image decoding/reproducing unit) used in
combination with the image data transfer unit of the first embodiment of
the present invention shown in Fig. 1; 10            Fig. 6 is a schematic
diagram showing the structure of a CD-ROM which is one type of optical
disks; Fig. 7 is a schematic diagram showing the data format of a CD-ROM;
Fig. 8is a block diagram showing a second 15  embodiment of the image data
transfer unit (moving image coding/recording unit) according to the image
data transfer method of the present invention; Fig. 9 is a block diagram of
an image data reproduction unit (moving image decoding/reproducing unit) 20
used in combination with the image data transfer unit of the second
embodiment of the present invention shown in Fig. 8; Fig. 10 illustrates an
embodiment of a data transfer speed control scheme used with the unit shown
in 25  Fig. 8 according to the image data transfer method of the present
invention; Fig. 11 illustrates an embodiment of another data transfer speed
control scheme used with the unit shown in    9 1  Fig. 8 according to the
image data transfer method of 



the present invention; Fig. 12 illustrates an embodiment of a further data
transfer speed control scheme used with the unit 5 shown in Fig. 8
according to the image data transfer method of the present invention; Fig.
13 is a block diagram showing a third embodiment of an image data transfer
unit (moving image coding/recording unit) according to the image data 10
transfer method of the present invention; Fig. 14 is a block diagram of an
image data reproduction unit (moving image decoding/reproducing unit) used
in combination with the image data unit of the third embodiment of the
present invention shown in Fig. 15  13; Fig. 15 is a schematic diagram
showing an example of a change in coded data amount in the moving image
coding unit of the third embodiment of the present invention; and 20
Fig. 16 is a schematic diagram showing a flow of coded data in the moving
image coding unit of the third embodiment of the present invention. The
embodiments of the present invention will 25 be described in detail with
reference to the accompanying drawings.    (err) 1     (1st Embodiment]
Fig. 1 is a block diagram showing a first embodiment of an image data
transfer unit (moving image coding/recording unit) for coding and recording
data in 



5  an optical disc according to the image data transfer method of the
present invention.  In Fig. 1, reference numeral 1 represents a moving
image coding unit, and reference numeral 2 represents an optical disc
manufactur- ing unit. Reference numeral 3 represents a moving image 10
source such as a film player, VTR or the like, 4 a moving image signal, 5
an A/D converter, 6 image data, 7 a frame memory whose capacity corresponds
to at least n frames, 8 an image coding circuit, 9 coded data, 10 a data
transfer speed calculation circuit, 11 data transfer 15  speed information,
and 12 a buffer memory.  Reference numeral 13 represents a mastering
apparatus which reads coded data at constant speed and forming an original
optical disc, 14 an original optical disc, 15 a press machine for
manufacturing an optical disc from the original 20  optical disc, and 15 an
optical disc. Fig. 4 is a graph showing an example of a change of coded
data amount generated in the image coding circuit 8 shown in Fig. 1, and
Fig. 5 is a block diagram of an image data reproduction unit (moving image
decoding/ 25  reproducing unit) for reproducing data from an optical disc
formed by the image data transfer unit shown in Fig. 1.  Referring to Fig.
4, reference numeral 45 represents a coded data amount generated by the
image (err)    1  coding circuit 8, and reference numerals 46, 47 and 48
data transfer capacities to be changed in n frames unit. Referring to Fig.
5, reference numeral 50 represents an optical disc reproducing unit, 51 a
moving image decoding 



5 unit, 52 an optical disc on which coded moving images have been recorded,
53 a servo control circuit for control of a motor and an optical pickup
device, 54 a motor for rotating an optical disc, 55 a motor rotation
control signal, 56 an optical pickup device, 57 a 10 preamplifier for
amplifying a signal from the optical pickup device, 58 a data processing
circuit for reproducing data, 59 reproduced coded data, 60 data transfer
speed information, 61 a buffer memory for storage of reproduced coded
moving images, 62 an image decoding 15 circuit for decoding coded- images,
63 decoded image data, 64 a frame memory, 65 a D/A converter, and 66 an
output video signal. The operation of the image transfer unit shown in Fig.
1 will be described. In coding and recording images 20 of the moving image
source 3 into an optical disc, first moving image signals 4 for n frames
are transformed into image data 6 by the A/D converter 5, and stored in the
frame memory 7.  The image data 6 for n frames in the frame memory 7 are
coded by the image coding circuit 8. 25 The data transfer speed calculation
circuit 10. calculates an average data amount of the coded data 9 to output
it as the data transfer speed information 11. Specifically, the data
transfer speed calculation circuit 10 determines    12 1  (err) such that
it becomes:. n (err) (err) 



n x 1 / 30 where V(t) is a calculated data transfer speed, and D(i) is a
coded data amount for each frame.  For example, as shown in Fig. 4, V(t)
takes a value: for i = (err) V(t) = a  (bps) for i = (n+l) " 2n V(t) =
(err) for i = (err) V(t) = (err) 5  The data transfer speed information 11
as well as the coded data 9 are stored in the buffer memory 12.  The stored
data are edited into an optical disc format by the mastering apparatus 13
to be recorded in an original optical disc 14 from which an optical disc 16
is formed 10  by the press machine 15. The operation of the image data
reproduction unit shown in Fig. 5 will then be described.  Data stored in
the optical disc 52 are read with the optical pickup device 56, amplified
and waveform-shaped by the 15  preamplifier 57.  The data are then
demodulated by the data processing circuit 58 and thereafter, subjected to
data error correction process in accordance with a predetermined procedure.
The reproduced data are IN    13 1  separated into the coded data.59 and
data transfer speed information 60. In accordance with the data transfer
speed information 60 reproduced by the data processing 



circuit 58, the servo control circuit 53 outputs the motor 5 rotation
control signal 55 for control of the motor 54. In this case, a servo
operation is performed so as to make the data transfer speed outputted from
the pre- amplifier 57 constant.  Specifically, a constant line velocity
(CLV) rotation control is performed so as to 10 obtain the data transfer
speed determined by the data transfer speed information 60. For example, as
described previously, the data transfer speed takes one of three speeds a,
(err) and y (bps). The coded data 59 of moving image reproduced by the data
processing circuit 58 are 15 stored in the buffer memory 61 and decoded
into the image data 63 by the image decoding circuit 62 to be written in
the frame memory 64. The image data 63 are sequentially read from the frame
memory in accordance with the designated scan scheme, and transformed into
the output 20 video signal 66 by the D/A converter 65 and outputted
therefrom. Assuming that the maximum data transfer speed is y (bps), then
the capacity of the buffer memory 61 becomes sufficient if only it takes a
value of y x n x 1/30 (bit).  However, in practice, it is necessary 25 to
have some additional memory capacity in consideration of a delay of the
optical disc 52 in responding to a change of the data transfer speed.
Although the embodi- ment processes image data in n frames unit, the value
of    14 1  n may be changed in inverseproportion with the data. transfer
speed to: reduce the capacity of the buffer memory 61. 



In the above embodiment, the data transfer 5  speed has been changed by
controlling the rotation speed of an optical disc.  An optical.disc
reproducing unit having a fixed data transfer speed can be used.. For
example, using a commonly employed CD-ROM reproducing unit, it is possible
to make the data-transfer speed. 10  equivalently variable through a
devised data transfer scheme.  An example of such method will be described
in detail below. A CD-ROM records in an optical disc similar to that of
an.audio CD, not digital audio data but computer 15  data.  The structure
of an optical disc is shown in .Fig. 6.  An optical disc is made-of a
circular disc having a diameter of 12 cm and thickness 1.2 mm with one
spiral track 70 of about 5 km formed thereon.  On the track 70 there are
recorded pits of width 0.4 micron and 20 length 0.9 to 3.3 micron (which
length varies with recorded data). A lead-in area 71 starts at the diameter
46 mm, a program area 72 follows from diameter 50 mm to .116 mm, and
a'lead-out area 73 up to diameter 120 mm. Digital audio.data and computer
data are recorded in the 25  program area 72.  A TOC (Table Of Contents)
indicating the directory of the whole disc is recorded at the lead- in
area. The format of data recorded in a CD-ROM disc is    1 5 1  shown in
Fig. 7.  The minimum data record unit is a frame 80 similar to the case of
an audio CD, as shown in Fig. 7(a).  As shown in Fig. 7(b), the frame 80
made of 



588 bits in total includes a frame sync data 81, sub-code 5 82 (attribute
information freely usable), digital data 83 of 24 bytes, and an error
correction code ECC 84 according to double coded Reed Solomon Code. Frames
80 of about 26 millions are assigned on the track 70 of the disc. Data are
not sequentially recorded in the disc but are 10  properly interleaved over
a fairly long region and recorded therein in order to improve the error
correction ability for burst errors to be caused by defects or stains on
the disc. In the case of an audio CD, 16 bit, 2 channel digital audio data
totaling in amount 24 bytes and 15  sampled from audio signal at 44.1 KHz
are recorded in one frame 80. In the case of a CD-ROM, instead of such
audio data, computer data are recorded. One sector 85 of the CD-ROM is
constructed of, as shown in Fig. 7(c), 2352 bytes of 98 frame digital data
20  83.  The 2048 byte computer data are recorded and blocked therein.  One
sector 85 includes 12 byte sync data 86 for synchronization purpose, 4 byte
header data 87 for address/mode information, 2048 byte computer data 83, a
32 bit CRC, 4 byte error detection code EDC 89, an 8 25  byte reserved
region 90'for future expansion, and a 276 byte error correction code ECC 91
according to double coded Reed Solomon Code. A computer recognizes as if
computer data 88 of 2 kB are recorded'sequentially-one    16 1 after
another as shown in Fig.. 7(e) An enhanced error correction is applied to
audio CDs as previously described.  In the case of 



CD-ROMs which are directed to use by computers, data 5  integrity is
improved through a further enhanced error correction.  The data transfer
speed of a CD-ROM is 1.2 Mbps, i.e., 150 kB/sec, allowing computer data of
about. 540 MB to be recorded. [2nd Embodiment] 10            Fig. 8 is a
block diagram showing an image data transfer unit (moving image
coding/recording unit) for recording moving images into a CD-ROM, and Fig.
9 is a block diagram showing an image data reproduction unit (moving image
decoding/reproducing unit) for reproducing 15  moving images from a.CD-ROM.
Referring first to Fig-. 8, reference numeral 100 represents a moving image
coding unit, 111 a CD-ROM manufacturing unit, and 112 a CD-ROM. In the
moving image coding unit 100, reference numeral 101 represents an input
video signal, 102 an A/D converter, 20  103 image data, 104 a frame memory
having one or more frame  capacity, 105 an image coding circuit, 106 coded
data, 107 data transfer speed information, 108 a data multiplexer, 109 a
buffer memory, and 110 a data transfer speed information generation.
circuit.  Referring next to 25  Fig. 9, reference numeral 120 represents a
moving image decoding unit, 121 a CD-ROM, and 122 a CD-ROM reproducing
unit.  In the moving image decoding unit 120, reference numeral 123
represents a data separator, 124 coded data,    17 125 data transfer speed
information,126 a data transfer control circuit, 127 a buffer memory, 128
an image decoding circuit, 129 image data, 130 a frame memory 



having one or more frame capacity, 131 a D/A converter, 5 and 132 an output
video signal. The operation of the image data transfer unit shown in Fig. 8
will be first described. A video signal outputted from a television, video
recorder or the like is separated from the NTSC composite video signal into
10 three components video signals (e.g., luminance signal Y, color
difference signals R-Y and B-Y). The input video signals 101 are sampled at
a predetermined sampling frequency (e.g., frequency four times as high as
the color subcarrier frequency 3.58 MHz) by the A/D converter 15  102 and
sequentially converted into the digital image data 103. Since the number of
bits processed at the A/D converter 102 is usually 8 bit, the data amount
of image data 103 per pixel is 8 bit for each component, totaling 24 bits.
The frame memory 104 has a capacity capable of 20 storing image data of
plural frames so that the digital image data 103 are sequentially stored
therein up to a predetermined number of frames. Although the number of
necessary frames depends on the type of coding method, if an inter-frame
coding is employed for example, image 25 data of two frames at a minimum
becomes necessary. The image data 103 stored in the frame memory 104 are
subjected to high efficiency coding by the image coding circuit 105 to
generate the coded data 106 with less    18 1  redundancy.. .Although there
are known various image coding.methods, if for example a motion compensated
inter-frame coding method is employed, it, is possible to 



compress image data about 1/100 in average.  Namely, the 5  image data 103
having 24 bits per pixel can be compressed to coded data having about 0.2
bit. per. pixel..  However., depending upon the ratio of moving image
regions, the degree of rapid motion, fineness and clearness of the image
pattern,.and the like, the data compression ratio 10  varies considerably,
so that the data amount of the coded data 106 changes with each frame.
Conventionally, a devised method has been generally adopted in controlling
the amount of the coded data 106 generated by the image coding circuit 105,
15  whereby the coding parameters are changed in accordance with the amount
of coded data 106 stored in the buffer memory 109.  The devised method aims
at maintaining the amount of the coded data in the buffer memory 109 as
constant as possible, and making the average value of data 20  amount
generated during a unit time coincide with the data transfer speed of a
CD-ROM.  Conventionally, since coding and decoding units which employ a
communication line with a constant data transfer speed have been developed,
such a devised method of controlling the coded data amount by 25  changing
the coding parameters has .been generally adopted.  However, with this
method, the data amount is controlled by changing the coding parameters at
any time when necessary, independently from the information amount    19 1
or content of an inputted image, so that the coding error varies greatly
with each frame, resulting in considerable deterioration of an image
quality. In view of this, 



according to the present embodiment, adopted is a method 5 wherein the data
transfer speed information generating circuit 110 is provided for
generating the data transfer speed information 107 in accordance with the
amount of the coded data 106 stored in the buffer memory 109, to
accordingly control the data transfer speed from the buffer 10  memory 109
to the CD-ROM manufacturing unit 111.  With this method, it becomes
possible to improve the image quality while suppressing the variation of
coding error, and record moving images for a long-period. The method will
be later described more particularly. 15            The coded data 106
outputted from the image coding circuit 105 are multiplexed with the data
transfer speed information 107 by the data multiplexer circuit 108, and
stored in the buffer memory 109. The stored data are sequentially read out
from the buffer memory 109 and. 20  outputted to the CD-ROM manufacturing
unit 111 while controlling the data transfer speed. A CD-ROM is not such a
medium in which users can record data easily that the CD-ROM manufacturing
unit Ill is used to form an original disc and press it into a CD-ROM 112.
25            Next, the operation of the image data reproduc- ing unit
shown in Fig. 9 will be described. Image data in the CD-ROM disc 121 are
reproduced and read by the CD-ROM reproducing unit 122.  The read-out data
are separated    20 1 into the coded data 124 and data transfer speed
information 125 by the data separator 123.  In accordance with the data
transfer speed information 125, the data transfer 



control circuit 126 controls the data-transfer speed'to 5  the CD-ROM
reproducing unit 122. -This control scheme will be described later in
detail.  The coded data 124 are temporarily'stored in the buffer memory
127. The amount of the coded data 124 to be stored in the buffer memory 127
is maintained substantially uniform because the data 10  transfer speed
control is being performed.  The coded data 124 read out from. the buffer
memory 127 are transformed into the image data 129 by the image decoding
circuit 128. The decoded image data 129 are stored in the frame memory 130
and transformed into the'analog video signal 132 by 15  the A/D converter
131 to be displayed on a CRT or the like. The description will now be
directed to the control scheme of data transfer speed from the moving image
coding unit 100 to the CD-ROM manufacturing unit lll 20  shown in Fig. 8,
and to the control scheme of data transfer speed from the CD-ROM
reproducing unit 122 to the moving image decoding unit 120 shown in Fig. 9.
The control scheme of'data transfer speed will now be described in detail
wherein the data transfer speed takes two steps:of 25  a maximum data
transfer speed and a lower data transfer speed, the former being set at the
CD-ROM data transfer speed of :1.2 Mbps (err) Fig. 10 illustrates a first
example of the data    21 1  transfer speed control scheme as mentioned
with respect to the second embodiment. Fig. 10(a) shows a sequence of coded
data 106 recorded sequentially on the track of a 



CD-ROM, Fig. 10(b) shows how data are transferred from 5 the moving image
coding unit 100 to the CD-ROM manufactur- ing unit 111, Fig. 10(c) shows
the data transfer speed, Fig. 10(d) shows the amount of the coded data 106
generated by the image coding circuit 105, and Fig. 10(e) shows the amount
of the coded data 106 stored in the 10 buffer memory 109. The coded data
amount 152 of the moving image subjected to high efficiency coding varies
greatly as shown in Fig. 10(d).  Therefore, it is necessary to control the
data amount 153 within the buffer memory by changing 15  the data transfer
speed.  Specifically, while data transfer of coded data at sector 140 is
performed at the maximum data transfer speed, the data amount 153 within
the buffer memory lowers than the lower limit threshold 154 at time A shown
in Fig. 10(e). Then, coded data at 20  sectors 141 to 149 are transferred
by changing to the lower data transfer speed at time A. During this data
transfer, the data amount 153 within the buffer memory goes higher than the
upper limit threshold 155 at time B. Therefore, coded data at sector 150
are transferred 25  at the maximum data transfer speed again.  In order to
allow data transfer at the lower data transfer speed, sectors 141, 143,
145, 147 and 149 are skipped whereas sectors 142, 144, 146 and 148 are
read, as shown in    22 1  Figs. 10(a) and 10(b) during the period from
time A; to time B. Accordingly, the lower :data transfer speed (indicated
by a broken line in Fig. 10(c) half the 



maximum data transfer speed can be realized equivalently. 5
During skipping sectors, data transfer is not performed, or alternatively
data transfer is performed with the transferred data neglected.  Data other
than coded data may be stored in sectors to be skipped so that the memory
capacity can be effectively utilized. 10            Fig. 11 illustrates a
second example of the data transfer speed control scheme as mentioned with
respect to the second embodiment. Fig. 11(a) shows a sequence of coded
data, Fig. 11(b) shows how the coded data are transferred, Fig. 11(c) shows
the coded data amount, and 15 Fig. 11(e) shows the data amount within the
buffer memory. The data amount 168 within the'buffer memory is controlled
by changing the data transfer amount in accordance with a change of the
coded data amount 167. Specifically, during the period from time A when the
data 20 amount 168 within the buffer memory lowers a lower limit threshold
169 to time B when it goes higher than an upper limit threshold 170, data
transfer of coded data at sectors 161 to 164 is performed at the lower data
transfer speed.  In order to allow data transfer at the lower data 25
transfer speed, data transfer at sectors 161, 162, 163 and 164 is paused
for proper duration at the start and end thereof, as shown. in Figs. 11(a)
and 10(b) during the period from time A to time B. Accordingly, the lower
:data    23 1  transfer speed (indicated by a broken line in Fig. 11(c))
slower than the maximum data transfer speed can be realized equivalently. 



Instead of two steps of data transfer speeds, 5  a larger number of steps
may be readily used by adjusting the pause duration. Instead of using a
pause for each sector, a pause may be used every plural sectors. Fig. 12
illustrates a third example of the data transfer speed control scheme as
mentioned with respect 10  to the second embodiment.  Fig. 12(a) shows a
sequence of coded data, Fig. 12(b) shows how the coded data are
transferred, Fig. 12(c) shows the data transfer speed, Fig. 12(d) shows
the-coded data amount, and Fig. 12(e) shows the data amount within the
buffer memory. 15            The data transfer speed is changed in
accordance with a change of the coded data amount 187 shown in Fig. 12(d)
to accordingly control the data amount 188 within the buffer memory shown
in Fig. 12(e).  Specifical- ly, during the period from time A when the data
amount 20 188 within the buffer memory lowers a lower limit threshold 189
to time B when it goes higher than an upper limit threshold 190, data
transfer of coded data at sectors 181 to 184 is performed at the lower data
transfer speed.  In order to allow data transfer at the lower data 25
transfer speed, as shown in Figs. 12(a) and 12(b) during the period from
time A to time B. data transfer at sectors 181 and 183 is skipped and that
only at sectors at 182 and 184 is performed.  Next, a seek is performed to
24 1. time A again to read and transfer.image data at sectors previously
skipped.  Accordingly, the lower data transfer speed (indicated by a broken
line in Fig...12(c)) slower 



than the maximum data transfer speed can.be realized 5  equivalently.
Instead of using a ratio 1 of the number of skipped sectors to the number
of sectors for data. transfer, a ratio N may be used by repeating a seek N
times to return from the end sector to the start sector. 10
Three examples of the data transfer speed control scheme have been
described in detail with reference to Figs. 10 to 12. In the foregoing
descrip- tion, the control-of coded data transfer speed has been conducted
in accordance with the data amount in the 15  buffer memory of the moving
image coding unit 100... However, such control may be conducted through
other. methods. For example, the data amount-within the buffer memory of
the moving image decoding unit 120 is estimated to conduct such control in
accordance with the comparison 20  result between the estimated data amount
and a predetermined threshold value.  Further, such control may be
conducted in accordance with not the data amount in. the buffer memory, but
the coded data amount in the image coding circuit 10.5. For example, the
frame memory 104. 25  of the moving image coding unit (err)  is arranged to
have a capacity of n frames.  Image data ofn frames.are coded and the total
coded data amount is.calculated to control the data transfer speed.    25
1.           It is necessary to store the data transfer speed information
107 along with the coded data in the CD-ROM 112. The data transfer speed
information may be 



recorded within the sequence of coded data, or may be 5 recorded
collectively in a specified region of the CD-ROM, such as the sub-code
region shown in Fig. 7(b) or the reserved region shown in Fig. 7(d). [3rd
Embodiment] The third embodiment of the image data transfer 10 method of
the present invention will be described. Fig. 13 is a block diagram showing
an image data transfer unit (moving image coding/recording unit). Fig. 14
is a block diagram showing an image data reproduction unit (moving image
decoding/reproducing unit) 15 for use with the image data transfer unit.
Referring to Fig. 13, reference numeral 201 represents an input video
signal, 202 a moving image coding unit, 203 an optical disc recording unit,
and 204 an optical disc. The image data transfer unit is 20 constructed of
the moving image coding unit 202 and the optical disc recording unit 203.
In the moving image coding unit 202, reference numeral 205 represents an
A/D converter, 206 image data, 207 a frame memory, 208 an image coding
circuit, 209 coded data for a current frame, 25 210 a current frame number,
211 a data switcher, 212 to 214 N (N is a natural number 2 or larger) code
memories, 215 and 216 a data selector, 217 a main frame number generation
circuit, 218 a main frame number,    26 1  219 a scene change frame number
generation circuit, -220 a scene change frame number, 221 a data
multiplexer, 222 coded data to be transferred, and 223 a buffer memory. 



Referring to Fig. 14-, reference numeral .204 5  represents an optical
disc, 224 an optical disc reproducing unit, 225 a moving image decoding
unit,, and 226 an output video signal. The image data reproduction unit is
constructed of the optical disc reproducing unit 224 and the movingimage
decoding unit 225.  In the 10  moving image decoding unit 225, reference
numeral 227 represents coded data read out from the optical disc 204, 228 a
buffer memory, 229 an image decoding circuit, 230 decoded image data, 231 a
data separator, 232 a main frame number, 233 a scene change frame-number,
234 a main 15  frame memory, 235 a sub-frame memory  236 a scene change
frame detection circuit, 237 a data transfer instruction signal, 238 a data
transfer circuit, 239 image data for a current frame, 240 a frame memory,
and 241 a D/A converter. 20            The operation of the image data
transfer unit shown in Fig.. 13 will be described first.  A video signal
201 inputted to the moving image coding unit 202 is converted into image
data 206 by the A/D converter 205, and stored in the frame memory 207. At
the image coding 25  circuit 208, the image data 206 are subjected to high-
efficiency coding and compressed to generate coded data for a current frame
209.  The image coding circuit 208 performs -coding of only those blocks
whose content have    27 1  changed to some degree relative to the..
eceding frame, i.e., only those significant blocks, to thereby obtain a
high data compression ratio. The coded data for a current 



frame 209 are written through the data switcher 211 into 5 the n-th code
memory which is determined in accordance with the current frame number 210.
The number n is a remainder of division of the current frame number 210 by
N. Thus, the N code memories 212 to 214 are cyclically used in writing the
coded data of a current frame 209. 10            The main frame number
generation circuit 217 generates the main frame number 218 through
subtraction of (N-1) from the current frame number 210. The main frame
number accordingly represents the oldest frame number among a plurality of
frames whose data are stored in the 15 N code memories 2:12 to 214. The
content of the m-th code memory is read via the data selector 215 as the
main frame coded data. The number m is a remainder of division of the main
frame number 218 by N. The scene change frame number generation circuit 20
219 always checks the amount of the coded data 209 for a current frame, the
coded data having been generated by the image coding circuit 208 and being
written into the code memories 212 to 214. The scene change frame number
generation circuit 219 judges a current frame as a scene 25  change frame
if it has the data amount equal to and larger than a predetermined
threshold value, and outputs the scene change frame number 220 for a period
of N frames. A fraction of the content of the k-th code memory    28 1
determined by the scene change frame number 220 is sequentially read via
the data selector 216 as the coded data for the scene change frame. The
number k is a 



remainder of division of the scene change frame number 5  220 by N.
Reading a fraction of the scene change frame coded.data is performed
in:parallel with reading the main frame coded data from the m-th code
memory. The main frame number 218  and associated coded data, and the scene
change frame number 220 and associated 10  coded data are multiplexed
together by the data multiplexer 221 and sent out as the coded data 222.
The transferred coded data 222 are temporarily stored in the buffer memory
223 and thereafter, supplied to the optical disc recording unit 203 to be
written in the optical disc 204 sequentially 15  in accordance with the
predetermined optical disc recording method and data format. The operation
of the image data reproduction unit shown in Fig. 14 will then be
described. The coded data 227 read out from the optical disc 204 by the
optical 20  disc reproduction unit 224 are supplied to the moving image
decoding unit 225 in the same order as that when the data were recorded.
The coded data 227 read out from the optical disc 204 are temporarily
stored in the buffer memory 228 and thereafter, decoded and.expanded by the
25  image decoding circuit.229 to thus obtain the decoded image data 230.
The decoded image data.230 are separated by the data separator 231 into
main frame image data, a fraction of pretransferred image data for the
scene    29 1  change frame, a main frame number 232, and  a scene change
frame number 233.  The main frame image data are written in the main frame
memory 234, whereas a fraction of 



pre-transferred image data for the scene change frame is 5 written in the
sub-frame memory 235. The scene change frame detection circuit 236 holds
the scene change frame number 233 and compares it with the main frame
numbers 232 sequentially sent from the data separator 231. It is detected,
when both the 10  numbers become coincident, that the scene change frame
has come. Then, the scene change frame detection circuit 236 outputs the
data transfer instruction signal 237 to the data transfer circuit 238. In
response to the data transfer instruction 15  signal 237, the data transfer
circuit 238 causes the. scene change frame image data having been stored in
the sub-frame memory 235 to be transferred to the main frame memory 234. At
this time, the remaining image data of the scene change frame which have
been transferred as the 20  main frame image data are also written in the
main memory 234.  The main frame memory 234 is thus arranged to hold the
image data 239 necessary for a current frame. The current frame image data
239 are temporarily stored in the frame memory 240 and thereafter,
converted into 25  the output video signal 226 by the D/A converter 241 and
outputted therefrom. Fig. 15 is a schematic diagram illustrating an example
of a change of the coded data amount generated    30 1  by the moving image
coding unit 202.  Referring to Fig. 15, reference numeral 242 represents
the amount of coded data 209 generated by the image coding circuit 208 of
the 



moving image coding unit 202, reference numeral 243 5  represents the
amount of coded data 222 transferred to the optical di.sc, and reference
numeral 244 represents. the data transfer capacity determined by the data.
transfer speed of the optical disc 204.  At a scene change, the generated
coded data amount 242 becomes very 10  large as shown by a broken line.
Therefore, it may become unable to process data by the image decoding
circuit 229 of the moving image decoding unit 225 which must perform a real
time operation unlike the moving image coding unit 202.  In view of this,
according to the 15  conventional technique, this large peak at the scene
change has been cut down. In order to avoid this, according to the
embodiment method, a fraction of a large amount of coded data at a scene
change is pre-transferred. Namely, a fraction of coded data at the peak
area 20 indicated by a broken line is pre-transferred to the hatched'area
so that the coded data amount 243 to be transferred to the optical disc
becomes as shown by a solid line. Fig. 16 is a schematic diagram used for
explain- 25  ing the flow of coded data at the moving image coding unit
202.  Fig. 16(a) shows the flow of coded data 209 outputted from the image
coding circuit 208, and Fig. 16(b) shows the flow of coded data sent to the
optical disc 204.    (err) 1  Ordinary frame coded data 245 are sent to the
optical disc as coded data 247 same as in the data 245. However, hatched
fractions 248 of scene change coded data 246 



are pre-transferred when preceding several frame coded 5 data are
transferred, and the remaining coded data 249 are transferred thereafter.
The pre-transferred coded data are decoded at that time by the image
decoding circuit 229 of the moving image decoding unit 225 and maintained
stored until the real scene change frame arrives. 10 Consequently, the
amount of coded data to be decoded upon arrival of the scene change frame
becomes small, with the data processing capability of the image decoding
circuit being ensured. Thus, a high quality of image for a scene change
frame as well as for an ordinary 15 frame can be. obtained. In the above
embodiment, a plurality of code memories 212 to 214 have been used for
storage of respective frame coded data 209 generated by the image coding
circuit 208 of the moving image coding unit 202. 20 However, a pipeline
architecture may be used wherein the content of each code memory is
transferred to the next stage code memory at the end of each frame.
Further, the image-coding circuit 208 performs coding of those blocks whose
content have changed to 25  some degree with respect to the preceding
frame, i.e., those significant blocks.  However, difference data of the
significant block from the preceding frame. may be coded. In this case, the
content of the sub-frame memory    32 1  235, into which a fraction of
pre-transferred coded data for a scene change frame are decoded by the
moving image . decoding circuit 229.of the moving image decoding unit- 



225, is not simply transferred to the main frame memory 5  234 via the data
transfer circuit 238-upon arrival of the scene change, but transferred
and.added to the content of the main frame memory 234. Furthermore, a
fraction of coded data for a scene change frame to be pre-transferred is
equally 10 divided into several sub-fractions which are inserted into the
preceding associated several frame coded data. However, such equal division
is not necessarily required.  Still further, the embodiment aims at making
flat the peak of coded data amount of a single scene 15  change frame.
However, it is also possible to make.. flat the peaks of coded data amounts
of a plurality of adjacent scene change.frames. If the data processing
capability of the image decoding circuit 229 is sufficiently high, then the
20  following arrangement may be adopted.  Namely, a fraction
of:pre-transferred coded data of a scene change frame is stored in another
buffer memory additionally provided in front of the buffer.memory 228 of
the moving .image coding unit 225. Upon arrival of the remaining 25  coded
data of the scene change frame, the previously stored fraction of the coded
data.of the scene change * frame together with the remaining coded data are
expanded by the image decoding circuit 229.. With such    33 1  a circuit
arrangement, the coded data amount and its change within the buffer memory
228 becomes small to thus allow a smaller capacity of the buffer memory
228. 



In the above embodiments, an optical disc such 5 as a CD-ROM has been used
as the recording medium wherein moving image data are compressed and coded
to write them in the optical disc, and coded moving image data read out
from the optical disc are expanded and reproduced. However, other recording
medium may be 10  used such as hard disks, floppy disks and the like.
Further, if a delay time of data transfer via a communication line over
several frames does not cause any problems, the present invention is also
applicable to the moving image data transfer system, using such a 15
communication line. As appreciated from the foregoing description of the
present invention, image data for a plurality of frames are coded, and a
change of the coded data amount is smoothed. In addition, means is provided
for controlling 20 the data transfer speed to the transmission medium in
accordance with the coded data amount. Therefore, data transfer can be
realized with higher image quality than conventional. Further, the amount
of data to be transferred can be reduced on condition that an image 25.
quality of the same order as conventional is allowed. Accordingly, with a
given total amount of transferable data, data transfer for moving images
can be realized for a longer period than conventional.    CLAIMS 1.   An
image data transfer method comprising the steps of: 5       transforming an
input video signal into image 



data through sampling and quantization; coding  said  image  data
according  to    a predetermined image coding method to generate coded
data; 10       storing said coded data into a data carrying medium;
retrieving said coded data from the data carrying medium; decoding  said
coded  data  according  to  a 15  predetermined  image  decoding  method
to  generate decoded data; and reproducing said decoded data into an output
video signal; wherein a data transfer speed is selected such 20  that an
amount of coded data generated by coding said image data over a
predetermined time duration becomes equal to or smaller than an amount of
transferable data which  is capable of  being  stored  into  and retrieved
from said data carrying medium over said 25  predetermined time duration;
data transfer speed information on said selected data transfer speed is
stored into said data carrying medium along with said coded data; and the
data transfer speed at the time of retrieving (err)    (err) 35 said coded
data from said data carrying medium is controlled according to said data
transfer speed 



information retrieved from said data carrying medium. 5 2.   An image data
transfer method according to claim 1, wherein in transferring image data
containing both gently and rapidly moving images, the data transfer speed
is changed such that the coded data amount for transfer of said gently
moving 10  image is smaller than that  for transfer of said rapidly moving
image. 3.   An image data transfer method according to claim 1, wherein in
transferring image data containing a plurality of frames, 15       the data
transfer speed is selected according to an average, coded data amount
calculated over said plurality of frames. 4.   An image data transfer
method according to claim 1, where in coded data stored in the data
carrying 20  medium are intermittently retrieved from said data carrying
medium through skip, pause and/or seek operations to achieve retrieval of
said coded data effectively with the data. transfer speed according to the
data transfer speed information retrieved from 25 said data carrying
medium. 5.   An image data transfer method according to claim 1, wherein a
fraction of coded data for an image generating  large  amount  of  coded
data  is  pre- transferred to the data carrying medium with coded    36
data for the other image generating small amount of coded data before its
remaining portion of said coded 



data is transferred. 5  6.   An image data.transfer method according to
claim 1, wherein said data: carrying. medium is an optical disc. 7.   An
image data transfer method according to claim 1,  wherein  said  data
carrying  medium   is  a 10 communication line.. 8.   An image data
transfer apparatus comprising an image coding unit for transforming an.
input video signal into coded data and a data transfer unit for
transferring  said  coded  data  to a data  carrying 15  medium,. said
image coding unit comprising;  : an A/D converter for converting said input
video signal subjected: to sampling and quantization into image data;     .
: 20       an image coding circuit for transforming said image  data  into
coded  data  according   to  a predetermined image coding method and
transmitting said coded data to said data transfer unit; and a data
transfer speed calculation circuit for 25  selecting a data transfer speed
of said coded data; wherein a data transfer speed is selected at said data
transfer speed calculation circuit such that an amount of coded data
generated by said image coding circuit over a predetermined time duration
becomes    (err) (err) equal to or smaller than an amount of transferable 



data by said data transfer unit which is capable of being  stored  into
and  retrieved  from  said  data 5 carrying medium over said predetermined
time duration; and data transfer speed information on said selected data
transfer speed is transmitted to said data transfer unit along with said
coded data to control 10  data transfer to said data carrying medium. 9.
An image data transfer apparatus according to claim 8, wherein in
transferring image data containing a plurality of frames, the data transfer
speed is selected at the data 15 transfer speed calculation circuit
according to an average coded data amount calculated over said plurality of
frames. 10. An image data transfer apparatus according to claim 8, wherein
the data transfer speed is selected 20 at the data transfer speed
calculation circuit such that coded data stored in the data carrying medium
are capable of being intermittently retrieved from, said data carrying
medium through skip, pause and/or seek operations to achieve retrieval of
coded data 25 effectively with said data transfer speed. 11. An image data
transfer apparatus according to claim  8,  wherein  at  the  image  coding
circuit  a fraction of coded data for image generating large amount of
coded data is pre-transmitted to the data    38 transfer unit with said
coded data for the other image 



generating small amount of coded data before. its remaining portion of said
coded data is transmitted. 5 .12.  An image data transfer apparatus
according to claim 8, wherein said data carrying medium is an optical.
disc. 13.  An image data transfer apparatus according to claim 8, wherein
said data carrying medium is a 10 communication line. 14.  An image data
reproduction apparatus comprising a data reproducing unit for reproducing
coded data from a data carrying medium, and an image decoding unit for
restoring a video signal from said reproduced 15  coded data; said image
decoding unit comprising.; an image decoding circuit for decoding said
coded data transmitted  from said data  reproducing unit according to a
predetermined image decoding method; 20       a D/A converter for
converting said image data into said video signal; and a data transfer
speed extraction circuit for extracting   a  data  transfer   speed
information transmitted from said data reproducing unit along with 25 said
coded data and generating a data transfer control signal; wherein said data
transfer control signal is transmitted to said data reproducing unit to
control retrieval of coded data from said data carrying medium    (err) 39 



at the data transfer speed determined, by said data transfer speed
information. 15.  An image data reproduction apparatus according to 5 claim
14, wherein the data transfer control signal controls the data reproducing
unit such that coded data  stored  in  the  data  carrying  medium  are
intermittently retrieved from said data carrying medium through skip, pause
and/or seek operations to 10 achieve retrieval of coded data effectively
with said data transfer speed according to the data transfer speed
information extracted at the data transfer speed extraction circuit. 16. An
image data reproduction apparatus according to 15 claim 14, wherein at the
image decoding circuit a fraction of coded data for an image is
pre-transmitted from the data reproducing unit with said coded data for the
other image before its remaining portion of said coded data is transmitted.
20  17.  An image data reproduction apparatus according to claim 14,
wherein said data carrying medium is an optical disc. 18. An image data
reproduction apparatus according to claim 14, wherein said data carrying
medium is a 25 communication line.    


