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'DESCRIPTION
IMAGE TRANSMISSION METHOD, IMAGE PROCESSING METHOD, IMAGE

PROCESSING APPARATUS, AND DATA STORAGE MEDIUM

Technical Field

The present invention relates. to an image transmission
method, an image processing method, an image processing
apparatus, and a data storage medium and, more particularly
to a'method for transmitting .coded digital image data
corresponding to an image comprising plural frames, a method
and an apparatus for coding digital image data, a method and
an apparatus for décodin’g the coded digital image data, and
a data storage medium which contains a program for
implementing coding and decoding processes for the digital

image data by using a computer.

Background Art

In order to efficiently store or transmit digital image
information, i.e., image data of a digital signal, it is
required that the digital image information be compressively
coded. As available inethods for compressively coding the
digital image information, there are waveform coding methods
such as sub-band, wavelet, fractal, and so forth, as well

as DCT (Discrete Cosine Transform) typical of an image
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processing fechnique according to JPEG (Joint Photographic

éoding Experts éfoup) or MPEG (Moving Pictuf:e Experts Group).
Meanwhile, one method for eliminating redundant image

information between adjacent frames and.the like is to

perform inter-frame prediction using motion compensation by

representing values of pixels in a current frame by

difference between these pixel values and pixel values of
pixels in a previous (past) frame, and perform coding of a
difference signal corresponding to the difference.

Hereinafter, an image coding method and an image
decoding method according to MPEG standard which performs
a DCT process including motion compensation, will be
described in brief.

In this image coding method, an input image signal is
divided into plural image signals respectively corresponding
to plural blocks (macroblocks) in one frame, and then the
image signals are coded for each macroblock. Onemacroblock
corresponds to an image display region composed of (16 X
16) pixels. When the input image signal corresponds to an
object image, the image signal is divided into plural blocks
(macroblocks) composing a display region (object region)
corresponding: to the object image in one frame.

The image signal corresponding to each macroblock is
divided into image signals'respectively corresponding.to

subblocks corresponding to image display regions each




composed of (8 X 8) pixels, aﬁd'then the image signals are
subjected to the DCT process for each subblock to generate
DCT coefficients. Then the DCT coefficients are gquantized
to generate quantization coefficients for each subblock.
The method for thus coding the image signal corresponding
to the subblock by the DCT process and quantization process
is termed an "intra-frame coding scheme”.

At a receiving end, the quantization coefficients are
inversely quantized and then subjected to an inverse DCT
process for each subblock to reproduce an image signal
corresponding to the macroblock. Coded data corresponding
to a frame (I picture) in which the image signal has been
coded by the intra-frame coding method, can be reproduced
independently. That is r it can be decoded without referring
to image data of another frame.

On the other hand, there is a coding method termed an
"inter-frame coding scheme". 1In this coding method,
initially, a method for detecting motion of an imagé on a
frame such as "block matching" is employed to detect a region
composed of (16 X 16) pixelswith the smallest errors between
pixel values thereof and pixel values of a target macroblock
to-be-coded as a prediction macroblock, from an image signal
corresponding to a coded frame which is temporally adjacent
to a frame to-be-coded. |

Subsequently, the image signal of the prediction
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macroblock is subtracted froni the image signal of the target
macroblock to produce a difference signal of the targef
macroblock, which is divide;i into difference signals
respectively corresponding to subblocks each composed of (8
X 8) pixels. Then the difference signals are subjected to
the DCT process to generate the DCT coefficients for each
subblock, which are quantized for each subblock to generate
quantization coefficients. |

The image signal corresponding to the object image is
inter-frame coded in a like manner.

At the receiving end, the quantization coefficients
(quantized DCT coefficients) are inversely quantized and
then subjected to the inverse DCT process for each subblock
to restore the difference signal of the macroblock. Then,
from an image signal of a decoded frame, a prediction signal
of an image signal corresponding to a target macroblock
to-be-decoded is produced by motion compensation. Then,
the prediction signal and the restored difference signal are
added to reproduce the image signal of the target macroblock.
Coded data corresponding to the frame (P picture or B picture)
in which the image signal has been coded by the inter-frame
coding method cannot be reproduced independently. That is,
it cannot be decoded wiﬁhout referring to the image signal
of another frame in the reproduction process.

Subsequently, a structure of compressed image data (bit
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stream) corresponding to a moving picture composed of plural

frames (pictures), will be described.

Figure 10(a) shows a structure of image data (moving
picture data) corresponding to one moving picture. One
moving picture comprises piﬁral frames. In figure 10 (a),
moving picture data D comprises frame data P(l)-P(n)(n:
natural number) corresponding to respective frames.

Figure 10(b) shows a structure of intra-frame
compressed image data Da obtained by performing the
intra-frame coding process to the respective frame data
P(1)-P(n) composing the moving picture data D.

The intra-frame compressed image data Da comprises
coded frame data Pa(l)-Pa(n) of respective frames and a
header Ha comprising data common to these frames. The frames
are intr{a-frame coded I pictures. According to MPEG4, the
headerﬁ;ﬁis called a "VOL (Video Object Layer)."

Figure 10(c) shows a structure of inter-frame
compressed image data Db obtained by performing the
intra-frame coding process to specified frame data of the
framedataP(l)-P(n)amibyperformingtheinter-framecoding
process to the other frame data.

The inter-frame coding process includes two types of
p;ocessing. One is a forward predictive coding process
which performs coding of a target frame to-be-coded by

referring to a previous (forward) frame, and the other is

C e e s et s



&

e e e e

a bidirectionally predictive coding process which performs
coding of the target frame by referring to previous and
subsequent (forward and backward)frames.

The inter-frame compressed image data Db comprises
coded frame data Pb(1l)-Pb(n) of respective frames and a
header Hb comprising data common to these frames.

As illustrated, the first frame of the moving picture is the

intra-frame coded I picture and the other frames are P

pictures which have been subjected to the forward predictive

coding process or B pictures which have been subjected to
the bidirectionally predictive coding process.

Since the intra-frame compfessed image data Da is
produced by performing the intra-frame coding proéess for
every frame of the moving picture without reference to
another frame, it is well suitable for use in random
reproduction (decoding), although its coding efficiency is
relatively low. In other words, one advantage of the use
of the intra-frame compressed image data Da is that frames
to-be-decoded are selected randomly and decoded immediately
to reproduce an image. Pafticularly when editing the
compressed image data, the intra-frame compressed image data
is easier to handle than the inter-frame compressed image
data. This is because the intra-frame compressed image data
is produced independently of another frame data but the

inter-frame compressed image data is not.
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On the other hand, since the inter-frame compressed
image data Db is produced by performing the inter-frame
coding process to almost all the frames of the moving picture
with reference to another frame and therefore its coding

efficiency is high, it is less suitable for use in random

reproduction (decoding). 1In the inter-frame compressed

image data Db, when decoding starts from the P pictﬁre or
the B picture as the target frame to-be-decoded, it is
necessary to decode an independently decodable frame present
before the target frame. This is because the target frame
to-be-decoded is the frame which has been coded with
reference to another frame.

For instance, in the intra-frame compressed image data
Da, coded frame data Pae(l)-Pae(m) (m: natural number)
corresponding to 30-second data positioned at the back of
a one-hour moving picture can be reproduced s;arting from
the coded frame data Pae(l) at the beginning of these frame
data (see figure 10(b)).

On the other hand, in thé inter-frame compressed image
data Db, when reproducing coded frame data Pbe(i)-Pbe(m)
corresponding to 30-second data positioned at the back of
a one-hour moving picture, the coded frame data Pbe(l)at the
beginning of these data cannot be first reproduced (see
figure 10(c)). The coded frame data Pbe(l) cannot be

reproduced until from independently reproducible data(coded
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frame data fb(l) corresponding to the first frame of the
moving picture) through coded frame data present .just before
the data Pbe(1l) have been decoded. This is because the coded
frame data Pbe(l) is the data which has been coded with
reference to another frame.

Meanwhile, a fast forward playback process which skips
S (S: natural number) frames can be performed to the |
intra-frame compressed image data Da (see figure 11(a)).
This is because coded frame data Pa(l), Pas(l)-Pas(f) (f:
natural number) to be decoded in the fast forward playback
process correspond to intra-frame coded I pictures which can
be reproduced independently without reference to another
frame data. A fast fewind playhack process as the reverse
of the fast forward playback process, can also be performed
to the intra-frame compressed image data Da in the same
manner.

On the other hand, in practice, the fast forward
playback process canndt be performed to the inter-frame
compressed image data Db (see figure 11(b)). This is because
each of the coded frame data Pbs(1)-Pbs(f) to be decoded at
the fast forward playback process corresponds to the
inter-frame coded P picture or the inter-frame coded B
picture. The respective coded frame data Pbs(l), Pbs(2),
Pbs (3), ..., Pbs(f) cannot be decoded until the

corresponding waiting times tbl, tb2, tb3, ... tbf, i.e.,

.
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times i‘equired for decoding all -the coded frame data present
before the respective data Pbé(l)-Pbs(f) have elapsed. 1In
other words, the coded frame data Pbs( 1)¥-Pbs(f) to be decoded
at the fast forward playback process are reproduced at the
same timing when they are reproduced in a normal playback
process.

Consequently, if the fast.forward playback process is
performed to the inter-frame compressed image data Db, the
resulting reproduced image of the moving picture becomes
reproduced still pictufes of the coded frame data
Pbs(l)—Pbs(f).which are sequentially displayed at regular
time intervals.

The fast rewind playback process cannot be performed
to the inter-frame compressed image data Db, since coded
frame daté of the last frame cannot be reproduced until all
the coded frame data has been decoded.

Each of the headers Ha and Hb of the corresponding
compressed image data Da and Db contains an identification
flag indicating whether or not the corresponding compressed
image data is suitable for use in the .independent
reproduction.

As.solutions to the problem associated with trade-off
between the efficiency in compressively coding the image data
and suitability for the fast forward playback process, the

followings are conceived.
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The first solution is, as shown in figure 12,.to store
the intra-frame compressed image data.Da suitable for use
in the fast forward playback process and the inter-frame
compressed image data Db frqm which a reproduced image of
a high quality is obtained, in a data storage medium M, as
the compressed image data of the moving picture. 1In figure
12, reference numerals D1-Dk designate compressed image data
corresponding to other moving pictures which contain headers
Hl—Hk,respectively.' The header Ha of the data Da contains
a flag indicating that the data Da is well suitable for use
in the independent reproduction. The header Hb of the data
Db contains a flag indicating that thedata Db is less suitable
for use in the ihdependent reproduction.

In the fast forward piayback.process, according to the
respective flags contained in the corresponding headers Ha
and Hb, the intra-frame compressed image data Da is read from
the data storage medium M as the compressed image data of
one moving picture. On the other hand, in the normal
playback process, the inter-frame compressed image data Db
is read from the data storage medium M.

The second solution is to insert plural pieces olf coded
frame data corresponding to the I pictures into the
inter-frame compressed imqge data Db at intervals shorter
than normal intervals. In general, the coded frame data

corresponding to the I pictures is inserted into the
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compressed image data such that two of plural frames
reproduced for 0.5 second aré'the I pictures. This
inter-frame compressed image data Db contains the flag
indicating that the data Db is suitable for use in independent
reproduction. 1In this case, in the fast forward playback
process, according to picture type flags (not shown) added
to flames, each indicating that the corresponding coded frame
data corresponds to the I picture, only the coded frame data -
corresponding to the I pictures can be decoded.

The third solution is, because coded frame data
corresponding to some of the P pictures is independently
_reproducible, to add flags indicating this to these coded
frame data. Such coded frame data corresponding to some of
the P pictures is obtained by coding without reference to
image data of another frame like the coded frame data
corresponding to the I pictures, although the corresponding
picture type flags indicate the "P pictures". The coded
frame data corresponding to these specified P pictures is
independently reproducible. Hence, flags indicating that
the coded frame data corresponding to these specified P
pictures is suitable for use in iﬁdependent reproduction are
added thereto. So, in the fast forward playback process,
according to the picture type flags-and these independent
reproduction suitability flags (not shown), only coded frame

data corresponding to the I pictures and the specified P
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pictures afe decoded.

Figure 11(c) shows a structure of the inter-frame
compressed image data which contains the above independent
reproduction suitability flags added to the coded frame data
corresponding to the specified P pictures.

In inter-frame compressed image data Dc, headers Hcl,
Hc2, ..., Hcf each containing the suitability flag are
inserted just before coded ffame data Pcs(1l)~Pcs(f)
corresponding to the specified P pictures (expressed as P'
in the figure), respectively. In the figure, Hc designates
a header of the inter-frame compressed image data Dc, and
Pc(l)-Pc(n) designate coded frame data of respective frames.

The structures of the headers of the compressed image
data Da and Db will be described with reference to figure
13. 1In figure 13, for the sa-k_e of simplicity, the compressed
image data is shown without distinguishing between the
intra-frame compressed image data Da and the inter-frame
compressed image data Db.

As mentioned previously, the compressed image data D
comprises the headerlicontaining data common to respective
frames which is placed at the beginning of the data D and
the following coded frame data P. |

The header H is composed of a synchronous signal Hsd,
data common to respective frames Hcd, a flag Hfd relating

to suitability for independent reproduction, and alignment
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data Had for aligning these data.

The compressed image data corresponding to one moving
picture thus contains the information (flag) indicating
whether or not coded frame data corresponding to all the
frames is independently reproducihle. When the coded frame
data corresponding to all the frames of one moving picture
is independently reproducible, the flag has a value
indicating that the corresponding compressed image data is
well suitable for use in independent reproduction, whereas
when one moving picture contains little coded frame data
which is independently reproducible, the flag has a value
indicating that the corresponding compressed image data is
less suitable for use in independent reproduction.

The flag is contained in the header H including common
data (data common to respective frames) at the beginning of
the compressed image data.

Hereinafter, a description will be given of examples
of data alignment in the header of the compressed image data
with reference to tables 1-3 shown below. The data shown
in the tables 1-3 are continuously aliéned in the header in
the transmission order.

Placed at the beginning'of the header is a synchronous
signal 902 indicating the start of the moving picture, which
is represented as a unique fixed-length code (32 bits).

Following the synchronous signal 902, plaeed are various
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types of common data 903-913 cﬁmmon to respective frames.
In the common data 903-913, the data 910 is represented by
a variable—léngth code and the data 903;909 and 911-913 are
each represented by a code having plural fixe_d-bit lengths.

Following these common data 903-913, placed are a flag

914 relating to suitability for independent reproduction and

alignment data 915.

The flag 914 indicates whether or not the coded frame
data of frames is randomly and independently reproducible.
The value "1" of the flag indicates that all the coded fraﬁle
data of the corresponding compressed image data of the moving
picture is independently reproducible, while the value "0O"
indicates that most of the coded frame data of the
corresponding compressed image -data is not independently
reproducible. The alignment data 915 is used for aligning
the synchronous signal 902 through_thé flag 914.

Following the alignment data 915, placed are data 916
and 917 relating to coded frame data obtained by coding image
data corresponding to respectivé frames of themoving picture.
In actuality, these data 916 and 917 include specific data |
such as DCT coefficients or quantization steps according to
MPEG 1, 2, and 4; although these are illustrated as one data
group in this illustrated example.

It should be remembered that the header containing such

common data is placed at the beginning of the compressed image

-
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data of one moving picture. If thé inter-frame compressed
imagé data including éoded frame data which is not
independently reproducible includes some independently
reproducible coded frame data (coded frame data
corresponding to the I picturé) which is arranged
periodically, effectiveness is' provided by inserting common
data containing a flag relating to possibility of independent
reproduction rather than the flag relating to suitability
for independent reproduction. The former flag indicates
whether or not the correspondiﬁg coded frame data is
independently reproducible without reference to another
frame data.

In the fast forward playback process performed to the
inter-frame compressed image data into which such common data
is periodically inserted, the independently rebroducible
coded frame data corresponding to the I picture is

selectively decoded.
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[TABLE 1]
901~ Video Obiject Layer(){ No-Of | Mnemonic
902 ~ video_object_layer_start_code 32 bslbf
[*4least significant bits specify video_object_layer_id vaiue*/
| is_object_layer_identifier —~_ 903a 1 uimsbf
if(is_object_layer_identifier){
g03< visual_object_layer_verid ——903b 4 uimsbf
visual_object_layer_priority ~903¢c 3 uimsbf
L} |
(| vol_control_parameters 1 bslbf
if(vol_control_parameters)
aspect_ratio_info 4 uimsbf
vop_rate_code 4 uimsbf
904 < bit_rate 30 uimsbf
vbv_buffer_size 18 | uimsbf
chroma_format 2 uimsbf
low_delay 1 uimsbf
L
video_object_layer_shape 2 uimsbf
905 vop_time_increment_resolution 15 uimsbf
fixed_vop_rate 1 bslbf
906~ if(video_object_layer_shape!="binary only")
" if(video_object_layer_shape=="kectangular"){
marker_bit . 1 bslbf
video_object_layer_width 13 uimsbf
907 < marker_bit 1 bslbf
video___o_bject=layer=height 13 uimsbf

}

obmc_disable

bslbf
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[Table 2]

908 <

909 J'

Qmﬁ

911

sprite_enable 1 bglbf
if(sprite_enable)}{
sprite_width 13 uimsbf
marker_bit 1 bslbf
sprite_height 13 uimsbf
marker_bit 1 bslbf
sprite_left_coodinate 13 simsbf
marker_bit 1 bslbf
sprite_top_coodinate 13 simsbf
marker_bit 1 bsibf
no_of_sprite_warping_points 8 uimsbf
sprite_warping_accuracy 2 uimsbf
sprite_brightness_change 1 bslbf
if(video_object_layer_shape=="rectangular”){
init_sprite_width ' 13 uimsbf
marker_bit 1 bsibf
init_sprite_height - 13 uimsbf
marker_bit 1 bsibf
init_sprite_left_coodinate 13 simsbf
marker_bit 1 bslbf
init_sprite_top_coodinate 13 simsbf
}
}
not_8_bit 1 bslbf
if(not_8_bit){
quant_precision 4 uimsbf
bits_per_pixel 4 uimsbf
}
quant_type 1 bslbf
if{quant_type){
load_intra_quant_mat 1 bsibf
if{load_intra_quant_mat)
intra_quant_mat 8*[2-64] | uimsbf
load_nonintra_quant_mat 1 bslbf
if(load_nonintra_quant_mat)
nonintra_quant_mat 8*[2-64] | uimsbf
}
complexity_estimation_disable 1 bsibf
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[Table 3]

( error_resilient_disable 1 bslof !
if(lerror_resilient_disable){
912< data_partitioned 1 bslbf
reversible_vic 1 bsibf
L }
( scalability i |" bslbf
if(scalability{
ref_layer_id 4 uimsbf
ref_layer_sampling_direc 1 bslbf
913 < hor_sampling_factor_n 5 uimsbf
hor_sampling_factor_m 5 uimsbf
vert_sampling_factor_n 5 uimsbf
vert_sampling_factor_m 5 uimsbf
enhancement_type 1- | bsibf
. } |
}
914 random_accessible_vol 1 bsibf
915 next_start_code()

if(sprite_enable)

_916{

decode_init_sprite()

do{

if(next_bits()=group_of_vop_start_code)

Group_of_Video object Plane()

917<

Video Object Plane()

}while{{next_bits()=group_of_vop_start_code)ll
(next_bits()=vop_start_code)
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When performing the fast_forward playback process or
the fast rewind playback process to the compi:essed image data
of the moving picture, the coded frame data is randomly
selected from the compressed image data and then decoded,
and therefore, it is necessary to quickly decide whether or
not the compressed image data is suitable for use in the fast
forward playback process or whether or not the coded frame
data of the compressed image data is independently
reproducible, .

However, it is impossible .to quickly decide these
(suitability for independent reproduction and possibility
af independent reproduction) from the headers added to the
conventional compressed image data and coded frame data.

In order to decide whether or not the compressed image
data is suitable for use in independent reproduction, the
flag (data 914 shown in the tables 1-3) in the header
containing the commdn data 1is extracted and analyzed.

To check whether or not the value of the flag 914 in
the header is "1", it is necessary that all the common data
903-913 placed before the flag 914 be extracted and then
analyzed by parsing these common data before the flag 914
is analyzed. For instance, until it has been checked that
the value of the common data 903a is "1", it is impossible
to decide whether or not the common data 903b and 903c are

present.
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In the header added to the conventional compressed image
data, various data such as the synchronbus signal 902
indicating the start of the mo_v.ing picture and the common
data 903-913 for the coded frame data, are placed before the
flag indicating whether or not the compressed image data is
suitable for use in the independent reproduction. Much of
these common data often serves as a switch or the 1like. This
means that the following data processing depends upon the
value of such common data.

For the above _reason, much time is required from when
data analysis of the header starts until analysis of the
independent reproduction suitability flag starts.

The present invention is directed to solving the problem
and an object of the present invention is to provide an image
processing method comprising a coding process for producing
compressed image data of a data structure which makeé it
possible to quickly decide whether or not the compressed
image data corresponding to one moving picture and coded
frame data are suitable for use in independent reproduction
and whether or not they are independently reproduéible from
headers added to these data, and a decoding process in a way
adapfed to the coding process .

Another object of the presenf. invention is to provide
a data storage medium which contains an image processing

program for making a computer perform the coding process and

-
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the decoding process.

Disclosure of the Invention

According to Claim 1 of the present invention, there
is provided an image transmission method for transmitting
compressed image data obtained by compressively coding
digital image data corresponding to an image comprising
plural frames, and the method comprises the steps of:
transmitting a header including data common to respective
frames which is included in the compressed image data; and
sequentially transmitting compressed frame data of the
respective frames which is included in the compressed image
data, wherein the heéder inclﬁdes an identification flag
indicating whether or not the.compressed image data is
suitable for use in a random reproduction process which
randomly selects compressed frame data of arbitrary frames
to reproduce frame data, and from code data at the beginning
of the header to code data'immediately before the
identification flag are fixed in length.

In the.image transmission method so consfructed, when
trénsmitting the header added to the compressed image data
corresponding to one moving'picture', the header includes the
identification flag indicating v}hether or not the compressed
image data is suitable for use in the random (independent)

reproduction process for arbitrary frames and, in the header,

«
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only fixed-length code data is present béfore the
identification flag. Therefore, when analyzing the header
added to the compressed image data, it is possible to quickly
analyze the identification flag and thereby decide whether
or not the compressed image data is suitable for use in the
random reproduction process in a short time.

According to_Claim.z of the present invention, in the
image transmission method of Claim 1, the header comprises
a synchronous signal indicating a head of the compressed
image data, fixed-length code data and variable-length code
data as the data common to respective frames, and the

identification flag, and in the step of transmitting the

header, the identification flag is transmitted after the

synchronous signal and before the variable-length code data.
In the image transmission method so constructed, the
identif.ication flag is transmitted after the synchronous
signal and before the variable-lengthcodedata. Therefore,
at a decoding end, thé identification flag is analyzed
immediately after the synchronous signal is analyzed.
According to Claim 3 of the present invention, there
is provided an image proceésing method for compressively |
coding digital image data corrésponding to an image
comprising plural frames, and the method comprises the steps
of: generating a header which includes data common to

respective frames; and compressively coding frame data
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corresponding to respective frames to produce compressed
frame data, wherein the header is generated in such a way
that it includes an identification flag indicating whether
or not the compressed image data is suitable for use in a
random reproduction process which 'randomly selects
compressed frame data of arbitrary frames to reproduce frame
data, and from code data a't the beginning of the header to
code data immediately before the identification flag are
fixed in length.

In the image processing method so constructed, when
digital image data corresponding to one moving picture is
compressively coded to produce compressed image data, the
header including the identification flag indicating whether
or not the compressed image data is suitable for use in the
random (independent) réproduction process, is added to the
compressed image data, and in t_h.e header, from the code data
at the beginning thereof to the code data just before the
identification flag are fixed in length. Therefore, whenx
analyzing the header, it is possible to quickly analyze the
identification flag and thereby decide whether or not the
compressed image data is suitable for use in the random
reproduction process in a short time.

According to Claim 4 of the present invention, in the
image processing method of Claim 3, the step of compressively

coding frame data is performed after the step of generating
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the header, and the step of generating the header comprises
generating a synchronous signal indicating a head of the
‘ compressed image data, the identification flag, and the data
common to respective frames, in this order.

In the image processing method so constructed, in the
header,thesynchronoussignal,theidentificationflag,and
the common data are aligned in this order. Therefore, at
the decoding end, the identification flag is analyzed
immediately after the synchronous signal is analyzed.

According to Claim 5 of the present invention, in the
image processing method of Claim 3, the step of compressively
coding frame data is performed after the step of generating
the header, and the step of genérating the header comprises
generating a synchronous signal indicating a head of the
compressed image data, fixed;length code data as the data
common to respective frames, the identification flag, and
variable~length code data as the data common to respective
frames, in this order.

In the image processing method so constructed, in the
header, the synchronous signal, the common data of the
fixed-lengthcode,theidentifiéationflag,andthevariable
length code data are aligned in this order. Therefore, the
identification flag is analyzed immediately after the
synchronous signal is analyzed without analyzing the common

data as required.
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According to Claim 6 of the present invention, in the
image processing method of Claim 3, the step of compressively
coding frame data comprises: a first compressive coding step
for compressively coding frame data corresponding to a frame
to-be-processed without reference to frame data
corresponding to another frame, to produce first compressed
frame data; and a second compressive coding step for
compressively coding frame.data corresponding to a frame
to-be-processed with reference to frame data corresponding
to another frame, to produce second compressed frame data,
wherein the identification flag included in compressed image
data composed of the first compressed frame data indicates
that the compressed image data.is suitable for use in the
random reproduction process, and the identification flag
included in compressed image data composed of the first
compressed frame data and the éecond compressed frame data
indicates that the compressed image data is less suitable
for use in the random reproduction process.

In the image processing method so constructed, the
identification flag of the compressed image data obtained
by the first compressive coding process without reference
to another frame, indicates that the compressed image data
is suitable for use in the random reproduction process, while
the identification flagof the compressed image data obtained

by the second compressive coding process with reference to
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another frame and the first compressivé coding process,
indicates that the compréssed image data is less suitable
for use in the random reproduction process. Therefore, at
the decoding end, it is possible to quickly distinguish
between the compressed image data suitable for use in the
random reproduction process énd the compressed image data
with higher coding efficiency which is less suitable for use
in the random reproduction proéess.

According to Claim 7 of the present invention, the
image processing method of Claim 3, further comprises the
step of: generating an auxiliary header including data
common to the respective frames and individual data for a
specified frame, wherein the aﬁiiliary header is generated
in such a way that the auxiliary header-is added before
compressed frame data of the specified frame when the step
of compressively coding frame data is performed after the
step of generating the header, and in the step of generating
the auxiliary header, the auxiliary header is generated in
such a way that it includes a flag indicating whether or
not the compressed frame data of thé specified frame is
independently reproducible without reference to frame data
of another frame, and from code data at the beginning of
the auxiliary header to code data immediately before the
flag are fixed in length.

In the image processing method so constructed, the
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auxiliary header is added to compressed frame data of the
specified frame of the compressed image data, and the
auxiliary header includes the flag indicating whether or not
the compressed frame data of the specified frame is
independently reproducible. Also, inthe auxiliary header,
from code data at the beginning thereof to code data just
before the identification flag are fixed in length.
Therefore, it is possible to decide whether or not the
compressed frame data is independently reproducible for each
frame.

According to Claim 8 of the present invention, there
is provided an image processing method for decoding
compressed image data obtained by compressively coding
digital image data corresponding to an-image comprising
plural frames to provide reproduced image data corresponding
to the image, and the method comprises the steps of:
analyzing a header including data common to respective frames
which is included in the compressed image data; and
decoding compressed frame data obtained by compressively
coding frame data of respective frames and included in the
compressed image data, to provide reproduced frame data,
wherein the step of analyzing the header comprises analyzing
fixed-length code data from code data at the beginning of
the header to code data immediately before an identification

flag included in the header and indicating whether or not
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the compressed image data is suitable for use in a random
reproduction process which randomly selects compressed frame
data of arbitrary frames to provide reproduced frame data,
and then analyzing the identification flag.

In the image processing method so constructed, when
decoding the compressed image data corresponding to one
moving picture, the header is analyzed such that analysis
of the fixed-length code data from the beginning thereof
is followed by analysis of the identification flag indicating
whether or not the compressed image data is suitable for use
in the independent reproduction. Therefore, when analyzing
the header, it is possible to quickly analyze the
identification flag and thereby decide whether or not the
compressed image data is suitable for use in the random
reproduction process in a short time.

Accofding to Claim 9 of the present invention, in
the imagel processing method of Claim 8, the step of decoding
compressed frame data is pefformed after the step of
analyzing the header, ahd the step of analyzing the header
comprises analyzing.a synchronous signal indicating a head
of the compressed image daté, the identification flag, and
the data common to resPective-frames, in this order.

In the image procéssing_method so constructed, when
analyzing the header, the synchronous signal, the

identification flag, and the common data are analyzed in this
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order. Therefore, in the decoding process, the
identification flag is analyzed immediately after the
synchronous signal is analyzed.

According to Claim 10 of the present invention, in the
image processing method of Claim 8, the step of decoding
compressed frame data is performed after the step of
analyzing the header, and the step of'analyzing the header
comprises analyzing a synchronous signal indicating a head
of the compressed image data, fixed-length code data as the
data common to respective frames, the identification flag,
and variable-~length code data as the data common to
respective frames, in this order.

In the image processing method so constructed, when
analyzing_the header, the synchronous signal, fixed-length
code data as the common data, the identification flag, and
variable-length code data as the common data are analyzed
in this order. Therefore, the identification flag is
analyzed immediately after the synchronous signal is
analyzed without analyzing the common data as required.

According to Claim 11 of the present invention, in the
image processing method of Cclaim 8, the step of analyzing
the header and the step of decoding compressed frame data
are performed for first compressed image data composed of
first compressed frame data obtained by cbmpressively coding

frame data of a frame to-be-processed without reference to
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frame data of another frame, and performed for second
compressed image data composed of the first compressed frame
data and second compressed frame data obtained by
compressively coding frame data of a frame to-be-processed
with reference to frame data of another frame, and

the random reproduction process is performed only to the
first compressed image data according to the identification
flag.

In the image processing method so constructed,
reproduction is performed for each of the compressed image
data obtained by the first compressive coding process without
reference to another frame and compressed image data obtained
by the second compressive coding process with reference to
another frame and the first compressive coding process.
Also, only the first compressed image data is randomly
reproduced. Therefore,'at the decoding end, the random
reproduction process is preferably performed.

According to Claim 12 of the present invention, the
image processing method of Claim 8, further comprises the
step of: analyzing an auxiliary header added to compressed
frame data of a specified frame and including data common
to respective frames and individual data for the specified
frame, wherein the auxiliafy header is analyzed for the
. specified frame when the step of decoding compressed frame

data is performed after the step of analyzing the header,
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and the step of analyzing the auxiliary header comprises
analyzin§ fixed—length code data from code data at the
beginning thereof to code data immediately before a flag
included therein and indicating whether or not the compressed
frame data of the specified. frame is independently
reproducible without reference to frame data of another frame,
and then analyzing the flag.

In the image processing method so constructed, the
auxiliary header added to the compressed frame data of the
specified frame is analyzed such that the fixed-length code
data from the beginning théreof is analyzed and then the flag
in the auxiliary header is analyzed. Therefore, it is
possible to decide whether or not the compressed frame data
is independently reproducible for each frame.

According to Claim 13 of the present invention, there
is provided an image processing apparatus for compressively
coding digital image data corresponding to an image
comprising plural frames to produce compressed image data,
and the apparatus comprises: a prediction data generator for
generating prédiction frame data for target frame data
corresponding to a frame to-be-processed based on the target
frame data; calculation means for outputting either
difference frame data as a difference value between the
target frame data and the prediction frame data or the target

frame data according to a control signal; a data compressor
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for compressing data output from the calculation means to
produce compressed data; a variable length encoder for |
performing variable length coding of the compressed data
output from the data compressor and outputting compressed
frame data of each frame; and control means for
generating a header including data common to respective
frames based on the digital image data and controlling the
calculation meaﬁs according to an identificatibn flag
indicating whether or not the compressed image data is
suitable for use in a random reproduction process which
randomly selects compressed frame data of arbitrary frames
to reproduce frame data, v}herein the variable length encoder
outputs the header including the identification flag, in
which from code data at the beginning of the header to code
data immediately before the identification flag are fixed
in length.

In the image proces'sing apparatus so constructed, when
compressively coding digital image data corresponding to one
moving picture to provide coméressed image data, the header
including the identification flag indicating”whether or not
the compressed image data is suitable for use in the random
(independent) reproduction for arbitrary frames is added to
the compressed image data and,.in the header, from the code
data at the beginning thereof to code data just before the

identification flag are fixed in length. Therefore, when

«
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analyzing the header added to the.compressed image data, it
is possible to quickly analyze the identification flag and
thereby decide whether or not the compressed image data is
suitable for use in the random reproduction process in é short
time.

According to Claim 14 of the present invention, in the
image processing apparatus of Claim 13, the variable length
encoder outputs the header before outputting the compressed
frame data of respective frames in such a way that a
synchronous signal indicating a head of the compressed image
data, the identification flag, and the data common to
respective frames are output, in this order.

In the image processing apparatus so constructed, in
the header, the synchronous signal, the identification flag,
and the common data are aligned in this order. Therefore,
at the decoding end, the identification flag is analyzed
iﬁmediately after the synchronous signal is analyzed.

Accofding'to Claim 15 of the present invention, in the
image processing apparatus of 01aim 13, the variable length
encoder outputs the header before outputting the compreésed
frame data of respective frames in such a way that a
' synchronoué signal indicating a head of the compressed image
data, fixed-length code data as the data common to respective
frames, the identification.flag, and variable-length code

data as the data common to respective frames are output, in

-
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this oxder.

In the image processing apparatus so constructed, in
the header, the synchronous signal, fixed-length code data
as the common data, the identification flag, and
variable~length code data are aligned in this order.
Therefore, the identification flag is analyzed immediately
after the synchronous signal is analyzed, without analyzing

.the common data as required.

According to Claim 16 of the present invention, in the
image processing apparatus of Claim 13, the control
means controls the calculation means so that all the frames
of the image are subjected to a first compressive coding
process in which the calcﬁlation means outputs the target
frame data, the data compressor compresses frame data of a -
frame to-be-processed without reference to frame data of
another frame, and the variable length encoder outputs first
compressed frame data, when the identification flag
indicates that the compressed image data is suitable for use
in the random reproduction process, and the control
means controls the calculation means so that specified
frames of the image are subjected to a second compressive
coding process in which the calculation means outputs the
difference frame data, the data compressor compresses frame
data of a frame to-be~-processed with reference to frame data

of another frame, and the variable length encoder outputs
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second compressed frame data, and frames other than the
specified frames are subjected to the first compressive
coding process, when the identification flag indicates that
the compressed image data is less suitable for use in the
random reproduction process.

In the image processing apparatus so constructed, the
identification flag of the compressed image data obtained
by the first compressive coding process without reference
to another frame, indicates that the compressed image data
is suitable for use in the random reproduction process, while
the identification flagof the compressed image data obtained |
by the second compressive coding process with reference to
another frame and the first compressive coding process,
indicates that the compressed image data is less suitable
for use in-the random reproduction process. Therefore, at
the decoding end, it is.possible to quickly distinguish
between the compressed image data suitable for use in the
random reproduction process and the compressed image data
with higher coding efficiency which is less suitable for use
in the random reproduction procéss.

Adcording to Claim 17 of the present invention, there
is provided an image processing apparatus for decoding
compressed image data obtained_by compressively coding
digital image data corresponding to a frame comprising plural

frames to provide a reproduced image corresponding to the
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image, and the apparatus comprises': an analyzer for analyzing
a header included in the compressed image data to generate
header information, and analyzing data corresponding to each
frame included in the compressed image data and outputting
compressed frame data; a data decompressor for decompressing
the compressed frame data to produce decompressed frame data;
calculation means for outputting either frame data obtained
by adding the decompressed frame .data and prediction frame
data therepf or the decompressed frame data as reproduced
frame data according to a control signal; a prediction data
generator for generating prediction frame data for a frame
to-be-processed from target frame data to-be-decompressed
corresponding to the frame to-be-processed; and control
means for controlling the calculation means according to an
identification flag included in the header information and
indicating whether or not the compressed image data is
suitable for use in a random reproduction process which
randomly selects compressed frame data of arbitrary frames
to reproduce frame data, wherein the analyzer analyzes the
header in such a way that it analyzes the identification flag
without analyzing common data éomposed of fixed-length code
data from code data at the beginning of the header to code
data immediately before the identification flag as required.
In the image procesSing apparatus so constructed, when

decoding compressed image data corresponding to one moving
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picture, the header is analyzed such that the identification
flag indicating whether or not the compressed image data is
suitable for use in the random reproduction process, is
analyzed without analyzing the fixed-length code data from
the beginning thereof. Therefore, when analyzing the
header added to the compressed image data, it is possible
to quickly analyze the identification flag and thereby decide
whether dr not the compressed_ image data is suitable for use
in the random reproduction pro-cess in a short time.

According to Claim 18 of the present invention, in the
image processing apparatus of Claim 17, the analyzer analyzes
the header in such a way that it analyzes a synchronous signal
indicating a head of the compressed image data, the
identification flag, and the data common to respective frames,
in this order, according to the order in which these data
is input to the analyzer.

In the image processing apparatus so constructed, the
synchronous signal, the identification flag, and the common
data are analyzed in this order. Therefore, at the decoding
end, tﬁe identification flag is analyzed immediately after
the synchronous signal is analyzed.

According to Claim 19.of the present invention,
in the image processing apparatus of Claim 17, the analyzer
analyzes the header in such a way that it analyzes a

synchronous signal indicating a head of the compressed image
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data, fixed-length code data as the data common to respective
frames, the identification flag, and variable-length code
data as the data common to respective frames, in this order,
according to the order in which these data is input to the
analyzer.

In the imége processing apparatus so constructed, the
synchronous signal, the fixed-length code data as the common
data, the identification flag, and the variable-length code
data as the common data are analyzed in this order.
Therefore, the identification fiag is analyzed immediately
after the synchronous signal is analyzed without analyzing
the fixed-length code data as the common data as required.'

According to Claim 20 of the 'present invention, in the
image processing apparatus of Claim 17, the control means
controls the calculation means so that all the frames of the
image are subjected to a first decompressive decoding process
without reference to another frame in which decompressed
frame data corresponding to the frame to-be-processed is
output from the calculation means as reproduced frame data,
when the identification flag i.ndiCa-tes that the compressed
image data is suitable for use in the random reproduction
‘process , and the control means controls the calculation means
so that specified frames of the image are subjected to a second
decompressive decoding process with reference to another

frame in which an addition value of decompressed frame data
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of the frame to-be-processed and reproduced frame data of
another frame is output from the calculation means as
reproduced ffame data of the frame to-be-processed and frames
other tha:i the specified .f.ram.es. are.subjected to the -firzlstl
decompressive decoding process, when the identification flag
indicates that the compressed image data is less suitable
for use in the random repfoduction process.

In the image processing apparatus so constructed,
reproduction is performed for each of the compressed image
data obtained by the first compressive coding process without
reference to another frame and compressed image data obtained
by the second compressive coding process with reference to
another frame and the first coinpressive coding process.
Also, only the first compressed image data is randomly
reproduced. Therefore, at the decoding end, the random
reproduction process is preferably performed.

According to Claim 21 of the present invention, there
is provided a data storage medium for storing an image
processing program for compressively coding digital image
data correspondling to an image comprising plural frames, and
the image processing program makes a computer perform a
compressive coding prbcess to the digital image data
according to an image processing method of Claim 3.

Using the data storage medium so constructed, by loading

the coding program into the computer, when digital image data

>
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corresponding to one moving picture is compressively coded
to provide compressed image data, the header including the
identification flag indicating whether or not the compressed
image data is suitable for use in the random (independent)
reproduction, is added to the compressed image data, and in
the header, from the code data at the beginning to the code
data before the identification flag are fixed in length.
Such coding process is executed by the computer. Therefore,
it is possible to implement an image coding process by
software in which the identification flag is quickly analyzed
and thereby whether or not the compressed image data is
suitable for use in the random reproduction process is
decided in a short time when analyzing the header added to
the compressed image data.

According to Claim 22 of the present invention, there
is provided a data storage medium for storing an image
processing program for decompressively decoding compressed
image data obtained by compressively coding digital image
data corresponding to an image comprising plural frames, and
the image processing progfam makes a computer perform a

‘decoding process to the compressed image data according to
an image processing method of Claim 8.

Using the storage medium so cc;nstructed, by loading the

decoding program into the computer, when decoding the

compressed image data correéponding to one moving picture,

-
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the header is analyzed such that analysis of the fixed-length
code data from the beginning thereof is followed by analysis
of the identification flag indicating whether or not the
compressed image data is suitable for use in the independent
reproduction. Such decoding process is executed by the
computer. Therefore, it is possible to implement the
decoding process by software in which the identification flag
is quickly analyzed and thereby it is decided whether or not
the compressed image data is suitable for use in the random
reproduction procesé in a short time when analyzing the

header added to the compresséd image data.

Brief Description of the Drawings

Figures 1 is a diagram showing data structures of image
signals according to a first embodiment, wherein figure 1(a)
shows a sequence header, figure 1 (b) shows compressed image
data of a data structure which is suitable for use in
independent reproduction, and.figure 1(c) shows compressed
image data of a data structure with high compression
efficiency.

Figure 2 is a flowchart for explaining an image coding
process performed by an im#ge processing method of the first
embodiment.

Figure 3 is a block diagram showing a structure of an

image processing apparatus which performs the image coding
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process of the first embodiment.

Figure 4 is a diagram showing a data structure of
compressed image data which is different from that of the
compressed image data of thé first embodiment.

Figures 5 is a diagram showing data structures of
compressed image data according fo modification of the first
embodiment, wherein figure 5(a) shows a data structure of
compressed image data which is suitable for use in
independent reproduction, and figure 5(b) shows a data
structure of compressed image data with high compression
efficiency which is suitable fbr use in independent
reproduction.

Figure 6 is a flowchart for explaining an image coding
process performed by the image processing method according
to the modification of the fi;st embodiment.

Figure 7 is a flowchart for explaining an image decoding
process according to an image processing method according
to a second embodiment of the present invention.

Figure 8 is a block diagram showing an image processing
apparatus which performs a decoding process of the second
embodiment.

- Figures 9 is a diagram showing a data storage medium
(figure 9(a) and figure 9(b)) which contains programs making
a computer system perform the coding process and the decoding

process of each embodiment, and figure 9(c) is a diagram
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- showing the computer system.

Figures 10 is a diagram shoﬁing data structures of
conventional coded image signals (compressed data), wherein
figure 10(a) shows compressed image data corresponding to
one moving picture, figure 10(b) shows compressed image data
which is suitable for use in independent reproduction, and
figure 10(c) shows compressed image data with high
compression efficiency.

Figure 11 is a diagram for explaining problems
associated with data structures of conventional coded image
signals, wherein figure 11(a) shows compressed image data
which is suitable for use in independent reproduction, figure
11(b) shows compressed image data with high compression
efficiency, and figure 11(c) shows compressed image data with
high compression efficiency which is suitable for use in
independent reproduction. |

Figure 12 is a conceptual di_agram for explaining a data
storage medium which contains compressed image data
corresponding to various types of moving pictures

Figure 13 is é diagram showing a sequence header

included in conventional compressed image data.

'Best Mode For Carrying Out the Invention
Now, preferred embodiments of the present invention

will be described.
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[Embodiment 1]

An image transmission method of the first embodiment
is capable of transmitting compressed image data obtained
by compressively coding digital im&ge dafa.(moving picturé
data) corresponding to a moving picture comprising plural
frames.

Assume that digital image data used in this embodiment
is data represented as a digital image signal comprising a
luminance signal and a chrominance signal. Also, the
digital image signal may be an image signal corresponding
to an image in a conventional image space (display image)
of a rectangular shape or may be an image signal
corresponding to an object region (VOP: Video Object Plane)
including an object (an image of an arbitrary shape) on the
display image.

Figure 1 is a diagram'showing data structures of image
signals according to the first embodiment, wherein figure
1(a) shows a data structure of a header of the compressed
image data.

Compressed image data Dv comprises coded frame data Dp
of respective frames and a header Hv added before the coded
frame data Dp and indicating the attribute of the déta Dp.

The coded frame data Dp is obtained by compressively
coding image data corresponding to respective frames of a

moving picture. The header Hv comprises a synchronous
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signal Hsd indicating the start of the compressed image data
Dv, an identification flag'(RA flag)Hfd indicating whether
or not the compressed image data Dv is suitable for use in
random reproduction,.data (coﬁmon daté) Hcd.common t6 |
reséective frames, and alignment data Had for aligning the
synchronous signal Hsd, the identification flag Hfd, and the
common data Hcd. In the random reproduction, coded frame
data corresponding'to arbitrary frames is randomly selected
and reproduced.

As already described in the prior art, the compressive
coding process includes two i:ypes of processing, namely, the
intra-frame coding process and the inter-frame coding
process.

Turning to figure 1(b), first compressed image data Dva
is obtained by performing the intra-frame coding proéess to
frame data P(1)-P(n) (see figure 10(a)) corresponding to all
the frames of the moving piéture data D and is suitable for
‘use in the random reprbduction. Therefore, the value of the
identification flag Hfd, in a header Hva of the first
compressed image data Dva, is "1", indicating that the.
compressed image data Dva is suitable for use in the random
reproductioﬁ.

Turning to figure 1(c), second compressed image data
Dvb is obtained by performing the intra-frame coding process

to the frame data P(1l) corresponding to a frame at the
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beginning of the moving picture data D and by performing the
inter-frame coding process to the following frame data
P(2)-P(n), and is less suitable for use in the random
reproduction. Therefore, ihe value of the identification
flag Hfdﬁ in a header Hvb of the second compressed image data
Dvb, is "0", indicating that the compressed image data Dvb
is less suitable for use in the random reproduction.

In the transmission method-of the first embodiment, the
header including the common data is transmitted, and then
the compressed frame data of respective frames is
sequentially transmitted. When transmitting the header Hv,
the synchronous signal Hsd, the identification flag Hfd, the
common data Hcd, and the alignment data Had are transmitted
in this order.

Subsequently, an image processing method of the first
embodiment will be described.

In this image processing method, the digital image data
D (see figure 10(a)) is compressively coded to produce one
of the first compressed image data Dva and the second
compressed i.mage data Dvb as the compressed image data Dv.

Figure 2 is a diagram for explaining the image
processing method of the first embodiment and showing a flow
of the coding process according to the proces.sing method.

The coding process is started (Step 101). The

sequence synchronous signal Hsd, indicating the start of the
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compressed image data'Dv, is produced (Step 102). "~ The
synchronous signal Hsd is represented by a unique code
(32bits).

A code of the identification flag Hfd is produced (Step
103). The flag Hfd indicates whether or not all the frames
of thedigital moving picture are compressively coded without
reference to a frame other than a target frame to-be processed.
The value of the flag Hfd is "1"- when all the frames are to
be compressively coded without reference to another frame,
and the value is "0" when they are not.

A code of the common data _required for reproducing the
compressed image data Dv at a reproducing end and a code of
the alignment data and the like are produced (Step 104).

The data (frame data )corresponding to respective
frames are sequentially compressively coded.

To be specific, when the frame data P(1l) corresponding
to the first frame is input (Step 105), the frame data is
compressively coded to prodﬁce coded frame data Dp according
to the value of the identification flag Hfd (Step 106).

The Step 106 will be described in brief below.

When the valﬁe of the identification flag Hfd is "1",
all the frame data P(1l)-P(n) are intra-frame coded.

To be specific, the image data of each frame is divided
into plural macrobloéks (image spaces) each composed of (16

X 16) pixels in one frame. Further, the image data of each
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macroblock is divided into subblocks respectively
correspoﬂding to image spaces each composed of (8 X 8) pixels.
The image data of each subblock is subjected to the DCT process
to be transformed into DCT coefficients for each subblock,
which are quantized to generate quantization coefficients,
"which are converted into a variable length code.

The macroblocks composing one frame are thus processed
and the resulting coded frame data is output.

Oon the other hand, when the value of the identification
flag Hfd is "0",the daﬁa P(1) is intra-frame coded, and the
other frame data P(2)-P(n) is inter-frame coded.

The inter-frame coding process will be described in
brief below. |

Initially, by the method for detecting motion of an
image on a frame such as "block métching“, a prediction
macroblock is detected. A region composed of (16 X 16)
pixels with the smallest errors between pixel values thereof
and pixel values of a target macroblock to-be-coded is
detected as the'prediction macroblock, from image data
corresponding to a coded frame which is temporally adﬁacent
to a frame to-be-coded.

Subsequently, the image.data of the prediction
macroblock is subtracted froﬁ the image data of the target
macroblock to produce difference data of the target

macroblock, which is divided into difference signals
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respectively corresponding to subblocks each composed of (8
X 8) pixels. Then, the difference signals are subjected
to the DCT process for each subblock to generate the DCT
coefficients, which are quantized for each subblock to
generate quantization coefficients, which are converted into
a variable length code.

The macroblocks composing one frame are thus processed
and the resulting coded frame data is output.

Following the Step 106, it is decided whether or not
input frame data is the last frame (Step 1_07); When decided
that the input frame data is not the last frame, the Step
106 is performed again, or otherwise, the coding process is
completed (Step 108).

The coding process is thus performed to produce either
the compressed image data Dva shown in figure 1(b) which is.
suitable in random reproduction, or the compressed image data
which is less suitable for the random reproduction shown in
figure 1(c).

The compressed image data is transmitted to a decoding
end via a coﬁnmunication line or stored ir_l the storage medium
and is then supplied thereto.

The followiné tables 4., 5, and 6 show an example of a
structure of the compressed image data so produce.d, in
particular, data alignment of the header. These tables show

the structure of the compressed image data Dv shown in figure
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ll1(a). That is, these tables do not distinguish between the
compressed image data Dva in figure 1(b) and the compressed

image data Dvb in figure 1(c).

[Table 4]
Vi . No.of .
801 —~ Video Object Layer(}{ bits Mnemonic
802 ~ video_object_layer_start_code 32 bsibf
I*4least significant bits specify video_object_layer_id value®/ .
814~ random_accessible_vol ' 1 bsibf
(| is_object_layer_identifier" 1 uimsbf
if(is_object_layer_identifier){
303§ visual_object_layer verid 4 | uimsbf
visual_object_layer_priority 3 uimsbf
L3
(| vol_control_parameters ' 1 bslbf
if(vol_control_parameters)
asp_éct_raﬁa_‘info 4 uimsbf
vop_rate_code 4 uimsbf
804 < bit_rate , 30 uimsbf
vb?_buﬁ‘er_size 18 uimsbf
chroma_format 2 uimsbf
low_delay 1 | uimsbf
i
video_object_layer_shape 2 uimsbf
805 vop_time_increment_resolution 15 uimsbf
fixed_vop_rate , ) 1 bsibf
806~ if(video_object_layer shape!="binary only"}
( iffvideo_object _layer_shape=="rectangular"}{
marker_bit 1 bsibf
video_object _layer_width : 13 uimsbf
8074 . marker_bit _ 1 bsibf
video__o-traject__lay@‘= height 13 uimsbf
]
.| obmc_disable 1 bsibf
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[Table 5]
(| sprite_enable 1 bsibf
if(sprite_enable){
sprite_width 13 uimsbf
marker_bit 1 bslbf
sprite_height. 13 uimsbf
marker_bit 1 bsibf
sprite_left_coodinate 13 simsbf
marker_bit 1 ‘bsibf
sprite_top_coodinate 13 simsbf
marker_bit 1 bsibf
no_of_sprite_warping_points 6 uimsbf
8084 sprite_warping_accuracy 2 uimsbf
sprite_brightness_change 1 bslbf
if(video_object_layer_shape=="rectangular’){ .
init_sprite_width 13 uimsbf
marker_bit 1 bsibf
init_sprite_height 13 uimsbf
marker_bit 1 bslbf
init_sprite_left_coodinate 13 simsbf
marker_bit ' 1 bslbf
init_sprite_top_coodinate 13 simsbf
!
L3
(| not_8_bit 1 bslibf
if(not_8_bit){
808 < quant_precision 4 uimsbf
bits_per_pixel 4 | uimsbf
(|} -
(| quant_type 1 bsibf
if(quant_type){
load_intra_quant_mat 1 bslbf
if(load_intra_quant_mat)
810< intra_quant_mat 8*[2-64] | uimsbf
load_nonintra_quant_mat 1 bsibf
if(load_nonintra_quant_mat)
nonintra_quant_mat 8"[2-64] | uimsbf
SN
811 ~ 1 bsibf

complexity_estimation_disable




-52-

[Table 6]
" error_resilient_disable ' 1 bslbf
if(lerror_resilient_disable){
81 2{ data_partitioned 1 bsibf
reversible_vic 1 bslbf
L } . |
4 scalability B 1 bsibf
if(scalability )}{ .
ref_layer_id 4 uimsbf
ref_layer_sampling_direc 1 bsibf
hor_sampling:_factor_n 5 uimsbf
8134 hor_sampling_factor_m 5 uimsbf
vert_sampling_factor_n 5 uimsbf
vert_sampling_factor_m 5 uimsbf
enhaﬁcement:tﬁa_e o 1 bsibf
. }
}
815 next_start_code()
' 816 if(sprite_enable)
{ decode_init_sprite()
( do{ . _
if(next_bits()=group_of_vop_start_code)
8174 Group_of_Video object Plane()
Video Object Plane() '
Ywhile({next_bits{)=group_of_vop_start_code)ll
g (next_bits()=vop_start_code)
}
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The data listed in the tables_4-6 are continuously
aligned in the transmission order.

At the beginning of the header, placed is a synchronous
signal 802 indicating the start of the moving picture. The
synchronous signal 802 is represented by a fixed-length code
(32 bits). Following the synchronous signal 802, placed is
data 814 corresponding to a 1-bit identification flag Hfd.
Following the data 814, placed is data (common data) 803-813
common to respective frames. In the common data 803-813,
the data 803-809 and 811-813 are each represented by a code
having plural fixed-bit léngths and the data 810 is
represented by a variable-length code. Following the
common data 803-813, placed is'alignment_data 815, which
aligns the synchronous signal 802, the identification flag
code 814, and the common data 803-813.

Following the alignment data 815, placed are data 816
and 817 relating to coded frame data obtained by performing
the intra-frame coding procéss or the inter~frame coding
process to frames of themoving picture. Inactuality, these
data 816 and 817 includes DCT coefficients or quantization
steps according to MPEG 1, 2, and 4, although these are shown
as one data group in this.illustrated exampie.

Although the data 814 corresponding to the
identification flag Hfd is placed just after the sequence

synchronous signal (data 802), it may be placed after the

o s e g T T e e e e s e
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data 803 (Nbits spaéed apart fromthe data 802). Preferably,
the data 814 is placed before fixed-length code data with
a decision condition or variable~length code data. 1In any
case, it is desirable to dispose the data 814 near the head
of the common data.

Hereinafter, a description will be given of an image
processing apparatus (image coding apparatus) which performs
the compressive coding process according to the image
processing method of the first embodiment.

Figure 3 is a block diagram showing the image coding
apparatus of the first embddiment.

An image coding. apparatus 100a is adapted to perform
compressive coding of digital image data (moving picture
data) corresponding to a moving image comprising plural
frames to produce compressed image data.

The image coding apparatus 100a includes a prediction
data generator 406 for generating prediction frame data 420
of target frame data corresponding to a frame
to-be-processed, based on the target frame data, and an adder
402 for'outputting differeﬁce frame data as é difference
value between the target frame data 416 and the prediction
ffame data 420.

The image coding apparatus 100a further includes a data
compressor 403 for compressing output data 421 from the adder

to produce compressed data 423, and a variable length encoder

-
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414 for performing variable length coding of the compressed
data 423 output from the data compressor 403. The data
compressor 403 comprises a DCT unit 404 for performing the
DCT process to the output data 421 from the adder 402 and
an quantizer 405 for quantizihg the output data 422 from the
DCT unit 404 and outputting the compressed data 423.

In the image coding apparatus 100a, moving picture data
416 is input to a first input terminal 401 and supplied to
the prediction data generator-406 througha first switch 434a,
while the prediction frame data 420 is supplied to the adder
402 through a second switch 434b. 'The compressed data 423
output from the data .:compressor 403 is supplied to the
prediction data generator 406 through a third switch 434c,
and motion information (motion vector) 418 generated by the
prediction data generator 406 is output to the variable
length encoder 414 through a fourth switch 434d.

The image.coding apparatus 100a still further includes
a controller 433 for generating header information 436
including data common to respective frames based on the
digital .image data and outputting the header information 436
to the variable length encbder .414, and on-off controlling
the switches 434a-434d by using control signals 437a-437d,
respectively. A control signal 435 externally input
contains the identification flag Hfd indicating whether'or

not the compressed image data is suitable for use in the random
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reproduction in which compressedﬂframe data corresponding
to an arbitrary frame is selected and reproduced.

The variable length encoder 414 is used to perform
variable length coding of the header information 436, the
motion information 418, and the compressed data 423, and
output a bit stream 431 as the compressed image data Dv to
an output terminal 415. The variable length encoder 414
outputs the header Hv according to the header information
413. In the header Hv, from the starting code through the
code just before the identification flag code are fixed in
length.

The construction of the prediction data generator 406
will be described.

The prediction data generator 406 includes a data
decompressor 407 which receives the compressed data 423 from
the data compressor 403 through the third switch 434c,
decompresses the compressed data 423 and outputs
decompressed data 426, and a second adder 402 which adds the
decompressed data 426 to the prediction frame data 420 and
outputs reproduced data 427. The data decompressor 407
comprises an inverse quantizer 407a which inversely
quantizes the compressed data 423 and an IDCT (inverse
discrete cosine transform) unit 407b which subjects output
data 425 of the inverse guantizer 407a to an IDCT process

by transforming data in a frequency domain into data in a
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spatial domain and outputs the decompressed data 426 .

The prediction data generator 406 further includes a
frame memory 410 which contains an output (reproduced data)
427 of the second adder 409 as reference image data for a
frame to be subsequently processed. The frame memory 410
is used to output data according to a read address signal
428 externally input.

The prediction data generator 406 still further
includes a motion detector 411 which finds a motion vector
MV of the target block of a frame being processed, based on.
the input digital image data 416, and outputs the motion
‘'vector MV, an address generator 412 which generates the read
- address signal 428 of the frame memory 410 accordlﬁ? to the
motion vector MV 418 from the motion detector Lj4~ and a
prediction signal reading unit 413 which reads data in an
area in the frame memory 410 which is specified by the read
address signal 428 and outputs the prediction frame data 420.

Subsequently, operation-will be described.

The digital image data is input to the first input
terminal 401, while information of the identifiéation flag
Hfd (flag information) 435 is input to the second input
terminal 432. According to the flag information 435, the
controller 433 generates the control signals 437a-437d, in
accordance with which the respective switches 434a-434d are

on-off controlled. The control signals 437a-437d are the

-
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same signals.

when the identification flag Hfd indicates that the
compressed image data Dv is suitable for use in the random
reproduction, that is, its valué is "1", the switches
434a-434d are turned off in accordance with the control
signals 437?-437d from the controller 433, respectively.
Thereby, the frame data corresponding to all the frames of
the input digital image is intra-frame coded.

The digital image data passes the adder 402 and is sent
to the data compressor 403, which performs data compression
process(DCTprocessandquantiiationprocess)tothedigital
image data according to MPEG standard. The compressed data
(quantization coefficients) 423 output from the data
compressor 403 is transformed into the variable length.codé_
by the variable length encoder 414. The coded frame data
Pa(l)-Pa(n) corresponding to the respective frames are thus
produced. At this time, the variable length encoder 414
transforms the sequence synchronous signal (synchronous
signal) Hsd, the identification flag (the value=1), the
commbn data Hcd, and the alignment data Had into the
corresponding codes, to form the.header Hva. The header Hva
is formed such that the synchronous signal Hsd, the
identification flag Hfdl, the common data Hcd, and the
alignment data Had are transmitted in this order.

The header Hva is added to the coded frame data
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Pa(l)-Pa(n) and the resulting compressed image data Dva is
output from the variable length encoder 414.

On the other hand, when.thé identification.flag Hfd
indicates that the compressed image data Dv is less suitable
for use in the random reproduction, that is, its value is
"0", the switches 434a-434d are on-off controlled in
accordance with the control signals 437a-437d from the
controller 433, respectively; Thereby, for instance, the
coded frame data P(1) corresponding to a first frame is
intra-frame coded and the other frame data P(2)—?(n)
corresponding to the following frames is inter-frame coded.

The intra-frame coding process is as described above,
and therefore, the inter-frame coding process will be
described below.

When the switches 434a-434d are turned off in accordance
with the control signals 437a-434d from the controller 433,
the input digital image data is inter-frame coded.

The prediction data generator 406 generates prediction
data 420 for the frame to-be-processed based on the coded
frame data. The first adder 402 subtracts the prediction
frame data 420 from the frame data 416 corresponding to the
frame to-be-ﬂprocessed to generate difference frame data 421.
In the data compressor 403; the DCT unit 404 transforms the
difference frame data 421 into'data 422 in the ffequency

domain, and further, the quahtizer 405 quantizes the data
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422 into guantization coefficients. The resulting
compressed data 423 is output to the variable length encoder
414. |

The variable length encoder 414 transforms the
compressed data (quantization coefficients)423 into
variable 1ength.codes to produce the coded frame data
Pb(2)-Pb(n).

The compressed data 423 is also input to the predidtion
data generator 406 through the third switch 434c. In the
data decompressor 407, the inverse quantizer 407a inversely
quantizes the compressed data 423 into the data 425 in the
frequency domain, and the inverse IDCT unit 407b transforms
the data 425 into the data 426 in the spatial domain and
outputs restored data.

The second adder 409 adds the restored data 426 to the
prediction data 420 and outputs reproduced data 427, which
is stored in the frame memory 410 as reference data used for
coding a subsequent frame.

The motion detector 411 detects the motion information
of the image between frames by block matching or the like
based on the input digital image data 416, and outputs the
‘motion vector 418 to the address generator 412. The address
generator 412 generates the address signal 428 for specifying
a memory area in the frame memory 410 according to the motion

vector 418. The prediction signal reading unit 413 reads
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the data in the memory area of the frame memory 410 specified
by the address signal 428 as the prediction data 420 and
outputs the prediction data 420 to the addér 402 .

The motion vector 418 is sent to the variable length
encoder 414 through the fourth switch 4344, to be transformed
into variable length code by the same.

The coded frame data Pb(1l)-Pb(n) is thus produced. At
this time, the variable length encoder 414 transforms the
sequence synchronous signal (synchronous signal Hsd), the
identification flag Hfd2(value=0), the common data Hcd, the
alignment data Had, and the 1ike into the corresponding codes,
to form the header Hvb. The header Hvb is formed so that
the synchronous signal Hsd, the identification flag HfdZ2,
the common data Hcd, and the alignment data Had are
transmitted in this order.

The header Hvb is added to the coded frame data
Pb(1l)-Pb(n) and the resulting compressed image data Dvb is
output from the variable length encoder 414.

Thus, in accordance with the first embodiment, when
cémpressively coding digital image data corresponding to one
moving picture to produce compressed imagé data, the
identification flag indicating whether or not the compressed
image data is suitable for use in the random (independent)
reproduction is added just after'the synchronous signal Hsd

positioned at the beginning of the header. Therefore, it
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is possible to quickly analyze the identification flag when
analyzing the header added to the compressed imaée data
corresponding to one picture, and thereby decide whether or
not the compressed image data is suitable for use in the random
reproduction in a short time.

While in the first embodiment, the identification flag
is placed just after the synchronous signal Hsd in the header
Hv of thg compressed image data Dv, the structure of the header
is not limited to this.

For example, like a header Hvm shov}n in figure 4, the
synchronous signal Hsd, first common data Hcdl represented
as a fixed-length code, an identification flag Hfd, second
common data Hcd2 represented as a variable-length code, and
alignment data Had may be aligned in this order.
[Modification of the First Embodiment]

Figures 5 and 6 are diagrams for explaining an image
transmission method and an image processing method according
tlo modification of the first embodiment, respectively.

Shown in figure 5(a) is first compressed image data Dvc
suitable for use in the random reproduction, and shown in
figure 5(b) is second compressed image data Dvd less suitable
for use in the random repr.'oduct-_ion.

The first compressed image data Dvc is obtained by
performing the intra-frame coding process to the frame data

P(1)-P(n)(see figure 10(a)) of respective frame of themoving
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picture data D. 1In the compréssed image data Dvc,'frame
headers (VL.O) Hvc(l)-Hvc(n) are added before the coded frame
data Pa(l);Pa(n), respectively. Each of the headers
Hvc(l)-Hvc(n) contains a flag Hfdl indicating whether or not
each of the corresponding coded frame data Pa(l)-Pa(n) is
independently(randomly) reprbducible. .

Since the coded frame data Pa(l)-Pa(n) is obtained by
the intra-frame coding process, the value of the flag Hfdl
in each of the headers Hvc(l)-Hvc(n) is "1", indicating that
the corresponding coded frame data is randomly reproducible.

In each of the headers Hvc(l)-Hvc(n), like the header
Hv included in the first compressed image data Dv shown in
figure 1, the synchronoué signal Hsd, the flag Hfd1l, the
common data Hdc, and the alignment data Had are aligned in
this order. Like the first embodiment, the header
including the identificatibn flag Hfd indicating that the
compressed.image data Dvc is suitable for use in the random
reproduction, is added to the compressed image data Dvc,
although this is not shown.

The second compressed image daté Dvd is obtained by
performing the intra-frame éoding process to frame data
corresponding to specified frameé of the moving picture data
D and by performing the inter-frame.coding process to the
other frames.

Also in the compressed image data Dvd, like the

-
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compressed image data Dvc, frame headers (VOL) Hvd(l), ...,
Hvd(r), ..., Hvd(n) are added before the coded frame data
Pd(l), ec., PA(T),ee., Pd(h), respectively. Each of the
frameheaders(VOi)Hvd(l),...,Hvd(r),...,Hvd(n)contains
a flag Hfdl or a flag Hfd0 indicating whether or not each
of the corresponding coded frame data Pd(1), ..., Pd(r),...,
Pd(n) is randomly reproducible.

Since the coded fréme data Pd(1l)and Pd(r) are obtained
by the intra-frame coding process, the value of the flag Hfd1l
in each of the headers Hvd(1l) and Hvd(r) is "1", indicating
that each of the coded frame data Pd(1) and Pd(r) is randomly
reproducible. Ontheother hand, the coded frame dataPd(2),
»d(3), Pd(4),..., Pd(n-1), Pd(n) are obtained by the
inter-frame coding process, the value of the flag Hfd0 in
each of the headers Hvd(2), Hvd(3), Hvd(4), ..., Hvd(n-1),
Hvd(n) is "0", indicating that each of the coded frame data
.Pd(2), Pd(3),.Pd(4),..., Pd(n-l), Pd(n) is not randomly
reproducible.

In each of the headers Hvd(1),..., Bvd(r), ..., Hvd(n),
like the header Hv of the compressed image data Dv of the
first embodiment shown in figure 1, the synchronous signal
Hsd, the flag Hfdl or HfdO, the common data Hcd, and the
alignment data Had are aligned in this order. Like the first
| embodiment, the header including the identification flag Hfd

indicating that the compressed image data Dvd is less
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suitable for use in the rahdom reproduction, is added to the
compressed image data Dvd, although this is not shown.

In this first transmission method of the modification,
the header of the whole compressed image data is first
transmitted and then compressed frame data (coded frame data)
of respective frames is sequentially transmitted together
with the corresponding frame headers. When transmitting
the header of the whole compressed image data, or the frame
header Hvc or Hvd, the synchfonous signal Hsd, the
identification flag Hfd, or the flag Hfdl or Hfd0, the common
data Hcd, and the alignment data Had are transmitted in this
order.

An image processing method according to the
modification will be described.

Figure 6 is a diagram for explaining the image
processing method of the modification to which the image
processing method of the first embodiment in figure 2 has
been extended.

In this image processing method of the modification,
the Steps 105-107 included in the processing method of the
first embodiment in figure 2 are replaced by Step 205, Step
209, Step 210, and Step 207 shown in figure 6. The other
Steps 201-204, and 208 included in the method of the
modification are identical to the Step 101-104, and 108

included in the method of the first embodiment.
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This will be described in detail below.

Turning to figure 6, the coding process is started (Step
201). The sequence synchronous signal Hsd indicating the
start of the compressed image data Dv is generated (Step 202).
The synchronous signal Hsd is represented by a unigue code

(32 bits).

Subsequently, a code of the identification flag Hfd is
generated (Step 203). When all the frames of the digital
moving picture are to be compressively coded without
reference to another frames, the value of the identification
flag Hfd is "1", whereas when they are not, the value is "0".

A code of the common data required for reproducing the
compressed image data Dv at the reproducing end and a code
of the alignment data are produced (Step 204)

The frame data of respective frames of the moving
picture are sequentially compressively coded (Steps 205, 209,
210, 207). |

To be more detailed, the frame data is input (Step 205).
A frame synchronous signal is generated (Step 209). The
frame synchronous signal is diffe-rent from the sequence
synchronous signal in Step 202 in that it is represented by
a unique code indicating the start of each frame. A flag
indicating whether or not coded frame data of a target frame
is independently reproducible (Step 216) . According to the

value of the identification flag Hfd and the value of the
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flag indicating whether or not the coded frame data is
independently reproducible, the input frame data is
compressively coded to produce coded frame data (Step 206).'

The coding process in Step 206 is identical to that in
Step 106 of the first embodiment.

To be specific, when the value of the identification
flag HEd is "1", all the frame data P(1)-P(n) of the moving
picture data D is intra-frame coded, while when the value
of the flag Hfd is "0", according to the flag relating to
possibility of independent reproduction, specified frame
data of the moving picture D is intra-frame coded and the
other frame data is inter-frame coded.

Following the Step 206, it is decided whether or not
the input frame data is the last frame (Step 207). When
decided that the input frame data is not the last frame,
generation of the frame synchronous signal in step 209,
generation of the flag relating to possibility of indepéndent
reproduction in step 210, and the coding process in Step 206
are performed again, or otherwise, the coding process is
completed (Step 208).

The coding process is thus performed to produce either

the compressed image data Dvc suitable for use in the random

reproduction as shown in figure 5(a) or the compressed image
data Dvd with high coding efficiency which is less suitable

for use in the random reproduction as shown in figure 5(b).
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These compressed image data is transmitted to the
decoding end via the communication line or stored in the
storage medium to be supplied to the decoding end.

In accordance with the modification of the first
embodiment, in addition to the coding process performed by
the image processing method of the first embodiment, the
frame header (auxiliary header) is added to the coded frame
data (compressed frame data)of each of the frames of the
compressed image data, the frame header includes the flag
indicating whether or not the corresponding coded frame data
is independently reproducible, and from the starting code
of the frame header through.the'code immediately before the
flag are fixed in length. Therefore, it is possible to
quickly analyze the identification flag included in the
header of the whole compressed image data and the flag
included in the frame header when analyzing the frame header
added to the coded frame data. 1In this modification, when
performing the fast forward playback process to the
compressed image data, according to the flag included in the
frame header, whether or not the coded frame data of each
frame is independently reproducible is decided quickly,
whereby the fast reproduction process can be performed
preferably.

[Embodiment 2]

Hereinafter, an image processing method according to

-
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a second embodiment of the invention will be described.

In this image processing method, compressed image data
which is obtained by compressively coding digital image data
corresponding to an image cdmprising a plurality of frames,
is decoded to provide reproduced image data corresponding
to the image. In this second embodiment, it is premised that
the compressed image data to be decoded is the compressed
image data Dv having the data structure shown in figure 1(a).
To be specific, the compressed image data Dv is either the
compressed image data Dva suitable for use in the random
reproduction (figure 1(b)) or fhe compressed image data Dvb
which is less suitable for use in the random reprpduction
but has high coding efficiency (figure 1(c)).

Figure 7 is a diagram for explaining the image
processing method accordihg to this second embodiment,
illustrating the flow of a decoding process by the image
processing method.

Initially, when the compressed image data Dv which has
been coded by the image processing method of the first
embodiment (specific data strﬁcture of which is shown in
Table 4 - Table 6) is input (step 301), the sequence
synchronous signal in the header addgd to the compressed
image data Dv in the coding process is detected (step 302).
This sequence synchronous signal corresponds to data 802 in

Table 4.
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Subsequently, according to a control signal given by
external operation, it is decided whether or not random
access reproduction for fast forward playback, fast rewind
playback, or image edition is to be performed (step 303).
The control signal is given by external inpﬁt, such as press
operation of a fast forward button.

Wwhen the result of the decision in step 303 is that
random access reproduction is not performed, the common data
in the header (data 803;815 in Tables 4-6) are analyzed to
prepare for decoding coded frame data corresponding to
respective frames (step .307).

Thereafter, the coded frame data of respective frames
is reproduced by a predetermined decoding method (step 310).

In this second embodiment, for the coded frame data of
the I frame, the quantization coefficients corresponding to
each subblock are subjected to inverse quantization and
inverse DCT to reproduce image data corresponding to each
macroblock, and this process is performed to all the
macroblocks composing the frame.

For the coded fraﬁe data of the P frame or the B frame,
inter-frame decoding with reference to reproduced data of
another frame is performed.

To be specific, in the inter-frame decoding, the
quantization coefficients (quantized DCT coefficients) of

each subblock are subjected to inverse quantization and
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inverse DCT to restore difference data corresponding to each

macroblock. Thereafter, prediction data for image data
corresponding to a target macroblock (macroblock to be
decoded) in a frame to be proces'sed, is generated by motion
compensation from image data .6f a frame which has already
been decoded. The prediction data and the restored
difference data are added to reproduce image data of the
target macroblock.

Thereafter, it is decided whether or not the coded frame
data to be decoded corresponds to the last frame in the
compressed image data Dv (ste-p..__;f_\ll) . When the result of the
decision is that the coded fraﬁ; data does not correspond
to the last frame, the}{%ding process in step 310 is carried
out again. -Wl_l'en the coded frame data corresponds to the last
frame, decoding of the compressed image data Dv is ended (step
312). |

Oon the other hand, when the result of the decision in
step 303 is that random access reproduction is to be performed,
initially, it is decided whether or not the compressed image
data to be decoded is suitable for use in the random
reproduction. That is, the identification flag Hfd, which
has already been descr‘ibéd for the coding process, is
extracted (step 304). In this second embodiment, the data
814 of the identification flag Hfd is placed just after the

data 802 (sequence synchronous signal). Therefore, the

..
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identification flag Hfd 'can'be extracted immediately after
analysis of the sequence synchr'onous signal. |

Then, the value of the identification flag Hfd is
checked to decide whether or not the input compressed image
data Dv is suitable for use in the random access reproduction
(independent reproduction) (step 305).

When the value of the identification flag Hfd is "1",
this flag Hfd indicates that the compressed image data Dv
is suitable for use in the independent reproduction, while
when the value of the identification flag Hfd is "O", this
flag Hfd indicates that the comp_:_:'essed image data Dv is less
suitable for use in the indeperid'ent reproduction.

When the result of the decision in step 305 is that the
value of the identification flagHfd is "1", the common data,
which follows the identification flag Hfd and relates to
image processing of the respective frames, is analyzed (step
308). Thereafter, the coded data corresponding to the
respective frames is reproduced by decoding (step 310). The
decoding process in step 310 in this case is different from
the decoding process in the c;:-lse where random access is not
performed, only in that inter-frame decoding is not
performed.

Thereafter, it is decided whether or not the coded frame
data to be decoded corréspohds to the last frame in the

compressed image data Dv (step 311). When the result of the

«
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decision is that the coded frame data does not correspond

cﬂﬁfﬂ-‘

to the last frame, the coding process in step 310 is carried
A

out again. When the coded frame data corresponds to the last
frame, decoding of the compresséd image daté Dv is ended (step
312). |

On the other hand, when the result of the decision in
step 305 is that the value of the identification flag Hfd
is "0", i.e., when the compressed image data Dv is less
suitable for use in the independent reproduction, a message
describing that the independent reproduction will not be
performed is output.(step 306), and decoding of the input
compressed image data Dv is ended (step 312).

" As described above, in the image decoding process
according to the second embodiment, since the header of the
input compressed image data Dv is constituted such that the
identification flag Hfd is placed just after the sequence
synchronous signal, it is possible to immediately decide.
whether or not the compressed image data Dv corresponding
to a moving picture is suitable.for use in the independent
reproduction, i.e., whether or not all of the coded frame
data corresponding to the respective frames composing the
moving picture is independently reproducible.

While in this second embodiment detection of the

sequence synchronous signal (step 302) is performed before

~random access decision(step 303), the step 302 may be
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performed after the step 303.

Further, while in this second embodiment the
identification flag Hfd is placed just after the sequence
synchronous signal in the header of the compressed image data
Dv to be decoded, the identification flag Hfd may be placed
after the N-bit fixed-length data in the header of the
compressed image data Dv. 1In this case, when performing the
random access, the identification flag Hfd is extracted
without extracting the N-bit data in step 304, and analysis
of data including the N-bit data is conducted in step 308.

Furthermore, when the identification flag Hfd is placed
before the data with decision condition (fixed-length coded
data) or the variable-length coded data, the flag indicating
whether or not the data is independently reproducible can
be immediately extracted without necessity of deciding the
condition and, therefore, this is suitable for the random
access. Especially in the case where the identification
flag Hfd is placed before the variable-length code, when
analyzing the data before the identification flag Hfd, it
is not necessary to compare the data of the input header with
the data prepared in the table, whereby the identification
flag Hfd can be extracted immediately.

Moreover, the header structure of the whole compressed
image data Dv is not restricted to that described above in

which the identification flag is placed just after the
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synchronous signal Hsd. As shown in figure 5, a frame header
including a flag relating to possibility of independent
reproduction may be given to each of coded frame data
composing the compressed image data. In this case, since
the flag exists for each frame, only checking the coded frame
data corresponding to each framé is enough to decide whether
or not this frame is independently reproducible. Also in
this case, since the flag is placed just after the frame
synchronous signal in the frame header, it can be decided
in a short time whether or not fhe frame data is independently
reproducible.

An image processing apparatus (image decoding
apparatus) for performing the compressive decoding process
by -the image processing method according to the second
embodiment, will now be described.

Figure 8 is a block diagram illustrating the image
decoding apparatus according to the second embodiment.

The image decoding apparatus 100b is adapted to receive
compressed image data 511 which is obtained by compressively
coding digifal image data corresponding to an image
comprising a plurality of frames, and decode the compressed
image data to provide reproduced image data corresponding
to the imaée. In this second embodiment, it is premised that
the compressed image daté is generated by the image coding

apparatus 100a according to the first embodiment.
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To be specific, the image decoding apparatus 100b
includes an analyzer.soz and a data decompressor 503. The
analyzer 502 analyzes a header and the other data included
in the compressed image data 511 to generate control
information 523 6r motion information 524, and analyzes data
corresponding to each frame included in the compressed image
data 511 to output compressed frame data 512. The
decompressor 503 decompresses the compressed frame data 512
corresponding to each frame to generate decompressed frame
data 514.

In this second embddiment, the analyzer 502 is
constructed so as to analyze the identification flag without
analyzing the common data composed of fixed-length codes
-extending from the beginning of the header before the
identification flag. The data decompressor 503 comprises
an inverse quantizer 503a and an inverse DCT unit 503b. The
inverse quantizer 503a subjects.the compressed image data
to inverse quantization to generate data 513 in frequency
domain, and the inverse DCT unit 503b subjects the output
of the inverse quantizer 503a to inverse DCT to transform
the data in frequency domain to data in space domain and
outputs the decompressed fréme dafa 514.

The image decoding apparatus 100b further includes a
prediction data generator 506 and an adder 505. The

prediction data generator 506 generates prediction frame
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data 520 based on the decompressed frame data output from
the dafa decompressor 503. ihe adder 505 adds the
decompressed frame data correéponding to a target frame and
the corresponding prediction frame data 520 to output
reproduced frame data 515 to an output terminal 510.

In the image decoding apparatus 100b, the motion
information (motion vector) 524 obtained by analysis by the
analyzer 502 is supplied through the first switch 522a to
the prediction data generator 506, and the prediction frame
data 520 is supplied ﬁhrough the second switch 522b to the
adder 505. Further, the reproduced frame data 515 output
from the adder 505 is supplied through the third switch 522c¢
to the prediction data generator 506.

Furthermore, the image decoding apparatus 100b includes
a controller 521 which controls the switches 522a-522c by
using control signals 525a-525c, based on the control
information 523 obtained by analysis of the header by the
analyzer 502.

The prediction data generator 506 will be described in
more detail.

The prediction‘data generator 506 includes a frame
memory 507 which stores the output (reproduced'data) 515 of
the adder 505 as reference image data for a frame to be
processed next. - The frame memory 507 outputs the data stored

therein, according to a read address signal 518.
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Further, the prediction data generator 506 includes an

address generator 508 and a prediction signal reading unit
509. The address generator 508 generates the read address
signal 518 to the frame memory ?ﬁ, based on the motion vector
517 from the analyzer 502. The prediction signal reading
unit 509 obtains data in an area speci“fied' by the read address
signal 518 from the frame memory 5&—%{ and outputs it as the
prediction frame data 520.

The operation of the image decoding apparatus 100b will
be described.

When the compressed image data having the format shown
in Table 4 - Table 6 which has been compressively coded by
the coding apparatus 100a of the first embodiment is input
to the input terminal 501, initially, the analyzer_ 502
analyzes the header of the compressed image data to detect
the sequence synchronous signal and the like. Meanwhile,
an external control signall (not shown) indicating whether
or not random access -fdr fast forward playback, fast rewind
playback, or image edition is to be performed is input to
the analyzer 502, by an external input such as press operation
of a fast forward button.

When the random access is not performed, the analyzer
502 analyzes the common data (data 803-815 in Tables 4-6)

to prepare for decoding of coded frame data of respective

frames. In this case, the switches 522a-522c are each

-
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controlled according to the frame coding type (I picture,

P picture, B picture) by the control signal from the
controller 521.

Further, the analyzer 502 extracts the motion vector
524 based on the coded frame data of each frame in the
compressed image data and, further, outputs a quantization
scale and quantization coefficients of each frame as
compressed data 512 to the data decompressor 503.

When the coded frame data has been obtained by the
intra-frame coding process, the compressed data |
(quantization coefficients) 512 is subjected to inverse
quantization by the quantizer 503a in the data decompressor
5é§3to be transformed to frequency-domain data 503, which
is subjected to inverse DCT by the inverse DCT unit 503b to
be transformed to space-domain data (decompressed data) 514.
The inverse quantization and the inverse DCT are performed
for each of subblocks composing one of macroblocks composing
one frame. Then, the decompressed data 514 corresponding
to each macroblock passes through the adder 505 and is output
as reproduced data 515 through the output terminal 510.

When the coded frame data has been obtained by the
inter-frame coding process, in the data decompfessor 503,
the compressed data (quantization coefficients)
corresponding to each subblock is subjected to inverse

guantization and inverse DCT, and thereby the difference data
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corresponding tb each macroblock is restored as the
decompressed data. Then, the adder 505 adds the difference
data of a target macroblock to the corresponding prediction
data and outputs the reproduced data 515.

In the prediction data generator 506, reproduced data
of a frame which has already been.decoded and is stored in
the frame memory 507 is read from the frame memory 507 as
prediction data for the tafget macroblock in the frame to
be decoded, by motion compensation using the address
generator 508 and the prediction signal reading unit 509,
like the prediction process of the coding apparatus.

That is, in the prediction data generator 506, the
address generator 508 generates the address signal 518 of
the frame memory 507, based on the motion vector from the
analyzer 502. Then, the prediction signal reading unit 509
obtains data in the area specified by the address signal as
the prediction data 520.

Thereafter, the adder 505 adds the difference data from
the data decompressor 503 and the prediction data and 6utputs
reproduced data of the target macroblock. |

On the other hand, when the random access is performed,
the identification flag in the header of the compressed data
to be decoded is analyzed to decide whether or not:the_
compressed image data is suitable for use in the independent

reproduction.
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That is, the analyzer 502 extracts the identification
flag 523 and outputs it to the controller 521.

In the header of the compressed image data, the data
814 corresponding to the identification flag Hfd is placed
just after the data 802 corresponding to the sequence
synchronous signal and, therefore, the identification flag
Hfd can be extracted in a short time.

When the identification flag Hfd is input to the
controller 512, the controller 521 analyzes the
identification flag Hfd to decide whether or not the
compressed image data is suitable for use in the random
reproduction.

When decided the compressed image data is suitable for
use in the independent reproduction (i.e., when the value
of the identification flag Hfd is "1"), the analyzer 502
analyzes (performs variable length decoding of) the common
data and, thereafter, the data decompressor 503 performs
reproduction to provide reproduced data of coded frame data
corresponding to a specified frame. In the decoding process,
since inter-frame decoding is not carried out, unlike the
decoding process in which the random access is not performed,
the switches 522a-522c are held in the OFF states by the
control signals from the controller 521.

When the value of the identification flag Hfd is "O"

(i.e., when the compressed image data is less suitable for
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use in the independent reproduction), information describing
that ihdependent decoding should not be performed is supplied
from the controller 521 to desired parts of the decoding
apparatus.

As described above, according to the image decoding
apparatus of the second embodiment, since the analysis of
the sequence synchronous signal in the header of the
compressed image data Dv is followed by the analysis of the
identification flag Hfd, it is possible to immediately decide
whether or not the compreSséd.image data Dv corresponding
to a moving picture is suitable.for use in the independent
reproduction, that is, whether or not all the coded frame
data corresponding to the respective frames composing the
moving picture is independently reproducible.

When an image processing program for performing the
image précessing according to any of the above-described
embodiments and modifications by software is recorded in a
data storage medium such as a floppy disk, the image
processing can be easily implemented in an independent
computer system. |

Figures 9(a)-9(c) are diagrams for explaining the case
where the image processing according to any of the
abové-described embodiments and modifications is executed
by a computer system, using a floppy disk which contains the

image processing program.

-



-83-

Figure 9(a) shows a front view of a floppy disk FD, a
cross-sectional view thereof, and a floppy disk body D.
Figure 9(b) shows- an exampleof a phys ical format of the floppy
disk body D.

The floppy disk FD has the configuration in which a
floppy disk case FC contains i:he floppy disk body D. On the
surface of the floppy disk body D, a plurality of tracks Tr
are formed concentrically from the outer circumference of
. the disk toward the inner circumference. Each track Tr is
divided into 16 sectors (Se) in the angular direction.
Therefore, in the floppy disk Fb having the above-mentioned
program, data.of the program are recorded in the assigned
sectors on the floppy disk body D.

Figure 9(c) illustrates the structure for recording the
program in the floppy disk FD and performing the image
processing by software using the program stored in the floppy
disk FD.

To be specific, when the program is recorded in the
floppy disk FD, data of the program are written in the floppy
disk FD from the computer system Cs through the floppy disk
drive FDD. When the above-described image coding apparatus
or image décoding apparétus is constructed in the computer
system Cs by the program recorded in the floppy disk FD, the
program is read from the floppy disk FD by the floppy disk

drive FDD and then loaded to the computer system Cs.

~
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While in the above description a floppy disk is employed
as a data storage medium, an optical disk may be employed.
Also in this case, coding or decoding by software can be
performed in like manner as the case of using the floppy disk.
Further, the data storage medium is not restricted to these
disks. Any medium may be employed as long as it can contain
the program, for examplé, an IC card, ROM cassette, etc.
Also in the case of using these data storage media, image
processing by software can be performed in like manner as
the case of using the floppy disk. |

Furthermore, when a coded image signal stored in a data
storage medium such as a floppy disk has a data structure
according to any of the embodiments and modifications of the
invention, the coded image signal from the floppy disk can
be decoded for image display, with the same effects as
described for the decoding'procéss of the first or second

embodiment.

Industrial Availability

According fo image transmission method, the image
processing method, the image processing apparatus, and the
data storage medium of the present invention, compressed
image data of an arbitrary frame of a moving picture can be
randomly selected and reproduced within desired time without

waiting time. Therefore, these are very useful in the image
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coding process and the image decoding process in the system
which transmits or stores an image signal, and in particular,
is suitable for use in random imagé processing for arbitrary
frames such as fast forward playback, fast rewind playback,

or edition of compressed moving picture data according to

. MPEG4.
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1. An image transmission method for traﬁzmitting
compressed image data obtained by compressively coding
digital image data corresponding to an image comprising
plural frames, said method comprising the steps of:

transmitting a header inéluding data common to
respective frames which is included in the compressed image
data; and

sequentially transmitting compressed frame data of the
respective frames which is included in the compressed image
data,

wherein the header includes an identification flag
indicating whether or not the compressed image data is
suitable for use in a random reproduction process which
randomly selects compressed frame data of. arbitrary frames
to reproduce frame data, and from code data at the beginning
of the header to code data immediately before the

identification flag are fixed in length.

2. The image transmission method of Claim 1, wherein
the header comprises a synchronous signal indicating
a head of the compressed image data, fixed-length code data
and variable-length code data as the data common to
respective frames, and the identification flag, and wherein

in the step of transmitting the header, the
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1dent1f1catlon flag is transmitted after the synchronous

-signal and before the variable-length code data.

3. An image processing method for compressively coding
digital image data corresponding to an image comprising
plural frames, said method comprising the steps of:

generating a header which includes data common to
respective frames; and

compressively coding frame data corresponding to
respective frames to produce compressed frame data,

wherein ihe header is generated in such a way that it
includes an identification flag indicating whether or not
the compressed image data is suitable for use in a random
reproduction process which randomly selects compressed frame
data of arbitrary frames to reproduce frame data, and from
code data at the beginning of ﬁhe-header to code data
immediately before the identification flag are fixed in

length.

4. The image pfocessing method of Claim 3, wherein

the step of compressively coding frame data is performed
after the step of generating the header, and wherein

the step of generating the header comprises generating
a synchronous signal indicating a head of the compressed

image data, the identification flag, and the data common to

-
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respective frames, in this order.
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5. The image processing method of Claim 3, wherein

the step of compressively coding frame data is performed
after the step of generating the header, and wherein

the step of generating the header comprises generating
a synchronous signal indicating a head of the compressed
image data, fixed-length code data as the data common to
respective frames, the identification flag, and
variable-length code data as the data common to respective

frames, in this order.

6. The image processing method of Claim 3, wherein

the step of compressively coding frame data comprises:

a first compressive coding step for compressively
coding frame data corresponding to a frame to-be-processed
without reference to frame data corresponding to another
frame, to produce first compressed frame data; and

a second compressive coding step for compressively
coding frame data corresponding to a frame to.-be—processed
with reference to frame data corresponding to another frame,
to produce second compressed frame data, wherein

the identification flag included in compressed image
data composed of the first compressed' frame data indicates

that the compressed image data is suitable for use in the
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random reproduction process, and

the identification flag included in compressed image
data composed of the first compressed frame data and the
second compressed frame data indicates that the compressed

image data is less suitable for use in the random reproduction

process.

7. The image processing method of Claim 3, further
comprising the step of:

generating an auxiliary header including data common
to the respective frames and individual data for a specified
frame,

wherein the auxiliarj header is generated in such a way
that the auxiliary heéde;: is added before compressed frame
data of the specified frame when the step of compressively
coding frame data is performed'after the step of generating
the header, and

in the step of generating the auxiliary header,

the auxiliary header is generated in such a way that
it includes a flag indicating whether or not the compressed
frame data of the specified .frame is independently
reproducible without reference to frame data of another frame,
and from code data at the beginning of the auxiliary header

to code data immediately before the flag are fixed in length.
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8. An image processing method for decoding compressed
image data obtained by compressively coding digital image
data corresponding to an image comprising plural frames to
provide reproduced image data corresponding to the image,
said method comprising the steps of:

analyzing a header including data common to respective
frames which is included in the compressed image data; and

decoding compressed frame data obtained by
compressively coding frame data of respective frames and
included in the compressed image data, to provide reproduced
frame data, wherein

the step of analyzing the header comprises analyzing
fixed-length code data from code data at the beginning of
the header to code data immediately befofe an identification
flag included in the header aﬁd indicating whether or not
the compressed image data is suitable for use in a random
reproductionprocesswhichrandbmlyselectscompressedframe
data of arbitrary frames to provide reproduced frame data,

and then analyzing the identification flag.

9. The image processing method of Claim 8, wherein
the step of decoding compressed frame data is performed
after the step of analyzing the header, and wherein

the step of analyzing the header comprises analyzing
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a synchronous signal indicating a head of the compressed
image data, the identification flag, and the data common to

respective frames, in this order.

10. The image processing method of Claim 8, wherein

the step of decoding compressed frame data is performed
after the step of analyzing the header, and wherein

the step of analyzing the header comprises analyzing
a synchronous signal indicating a head of the compressed
image data, fixed-length code data as the data common to
respective frames, the identification flag, and
variable-length code data as the data common to respective

frames, in this order.

11. The image processing method of Claim 8, wherein

the step of analyzing the header and the step of decoding
compressed frame data are performed for first compressed
image data composed of first compressed frame data obtained
by compressively coding frame data of a frame to-be-processed
without reference to frame data of another frame, and

performed for second compressed image data composed of
the first compressed frame data and second compressed frame
data obtained by compressively coding frame data of a frame

to-be-processed with reference to frame data of another frame,

and
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the random reproduction process is performed only to
the first compressed image data according to the

identification flag.

12. The image processing method of Claim 8, further
comprising the step of:

analyzing an auxiliary header added to compressed frame
data of a specified frame and including data common to
respective frames and individual data for the specified
frame,

wherein the auxiliary header is analyzed for the
specified frame when the step of dedoding compressed frame
data is performed after the step of analyzing the header,
-and

the step of analyzing the auxiliary header comprises
analyzing fixed-length code data from code data at the
beginning of the auxiliary header to code data immediately
before a flag included in the auxiliary header and indicating
whether or not the compresséd frame data of the specified
frame is independently reproducible without reference'fo

frame data of another frame, and then analyzing the flag.

13. An image processing apparatus for compressively coding
digital image data corresponding to an image comprising

plural frames to produce compressed image data, said

*
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apparatus comprising:

a prediction data generator for generating prediction
frame data for target frame data corresponding to a frame
to-be-processed based on the target frame data;

calculation means for outputting either difference
frame data as a difference value between the target frame
data and the prediction frame data or the target frame data
according to a control signal;

a data compressor for compressing data output from the
calculation means to produce compressed data;

a variable length encoder for performing variable
length coding of the compressed data output from the data
compressor and outputting compressed frame data of each
frame; and

control means for generating a header including data
common to respective frames based on the digital image data
and controlling the calculation means according to an
identification flag indicating whether or not the compressed
image data is suitable for use in a random reproduction
process which randomly selects compressed frame data of
arbitrary frames to reproduce frame data, wherein

the variable length encoder outputs the header
including the identification flag, in which from code data
at the beginning of the header to code data immediately before

the identification flag are fixed in length.
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14. The image processing apparatus of Claim 13, wherein
the variable length encoder outputs the header before
outputting the compressed frame data of respective frames
in such a way that a synchronous signal indicating a head
of the compressed image data, the identification flag, and.
the data common to respective frames are output, in this

order.

15. The image processing apparatus of Claim 13, wherein

the variable length encoder outpﬁts the header before
outputting the compressed frame data of respective frames
in such a way that a synchronous signal indicating a head
of the compressed image data,'fixed-length code data as the
data common to respective frames, the identification flag,
and variable-length code data as the data common to

respective frames are output, in this order. .

16. The image processing apparatus of Claim 13, wherein
thecontrolmeanscontrolsthécalculationmeanssothat
all the frames 6f the image are subjected to a first
compressive coding process in which the calculation means
outputsthetargetframedata,thedatacompresSorcompresses
frame data of a frame to-be-processed without reference to

frame data of another frame, and the variable length encoder



\
b \

Wi - e

6utputs first compressed frame data, when the identification
flag indicates that the compressed image data is suitable
for use in the random reproduction process, and wherein
the control means controls the calculationmeans so that
specified frames of the image are subjected to a second
compressive coding process in which the calculation means
outputs the difference frame data, the data compressor
compresses frame data of a frame to-be-processed with
reference to ﬁrame data of another frame, and the variable
length encoder.outputs second compressed frame data, and
frames other than the specified frames are subjected to the
first compressive coding process, when the identification
flag indicates that the compreséed image data is less

suitable for use in the random reproduction process.

17. An image processing apparatus for decoding compressed
image data obtained by compressively coding digital image
data corresponding to a frame comprising plural frames to
provide a reproduced image corresponding to the.image, said
apparatus comprising:
an analyzer for analyzing a header included in the

compressed image data to genefate header information, and
analyzing data corresponding to each frame included in the
compressed image data and outputting compressed frame data;

a data decompressor for decompressing the compressed

13
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frame data to produce decompressed frame data;
calculation.means for outputting either ffame'data
obtained by adding the decompressed frame data and prediction
frame data thereof or the deéompressed frame data as
reproduced frame data according to a control signal;

a prediction data generator for generating predidtion
frame data for a frame to-be-processed from target frame data
to-be-decompressed corresponding to the frame
to-be-processed; and

control means for controlling the calculation means
according to an identification flag included in the header
information and indicating whether or not the compressed
image data is suitable for use in a random reproduction
process which randomly selects compressed frame data of
arbitrary frames to reproduce frame data, wherein

the analyzer analyzes the header in such a way that it
analyzes the identification flag without analyzing common
data composed of fixed-length code data from code data at
the beginning of the header to code data immediately before

the identification flag as required.

18. The image processing apparatus of Claim 17, wherein
the analyzer analyzes the header in such a way that it
analyzes a synchronous signal indicating a head of the

compressed image data, the identification flag, and the data
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common to respective frames, in this order, according to the

&

order in which these data is input to the analyzer.

19. The image processing apparatus of Claim 17, wherein
the analyzer analyzes the header in such a way that it
analyzes a synchronous signal indicating a head of the
compressed image data, fixed-length code data as the data
common to respective frames, the identification flag, and
variable-length code data as the data common to respective
frames, in this order, according to the order in which these

data is input to the analyzer.

20. The image processing apparatus of Claim 17, wherein

the control means controls the calculationmeans so that-
all the frames of the image are subjected to a first
decompressive decoding process without reference to another
frame in which decompressed frame data corresponding to the
frame to-be-processed is output from the calculation means
as reproduced frame data,_when the identification flag
indicates that the compressed image data is suitable for use
in the random reproduction process, and wherein

the control means controls the calculation means so that
specified frames of the image are subjected to a second
decompressive decoding process with reference to another

frame in which an addition value of decompressed frame data

-
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of fﬁe frame to-be-processed and reproduced frame data of

another frame is output from the calculation means as

reproduced frame data of the frame to-be-processed and frames
other than the specified frames are subjected to the first
decompressive decoding process, when the identification flag
indicates that the compressed image data is less suitable

for use in the random reproduction process.

21. A data storage medium for storing an image processing
program for compressively coding digital image data
corresponding to an image comprising plural frames,

said image processing program making a computer perform
a compressive coding procéss to the digital image data

according to an image processing method of Claim 3.

22. A data storage hedium for storing an image processing
program for decompressively decoding compressed image data
obtained by compressively coding digital image data
corresponding to an image comprising plural frames,

said image processing progrém making a computer perform
a decoding process to the compressed image data according

to an image processing method of Claim 8.



