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IMAGE SIGNAL DATA STRUCTURE,

IMAGE CODING METHOD, AND IMAGE DECODING METHOD

- FIELD OF THE JINVENTION

The present invention relates to an image signal data
structure, an imaée coding method, and an image dedoding method.
More particularly, the invention relates to an image sighal data
structure which includes reproduction timing data relating to the
timing of reproduction including decoding and image display for
each of frames as components of an image, generation (coding) of
a coded image signal including the reproduction timing data, and
decoding of the coded image signal.

Further, the present invention relates to an image coding
apparatus for generating the coded image signal, an image
decoding apparatus performing the above-described decoding, a
data storage medium containing a coded image signal of the above-
described data structure, and a data étofage medium containing an
image proceésing program for implementing the above-described
coding and decoding by using a computer.
BACKGROUND OF THE INVENTION

In recent years, we have greeted the age of multimedia in
which audio, video and other data are integrally handled, and the
conventional information media, i.e., means for transmitting
information to men such as newspapers, magazines, televisidns,
radios, and telephones, have been adopted as the objects of

multimedia. Generally, "multimedia" means to represent, not only



characters, but also diagrams, speeches, and especially images
simultaneously in relation withleach other. 1In order to handle
the conventional information media as the objects of multimedia,
it is necessary to convert the information of the media into a
digital format.

When the data quantity of each information medium described -
above is estimated as a quantity of digital data, in case of
characters, the data quantity for each character is 1~2 byte.
However, in case of speech, the data quantity is 64kbits per
second (quality for telecommunication) and, in case of moving
picture, it is more than 100Mbits per second (quality for current
television broadcasting). So, in the information media such as
televisions, it is not practical to process such massive data as
it is in a digital format. For example, although visual
telephones have already been put to practical use by ISDN
(Integrated Services Digital Network) having a transmission rate
of 64kbps~1;5Mbps, it is impossible to transmit an image of a
television camera as it is by the ISDN.

So, data compression technologies are demanded. 1In case of
visual telephones, a moving picture compression teéhnology
standardized .as H.261 by.ImU-I (International Telecommunication
Union-Telecommunication Sector) is employed. Further, according
to a data compression technology of MPEGl, it is possible to
record image data, together with audio data, in an ordinary music

CD (compact disk).



MPEG (Moving Picture Experts Group) is an international
standard relating to a technology for compressing and expanding
an image signal corresponding to a moving picture, and MPEGl is a
standard for compressing moving picture data to 1.5Mbps, i.e.,
compressing data of a television signal to about 1/100. Since
the transmission rate to which MPEGl is directed is limited to
about 1.5Mbps, MPEG2 capable of compressing moving picture data
to 2~15Mbps has been standardized to meet the demand for higher
imagé qﬁality.

In the image signal compression and expansion technologies
according to MPEGl and MPEG2 which have already been put to
practical, only a fixed frame rate is basically employed) namely,
intervals between image display timings of the respective frames
are regular. So, there are only several kinds of frame rates,
and in MPEG; a frame rate designated by a flag (frame rate code)
which is tfansmitted with coded data is selected from plural
frame rates (frame rate values) with reference to a table shown
in figure 13.

Under the existing circumstances, standardization of MPEG4
is now proceeded by the working group for standardization of
MPEGl and MPEG2 (ISO/IEC JTC1/SC29/WGll). MPEG4 enables coding
and signal operation in object units, and realizes new functions
required in the age of multimedia. MPEG4 enables coding and

signal operation in object units, and realizes new functions



required in the age of multimedia. MPEG4 has originally aiméd at
standardization of image processing at a low bit rate, but the
object of the standardization is now extended to more versatile
image processing including highfbit-rate image processing
adaptable to an interlaced image. |

Also in MPEG4, when a table similar to the table for MPEG2
(refer to figure 13) is added at the beginning of a video object
layer (corresponding to a video sequence of MPEG2), frame rates
can be expressed according to the table. In MPEG4, however,
since image signals in a broad range from an image signal of a
low bit rate to a high-quality image signal of a high bit rate
are processed, the number of frame rates required is out of count.
Therefore, it is difficult fo perform decision of frame rates by
the use of a table.

So, MPEG4 employs a data structure including frame display
time data inserted in each frame, in order to deal with almost
uncountable'number of fixed frame rates and, furthermofe, to
process an image having variable intervals of image display
timings or decoding timings of the respective frames.

Figure 14 shows a data structure of a conventional coded
image signal 200.

The coded image signal 200 corresponds to one image (in
MPEG4, a series of frames constituting an image corresponding to
one object) and includes a header H at the beginning. The header

H is followed by code sequences Sa0, Sal, Sa2, ..., San



corresponding to frames F¥(0), ¥(1), F(2), ..., F(n), respectively,
which code sequences are arranged according to priority for
transmission (transmission ordef). Rere, "n" is the number
indicating the transmission order of data of each frame in the
frame sequence corresponding to one image, and n of the head
frame is 0.

In this example, at the beginnings of the code sequences
Sa0, sal, Ssa2, ..., San of the respective frames, display time
data Dt0, Dtl, Dt2, ..., Dtn indicating the display timings of
the frames are arranged. The respective display time data are
followed by coded image data Cg0, Cgl, Cg2, ..., Cgn.

Since each of the display time data indicates a time
relative to a reference time, the quantity of data required for
expressing this display time, i.e., the bit number of the display
time data, increases as the number of the frames constituting the
image increases. |

Furthér,'at the decoding end of the coded image signal,
according to the display time data Dt0O~Dtn inserted in the code
sequences Sa0~San corresponding to the respective frames, image
display of each frame is carried out at the time indicated by the
display time data.

Figure 15 shows the transmission order and the display
order of the coded image data corresponding to each frame in the
series of frames. As described above, "n" indicates the

transmission order, and "n'" indicates the display order (n' of



the head frame is 0). Further, frames F(n) (F(0)~F(18)) are
arranged based on the order of frames in the data structure shown
in figure 14 (transmission order). The frames F(n) arranged in
the transmission order are rearranged according to the display
order of the frames as shown by arrows in figure'1§, resulting in
frames F'(n') (F'(0)~F'(18)) arranged in the display order.
Accordingly, a fréme F(n) and a frame F'(n') related to each
other with an arrow are identical. For example, the frames F(0),
F(1), F(2), and F(3) are identical to the frames F'(0), F'(3),
F'(1), and F'(2), respectively.

Amongst the frames F(n) (F(0)~F(18)) arranged in the
transmission order, the frames F(0) and F(13) are I (Intra-
picture) frames (hereinafter also referred to as I-VOP), the
~frames F(1), F(4), F(7), F(10), and F(16) are P (Predictive-
picture) frames (hereinafter also referred to as P-VOP), and the
frames F(Zi; F(3), F(5), F(6), F(8), F(9), F(l1l), F(12), F(14),
F(15), F(175, and F(18) are B (Bidirectionally predictive
picture) frames (hereinafter also referred to as B-VOP).

When the frames F(n) (F(0)~F(18)) arranged in the
transmission order (IPBBPBBPBBPBBIBBPBB) are rearranged in the
display order (IBBPBBPBBPBBPBBIBBP), this display order n‘ is
represented by frame numbers B(n) (B(0)~B(18)) corresponding to
the respective frames F(n). That is, the frame numbers B(n)
represent the numbers n' indicating the display order. To be

specific, as shown in figure 15, B(0)=0, B(1)=3, ..., B(17)=16,



B(18)=17. Accordingly, the image display cycle L of the I-VOPs
is 15, and the image display cycle M of the VOPs including both
of the I-VOPs and the P-VOPs is 3.

The frame number B(n)=n' is represented by the following
formulae (1)~(3) using n.

B(n)=n=0 (n=0) - eee(l)

B(n)=n+M-1 (n=MXi+l) eees(2)
wherein i and M are integers not less than 0 (0, 1, 2, ...).

B(n)=n-1 (when n is other than the above values) eee(3)

The first I-VOP satisfies the condition (n=0), the I-VOPs
other than the first I-VOP and the P-VOPs satisfy the éondition
(n=MXi+1l), and the B-VOPs satisfy the condition (when n is other
than the above values).

Formulae (1)~(3) define the relationship B(n)=n' between
the display order n' and the transmissidﬁ.order n in the case
where the code sequences of the frames corresponding to the
respective f-VOPs, P-VOPs, and B-VOPs are transmitted
periodically. In other cases than mentioned above, the display
order n' and the transmission order n are correlated one to one
by a relational expression or a method other than formulae
(1)~(3).

Figure 16 is a diagram for explaining an example of an
image display method wherein the intervals of the image display
timings of the respective frames are variable.

In the figure, t'(n') (t'(1l), t'(2), t'(3), t'(4),...)



indicates the interval between the time at which image display of
the frame F'(n'-1l) is performed and the time at which image
display of the frame F'(n') is performed, and h'(1l), h'(2), and
h'(3) indicate the times for image display of the frames F'(1),
F'(2), and F‘(3), respectively, with the time h'(0) for image
display of the frame F'(0) as a reference. Further, h(n) (h(1l),
h(2), h(3), h(4),...) indicates the time for image display of the
-frame F(n) (F(1), F(2), F(3), F(4),...) with the time h'(0) for
image display of the frame F(0)=F'(0) as a reference.
Accordingly, the display time h'(h') of the frame F'(n') arranged
in the display order is expressed by h'(n')=h'(n'-1)+t'(n'), and
h'(0)=0. |

Next, decoding and image display of the coded image signal
having the data stiucture shown in figure 14 will be briefly
described using figure 16.

At the decoding end, when the coded image signél 200 shown
in figure 14 is input, the coded image data Cg0, Cgl, Cg2,... of
the respective frames F(0), F(l1), F(2),... as the constituents of
the coded image signal 200 are decoded, and the imagés
corresponding to the frames F(0), F(l), F(2),... are displayed at
the image display times h(0), h(1l), h(2),... based on the display
time data DtO, Dtl, Dt2,... of the respective frames.

In this way, even when the intervals between the image
display timings of the respective frames (image display cycle) of

the coded image signal are not fixed, i.e., are variable, the



coded image signal is decoded at the decoding end and displayed
at a prescribed timing.

When the intervals between the image display timings of the
respective frames of the coded image signal are fixed, as in the
case where the intervals are variable, the images'corresponding
to the frames F(O),.F(l), F(2),... are displayed at the image
- display times h(0), h(1), h(2),... based on the display time data
Dt0, btl, Dt2,.. of the respective frames.

By the way, when expressing a frame rate (number of frames
displayed in a second) simply with k bits (k: natural number), a
frequency used for television broadcasting, for example,
29.97...Hz (to be exact, 30000/1001 ﬁz) cannot be expressed.

So, such a frame rate is expressed as follows. That is, a
prescribed time interval (1 modulo time), for example, one second,
is divided into N (N: natural number) to obtain a sub-unit time
(1/N) and, using this as a unit time (1 time tick), the display
time of each.frame is expressed for both of the image having a
variable frame rate and the image having a fixed frame rate.

To Be specific, as shown in figure 17(a), the display time
of each of the images VOPO, VOP1l, VOP2, and VOP3 corresponding to
the frames F'(0), F'(1), F'(2), and F'(3) arranged in the display
order is expressed by y (VOP rate increment) pieces of 1/N (sub-
unit time) with a time X as a reference, that is, it is expressed
by y/N. For the images VOP1, VOP2, VOP3, and VOP4, y is defined

as follows: y=y'0, y=y'l, y=y'2, and y=y'3, respectively.
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Figure 17(c) shows a coded image signal 200a having a data
structure in which the image display timings of the respective
frames are expressed by using the sub-unit time (1/N sec) and Y.

The coded image signal 200a includes a header H containing
sub-unit time data Dk that indicates N (natural number) for
obtaining the sub-unit time, and the header H is followed by code
sequences Sbn (Sb0, Sbl, Sb2,...) corresponding to the respective
frames F(n) (F(0), F(1), F(2),...). Each code sequence Sbn
contains display cycle multiplier data Dyn (Dy0, Dyl, Dy2,...)
indicating a display time h(n) (h(0), h(1), h(2),...) which is
measured by using the sub-unit time (1/N), and the number y of
(1/N), with the time X as a reference.

In figure 17(c), Cgn (Cg0, Cgl, Cg2,...) are coded image
data corresponding to the respective frames F(n) (F(0), F(1),
F(2)seee)e

However, when the image VOPO is an I-VOP (I frame), the
VOP2 and voé3 are B-VOPs (B frames), and the VOP4 is a P-VOP (P
frame) as shown in figure 17(b), in the bit stream of the coded
image signal 200a shown in figure 17(c), the P-VOP (VOP3) and the
B-VOP (VOPl) are arranged as the code sequences of the frames
F(l) and F(2) which follow the code sequence of the frame F(0)
corresponding to the I-VOP (VOPO).

A description is now given of the drawbaéks of the image
signal data structures described with respect to figures 14-~16.

As described above, in a coded image signal obtained by
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coding an image sigpal having a fixed interval T of frame display
timings, the image display timing h(n) of each frame is expressed
by h(n)=n';<T, wherein n' is the number indicating the order of
display, and n'=B(n).

In other words, when the coded image signal having the
fixed frame-display interval T (i.e., a coded signal of an image
having a fixed frame rate) is decoded for display, if the period
T (the fixed display interval) is detectable at the decoding end,
the display time h(n) of the n-th frame F(n) in the transmission
order can be uniquely decided by increasing the display interval
T by n' (=B{(n)) times. Nevertheless, when decoding the coded
image signal, there is no choice but to perform complicated
display using the display time data Dtn (Dt0O, Dtl, Dt2,...)
inserted in the coded image signals corresponding to the
respective frames F(n) (F(0), F(1), F(2),...) as shown in figqure
14.

Next, 5 description is given of the drawbacks of the image
signal data structures described with respect to figures 17(a)-
17(c).

As described above, in the image signal data structure
proposed by the current MPEG4, even when the frame rate is fixed,
the value of the frame rate cannot be known unless several frames
are decoded and, therefore, it is difficult to simplify the
circuit structure for implementing the actual decoding process.

This problem will be briefly described. When the VOPO is
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an I-VOP (I frame), the VOP1l and the VOP2 are B~VOPs (B frames),
and the VOP3 is a P-VOP (P frame) as shown in figure 17(b), since
the frame F(0) corresponding to the I-VOP (I frame) is followed
by the frame F(l) corresponding to the P-VOP (P frame) and the
frame F(2) corresponding to the B-VOP (B frame) in the bit stream
of the coded image signal 200a shown in figure 17(c), the frame
display cycle (1 fixed VOP increment), i.e., the interval between
the display timing of the I-VOP and the display timing of the
following B-VOP (B frame), cannot be known until the frame F(2)
corresponding to the B-VOP (B frame) is transmitted.
SUMMARY OF THE INVENTION

The present invention is made to solve the above-described
problems and has for its object to provide an image signal data
structure which enables a reproduction process including decoding
and image display for a coded image signal having a‘ fixed cycle
of reproduction for each frame at the decoding end, such as a
fixed frame réte (cycle of image display for each frame) by using
a simple hardware structure, and also enables a reproduction
process for a coded image signal having a variable cycle of
reproduction for each frame, such as a variable frame rate.

Another object of the present invention is to provide an
image coding method and an image coding apparatus capable of
performing an image coding process which enables a reproduction
process including decoding and image display for a coded image

signal having a fixed cycle of reproduction for each frame at the
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decoding end, such as a fixed frame rate (cycle of image display
for each frame) by using a siﬁple hardware structure, and also
enables a reproduction process for a coded image signal having a
variable cycle 6f reproduction for each frame, such as a variable
frame rate.

Still another object of the present invention is to provide
an image decoding method and an image decoding apparatus capable
of performing an accurate reproduction process including decoding
and iﬁage display for a coded image signal, according to whether
the cycle of reproduction for each frame is variable or not.

Yet another object of the present invention is tolprovide
an image signal data structure which enables detection of the
value of a frame rate or the like of a coded image signal héving
a fixed frame rate or the like before decoding each frame, and
simplifies various hardware structures for implementing a
reproduction process including decoding and image display.

A furfher object of the present invention is to provide an
image coding method and an image coding apparatus capable of
detecting the value of a frame rate or the like of a coded image
signal having a fixed frame rate or the like before decoding each
frame, and performing a reproduction process including decoding
and image display for the coded image signal by a simple hardware
structure. |

A still further object of the present invention is to

provide an image decoding method and an image decoding apparatus
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capable of accurately decoding the coded image signal obtained by
the above-described coding process.

Another object of the present invention is to provide a
data storage medium containing a coded image signal having the
above-described data structure, and a data storage medium
containing an image processing program for implementing, with a
computer, the above-described image coding method and image
decoding method.

Other objects and advantages of the invention will become
apparent from the detailed description that follows. The
detailed description and specific embodiments describéd are
piovided only for illustration since various additions and
modifications within the spirit and scope of.the invention will
be apparent to those of skill in the art from the detailed
description.

According to a first aspect of the present invention, there
is provided'a data structure of an image signal for which image
reproduction of each frame is performed at a prescribed cycle,
and the image signal data structure includes a reproduction cycle
identifier indicating whether the cycle of image reproduction for

each frame is variable or not. Therefore, when the reproduction
cycle for each frame is fixed, reproduction of the image signal,
such as decoding of the coded image signal and display of the
decoded image signal, can be performed by a simple circuit

structure.
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According to a second aspect of the present invention, in
the image signal data structure of the first aspect, the
reproduction cycle identifier is a display cycle identifier
indicating whether the cycle of image display for each frame is
variable or not. Therefore, when the image display cycle for
each frame is fixed, display of decoded data obtained by decoding:
the coded image signal can be performed by a simple circuit
structure.

According to a third aspect of the present invention, the
image signal data structure of the second aspect includes a fixed
display cycle identifier indicating that the cycle of image
display for each frame is fixed, as the display cyéle identifier;
display cycle data indicating the cycle of image display for each
frame; and frame position data corresponding to each frame and
indicating the positional relationship of each frame with the
previous and subsequent frames. Therefore, when the image
display cycie for each frame is fixed, the timing of image
display of the frame can be defined according to the display
cycle data and the frame position data.

According to a fourth aspect of the present invention, the
image signal data structure of the second aspect includes a
variable display cycle identifier indicating that the cycle of
image display for each frame is variable, as the display cycle
identifier; and display timing data indicating the timing at

which image display of each frame is performed, the timing being
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'set relatively to a desired reference time selected from at least
one reference time according to each frame. Therefore, when the
image display cycle for each frame is variable, the timing pf
image display of the frame can be defined according to the
display timing data.

According to a fifth aspect of the present invention, in
the image signal data structure of the first aspect, the
reproduction cjcle identifier is a decoding cycle identifier
indicating whether the cycle of decoding of a coded image signal
corresponding to each frame is variable or not. Therefore, when
the decoding cycle for each frame is fixed, decoding of the coded
image signal can be performed by a simple circuit structure.

According to a sixth aspect of the present invention, the
image signa; data structure of the fifth aspect includes a fixed
decoding cycle identifier indicating that the cycle of decoding
for each frame is fixed, as the decoding cycle identifier;
decoding cyéle data indicating the cycle of decoding for each
frame; and frame position data corresponding to each frame and
indicating the positional relationship éf each frame with the
previous and subsequent frames. Therefore, when the decoding
cycle for each frame is fixed, the timing of decoding of the
frame can be defined according to the decoding cycle data and the
frame position data.

According to a seventh aspect of the present invention, the

image signal data structure of the fifth aspect includes a
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variable decoding cycle identifier indicating that the cycle of
decoding for each frame is variable, as the decoding cycle
identifier; and decoding timing data indicating the timing at
which decoding of each frame is perfofmed, the timing being set
relatively to a desired reference time selected from at least one
reference time, according to each frame. Therefore, when the
decoding cycle for each frame is variable, the timing of decoding
of the frame can be defined according to the decoding timing data.
According to an eighth aspect of the present invention,
there is provided an image coding method for coding an image
signal corresponding to a specific image to generate a coded
image signal, and outputting the coded image signal together with
a reproduction cycle identifier indicating whether the cycle of
image reproduction for each of frames constituting the image is
variable or not. In this method, when an image signal having a
fixed cycle of image reproduction for each frame is input as the
image signai to be coded, reproduction cycle data and frame
position data are output together with the reproduction cycle
identifier, the reproduction cycle data indicating the cycle of
image reproduction.for each frame, and the frame position data
corresponding to each frame and indicating the positional
relationship of each frame with the previous and subsequent
frames. When an image signal having a variable cycle of image
reproduction for each frame is input as the image signal to be

coded, reproduction timing data is output together with the
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reproduction cycle identifier, the reproduction timing data
indicating the timing at which image reproduction of each frame
is performed, the timing being set relatively to a desired
reference time selected from at least one reference time,
according to each frame. 1In this method, an image signal having
‘a variable cycle of image reproduction for each frame and an
image signal having a fixed cycle of image reproduction for each
frame can be coded together with data indicating the reproduction
timing of each frame according to each image signal. Therefore,
when the reproduction cycle for each frame is fixed, the bit
number required for setting the reproduction time can be reduced
and, furthermore, reproduction of the image having a variable
frame reproduction cycle can be performed in the same manner as
the conventional reproduction.

According to a ninth aspect of the present invention, in
the image coding method of the eighth aspect, the reproduction'
cycle identifier is a display cycle identifier indicating whether
the cycle of image display for each frame is variable or not; the
reproduction cycle data is display cycle data indicating the
cycle of image display for each frame; and the reproduction
timing data is display timing data indicating the timing at which
image display of each frame is performed, the timing being set
relatively to a desired reference time selected from at least one
reference time, according to each frame. Therefore, when the

display cycle for each frame is fixed, the bit number required
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for setting the display time can be reduced and, furthermore,
display of the image having a variable frame display cycle can be
performed'in the same manner as the convenfional display.

According to a tenth aspect of the present invention, in
the image coding method of the eighth aspect, the'reproduction
cycle identifier is a decoding cycle identifier indicating
whether the cycle of decoding of coded image data corresponding
to each frame is variable or not; the reproduction cycle data is
decoding cycle data indicating the cycle of decoding for each
frame; and the reproduction timing data is decoding timing data
indicating the timing at which decoding of each frame is
performed, the timing being set relatively to a desired reference
time selected from at least one reference time, according to each
frame. Thereby, when the decoding cycle for each frame is fixed,
the bit number required for setting the decoding time of each
frame can be reduced and, furthermore, decoding of the image
having a vafiable frame decoding cycle can be performed in the
same manner as the conventional decoding.

According to an e;eventh aspect of the present invention,
there is provided an image decoding method for decoding a coded
image signal which includes coded image data corresponding to
frames constituting an image, and a reproduction cycle identifier
indicating whether the cycle of image reproduction for each frame
is variable or not. 1In this method, when the reproduction cycle

identifier indicates that the cycle of image reproduction for
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each frame is fixed, decoded image data obtained by decoding the
coded image data corresponding to each frame becomes image data
having a reproduction timing which is decided according to
reproduction cycle data indicating the cycle of image
reproduction for each frame ahd frame position data indicating
the positional relationship of each frame with the previous and
subsequent frames, which data are included in the coded image
signal. When the reproducfion cycle identifier indicates that
the cycle of image reproduction for each frame is variable,
decoded image data obtained by decoding the coded image data
corresponding to each frame is image data having a reproduction
timing decided according to reproduction timing data which is
included in the coded image signal and indicates the timing at
which image reproduction of each frame is carried out, the timing
being set relatively to a desired reference time selected from at
least one reference time, according to each frame. Therefore,
reproduction of the coded image signal, including decoding and
display, can be accurately performed according to whether the
reproduction timing of each frame of the coded image signal is
variable or not.

According to a twelfth aspect of the present invention, in
the image decoding method of the eleventh aspect, the
reproduction cycle identifier is a display cycle identifier
indicating whether the cycle of image display for each frame is

variable or not; the reproduction cycle data is display cycle
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data indicating the cycle of image display for each frame; and
the reproduction timing data is display timing data indicating
the timing at which image display of each frame is performed.
Therefore, display of the image signél can be accurately
performed according to whether the display timing of each frame
of the coded image signal is variable or not.

According to a thirteenth aspect of the present invention,
in the image decoding method of the eleventh aspect, a decoding
timing at which decoding of each frame is carried out is set
according to display timing data of plural frames including an
object frame to be decoded. 'Therefore, not only display but also
decoding of each frame can be carried out according to the
display timing data.

According tb a fourteenth aspect of the present invention,
in the image decoding method of the thirteenth aspect, based on
the display timing data of the object frame and the display
timing data 6f the next frame transmitted subsequently to the
object frame, the decoding timing of the object frame is set at a
timing that is earlier, by a prescribed offset time, than the
earlier display timing between the display timings of the object
frame and the next frame. Therefore, decoding of each frame can
be performed according to the display timing data, without
impeding the flow of display.

According to a fifteenth aspect of the present invention,

in the image decoding method of the fourteenth aspect, when the
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display timing of the object frame is earlier than the display
timing of the next frame, the offset time is set to a length
longer than the time required for decoding the object frame; and
when the display timing of the next frame is earlier than the
display timing of the object frame, the offset time is set to a
length longer than the sum of the time required for decoding the
object frame and the time required for decoding the next frame.
Therefore, decoding of a coded image data corresponding to a
series of frames including P-VOP and B-VOP as well as I-VOP can
be performed according to the display timing data.

According to a sixteenth aspect of the present invention,
in the image decoding method of the eleventh aspect, the
reproduction cycle identifier is a decoding cycle identifier
indicating whether the cycle of decoding of coded image data
corresponding to each frame is variable or not; the reproduction
cycle data is decoding cycle data indicating the cycle of
decoding for each frame; and the reproduction timing data is
decoding timing data indicating the timing at which decoding of
each frame is performed. Therefore, decoding of the coded image
signal can be accurately performed according to whether the
decoding timing of each frame of the coded image signal is
variable or not.

According to a seventeenth aspect of the present invention,
the image signal data structure of the first aspect further

includes sub-unit time data indicating the length of a sub-unit
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time which is obtained by dividing a prescribed time interval
into N (natural number), by the natural number N; and
reproduction cycle multiplier data indicating that the cycle of
image reproduction for each frame is the sub-unit time multiplied
by M (natural number), by the multiplier M. Therefore, when a
cdded image signal having a fixed frame rate is processed, the
value of the frame rate can be detected before decoding each
frame, whereby various hardware structures for implementing
reproduction including decoding and display can be simplified.

According to an eighteenth aspect of the present invention,
in the image signal_data structure of the seventeenth aspect, the
reproduction cycle identifier is a display cycle identifier
indicating whether the cycle of image display for each frame is
variable or not; and the reproduction cycle multiplier data is
display cycle multiplier data which indicates that the cycle of
image display for each frame is the sub-unit time multiplied by M
(natural nuﬁber), by the multiplier M. Therefore, various
hardware structures for implementing image display can be
simplified.

According to a nineteenth aspect of the present invention,
in the image signal data structure of the seventeenth aspect, the
reproduction cycle identifier is a decoding cycle identifier
indicating whether the cycle of decoding for each frame is
variable or not; and the reproduction cycle multiplier data is

decoding cycle multiplier data which indicates that the cycle of
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decoding for each frame is the sub-unit time multiplied by M
(natural number), by the multiplier M. Therefore, various
hardware structures for implementing decoding can be simplified.

According to a twentieth aspect of the present invention,
there is provided an image coding method for codihg.an image
signal corresponding to a specific image to generate a coded
image signal, and outputting the coded image signal together with
a reproduction cycle identifier indicating whether the cycle of
image reproduction for each of frames constituting the image is
variable or not. In this method, when an image signal having a
fixed cycle of image reproduction for each frame is input as the
image signal to be coded, sub-unit time data and reproduction
cycle multiplier data are output together with the reproduction
cycle identifier, the sub-unit time data indicating the length of
a sub-unit time which is obtained by dividing a prescribed time
interval into N (natural number), by the natural number N, and
the reproduétion cycle multiplier data indicating that the cycle
of image reproduction for each frame is the sub-unit time
multiplied by M (natural number), by the multiplier M. Therefore,
when a coded image signal having a fixed frame rate is processed,
the value of the frame rate can be detected before decoding each
frame, whereby reproduction including decoding and display can be
performed with a simple hardware structure.

According to a_twenty-first aspect of the present invention,

in the image coding method of the twentieth aspect, the
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reproduction cycle identifier is a display cycle identifier
indicating whether fhe cycle of image display for each frame is
variable or not; and the reproduction cycie multiplier data is
display cycle multiplier data which indicates that the cycle of
image display for each frame is the sub-unit time'multiplied by M
(natural number), by the muitiplier M. Therefore, various
hardware structures for implementing display at the decoding end
can be simplified.

According to a twenty-second aspect of the present
invention, in the image cpding method of the twentieth aspect,
the reproduction cycle identifier is a decoding cycle identifier
indicating whether the cycle of decoding for each frame is
variable or not; and the reproduction cycle multiplier data is.
decoding cycle multiplier data which indicates that the cycle of
decoding for each frame is the sub-unit time multiplied by M
(natural number), by the multiplier M. Therefore, various
hardware strﬁctures for implementing decoding can be simplified.

According to a twenty-third aspect of the present invention,
there is provided an image decoding method for decoding a coded
image signal including the following data; coded image data
correspondihg to frames constituting an image; a reproduction
cycle identifier indicating whether the cycle of image
reproduction for each frame is variable or not; sub-unit time
data indicating the length of a sub-unit time which is obtained

by dividing a prescribed time interval into N (natural number),
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by the natural number N; and reproduction cycle multiplier data
indicating that the cycle of image reproduction for each frame is .
the sub-unit time multiplied by M (natural number), by the
multiplier M. In this method, when the reproduction cycle.
identifier indicates that the cycle of image reproduction for
each frame is fixed, decoded image data obtainéd by decoding the
coded image data corresponding to each frame makes image data
having a reproduction timing which is decided according to the
sub-unit time data indicating the length of the sub-unit time and
the reproduction cycle multiplier data indicating the cycle of
image reproduction for each frame. Therefore, when a coded image
signal having a fixed frame rate is processed, the value of the
frame rate can be detected before decoding each frame, whereby
the hardware structure at the decoding end can be simplified.

According to a twenty-fourth aspect of the present
invention, in the image decodin§ method of the twenty-third
aspect, the feproduction cycle identifier is a display cycle
identifier indicating whether the cycle of image display for each
frame is variable or not; and the reproduction cycle multiplier
data is display cycle multiplier data which indicates that the
cycle of image display for each frame is the sub-unit time
multiplied by M (natural number), by the multiplier M. Therefore,
the hardware structure for display at the decoding end can be
simplified.

According to a twenty-fifth aspect of the present invention,
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in the image decoding method of the twenty-third aspect, the
reproduction cycle identifier is a decoding cycle identifier
indicating whether the cycle of decoding for each frame is
variable or not; and the reproduction cycle multiplier data is
decoding cycle multiplier data which indicates that the cycle of
decoding for each frame is the sub-unit time multiplied by M
(natural number), by the multiplier M. Therefore, the hardware
structure for decoding at the decoding end can be simplified.
According to a twenty-sixth aspect of the present invention,
there is provided an image coding apparatus for coding an image
signal corresponding to a specific image, and the apparatus
comprises an encoder for coding an input image signal and
outputting coded image data; a cyclé decision unit for deciding
whether the cycle of image reproduction for each of frames
constituting the image is variable or not, based on the image
signal, and. outputting a reproduction'cycie identifier indicating
the result of the decision; a first data generator for generating
reproduction cycle data indicating the cycle of image
reproduction for each frame, according to the image signal; a
second data generator for generating frame p&sition data
corresponding to each frame and indicating the positional
relationship of each frame with the previous and subsequent
frames, according to the image signal; a third data generator for
generating reproduction timing data indicating the timing at

which image reproduction for each frame is carried out, according
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to the image signal; an ON/OFF switch for switching the circuit
between the ON state where the reproduction cycle data is
transmitted and the OFF state where the reproduction cycle data
is cut off, according to the reproduction cycle identifier; a
selector switch for selecting one of the frame position data and
the reproduction timing data, according to the reproduction cycle
identifier; a multiplexer for multiplexing the outputs from the
encoder, the cycle decision unit, and the switches in a
prescribed order; and the image coding apparatus outputting a bit
stream obtained by the multiplication as a coded image signal.

In this apparatus, an image signal having a variable cycle of
image reproduction for each frame and an image signal having a
fixed cycle of image reproduction for each frame can be coded
with data indicating the reproduction timing of each frame -
according to each image signal. Therefore, when the reproduction.
cycle for each frame is fixed, the bit number required for
setting the'reproduction time can be reduced and, furthermore,
reproduction of the image having a variable frame reproduction
cycle can be performed easily.

According to a twenty-seventh aspect of the present
invention, there is provided an image decoding apparatus for
decoding and reproducing the coded image signal output from the
image coding apparatus of the twenty-sixth aspect, and the
apparatus comprises a demultiplexer for receiving the coded image

signal, and separating the coded image signal into the coded
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image data, the reproduction cycle identifier, the reproduction
cycle data, the frame position data, and the reproduction timing
data, and then outputting these data; a decoder for decoding the
coded image data, frame by frame, to generate decoded image.data;
an ON/OFF switch for switching the circuit between the ON state
where the réproduction cycle data is transmitted and the OFF
state where the reproduction cycle data is cut off, according to
the reproduction cycle identifier; a selector switch for
selectiﬁg one of the frame position data and the reproduction
timing data, according to the reproduction cycle identifier; and
‘a display unit for performing image display of each frame
according to the decoded image data; wherein at least one of the
decoding by the decoder and the image display by the display unit
is performed at a reproduction timing decided by the reproduction
cycle data and the frame position data or a reproduction timing
decided by the reproduction timing data, according to ﬁhe
reproduction'cycle identifier. Therefore, reproduction of the
coded image signal, including decoding and display, can be
accurately performed according to whether the reproduction timing
of each frame of the coded image signal is variable.or not.
According to a twenty-eighth aspect of the present
invention, there is provided an image coding apparatus for coding
an image signal corresponding to a specific image, and the
apparatus comprises an encoder for coding an input image signal

and outputting coded image data; a cycle decision unit for
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deciding whether the cycle of image reproduction for each of
frames constituting the image is variable or not, based on the
image signal, and outputting a reproduction cycle identifier
indicating the result of the decision; a first data generator for
generating sub-unit time data indicafing the length of a sub-unit
time which is obtained by dividing a prescribed time interval
into N (natural number), by the natural number N; a second data
generator for generating reproduction cycle multiplier data
indicating that the cycle of image reproduction for each frame is
the sub-unit time multiplied by M (naturél number), by the
multiplier M, according to the image signal; a third data
generator for generating reproduction timing data indicating the
timing at which image reproduction of each frame is carried out,
according to the image signal; a first ON/OFF switch for
switching the circuit between the ON state where the sub-unit
time data is transmitted and the OFF state where the sub-unit
time data ié cut off, according to the reproduction cycle
identifier; a second ON/OFF switch for switching the circuit
between the ON state where the reproduction cycle multiplier data
is transmitted and the OFF state where the reproduction cycle
multiplier data is cut off, according to the reproduction cycle
identifier; a multiplexer for multiplexing the outputs from the
encoder, the cycle decision unit, the third data generator, and
the first and second ON/OFF switches in a prescribed order; and

the image coding apparatus outputting a bit stream obtained by
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the multiplication as a coded image signal. Therefore, when a
coded image signal having a fixed frame rate is processed at the
decoding end, the value of the frame rate can be detected before
decoding each frame, whereby reproduction of the coded image
signal, including decoding and display, can be performed by a
simple hardware structure.

According to a twenty-ninth aspect of the present invention,
there 'is provided an image decoding apparatus for decoding and
reproducing the coded image signal output from the image coding
apparatus of the twenty-eighth aspect, and the apparatus
comprises a demultiplexer for receiving the coded image signal,
and separating the coded image signal into the coded image data,
the reproduction cycle identifier, the sub-unit time data, the
reproduction cycle multiplier data, and the reproduction timing
data, and then outputting these data; a decoder for decoding the
coded image data, frame by frame, to generate decoded image data;
a first ON/OFF switch for switching the circuit between the ON
state where the reproduction cycle multiplier data is transmitted
and the OFF state where this data is cut off, according to the
reproduction cycle identifier; a second ON/OFF switch for'
switching the circuit between the ON state where the reproduction
timing data is transmitted and the OFF state where this data is
cut off, according to the reproduction cycle identifier; a
display unit for performing image display of each frame according

to the decoded image data; wherein at least one of the decoding
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by the decoder and the image display by the display unit is
performed at a reproduction timing decided by the sub-unit time
data and the reproduction cycle multiplier data or a reproduction
timing decided by the reproduction timing data, according to the
reproduction cycle identifier. Therefore, when a coded image
signal having a fixed frame rate is processed, the value of the
frame rate can be detected before decoding each frame, whereby
‘the hardware structure at the decoding end can be simplified.
According to a thirtieth aspect of the present invention,
there is provided a data storage medium containing an image
signal for which image reproduction for each frame is performed
at ‘a prescribed cycle, and the image signal includes a
reproduction cycle identifier indicating whether the cycle of
image reproduction for each frame is variable. or not. ‘Therefore,
by using the data storage medium, when the reproduction cycle for
each frame is fixed, reproduction of the image signal, such as
decoding of the coded image signal and display of the decoded
image signal, can be performed with a simple circuit structure.
According to a thirty-first aspect of the present invention,
there is provided a data storage medium containing an image
signal for which image reproduction for each frame is performed
at a prescribed cycle, and the image signal includes a
reproduction cycle identifier indicating whether image
reproduction for each frame is variable or not; sub-unit time

data indicating the length of a sub-unit time which is obtained
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by dividing a prescribed time interval into N (natural number),
by the natural number N; and reproduction cycle multiplier data
indicating that the cycle of image reproduction for each frame is
the sub-unit time multiplied by M (natural number), by the
multiplier M. Therefore, by using the data storage medium, the
value of a fixed frame rate of a coded image signal can be
detected before decoding each frame, whereby various hardware
structures for implementing reproduction including decoding and
display can be simplified.

According to a thirty-second aspect of the present
invention, there is provided a data storage medium containing an
image processing program, and the image processin§ program is a
coding program which enables a computer to execute the coding 6f
an image signal by the image coding method of the eighth aspect.
Therefore, by loading the program in a computer, it is possible
to implement an apparatus that can reduce the bit number required
for setting'the reproduction time when the frame reproduction
cycle is fixed, and that can facilitate reproduction of an image
having a variable frame reproduction cycle.

According to a thirty-third aspect of the present inventioﬁ,
there is provided a data storage medium containing an image
processing program, and the image processing program is a
decoding program which enables a computer to execute the decoding
of a coded image signal by the image decoding method of the

eleventh aspect. Therefore, by loading the program in a computer,
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it is possible to implement an apparatus that can accurately
perform reproduction of the coded image signal, including
decoding and display, according to whether the reproduction
timing of each frame is variable or not.

According to a thirty-fourth aspect of the present.
invention, there is provided a data storage medium containing an
image processing program, and the image processing program is a
coding program which enables a computer to execute the coding of
an image signal by the image coding method of the twentieth
aspect. Therefore, by loading the program in a computer, it is
possible to implement an apparatus that can detect the value of a
fixed frame rate of a coded image signal before decoding each
~frame, and that can perform reproduction of the coded image
signal, including decoding and display, by a simple hardware
structure.

According to a thirty-fifth aspect of the present invention,
there is prévided a data storage medium containing an image
processing program, and the.image pfocessing program is a
decoding program which enables a computer to execute the decoding
of a coded image signal by the image decoding method of the
twenty-third. Therefore, by loading the program in a computer,
it is possible to implement an apparatus that can detect the
value of a fixed frame rate of a coded image signal before
decoding each frame, and that can simplify the hardware structure

at the decoding end.
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BRIEF DESCRIPTION OF THE DRAWINGS

Figures 1(a) and 1(b) are diagrams illustrating the data
structure of a coded image signal having é fixed frame display
cycle and the data structure of a coded image signal having a
variable frame display cycle, respectively, according to a first
embodiment of the present invention.

Figure 2 is a diagram for explaining image display based on
the coded image signal having a fixed frame display cycle
according to the first embodiment.

Figure 3 is a flowchart of a coding process for generating
the coded image signals having the data structures according to
" the first embodiment.

Figures 4(a) and 4(b) are block diagrams illustrating'the
structures of image coding apparatuses according to the first
embodiment and a modification of the first embodiment,
respectively.

Figuré 5 is a flowchart of a decoding process for decoding
the coded image signals having the data structures according to
the first embodiment.

Figures 6(a) and 6(b) are block diagrams illustrating the
structures of image decoding apparatuses according to the first
embodiment and the modification thereof, respectively.

Figures 7(a) and 7(b) are diagrams illustrating the data
structure of a codéd image signal based on MPEG4 and having a

fixed frame display cycle, and the data structure of a coded
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image signal based on MPEG4 and having a variable frame display
cycle, respectively, according to a second embodiment of the
present invention.

Figure 8 is a flowchart of a coding process for generating
the coded image signals'having the data structures according to
the second embodiment.

Figures 9(a) and 9(b) are block diagrams illustrating the
structures 6f image coding apparatuses according to the second
embodiment and a modification of the second embodiment,
respectively.

Figure 10 is a flowchart of a decoding process for decoding |
the coded image signals having the data structures according to
‘the second embodiment.

Figures 1l1(a) and 11(b) are block diagrams illustrating the
structures of image decoding apparatuses according to the second
embodiment and the modification thereof, respectively.

Figurés 12(a) and 12(b) are diagrams for explaining a data
storage medium containing a program for executing the coding or
decoding process according to any of the aforementioned
embodiments by a computer system, and figure 12(c) is a diagram
for explaining the computer system.

Figure 13 is a diagram illustrating a table of fixed frame
rates of MPEG2.

Figure 14 is a diagram for explaining a coded image signal

having a conventional data structure.
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Figure 15 is a diagram illustrating the data transmission
order in a series of frames constituting one image, in comparison
with the data display order.

Figure 16 is a diagram for explaining imége display based
on a conventional coded image signal having a variable frame
display cycle.

Figures 17(a) and 17(b) are diagrams for explaining a
method for expressing display times of frames (VOPs) based on
MPEG4, and figure 17(c) is a diagram for explaining the current
data structure of a coded image signal based on MPEG4.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
[Embodiment 1]

Figure 1(a) shows a data structure of a coded image signal
100a having a fixed (constant) frame display cycle according to a
first embodiment of the present invention. Figure 1(b) shows a'
data structure of a coded image signal 100b having a variable
frame display cycle according to the first embodiment.

The coded image signal 100a shown in figure 1l(a) is
obtained by coding an image signal corresponding to one image (in
MPEG4, an image corresponding to one object) and having a fixed
frame display cycle. The coded image signal 100a includes a
header H at the beginning, and the header H is followed by code
sequences Sa0, Sal, Sa2, ..., San corresponding to the respective
frames F(0), F(1), F(2), ..., F(n), which code sequences are

arranged in the transmission order.



38

In the coded image signal 100a, the header H contains a
display cycle identifier Df indicating that the frame display
cycle is fixed (fixed display cycle identifier), and display
cycle data Dp indicating the frame display cycle. Frame number
data B0, Bl, B2,...,Bn are inserted at the beginnings of the code
sequences Sa0, Sal, Sa2,..., San corresponding to the respective
frémes, and each frame number data indicates the frame number
B(n) corresponding to the order n' for displaying the frame.
Further, the code sequences Sa0, Sal, Sa2, ..., San corresponding
to the respective frames contain coded image data Cg0, Cgl,

Cg2, ..., Cgn obtained by coding image signals of the respective
. frames, respectively.

Figure 2 is a diagram for explaining an example of an image
display method in which the intervals of image display timings of
the respective frames are fixed. 1In the figure, the same
reference numerals as those shown in figure 16 denote the same
components, and T indicates a frame display cycle of an image in
which the intervals of frame display timings are fixed.

In the coded image signal 100a, as shown in figure 2, the
display times h(n) of the frames F(n) (n=0,1,2,...) arranged in
the transmission order are expressed by h(n)=B(n) XT when the
display time h(0) (=h'(0)) of the frame F(0) is 0. To be
specific, the display time h(2) of the frame F(2) is expressed by
h(2)=B(2)XT, the display time h(3) of the frame F(3) is

expressed by h(3)=B(3)XT, the display time h(l) of the frame
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F(l) is expressed by h(1)=B(1l) XT, and the display time h(4) of
the frame F(4) is expressed by h(4)=B(4) XT.

Accordingly, in the reproduction of the coded image signal
100a, decoded image data obtained by decoding the coded image
data corresponding to the respective frames are successively
displayed at the display times h(n). The frame number B(n)
indicating the number n' of the display order is determined as a
function of the number n-of the transmission order, according to
the formulae (1)-~(3).

On the other hand, the coded image signal 100b shown in
figure 1(b) is obtained by coding an image signal.corresponding
to one image (in MPEG4, an image corresponding to one object) and
having a variable frame display cycle. The coded image signal
100b includes a header H at the beginning, and the header H is
followed by code sequences Sb0, Sbl, Sb2, ..., Sbn corresponding
to the respective frames F(0), F(1), F(2), ..., F(n) which are
arranged in the transmission order.

In the coded image signal 100b, the header H contains a
display cycle identifier Df indicating that the frame display
cycle is variable (variable display cycle identifier). Display
time data (display timing data) DtO, Dtl, Dt2, ..., Dtn
indicating the display times h(0), h(l), h(2), ..., h(n) at which
the respective frames F(0), F(l), F(2), ..., F(n) are to be
displayed are inserted at the beginnings of the code sequences

Sb0, sbl, Sb2, ..., Sbn corresponding to the respective frames.
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Further, the coded sequences Sb0, Sbl, Sb2, ..., Sbn
corresponding to the respective frames include coded image data
Cg0, Cgl, Cg2, ..., Cgn obtained by coding the image signals of
the respective frames.
| When reproducing the coded image signal 100b, image display

is carried out in like manner as that described for the coded
image signal 200 having the conventional data stfucture shown in
figure 14. .

A description is now given of the function and effect.

According to the first embodiment of the invention, in the
coded image signal 100a having a fixed frame display cycle
(figure 1(a)), the fixed display cycle identifier Df indicating
that the frame display cycle is fixed and the display cycle data
Dp indicating the frame display cycle are inserted in the header
of the whole image data, and the frame number data BO, Bl,
B2, ..., Bn respectively indicating the frame numbers B(0), B(1l),
B(2)) «eey é(n) are inserted in the respective frames.

In the coded image signal 100a having such data structure,
the display cycle data Dp indicates the frame display cycle T,
and the frame number data Bn of each frame indicates what number
the frame in one image is when counted in the display order.
Therefore, the display time h(n) of each frame F(n) can be
uniquely decided by these data Dp and Bn.

On the other hand, in the coded image signal 100b having a

variable frame display cycle (figure 1(b)), the variable display
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cycle identifier Df indicating that the frame display interval is
variable is inserted in the header of the whole image data, and
the display time data Dt0, Dtl, Dt2, ..., Dtn indicating the
display times h(0), h(1l), h(2), ..., h(n) of the respective
frames are inserted in the respective frames like the data
structure of the conventional coded image signal 200.

Therefore, when reproducing the coded image signal 100b,
the images of the respective frames F(0)~F(n) are displayed at
the display times h(0)~h(n) indicated by the display time data
Dt0~Dtn.

As described above, since the display cycle identifier Df
indicating whether the frame display cycle is fixed or variable
is inserted in the header of the coded image signal, even an
image having a variable frame display cycle can be handled. For
an image having a fixed frame display cycle, image display of
each frame can be carried out according to the display cycle data
Dp and the frame number data Bn having a relatively small data
quantity, without referring to the display time data Dt0~Dtn
having relatively large data quantities. Therefore, the circuit
structure of an image proceésing circuit at the decoding end can
be simplified.

Hereinafter, a description is given of an image signal
coding process for generating the coded image signals 100a and
100b, and a decoding process for decoding these coded image

signals. Figure 3 is a flowchart of the coding process. In the
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figure, "n" is the number corresponding to the transmission order
of data of each frame in a series of frames constituting an image.

In the coding process, first of all, it is decided whether
the frame display cycle of an input image signal corresponding to
a specific image is fixed or variable (step S11). When the
result of the decision is that the frame display cycle is fixed,
a fixed display cycle identifier Df indicating that the frame
display cycle is fixed is added to the header H of the bit stream
corresponding to the image signal (step Slla). Further, the
number n indicating the transmission order of each frame is used
as a count value, and this count value n is set to 0 (step Sl2a).
Subsequently, display cycle data Dp indicating the fixed frame
display cycle T is added to the header of the bit stream
corresponding to the image signal (step Sl3a). Next, as a code
sequence Sa0 corresponding to the first frame F(0) of the
specific image in the transmission order, frame number data
Bn(=B0) and coded image data Cgn(=Cg0) are successively added to
the header H (steps Sl4a and Sl5a). Thereafter, it is decided
whether or not the frame being processed in the image signal
coding process (hereinafter referred to as "object frame") is the
last frame of the specific image in the transmission order (step
Sl6a). When the object frame is not the last frame, the count
value n is incremented by 1 (step Sl7a), and the following frame
F(l) is subjected to the processes of steps Sl4a~Sl7a.

The processes of steps Sl4a~Sl7a are repeated until it is
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decided in step Sl6a that the object frame is the last frame.

On the other hand, when the result of the decision in step
S11 is that the frame display cycle is variable, a variable
display cycle identifier Df indicating that the frame display
cycle is variablé is added to the header H of the bit stream
corresponding to the image signal (step S11b). Further, the
number n indicating the transmission order of each frame is used
as a count value, and this count value n is set to 0 (step S12b).
Next, as a code sequence corresponding to the first frame F(0) of
the specific image in the transmission order, display time data
Dtn (=Dt0) and coded image data Cgn(=Cg0) are successively added
to the header H (steps S13b and S14b). Thereafter, it is decided
whether or not the frame being processed in the image signal
coding process (object frame) is the last frame of the specific
image in the transmission order (step S15b). When the object
frame is not the last frame, the count value n is incremented by
1 (step Slsb), and the following frame F(1) is subjected to the
processes of steps S13b~S1l6b.

The processes in steps S13b~S16b are repeated until it is
decided in step S15b that the object frame is the last frame.

Figure 4(a) is a block diagram illustrating an image coding
apparatus 1000 as hardware performing the coding process
according to the first embodiment.

The image coding apparatus 1000 includes an encoder 1110

for coding an input image signal Sg to generate coded image data
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Cgn; a decision unit 1131 for deciding whether the frame display
cycle of the input image signal Sg is fixed or not, i.e., fixed
or variable, and outputting a display cycle identifier bf-
indicating whether the display cycle is fixed or not; and a
display cycle data generator (first data generator) 1132 for
generating display cycle data Df indicating a fixed frame display
cycle T, based on the input image signal Sg.

| Further, the image coding apparatus 1000 includes a number
data generator (second data generator) 1133 for generating frame
number data Bn indicating the number of each frame in the |
transmission order (frame number B(n)), based on the input image
signal Sg; and a display time data generator (third data
generator) 1134 for generating display time data Dtn indicating
the display time h(n) of each frame F(n), based on the input
image signal Sgqg.

Furthermore, the image coding apparatus 1000 includes an
ON/OFF switch 1141 for switching the circuit between the ON state
where the display cycle data Dp from the data generator 1132 is
transmitted and the OFF state where the display cycle data Dp is
cut off, based on the display cycle identifier Df from the
decision unit 1131; and a selector switch 1142 for selecting one
of the frame number data Bn from the data generator 1133 and the
display time data Dtn from the data generator 1134, based on the
display cycle identifier Df from the decision unit 1131.

Moreover, the image coding apparatus 1000 includes a
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multiplexer (MUX) 1120 for multiplexing the display cycle
identifier Df from the decision unit 1131, the coded data Cgn
from the encoder 1110, the display cycle data Dp from the ON/OFF
switch 1141, and the output from the selector switch 1142, to
generate a multiplexed bit stream Ml. The multiplexer 1120
outputs the multiplexed bit stream M1 as the coded image signal
100a having a fixed frame display cycle or the coded image signal
100b having a variable frame display cycle.

The operation of the image coding apparatus 1000 will be
described briefly.

When an image signal Sg corresponding to a specific image
is input to the apparatus 1000, the decision unit 1131 decides
whether the frame display cycle of the image signal Sg is
variable or not, and outputs the display cycle identifier Df
indicating the result of the decision. Meanwhile, the first to
third data_generatoré 1132~1134 generate the display cycle data
Dp, the frame number data Bn, and the display time data Dtn,
respectively, based on the image signal ég, and the encoder 1110
encodes the image signalng and outputs coded image data Cgn.

Tﬂe display cycle identifier Df and the coded image data
Cgn are output toward the multiplexer 1120. The display cycle
data Dp is transmitted through the ON/OFF switch 1141, which is
turned on or off according to the display cycle identifier Df,
toward the multiplexer 1120. The frame number data Bn and the

display time data Dtn are transmitted through the selector switch
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1142, which selects one of the data Bn and the data Dtn according
to the display cycle identifier Df, toward the multiplexer 1120.

That is, when an image signal having a fixed cycle of image
display for each frame F(n) is input as the image signal Sg, the |
following data are output toward the multiplexer 1120: the fixed
display cycle identifier Df, the display cycle data Dp indicating
the cycle of image display of the respective frames, and the
frame number data Bn corfesponding to the respective frames and
indicating the positional relations of the respective frames. In
the multiplexer 1120, the coded image data Cgn, the fixed display
cycle identifier Df, the display cycle data Dp, and the frame
number data Bn are multiplexed and output as the coded image
signal 100a.

on the other hand, when an image signal having a variable
cycle of image display of the respective frames F(n) is input as
the image signal Sg, the following data are output toward the
multiplexer'1120= the variable display cycle identifier Df, and
the display time data Dtn indicating the timing at which image
display of each frame is carried out, i.e., the display time h(n),
which is set relatively to a desired one of plural feferencé
times according to each frame. In the multiplexer 1120, the
coded image data Cgn, the variable display cycle identifier Df,
and the display time data Dtn are multiplexed and output as the
coded image signal 100b.

Next, the process of decoding the coded image signals 100a
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and 100b will be described using figure 5.

Initially, the display cycle identifier Df in the
multiplexed bit stream M1 sent from the coding end (one of the
coded image signals 100a and 100b) is detected to decide whether
the display cycle of the coded image signal is fixed or not (step
S21). When the result of the decision is that the display cycle
is fixed, the count value n corresponding to the number of each
frame F(n) in the transmission order is set to 0 (step S2la) and,
thereafter, the display cycle data Dp indicating the display
cycle T is read from the header of the coded image signal (step
S22a).

Next, the frame number data Bn indicating the frame number
B(n) is read from the header of each frame (step S23a), and the
display time h(n) of each frame is calculated by h{(n)=B(n) XT
(step S24a).

Then, .the coded image data Cgn corresponding to the frame
F(n) is decbded, and the decoded image data corresponding to the
frame F(n) is regarded as data to be displayed at the display
time h(n) (step S25a). Thereafter, it is decided whether or not
the frame F(n) being processed (object frame) is the last frame
of the specific image in the transmission order (step S26a).
When the object frame is the last frame, the decoding process is
completed. When the object frame is not the last frame, the
count value n is incremented by 1 (step S27a) and, thereafter,

the above-described steps S23a~S26a are repeated until it is
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decided in step S26a that the object frame is the last frame.

On the other hand, when it is decided in step S21 that the
display cyéle is variable, the count value n, which corresponds
to the number n of each frame F(n) in the transmission order, is
set af 0 (step S21b) and, thereafter, the display time data Dtn
indicating the display time h(n) of the frame F(n) is read from
the header of each frame (step S22b), and the display time h(n)
of the frame F(n) is decided according to the display time data
Dtn (step S23b). Subsequently, the-codéd image data Cgn
corresponding to the frame F(n) is decoded, and the decoded image
data of the frame F(n) is regarded as data to be displayed at the
display time h(n) (step S24b).

Théreafter, it is decided whether or not the frame F(n)
being processed (object frame) is the last frame of the specific
image in the transmission order (step S25b). When the object
frame is the last frame, the decoding process is completed. When
the object frame is not the last frame, the count value n is
incremented by 1 (step S26b). Thereafter, the above-described
steps S23a~S26a are repeated until it is decided in step S25b
that the object frame is the last frame.

As described above, the coded image signals having the data
structures shown in figures 1l(a) and 1(b) are decoded in the
procedure shown in figure 5.

Figure 6(a) is a block diagram illustrating the structure

of an image decoding apparatus as hardware performing the
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decoding process according to the first embodiment.

The image decoding apparétus 2000 receives the multiplexed
bit stream M1 (the coded image signal 100a or 100b) output from
the image coding apparatus 1000, and subjects the multiplexed bit
stream M1 to reproduction including decoding and display.

More specifically, the image decoding apparatus 2000
includes a demultiplexer (DEMUX) 2110 for extracting, from the
multiplexed bit stream M1, the coded image data Cgn, the display
cycle identifier Df, the display cycle data Dp, and the frame
number data Bn or the display time data Dtn, and outbutting these
data; and a decoder 2120 for decoding the coded image data Cgn
and outputting decoded image data Rg.

Further, the image decoding apparatus 2000 includes an
ON/OFF switch 2140 for switching the circuit between the ON stafe
where the display cycle data Dp is transmitted and the OFF state
where the display cycle data Dp is cut off; and a selector switch
2150 for seiecting one of the frame number data Bn and the
display time data Dtn, based on the display cycle identifier Df,
and outputting the selected data.

Furtherﬁore, the image decoding apparatus 2000 includes a
display unit 2130 for displaying the decoded image data Rg at a
prescribed timing based on the display cycle identifier Df and
the outputs from the switches 2140 and 2150.

Hereinafter, the operation of the image decoding apparatus

2000 will be briefly described.
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When the multiplexed bit stream M1 from the image coding
apparatus 1000 is input to the image decoding apparatus 2000, in
the demultiplexer 2110, the display cycle identifier Df and the
_ display cycle data Dp are separated from the multiplexed bit
stream Ml. Further, the coded image data Cgn and the frame
number data Bn or the display time data Dtn are separated for
each frame from the multiplexed bit stream Ml.

The coded image data Cgn of each frame is decoded by the
decoder 2120 and then output as decoded image data Rg toward the
display unit 2130. The display cycle data Dp is transmitted
through the ON/OFF switch 2140 which is turned on or off by the
display cycle identifier Df toward the display unit 2130, and the
frame number data Bn or the display time data Dtn of each frame
is transmitted through the selector switch 2150, which selects
one of these data according to the display cycle identifier Df,
toward the display unit 2130.

In thé display unit 2130, the image of each frame
corresponding to the decoded image data Rg having a fixed display
cycle is displayed at a prescribed display timing based on the
display cycle data Dp and the frame number data Bn, while the
image of each frame corresponding to the decoded image data Rg
having a variable display cycle is displayed at a prescribed
display timing based on the display time data Dtn.

As described above, in the image signal data structure

according to the first embodiment, since the coded image signal
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obtained by coding an image signal includes the display cycle
identifier Df indicating whether the cycle of image display for
each frame is variable or not, when the cycle of image display
for each frame is fixed, the decoded image data Rg can be
displayed by a simple circuit structure, i.e., based on the
display cycle data Dp and the frame number data Bn having a
relatively small data quantity (bit number), without referring to
the display time data (display timing data) Dtn having a
relatively large data quantity (bit number) for each frame.

Further, since the coded image signal 100a having a fixed
display cycle includes the display cycle data Dp indicating the
image display cycle T and the data (frame position data) Bn
indicating the frame number B(n) which indicates the positional
relationship of the frame with the previous and subsequent frames,
the image display timing of each frame can be decided by a simple
calculation, TXB(n).

Furthermore, the coded image signal 100b having a variable
display cycle includes the display time data (display timirng
data) Dtn indicating the display time (display timing) h(n) at
which the image of eaéh frame is to be displayed, which display
time is set relatively to a desired time h'(0) among plural
refefence times, according to each frame (refer to figure 2).
Therefore, when the cycle of image display of each frame is
variable, like the conventional data structure, the image display

timing h(n) of each frame F(n) can be set based on the display
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time data Dtn.

Furthermore, the image coding apparatus 1000 according to
this first embodiment includes the decision unit 1131 for
genetating the display cycle identifier Df which indicates
whether the image display cycle is variable or fixed, based on
the input image signal. When the input image signal has a fixed
display cycle, the coded image data Cgn is multiplexed with the
display cycle identifier Df, the display cycle data Dp indicating
the cycle of image display, and the frame number data Bn
indicating the positional relationship of each frame with the
previous and subsequent frames, and the data so multiplexed are
output. When the input image signal has a Qariable display cycle,
the coded image data Cgn is multiplexed with the display cycle
identifier Df and the display time data Dtn indicating the
display time h(n) of each frame F(n), and the data so multiplexed
are output.. Therefore, whether the cycle of image display for
each frame is variable or fixed, the data for deciding the
display timing of each frame is output together with the coded
image data Cgn. Therefore, the number of bits required for
deciding the display time can be reduced when the frame display
cycle is fixed. Further, the image having a variable frame
display cycle can be displayed in the same manner as the
conventional display.

The image decoding apparatus 2000 according to this first

embodiment includes the demultiplexer 2110 which separates the
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display cycle identifier Df, the display cycle data Dp indicating
the cycle of image display, the frame number data Bn indicating
the positional relationship of each frame, the display time data
Dtn indicating the display time h(n) of each frame, and the coded
image data Cgn, from the multiplexed bit stream M1 transmitted
from the image éoding apparatus 1006. Further, the apparatus
2000 includes the decoder 2120 which decodes the coded image data
Cgn and outputs the decoded image data Rg. In this apparatus,
the decoded image data Rg having a fixed display cycle is
displayed at a prescribed display timing based on the display
cycle data Dp and the frame number data Bn, while the decoded
image data Rg having a variable display cycle is displayed at a
prescribed display timing based on the display time data Dtn.
Therefore, whether the frame display cycle of the decoded image
data Rg is variable or fixed, the decoded image data Rg of each
frame can bg displayed at an accurate display timing.

In the image data structure according to the first
embodiment, the display cycle identifier Df is inser£ed.at the
beginning of thé image data (multiplexed bit stream), and the
frame number data Bn or the display time data Dtn is inserted at
the beginning of each frame data (code sequence of each frame).
However, the display cycle identifier, the frame number data, and
the display time data are not necessarily inserted at the
beginnings of the corresponding headers. These data may be

inserted after synchronous signals or the like as along as the
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display cycle identifier and the display cycle data are included
in the header of the image data (coded image signal) while the
frame number data and the display time data are included in the
header of the data (code sequence) corresponding to the frame.

While in this first embodiment the display cycle data Dp is
inserted jugt after and next to the display cycle identifier Df,
the display cycle data Dp may be inserted in any place after the
display cycle identifier Df within the header of the image data.

Further, while in this first embodiment serial numbers are
given, as the numbers n'(=B(n)) indicating the display order,
from the beginning of the image data in the display order as
shown in figure 2, it is not always necessary to give such serial
numbers. A plurality of numbers from the first number to the
last number, which have been determined in advance, may be given
periodically as the frame numbers.

For example, when the frame numbers are expressed with 4
bits, numbers from 0 to 15 are periodically givén to the frames.
In this case, the display time is expressed by

h'(n')=hp'(15)+(n'+1) XT
where hp'(n') indicates the display time corresponding to the
frame number B(n) (=n') in.the previous period. Accordingly,
h'(n') indicates the display time corresponding to the frame
number B(n) (=n') in the cycle next to hp'(n'). In the formula,
hp'(15) indicates the display time of the last frame in the

previous period.
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Furthermore, while in this first embodiment each frame is
specified by using the frame number data, any data may be used as
long as it specifies the positional relationship of each frame
with the previéus and subsequent frames, for example, data
indiéating the positional relationships of the respective frames
according to a specifié rule or data specifying the positional
relationships of the respective frames with reference to a
prescribed table.

Moreover, in this first embodiment, the display time data
indicates the time relative to plural reference times, and one
. reference time may be set for plural frames or the display time
of the previous frame may be used as the reference time. Further,
plural reference times may be set in advance, and which reference
time is to be used for expressing the frame display time may be
decided according to some rule or signal.

Further, the data structure of the coded image signal
according to this first embodiment includes the display cycle
identifier, the display cycle data, and the frame number data or
the display time data, these data being used for setting the
display timing of each frame, as the.additional data for deciding
the reproduction timing of each frame at the decoding end.
However, instead of those additional data for deciding the
display timing of each frame, the data structure of the coded
image signal may includes additional data for deciding the

decoding timing of each frame, namely, decoding cycle identifier,
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decoding cycle data, and frame number data or decoding time data.
 Hereinafter, such data structure will be described as a
modification of the first embodiment.

(Modification of Embodiment 1)

In the data structure according to the modification of the
first embodiment, the display cycle identifier Df and the display
cycle data Dp in the coded image signal 100a of the first
embodiment are replaced with a decoding cycle identifier and
decoding cycle data, and the display time data Dtn in the coded
image signal 100b of the firstlembodiment is replaced with
decoding time data. |

The decoding cycle identifier indicates whether the cycle
of a decoding process for decoding a coded image signal of each
frame is variable or not, and a fixed decoding cycle identifier
is inserted in a coded image signal having a fixed decoding cycle
while a variable decoding cycle identifier is inserted in a coded
image signai having a variable decoding cycle.

Further, the decoding cycle data indicates the cycle DT of
decoding each fraﬁe, and the decoding time data indicates the
timing at which decoding of each frame is carried out (decoding
time Dh(n)), which timing is set relatively to a desired one of
plural reference times according to each frame.

The coding process for generating the coded image signal
having the data structure according to this modification of the

first embodiment is realized by replacing steps S11, Slla, Sllb,
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S13a and S13b in the flow of figure 3 as follows.

That is, the process of deciding the display cycle in step
S11 is replaced with deciding whether the decoding cycle is fixed
or not; the process of adding the fixed display cycle identifier
Df in step Slla is replaced with the process of adding the fixed
decoding cycle identifier; and the process of adding the variable
display cycle identifier Df in step Sllb is replaced with the
process of adding the variable decoding cycle identifier.
Further, the process of adding the display cycle data Dp in step
Sl3a is replaced with the process of adding the decoding cycle
data; and the process of adding the display time data Dtn in step
S13b is replaced with the process of adding the decoding time
data.

Figure 4(b) shows thé structure of an image coding
apparatus 1000a as hardware for performing the coding process
according to.the modification of the first embodiment.

The imége coding apparatus 1000a includes a decision unit
1131a for deciding whether the frame decoding cycle of the input
image signal Sg is fixed or not, i.e., fixed or variable, and
outputting a decoding cycle identifier Dﬁf indicating whether the
decoding cycle DT is fixed or not, in place of the decision unit
1131 of the image coding apparatus 1000 of the first embodiment.

Further, the image coding apparatus 1000a includes a
decoding cycle data generator (first data generator) 1132a which

generates decoding cycle data DEp indicating the frame decoding
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cycle (fixed cycle) DT, based on the input image signal Sg, and a
decoding time data generator (third data generator) 1134a which
generates decoding time data DEtn indicating the decoding time of
each frame, based on the input image signal Sg, in place of the
display cycle data generator 1132 and the display time generator
1134 of the image coding apparatus 1000.

Other constituénts are identical to those of the image
coding apparatus 1000 of the first embodiment.

In the image coding apparatus 1000a so constructed, the
multiplexer (MUX) 1102 multiplexes the decoding cycle identifier
DEf from the decision unit 113la, the coded image data Cgn from
the encoder 1110, the decoding cycle data DEp from the ON/OFF
switch 1141, and the output from the selector switch 1142, and
outputs a multiplexed bit stream Mla as a coded image signal
having a fixed decoding cycle or a coded image signal having a
variable decoding cycle.

On the other hand, the process for decoding the coded image
signal having the data structure according to this modification
of the first embodiment is realized by replacing steps S21, S22a,
S22b, S23a, S23b, S24a, S24b and S25a in the flow of figure 5 as
follows.

That is, the process of deciding the display cycle in step
S§21 is replaced with the process of deciding whether the decoding
cycle is fixed or not; the process of reading the display cycle

data Dp indicating the display cycle T in step S22a is replaced
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with the process of reading the decoding cycle data DEp
indicating te decoding cycle Dt; and the process of reading the
display time data Dtn indicating the display time h(n) in step
S22b is replaced with the process of reading the decoding time
data DEtn indicating the decoding time Dh(n).

Further, the process of deciding the display time h(n) by
,readihg the frame number data Bn in steps S23a and S24a is
replaced with the process of deciding the decoding time Dh(n) of
coded image data of each frame based on the decoding cycle data
DEp and then deciding the displéy time h(n) of each frame based
on the frame number data Bn.

Further, the process of deciding the display time h(n)
based on the display time data Dtn in step S23b is replaced with
the process of deciding the decoding time Dh(n) based on the
decoding time data DEtn and then deciding the display time h(n)
based on the data DEtn.

Furthermore, the process of decoding the coded image data
Cgn of the frame F(n) and displaying it at the display time h(n)
in step S25a is replaced-with the process of decoding the coded
image data Cgn of the frame F(n) at the decoding-time Dh(n) and
displaying it at the display time h(n); and the process of
decoding the coded image data Cgn of the frame F(n) and
displaying it at the time h(n) in step S24b is replaced with the
process of decoding the coded image data Cgn of the frame F(n) at

the decoding time Dh(n) and displaying it at the display time
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h(n).

Figure 6(b) is a block diagram illustrating the structure
of an image decoding apparaﬁus 2000a as hardware performing the -
decoding process according to the modification of the first
embodiment.

The image decoding apparatus 2000a receives the multiplexed
bit stream Mla output from the image coding apparatus 1000a, and
subjects the multiplexed bit stream Mla to reproduction including
decoding and display.

More specifically, the image decoding apparatus 2000a
includes a demultiplexer (DEMUX) 2110a for extracting, from the
multiplexed bit stream Mla, the coded image data Cgn, the
decoding cycle identifier DEf, the decoding cycle data DEp, and
the frame number data Bn or the decoding time data DEtn, and
outputting these data, in place of the demultiplexer 2110 of the
image decoding apparatus 2000 of the first embodiment.

Furthef, the image decoding apparatus 2000a incluces a
first ON/OFF switch 2140a for switching the circuit between the
ON state where the decoding cycle data DEp is transmitted and the
OFF state where the decoding cycle data DEp is cut off, based on
the decoding cycle identifier DEf; a second ON/OFF switch 2150a
for switching the circuit between the ON state where the frame
number data Bn is transmitted and the OFF state where the frame
number data Bn is cut off, based on the decoding cycle identifier

DEf; and a third ON/OFF switch 2160a for switching the circuit
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between the ON state where the decoding time data DEtn is
transmitted and the OFF state where the decoding time data DEtn
is cut off, based on the decoding cycle identifier DEEf.

In the image decoding apparatus 2000a, the decoding cycle
data DEp output from the first ON/OFF switch 2140a and the
decoding time data DEtn output from the third ON/OFF switch 2160a
are supplied to the decoder 2120a and the display unit 2130a,
while the frame number data Bn output from the second ON/OFF
switch 2150a is supplied to the display unit 2130a.

In the decoder 2120a, the coded image data Cgn having a
fixed decoding cycle is decoded frame by frame at the timing
(decoding time Dh(n)) decided by the decoding cycle data DEp,
while the coded image data Cgn having a variable decoaing cycle
is decoded frame by frame at the timing (decoding time Dh(n))
decided by the decoding time data DEtn.

Further, in the display unit 2130a, the decoded image data
Rg having a fixed decoding cycle is displayed frame by frame at
the timing (display time h(n)) decided by the decoding cycle data
DEp and the frame number data Bn, while the decoded image data Rg
having a variable decoding cycle is displayed fraﬁe by frame at
the timing (display time h(n)) decided by the decoding time data
DEtn.

Other constituents of the image decoding apparatus 2000a
are identical to those of the image decoding apparatus 2000 of

the first embodiment.
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Hereinafter, the operation of the image decoding apparatus
2000a will be described briefly.

When the multiplexed bit stream Mla is input to the
apparatus 2000a, in the demultiplexer 2110a, the coded image data
Cgn, the decoding cycle identifier DEf, the decoding cycle data
DEp, and the frame number data Bn or the decoding time data DEtn
are separated from the input bit stream Mla.

In the decoder 2120a, when the decodin§ cycle of the input
coded image signal is fixed, the coded image data Cgn is decoded
frame by frame at the timing (decoding time Dh(n)) decided by the
decoding cycle data DEp. Then, the decoded image data Rg output
from the decoder 2120a is displayed frame by frame at the timing
(display timé h(n)) decided by the decoding cycle data DEp and
the frame number data Bn.

On the other hand, when the decoding cycle of the input
coded image.signal is variable, the coded image data Cgn is
decoded'fraﬁe by frame at the timing (decoding time Dh(n))
decided by the decoding time data DEtn. Then, the decoded image
data Rg output from the decoder 2120a is displayed frame by frame
at the timing (display time h(n)) decided by the décoding time
data DEtn.

In the modification of the first embodiment, as in the
first embodiment, since the coded image signal obtained by coding
an image signal includes the decoding cycle identifier DEf

indicating whether the cycle of image decoding for each frame is
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variable or not, when the cycle of image decoding for each frame
is fixed, the coded image data can be decoded by a simple circuit
structure, that is, it can be decoded according to the decoding
cycle data DEp alone, without referring to the decoding time data
DEtn having a large data quantity (bit number) for each frame.

In the modification of the first embodiment, emphasis has
been placed on an image decoding apparatus which performs image
display of each frame as well as decoding of each frame according
to data for deciding the decoding timing of each frame, which
data is included in the coded image signal. However, an image
decoding apparatus which performs decoding of each frame as well
as image display of each frame according to data for deciding the
display timing of each frame, which data is included in a coded
image signal, is also within the scope of the present invention.

In this case, the decoding timing at which decoding of each
frame is cagried out is set according to display timing data of
plural frames including an object frame to be decoded. That is,
based on the display timing data of the object frame and the
display timing data of the next frame transmitted subsequently to
the object frame, the decoding timing of the object framé is set
at a timing that is earlier, by a prescribed offset time, than
the earlier display timing between the display timings of the
object frame and the next frame.

To be specific, when the display timing of the object frame

is earlier than the display timing of the next frame transmitted
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subsequently to the object frame, the offset time is set to a
length longer than the time required for decoding the object
frame. On the other hand, when the display timing of the next
frame (for example, B-VOP) transmitted subsequently to the object
frame (for example, P-VOP) is earlier than the display timing of
the object frame, the offset time is set to a length longer than
the sum of the time required for decoding the object frame énd
the time required for decoding the next frame.

[Embodiment 2]

Figure 7(a) shows a data structure of a coded image signal
120a having a fixed frame display cycle, according to a second
embodiment of the present invention. -

The coded image signal 120a is obtained by coding an image
signal which corresponds to one image (in MPEG4, an image
corresponding to one objéct) and has a fixed frame display cycle.
The coded image signal 120a has a header H at the beginning, and
the header H is followed by code sequences Sc0, Scl, Sc2, ...,
Scn corresponding to frames F(0), F(l), F(2), ..., F(n),
respectively, which code sequences are arranged in the
transmission order. In the coded image signal 120a, the
following data are included in the header H: a display cycle
identifier Df indicating whether the frame display cycle is fixed
or not; display cycle multiplier'data Dm indicating that the
frame display cycle is the sub-unit time (1/N) multiplied by M

(natural number) by the multiplier M, i.e., how many times (M)
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the frgme display cycle ié as long as the sub-unit time (1/N);
and sub-unit time data Dk indicating the value N (natural number)
for obtaining the sub-unit time (1/N). Further, at the
beginnings of the code sequences Sc0, Scl, Sc2, ..., Scn of the
respective frames, display time data Dy0, Dyl, Dy2, ..., Dyn
indicating the display times y'0, y'3, y'l, ..., y'n' of the
respective frames (refer to figure 17(a)) are inserted. In the
header H of the coded image signal 120a, the sub-unit time data
Dk, the display cycle identifier Df, and the display cycle
multiplier data Dm are arranged so that these data are
transmittéd in this order.

In the code sequences Sc0, Scl, Sc2, ..., Scn of the
respective frames, the display time data Dy0, Dyl, Dy2, ..., Dyn
are followed by coded image data Cg0, Cgl, Cg2, ..., Cgn,
respectively.

In this coded image signal 120a, assuming that the
reference time is x (refer to figure 17(a)), the display times
h(0), h(1), h(2), ... of the frames F(0), F(1), F(2), ...
corresponding to the VOPO, VOP3, VOPl, ... are expressed by
x+y/N(y=y'0, y'3, y'1l, ...) based on the display time data DyO,
Dyl, Dy2 ...

However, since the coded image signal 120a includes the
sub-unit time data Dk and the display cycle multiplier data Dm,
image display of each frame can be carried out without using the

display time data (Dy0, Dyl, Dy2, ...). To be specific, based on
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the sub-unit time (1/N) obtained from the sub-unit time data Dk
and the value of M (natural number) obtained from the display
cycle multiplier data Dm, the frame display cycle T (=MX1/N) is
obtained, and the image of each frame is displayed at the
original display time h(n) (=x+yXMX1/N) of each frame F(n),
decided by the reference time x.

Figure 7(b) illustrates the data structure of a coded image
signal 120b having a variable frame display cycle, according to
the second embodiment of the invention.

The coded image signal 120b is different from the coded
image signal 120a in that the header H does not include the
display cycle multiplier data Dm.

Hereinafter, a description is given of a coding process for
generating the coded image signal 120a or 120b and a decoding
process for decoding the coded image signal.

Figure 8 is a flowchart of the coding process. In the
coding procéss, initially, the sub-unit time data Dk is added to
the header of the bit stream of the ihput image signal
corresponding to a specific image (step S30), and it is decided
whether the display cycle of tﬁe image signal is fixed or not
(step S31). When the result of the decision is that the display
cycle is fixed, a fixed display cycle identifier Df indicating
that the display cycle of the image signal is fixed is added to
the header of the bit stream so that it follows the sub-unit time

data Dk (step S32) and, furthermore, the display cycle multiplier
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data Dm is added to the header so that it follows the fixed
display cycle identifier Df (step S33).

Thereafter, the count value n, which corresponds to the
number n indicating the transmission order of each frame F(n) as
a constituent of the specific image, is set to 0 (step S35).

Next, as a code sequence Sa0 corresponding to the first
frame F(0) of the specific image in the transmission order,
display time data Dyn (=Dy0) and coded image data Cgn (=Cg0) of
the frame are successively added to the header H (steps S36 and
S37). Thereafter, it is decided whether or not the frame being
processed (hereinafter, referred to as "object frame“) in the
image signal is the last frame of the specific image in the
transmission order (step S38). When the object frame is not the
last frame, the count wvalue n corresponding to the frame F(n)
(=F(0)), the transmission order of which is n-th, is incremented
by 1 (step $39), and the following frame F(n+l) (=F(1)) is
subjected té the processes of steps S36~S39.

The processes of steps S36~S39 are repeated until it is
decided in step S38 that the object frame is the last frame. The
coded image signa1.120a is generated through the above-described
process steps.

On the other hand, when the result of the decision in step
S31 is that the display cycle is variable, a variable display
cycle identifier Df indicating that the display cycle of the

image signal is variable is added to the header H of the bit
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stream corresponding to the image signal so that it follows the
sub-unit time data Dk (step S34). Thereafter, the processes of
steps S35~S39 are carried out, thereby generating the coded image
signal 120b.

Figure 9(a) is a block diagram illustrating an image coding
apparatus 1200 as hardware performing the coding process
according to the second embodiment.

The image coding apparatus 1200 includes an encoder 1110
for coding an input image signal Sg to generate coded image data
Cgn, and a decision unit 1131 for deciding whefher the frame
display cycle of the input image signal Sg is fixed or not, i.e;,
fixed or variable, and outputting a display cycle identifier Df
indicating whether the display cycle is fixed or not.

Further, the image coding apparatus 1200 includes three
data generators as follows: a sub-unit time data generator (first
data generator) 1232 for generating sub-unit time data Dk based
on the input'image signal Sg; a display cycle multiplier data
generator (second data generator) 1233 for generating display
cycle multiplier data Dm which indicates a numeric value M for
expressing the frame display cycle by a multiplier (M) for the
sub-unit time, based on the input image signal Sg; and a display
time data generator (third data generator) 1234 for generating
display time data (display timing data) Dyn indicating the
display time h(n) of each frame, based on the input image signal

Sqg.
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Furthermore, the image coding apparatus 1200 includes an
ON/OFF switch 1241 for switching the circuit between the ON state
where the display cycle multiplier data Dm is transmitted and the
OFF state where the display cycle multiplier data Dm is cut off,
based on the display cycle identifier Df from the decision unit
1131.

The image coding apparatus 1200 further includes a
multiplexer (MUX) 1220 for multiplexing the sub-unit time data Dk
from the first data generator 1232, the display cycle identifier
Df from the decision unit 1131, the display cycle multiplier data
Dm from the switch 1241, the display time data Dyn from the third
data generator 1234, and the coded image data Cgn from the
encoder 1110, to generate a multiplexed bit stream M2. The
multiplexer 1220 outputs the multiplexed bit stream M2 as the
coded image signal 120a or the coded image signal 120b.

The operation of the image coding apparatus 1200 will be
described bfiefly.

When an image signal Sg corresponding to a specific image
is input to the apparatus 1200, the decision unit 1131 decides
whether the display cycle of the image signal Sg is variable or
not, and outputs the display cycle identifier Df indicating the
result of the decision. Meanwhile, the first to third data
generators 1232~1234 generate the sub-unit time data Dk, the
display cycle multiplier data Dm, and the display time data Dyn,

respectively, based on the image signal Sg, and the encoder 1110
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encodes the image signal Sg and outputs coded image data an;

The sub-unit time data Dk, the display cycle identifier Df,
the display time data Dyn, and the coded image data Cgn are
continually output toward the multiplexer 1220. The display
cycle multiplier data Dm is transmitted through the switch 1241,
which is in the ON state by the display cycle identifier Df,
toward the multiplexer 1220.

That is, when an image signal having a fixed cycle of image
display is input as the image signal Sg, the sub-unit time data
Dk, the display cycle identifier Df, the display cycle multiplier
data Dm, the display time data Dyn of each frame, and the coded
image'data Cgn of each frame are output to the multipiexer 1220.
In the multiplexer 1220, the sub-unit time data Dk, the display
cycle identifier Df, the display cycle multiplier data Dm, the
coded image data Cgn, and the display time data Dyn are
multiplexed, and the coded image signal 120a is output as the
multiplexed'bit stream M2.

| On the other hand, when an image signal having a variable
cycle of image display is input as the image signal Sg, the
switch 1241 goes into the OFF state according to the display
cycle identifier Df. 1In this.state, the sub-unit time data Df,
the display cycle identifier Df, the display time data Dyn of
each frame, and the coded image data Cgn of each frame are output
to the multiplexer 1220. 1In the multiplexer 1220, the sub-unit

time data Df, the display cycle identifier Df, the display time
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data Dyn, and the coded image data Cgn are multiplexed, and the
coded image signal 120b is output as the multiplexed bit stream
M2.

Next, a description is given of a decoding process for
decoding a coded image signal having a data structure according
to this second embodiment, with reference to figure 10.

Figure 10 is a flowchart of the decoding process. In the
decoding process, initially, the sub-unit time data Dk included
in the multiplexed bit stream M2 (coded image signal 120a or
120b) sent from the coding end is read (step S40), and the
display cycle identifier Df is detected to decide whether the
display cycle of the coded image signal is fixed or not (step
S41). When it is decided that the display cycle is fixed, the
display cycle multiplier data Dm, which expresses the display
cycle T by a multiplier M for the sub-unit time (1/N), is read
from the header H of the coded image signal (step S42a).
Subsequently; based on the sub-unit time data Dk and the display
cycle multiplier data Dm, the frame display cycle T is obtained
by T = (1/N)XM (step S43a). Thereafter, the count value n°,
which corresponds to the number n' of each frame F'(n') from the
first frame in the display order, is set to 0 (step S44a), and
the display time h'(n') of each frame F'(n') is obtained by
h'(n') = n'XT (step S45a). At this time, the coded image data
Cgn corresponding to each frame F(n) is decoded in the

transmission order, generating decoded image data Rg
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corresponding to the frame F(n);

Thereafter, it is decided whether or not the object frame
F'(n') counted in the display order is the last frame of the
specific image (step S46a). When the object frame is the last
frame, the decoding process is completed. When the object frame
is not the last frame, the count value n' is incremented by 1
(step S47a), and the processes of steps S45a~S47a are repeated
until it is decided in step S46a that the object frame is the
last frame.

In the decoding process, the decoded image data Rg
corresponding to each decoded frame F'(n') is displayed at the
display time h'(n') in the prescribed display order n'.

On the other hand, when it is decided that the display
cycle is variable in step S41, the count value n corresponding to
the number n of each frame F(n) in the transmission order is set
to 0 (step S42b). Subsequently, the display time data Dyn
indicating fhe display time h{(n) of each frams F(n) is read from
the header H of the frame F(n) (step S43b), and the.display time
h(n) of_each frame F(n) is obtained according to the display time
data Dyn (step S44b). At this time, the coded image data Cgn of
each frame F(n) is decoded in the transmission order.

Thereafter, it is decided whether or not the object frame
F(n) counted in the transmission order is the last frame of the
specific image (step S44b). When the object frame is the last

frame, the decoding process is ended. When the object frame is
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not the last frame, the count value n is incremented by 1 (step
S46b) and, thereafter, the processes of steps S42b~S46b are
repeated until it is decided in step S45b that the object frame
is the last frame.

In the decoding process, the decoded image data Rg
corresponding to each decoded frame F(n) is displayed at the
display time h{n) of the frame F(n) in the prescribed display
order n'. |

Figure 11(a) is a block diagram illustrating the_structure
of an image decoding apparatus 2200 as hardware performing the
decoding process of the second embodiment.

The image decoding apparatus 2200 decodes and reproduces
the multiplexed bit stream M2 (the coded image signal 120a or
120b) output from the image coding apparatus 2000.

More épecifical;y, the image decoding apparatus 2200
includes a demultiplexer (DEMUX) 2210 for extracting, from the
multiplexed bit stream M2, the sub-unit time data Dk, the display
cycle identifier Df, the display cycle multiplier data Dm, the
display time data Dyn, and the coded image data Cgn, and
outputting these data; and a decoder 2220 for decoding the coded
image data Cgn and outputting decoded image data Rg.

Further, the image decoding apparatus 2200 includes a first
ON/OFF switch 2240 for switching the circuit between the ON state
where the display cycle multiplier data Dm is transmitted and the

OFF state where the display cycle multiplier data Dm is cut off,
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according to the display cycle identifier Df; and a second ON/OFF
switch 2250 for switching the circuit between the ON state where
the display time data Dyn is transmitted and the OFF state where
the display time data Dyn is cut off, according to the display
éycle identifier Df.

Furthermore, the image decoding apparatus 2200 includes a
display unit 2230 which receives the display cycle multiplier
data Dm and the display time data Dty through the first and
second ON/OFF switches 2240 and 2250, respectively, as well as
the sub-~unit time data Dk and the decoded image data Rg, and
performs image display at the prescribed display timing based on
these data.

The operation of the image decoding apparatus 2200 will be
described briefly. When the multiplexed bit stream M2 from the
image coding apparatus 1200 is input to the image decoding
apparatus 2200, in the demultiplexer 2210, the sub-unit time data
Dk, the dispiay cycle identifier Df, and the display cycle
multiplier data Dm are separated from the multiplexed bit stream
M2 and, furthermore, the display time data Dyn and the coded
image data Cgn are separated frame by frame from the bit stream
M2.

The coded image data Cgn of each frame is decoded by the
decoder 2220 and then output as decoded image data Rg toward the
display unit 2230. Meanwhile, the sub-unit time data Dk is

output directly to the display unit 2230. The display cycle
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multiplier data Dm is output through the first ON/OFF switch 2240,
which is turned on or off by.the display cycle identifier Df,
toward the display unit 2230, while the frame display time data
Dyn is output through the second ON/OFF switch 2250, which is
turned on or off by the display cycle identifier Df, toward the
display unit 2230. When-the multiplexed bit stream M2 is the
coded image signal 120a having a fixed display cycle, the first
and second ON/OFF switches 2240 and 2250 are in the ON states,
and when the multiplexed bit stream M2 is the coded image signal
120b having a variable display cycle, the first and second ON/OFF
switches 2240 and 2250 are in the OFF states.

In the display unit 2230, the image of each frame
corresponding to the decoded image data Rg having a fixed display
cycle is displayed at a prescribed display timing based on the
sub-unit time data Dk apd the display cycle multiplier data Dm.
In this case, the display timing of each frame is the display
time h'(n').which is obtained by an arithmetic expression, h'(n')
= TXn' (T=(1/N)XM). On the other hand, the image of each frame
corresponding to the decoded image data Rg having a variable
display cycle is displayed at a prescribed timing based on the
display time data Dty. In this case, the display timing is the
display time h(n) which is decided by the display time data Dty.

As described above, according to the second embodiment of
the invention, since the data structure of the coded image signal

includes the sub-unit time data Dk indicating the length of the



76

sub-unit time (1/N), which is obtained by dividing a prescribed
time interval with N (natural number), by the natural number N,
and the display cycle multiplier data Dm indicating the fixed
frame display cycle T by a multiplier M for the sub-unit time
(1/¥), in addition to the display cycle identifier Df indicating
whether the display cycle of each frame is variable or not.
Therefore, when processing a coded image signal having a fixed
frame rate, the value of the fixed frame rate of the coded image
signal can be detected before decoding each frame, whereby the
various hardware structures for implementing the image display
can be simplified.

Further, the data structure of the coded image signal
according to the second embodiment ipcludes the sub-unit time
data Dk, the display cycle identifier Df, the display cycle
multiplier data Dm, and the display time data Dyn, these data
being used for setting the display timing of each frame, as
additional data for deciding the timing of reproduction for each
frame at the decoding end. However, in place of those additional
data for deciding the display timing of each ffame, the data
structure of the coded image signal may includes additional data
for deciding the timing of decoding each frame, i.e., sub-unit
time data, decoding cycle identifier, decoding cycle multiplier .
data, and decoding time data. Hereinafter, such data structure
will be described as a modification of the second embodiment.

(Modification of Embodiment 2)
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In the data structure according to the modification of the
second embodiment, the display cycle identifier Df and the
display cycle multiplier data Dm in the coded image signal 120a
of the second embodiment are replaced with a decoding cycle
identifier DEf and decoding cycle multiplier data DEp, and the
display time data Dyn in the coded image signal 120b of the
second embodiment is replaced with decoding time data DEyn.

The decoding cycle identifier DEf indicates whether the
cycle of a decoding process for decoding a coded image signal of
each frame is variable or nbt. A fixed decoding cycle identifier
DEf is inserted in a coded image signal, the decoding cycle DT of
which is fixed, while a variable decoding cycle identifier DEf is
inserted in a coded image signal, the decoding cycle DT of which
is variable.

The decoding cycle multiplier data DEm indicates the frame
decoding cycle DT by a multiplier M for the sub-unit time (1/N),
i.e., it-indicates how many times (M) the decoding cycle DT is as
long as the sub-unit time. The decoding time data DEyn indicates
the timing at which decoding of each frame is carried out.

The coding process for generating the coded image signal
having the data structure according to this modification of the
second embodiment is realized by replacing steps S31, S32, S33,
S34, and S36 in the flow of figure 8 as follows.

That is, the process of deciding the display cycle in step

831 is replaced with the process of deciding whether the decoding



78

cycle is fixed or not; the process of adding the fixed display
cycle identifier Df in step S32 is replaced with the process of
adding the fixed decoding cycle identifier DEf; and the process

. of adding the variable display cycle identifier Df in step S34 is
replaced with the process of adding the wvariable decoding cycle
identifier DEf. Further, the process of adding the display cycle
multiplier data Dm in step's33 is repléced with the process of
adding the decoding cycle multiplier data DEm; and the process of
adding the display time data Dyn in step S36 is replaced with
adding the decoding time data DEyn.

Figure 9(b) shows the structure of an image coding
apparatus 1200a as hardware for performing the coding process
according to the modification of the second embodiment.

The image coding apparatus 1200a includes a decision unit
1131la for deciding whether the frame decoding'cycle of the input
image signal Sg is fixed or not, i.e., fixed or variable, and
outputting a.decoding cycle identifier DEf indicating whether the
decoding cycle is fixed or not, in place of the decision unit
1131 included in the image coding apparatus 1200 of the second
embodiment.

The image coding apparatus 1200a includes a decoding cycle
multiplier data generator (second data generator) 1233a which
generates the decoding cycle multiplier data DEm indicating the
frame decoding cycle by a multiplier M for the sub-unit time

il/N), based on the input image signal Sg, in place of the



79

display cycle multiplier data generator 1233 of the image coding
apparatus 1200. The apparatus 1200a further includes a decoding
time data generator (third data generator) 1234a which generates
the decoding time data DEyn indicating the decoding time Dh(n) of
each frame F(n), based on the input image signal Sg, in place of
the display time data generator 1234 of the imaée coding
apparatus 1200.

In the image coding apparatus 1200a, the multiplexer (MUX)
1220a multiplexes the sub-unit time data Dk, the decoding cycle
multiplier data DEm, and the decoding time data DEty with the
coded image data Cgn of each frame F(n), and outputs a coded
image signal having a fixed decoding cycle or a coded image
signal having a variable decoding cycle as a multiplexed bit
stream M2a.

Other constituents of the apparatus 1200a are identical to
those of the image coding apparatus 1200 of the second embodiment.

Hereinéfter, the operation of the image coding apparatus
1200a according to the modification of the sgcond embodiment will
be briefly described.

When the image signal Sg is input to the apparatus 1200a,
the decision unit 113la decides whether the decoding cycle of the
image signal Sg is variable or not, and outputs the decoding
cycle identifier DEf indicating the result of the decision.
Meanwhile, the first data generator 1232a generates the sub-unit

time data Dk, and the second and third data generators 1233a and
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1234a generate the decoding cycle multiplier data DEm and the
decoding time data DEyn, respectively. The encoder 1110 encodes
the image signal Sg and. outputs coded image data Cgn.

The decoding cycle identifier DEf from the decision unit
1231a, the coded data Cgn from the encoder 1110, énd the data Dk
and DEyn from the first and the third data generators 1232 and
.1234a are input to the multiplexer 1220a. Further, the decoding
cycle multiplier data DEm from the second data generator 1233a is
input to the multiplexer 1220a through the switch 1241a. The
multiplexer 1220a multiplexes these data, and outputs a coded
image signallhaving a fixed decoding cycle or a variable decoding
cycle as the multiplexed bit stream M2a.

dn the other hénd, the process for decoding the coded image
signal having the data structure according to this modification
of the second embodiment is realized by replacing steps S41, S42a,
S43b, S44a, S44b, S45a, and S47a in the flow of figure 10 as
follows. .

That is, the process of deciding the display cycle in step
S41 is replaced with the process of deciding whether the decoding
cycle is fixed or not; the process of reading the display cycle
multiplier data Dm in step S42a is replaced with the process of
reading the decoding cycle multiplier data DEm; and the process
of reading the data Dyn indicating the display time h(n) in step
S43b is replaced with the process of reading the data DEyn

indicating the decoding time Dh(n).
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Further, the process of obtaining the display time h(n)
based on the data Dyn in step S44b is replaced with the process
of obtaining the decoding time Dh(n) based on the data DEyh; and
‘the process of setting the count value n' to 0 in step S44a,

which count value corresponds to the number n' of each frame
F'(n') counted in the display order from the head frame, is
replaced with the process of sétting the count value n td 0,
which count value corresponds to the number n of each frame F(n)
coﬁnted in the transmission order from the head frame.

Further, the process of obtaining the display time h'(n')
of each frame F'(n') by h'(n')=n'><T.in step S45a is replaced
with the process of obtaining the decoding time Dh(n) of each
frame F(n) by Dh(n)=nXDT based on the decoding cycle DT and the
number n indicating the transmission order of the frame; and the
process of incrementing the count value n' in step S47a is
replaced with incrementing the count value n.

Figurelll(b) is a block diagram illustrating the structure
of anlimage decoding apparatus 2200a as hardware performing the
decodipg process according to the modification of the second
embodiment. |

The image decoding apparatus 2200a receives the multiplexed
bit stream M2a output from the image coding apparatus 1200a, and
subjects the multiplexed bit stream M2a to reproduction including
decoding and display.

More specifically, the image decoding apparatus 2200a
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.includes a demultiplexer (DEMUX) 2210a for extracting, from the
multiplexed bit stream M2a, the sub-unit time data Dk, the
decoding cycle identifier DEf, the decoding cycle multiplier data
DEm, the décoding time data.DEyn, and the coded image data Cgn,
and outputting theée data, in place of the demultiplexer 2210 of
the image decoding apparatus 2200 of the second embodiment.

Further, the image decoding apparatus 2200a includes, in
place of the first and second ON/OFF switches 2240 and 2250 of
the image decoding apparatus 2200, a first ON/OFF switch 2240a
for switching the circuit between the ON state where the decoding
cycle multiplier data DEm is transmitted and the OFF state where
the data DEm is cut off, based on the decoding cycle identifier
'DEf; and a second ON/OFF switch 2250a for swifching the circuit
between the ON state where the decoding time data DEyn is
transmitted and the OFF state where the data DEyn is cut off,
based on the decoding cycle identifier DEf.

In thé image decoding apparatus 2200a, the sub-unit time
data Dk from the demultiplexer 2210a, and the decoding cycle
multiplier data DEm and the decoding time data DEyn from the
first and second ON/OFF switches 2240a and 2250a are supplied to
the decoder 2220a and the display unit 2230a.

In the decoder 2220a, the coded image data Cgn of each
frame F(n), the decoding cycle of which is fixed, is decoded
frame by frame at the timing (decoding time Dh(n)=DTXn) decided

by the sub-unit time data Dk and the decoding cycle multiplier
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data DEm, while the coded image data Cgn of each frame F(n), the
decoding cycle of which is variable, is decoded frame by frame at
the timing (decoding time Dh(n)) decided by the decoding time
data DEyn.

Further, in the display unit 2230a, the decoded image data
Rg of each frame F(n), the decoding cycle of which is fixed, is
displayed frame by frame at the timing (display time h(n))
decided by the sub-unit time data Dk and the decoding cycle
multiplier data DEm, while the decoded image data Rg of each
frame F(n), the decoding cycle of which is variable, is displayed
frame by frame at the timing (display time h(n)) decided by the
decoding time data DEyn.

Other constituents of the image decoding apparatﬁs 2200a
are identical to those of the image decoding apparatus 2200 of
the second embodiment.

Hereinafter, the operation of the image decoding apparatus
2200a will bé described briefly.

When the multiplexed bit stream M2a is input to the
apparatus 2200a, in the demultiplexer 2210a, the sub-unit time
data Dk, the decoding cycle multiplier data DEm, the decoding
cycle identifier DEf, the decoding time data DEyn, and the coded
image data Cgn are separated from the bit stream M2a.

In the decoder 2220a, when the decoding cycle of the input
coded image signal is fixed, the coded image data Cgn is decoded

frame by frame at the timing decided by the sub-unit time data Dk
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and the decoding cycle multiplier data DEm. When the decoding
cycle of the input decoded image signal is variable, the coded .
image data Cgn is decoded frame by frame at the timing (decoding
time Dh(n)) decided by the decoding time data DEyn. The decoding
time of the coded image signal, the decoding cycle of which is
fixed, is decided by the product of the number n indicating the
transmission order and the decoding cycle DT (=(1/N)XM), and the
decoding time of the coded image signal, the decoding cycle of
which is variable, is decided by the decoding cycle data DEyn.

In the display unit 2230a, the image of each frame F(n)
corresponding to the decoded image data Rg, the decoding cycle of
which is fixed, is displayed at a prescribed timing based on the
sub-unit time data Dk and the display cycle multiplier data DEm.
On the other hand, the image of each frame F(n) corrésponding to
the decoded image data Rg, the decoding cycle of which is
variable, is displayed at a prescfibed timing based on the
decoding tiﬁe data DEty. |

In this modification of the second embodiment, as in the
second embodiment, the coded image signal Cgn obtained by coding
an image signal includes the decoding cycle identifier DEf
indicating whether the cycle of image decoding for each frame is
variable or not, the sub-unit time data Dk and the decoding cycle
‘multiplier data DEm which indicate a fixed decoding cycle, and
the decoding time data DEyn which indicates the decoding time.

Therefore, when the cycle of image decoding for each frame is
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fixed, the coded image signal can be decoded by a simple circuit
structure, i.e., based on the sub-unit time data Dk corresponding
to one image and the decoding cycle multiplier data DEm having a
relatively small data quantity (bit number), without referring to
the decoding time data ﬁEyn having a relatively 1érge data
quantity (bit number) for each frame. |

Further, when the cycle of image decoding for each frame is
variable, as in the conventional decoding process, the coded
image signal can be decoded with reference to the decoding time
data DEyn for each ffame.

In the modification of the second embodiment, emphasis has
been placed on an'image decoding apparatus 2200a which performs
image diSplay of each frame és well as decoding of each frame
according to data for deciding the decoding timing of each frame,
which data is included in the coded image signal. However, an
image decoding apparatus which performs decoding of each frame as
well as imagé display of each frame according to data.fof
deciding the display timing of each frame, which data is included
in the coded imaée signal, is also within the scope of the
present invention.

In this case, the decoding timing at which decoding of each
frame is carried out is set adccording to display timing data of
plural frames including an object frame to be decoded. That is,
based on the display timing data of the object frame and the

display timing data of the next frame transmitted subsequently to
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the object frame, the decoding timing of the object frame is set
at a timing that is earlier, by a prescribed offset time, than
the earlier display timing between the display timings of the
object frame and the next frame.

To be specific, when the display timing of the object frame
is earlier than the display timing of the next frame transmitted
subsequently to the object frame, the offset time is set to a
length longer than the time required for decoding the object
frame. On the other hand, when the display timing of the next
frame (for example, B-VOP) transmitted subsequently to the.object
frame (for example, P-VOP) is earlier than the display timing of
the object frame, the offset time is set to a length longer than
the sum of the time required for decoding the object frame and
the time required for decoding the next frame. |

When a coding program or a decoding program for
implementing, with software, the image processing by the coding
apparatus of the decoding apparatus according to any of the first
and second embodiments and‘the modifications thereof, is recorded
in data storage media such as a floppy disk, the imagé processing
can be easily executed in an independent cbmputer systemn.

Figures 12(a)-12(c) are diagrams for explaining the case
where the coding process or the decoding process according to any
of the embodiments and the modifications of the invention is
executed by a computer system using a floppy disk which contains

the coding program or the decoding program.
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Figure 12(a) shows a front view of a floppy disk FD, a
cross-sectional view thereof, and a floppy disk body D. figure
12(b) shows an example of a physical format of the floppy disk
body D.

The floppy disk body D is contained in a'case FC, providing
the floppy disk FD. On the surface of the disk body D, a
plurality of tracks Tr are formed concentrically from the outer
circumference of the disk toward the inner circumference. Each
track is divided into 16 sectors (Se) in the angular direction.
Therefore, in the floppy disk FD containing the above-mentioned
program, data of the program are recorded in the assigned sectors
on the floppy disk body D.

Figure 12(c) shows the structure for recording the prégram
in the floppy disk FD and. performing the image processing by
software usiﬁg the program storéd in the floppy disk FD.

To be specific, when the program i§ recorded in the floppy
disk FD, daﬁa of the program are written in the floppy disk FD
from the computer system Cs through the floppy disk drive FDD.
When the above-mentioned image coding apparatus or image decoding
apparatus 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.

Although in the above description a floppy disk is employed

as a data storage medium, an optical disk may be employed. Also
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in this case, the coding process or the decoding process can be
performed by software in similar manner to the case of using the
floppy disk. The data storage medium is not restricted to the
floppy disk and the optical disk, and any medium may be employed
as long as it can contain the program, for example, an IC card or
a ROM cassette.

Furthermore, assuming that a coded image signal stored in a
data sforage medium such as a floppy disk has a data structure
according to any of the first and second embodiments and the
modifications thereof, when the coded image signal from the
floppy disk is decoded and the image corresponding to ﬁhe decoded
image signal is displayed, it is possible to perform reproduction
- of the coded image sighal, including décoding and image display
of the image signal, with a simple circuit-structure if the frame

display cycle or the frame decoding cycle is fixed.
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WHAT 1S CLAIMED IS:

1. A data structure of an image signal for which image
reproduction of each frame is performed at a prescribed cycle,
said image signal data structure including a reproduction cycle
identifier indicating whether the cycle of image reproduction for

each frame is variable or not.

2. The image signal data structure of Claim 1 wherein said
reproduction cycle identifier is a display cycle identifier
indicating whether the cycle of image display for each frame is

variable or not.

3. The image signal data structure of Claim 2 including:

a fixed display cycle identifier indicating that the
cycle of image display for each frame is fixed, as said diéplay
cycle identifier;

diéplay cycle data indicating the cycle of image
display for each frame; and

frame position data corresponding tp each frame and
indicating the positional relationship of each frame with the

previous and subsequent frames.

4. The image sighal data structure of Claim 2 including:
a variable display cycle identifier indicating that the

cycle of image display for each frame is variable, as said
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display cycle identifier; and

display timing data indicating the timing at which
image display of each frame is performed, said timing being set
relatively to a desired reference time selected from at least one

reference time according to each frame.

5. The image signal data structure of Claim 1 wherein said
reproduction cycle identifier is a decoding cycle identifier
indicating whether the cycle of decoding of a coded image signal

corresponding to each frame is variable or not.

6.l The image signal data structure of Claim 5 including:

a fixed decoding cycle identifier indicating that the
cycle of decoding for each frame is fixed, as said decoding cycle
identifier;

decoding cycle data indicating the cycle of decoding
for each fréme; and

frame position data corresponding to each frame and
indicating the positional relationship of each frame with the

previous and subsequent frames.

7. The image signal data structure of Claim 5 including:
a variable decoding cycle identifier indicating that

the cycle of decoding for each frame is variable, as said

decoding cycle identifier; and
This Sheet Has Been Replaced
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decoding timing data indicating the timing at which
decoding of each frame is performed, said timing being set
relatively to a desired reference time selected from at least one

reference time, according to each frame.

8. An image coding method for coding an image signal
corresponding to a specific image to generate a coded image
signal; and outputting the coded image signal together with a
reproduction cycle identifier indicating whether the cycle of
image reproduction for each of frames constituting the image is
variable or not, wherein: |

when an image signal having a fixed cycle of image
reproduction for each frame is input as said image signal to be
coded, reproduction cycle data and frame position data are output
together with the reproduction cycle identifier, said
reproduction cycle data indicating the cycle of image
reproduction for each frame, and said frame position.data
corresponding to each frame and indicating the positional
ielationship of each frame with the previous and subsequent
frames; and

when an image signal having a variable cycle of image
reproduction for each frame is input as said image signal to be
coded, reproduction timing data is output together with the
reproduction cycle identifier, said reproduction timing data

indicating the timing at which image reproduction of each frame
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is performed, said timing being set relatively to a desired
reference time selected from at least one reference time,

according to each frame.

9. The image coding method of Claim 8 wherein:

said reproduction cycle identifier is a display cycle
identifier indicating whether the cycle of image display for each
frame is variable or not;

said reproduction cycle data is display cycle data
indicating the cycle of image display for each frame; and

said reproduction timing data is display timing data
indicating the timing at which image display of each frame is
performed, said timing being set relatively to a desired .
reference time selected from at least one reference time,

according to each frame.

10. The'image coding method of Claim 8 wherein:

said reproduction cycle identifier is a decoding cycle
identifier indicating whether the cycle of decoding of coded
image data corresponding to each frame is variable or not;

said reproduction cycle data is decoding cycle data
indicating the cyéle of decoding for each frame; and

said reproduction timing data is decoding timing data
indicating the timing at which decoding of each frame is

performed, said timing being set relatively to a desired
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reference time selected from at least one reference time,

according to each frame.

.11. An image deching method for decoding a coded image_
signal which includes coded image data cofresponding to frames
constituting an image, and a reproduction cycle identifier
indicating whether the cycle of image reproduction for each frame
is variable or not, wherein:

when the reproduction cycle identifier indiéates that
the cycle of image reproduction for each frame is fixed, decoded
image data obtained by decoding the coded image data
corresponding to each frame becomes image data having a
reproduction timing which is decided according to reproduction
cycle data indicating the cycle of image reproduction for each
frame and frame position data indicating the positional
relationship of each frame with the previous and subsequent
frames, whiéh data are included in the coded image signal; and

when the reproduction cycle identifier indicates that
the cycle of image reproduction for each frame is variable,
decoded image data obtained by decoding the coded image.data
corresponding to each frame is image data having a reproduction
timing decided according to reproduction tiﬁing data which is
included in the coded image signal and indicates the timing at
which image reproduction of each frame ié carried out, said

timing being set relatively to a desired reference time selected
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from at least one reference time, according to each frame.

12. The image decoding method of Claim 11 wherein:

said reproduction cycle identifier is a display cycle
identifier indicating whether the cycle of image display for each
frame is-variable or not;

said reproduction cycle'data is display cycle data
indicating the cycle of image display for each frame; and

said reproduction timing data is display timing data
indicating the timing at which image display of each frame is

performed.

13. The image decoding method of Claim 11 wherein a
decoding timing at which decoding of each frame is carried out is
set according to display timing data of plural frames including

an object frame to be decoded.

14. The image decoding method of Claim 13 wherein, based on
the display timing data of the object frame and the display
timing data of the next frame transmitted subsequently to the
object frame, the decoding timing of the object frame is set at a
timing that is earlier, by a prescribed offset time, than the
earlier display timing between the display timings of the object

frame and the next frame. "‘sﬁ““‘*---~‘ﬁ‘
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15. The image decoding method of Claim 14 wherein:

when the displ;y timing of the object frame is earlier
than the display timing of the next frame, the offset fime is set
to a length longer than the time required for decoding the object
frame; and

when the display timing of the next frame is earlier
than the display timing of the object frame, the offset time is
set to a length longer than the sum of the time required for
decoding the object frame and the time requiréd for decoding the

next frame.

16. The image decoding method of Claim 11 wherein:

said reproduction cycle identifier is a decoding cjcle
identifier indicating whether the cycle of decoding of coded
image data corresponding to each frame is variable or not;

.said reproduction cycle data is decoding cycle data
indicating tﬁe cycle of decoding for each frame; and

said reprodﬁction timing data is decoding timing data
indicating the timing at which decoding of each frame is

performed.

17. The image signal data structure of Claim 1 further
including:
sub-unit time data indicating the length of a sub-unit

time which is obtained by dividing a prescribed time interval
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into N (natural number), by the natural number N; and
reproduction cycle multiplier data indicating that the
cycle of image reproduction for each frame is the sub-unit time

multiplied by M (natural number), by the multiplier M.

18. The image signal data structure of Claim 17 wherein:
said reproduction cycle identifier is a display cycle
identifier indiéating whether the cycle of image display for each
frame is variable or not; and
said reproduction cycle multiplier data is display
c&cle multiplier data which indicates that_the cycle of image
display for each frame is the sub-unit time multiplied by M

(natural number), by the multiplier M.

19. The image signal data structure of Claim 17 wherein:
said reproduction cycle identifier is a decoding cycle
identifier indicating whether the cycle of decoding for each
frame is variable or not; and -
said reproduction cycle multiplier data is decoding
cycle multiplier data which indicates that the cycle of decoding
for eéch frame is the sub-unit time multiplied by M (mnatural

number), by the multiplier M.

20. An image coding method for coding an image signal

corresponding to a specific image to generate a coded image
R ——
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signal, and outputting the cdded image signal together with a
reproduction cycle identifier indicating whether the cycle of
image reproduction for each of frames constituting the image is
variable or not, wherein:

when an image signal having a fixed cycle of image

reproduction for each frame is input as said image signal to be

.coded, sub-unit time data and reproduction cycle multiplier data

are output together with the reproduction cycle identifier, said
sub-unit time data indicating the length of a sub-unit time which
is obtained by dividing a prescribed time interval into N
(natural number), by the natural number N, and said reproduction
cycle multiplier data indicating that the cycle of image
reproduction for each frame is the sub-unit time multiplied by M

(natural number), by the multiplier M.

21. The image coding méthod of Claim 20 wherein:
said_reproduction cycle identifier is a display cycle
idenﬁifier indicating whether the cycle of image display for each
frame is variable or not; and
said reproduction cycle multiplier data is display
cycle multiplier data which indicates that the cycle of image
display for each frame is the sub-unit time multiplied by M

(natural number), by the multiplier M.

22. The image coding method of Claim 20 wherein:
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said reproduction cycle identifier is a decoding cycle
identifier indicating whether the cycle of decoding for each
frame is variable or not; and

said reproduction cycle multiplier data is decoding
cycle multiplier data which indicates that the cycle of decoding
for each frame is the sub-unit time multiplied'by M (natural

number), by the multiplier M.

23. An image decoding method for decoding a coded image
signal including the following data: coded image data
corresponding to frames constituting an image; a reproduction
cycle identifier indicating whether the cycle of image
reproduction for each frame is variable or not; sub-unit time
data indicating the length of a sub-unit time which is obtained
by dividing a prescribed time interval into N (natural number),
by the natural number N; and reproduction cycle multiplier data
indicating éhat the cycle of image reproduction for each frame is
the sub-unit time multiplied by M (natural number), by the
multiplier M, wherein:

when the reproduction cycle identifier indicates that
the cycle of image reproduction for each frame is fixed, decoded
image data obtained by decoding the coded image data
corresponding to éach frame makes image data having a
reproduction timing which is decided according to the sub-unit

time data indicating the length of the sub-unit time and the
_-ength o the sudb-u
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reproduction cycle multiplier data indicating the cycle of image

reproduction for each frame.

24. The image decoding method of Cléim 23 wherein:
said reproduction cycle identifier is a'display cycle
identifier indicating whether the éyéle of image display for each-
frame is variable or not; and
said reproduction cycle multiplier data is display
cycle multiplier data which indicates that the cycle of image
display for each frame is the sub-unit time multiplied by M

(natural number), by the multiplier M.

25._ The image decoding method of Claim 23 wherein:
said reptoduction cycle identifier is a decoding cycle
identifier indicating whether the cycle of decoding for each
frame is variable or not; and
séid reproduction cycle multiplier data is decoding
cycle multiplier data which indicates that the cycle of decoding
for each frame is fhe sub-unit time multiplied by M (natural

number), by the multiplier M.

26. An image coding apparatus for coding an image signal
corresponding to a specific image, comprising:
an encoder for coding an input image signal and

outputting coded image data;
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a cycle decision unit for deciding whether the cycle of
image reproduction for each of frames constituting the image is
variable or not, based on the image signal, and outputting a
reproduction cycle identifier indicating the result of the
decision;

a first data generator for generating reproduction
cycle data indicating the cycle of image reproduction for each
frame, according to the image signal;

a second data generator for generating frame position
data corresponding to each frame and indicating the positional
relationship of each frame with the previous and subsequent
frames, according to the image signal;

a_third data generator fof generating reproduction
timing data indicating the timing at which imagé reproduction for
each frame is carried out, according to the image signal;

an ON/OFF switch for éwitching the circuit between the
ON state whére the reproduction cycle data is transmitted and the
OFF state where the reproduction cycle data is cut off,.according
to the reproduction cycle identifier;

a selector switch for'selecting one of the frame
position data and the reproduction timing data, according to the
reproduction cycle identifier;

a multiplexer for multiplexing the outputs from the

encoder, the cycle decision unit, and the switches in a

prescribed order; and
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said image coding apparatus outputting a bit stream

obtained by the multiplication as a coded image signal.

27. An image decoding apparatus for decoding and
reproducing the coded image signal output from the image coding
apparatus of Claim 26, comprising: -

a. demultiplexer for receiving the coded image signal,
and separating the coded image signal into the coded image data,
the reproduction cycle identifier, the reproduction cycle data,
the frame position data, and the reproduction timing data, and
then outputting these data;

a decoder for decoding the coded image data, frame by
frame, to generate decoded image data;

- 'an ON/OFF switch for switching the circuit between the
ON state where the reproduction cycle data is transmitted and the
OFF state where the reproduction cycle data is cut off, according
to the reprodﬁction~cycle identifier;

a selector switch for selecting one of the frame
position data and the reproduction timing data, according to the
reproduction cycle identifier; and

a diéplay unit for performing image display of each
frame according to the decoded image data;

wherein at ieast one of the decoding by the decoder and
the image display by the display unit is performed at a

reproduction timing decided by the reproduction cycle data and
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the frame position data or a reproduction timing decided by the
reproduction timing data, according to the reproduction cycle

identifier.

28. An image coding apparatus for coding an image signal
corresponding to a specific image, comprising:

an encoder for coding an input image signal and
outputtihg coded image data;

a cycle decision unit for deciding whether the cycle of
image reproduction for each of frames constituting the image is
variable or not, based on the image signal, and outputting a
reproduction cycle identifier indicating the result of the
decision;

a first data generator for generating sub-unit time
data indicating the length of a sub-unit time which is obtained
by dividing-a prescribed time interval into N (natural number),
by the natufal number N;

a second data generator for generating reproduction
cycle multiplier data indicating that the cycle of image
reproduction for each frame is the sub-unit time multiplied by M
(natural number), by the multiplier M, according to the image
signal;

a third data generator for generating reproduction
timing data indicating the timing at which image reproduction of

each frame is carried out, according to the image signal;
ﬂﬂ_,_—_—————————“—'“‘
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" a first ON/OFF switch for switching the circuit between:
the ON state where the sub-unit time data is transmitted and the
OFF state where the sub-unit time data is cut off, according to
the reproduction cycle identifier;

a second ON/OFF switch for switching the circuit
between the ON state where the reproduction cycle multiplier data
is transmitted and the OFF state where the reproduction cycle
multiplier data is cut off, according to the reproduction cycle
identifier;

a multiplexer for multiplexing the outputs from the
encoder, the cycle decision unit, the third data generator, and
~the first and second ON/OFF switches in a prescribed order; and
said image coding apparatus outputting a bit stream

obtained by the multiplication as a coded image signal.

29. An image decoding apparatus for decoding and
reproducing the coded image signal outputlfrom the image coding
apparatus of Claim 28, comprising:

a demultiplexer for receiving the coded image signal,
and separating the coded image signal into the coded image data,
the reproduction cycle identifier, the sub-unit time data, the
reproduction cycle mﬁltiplier data, and the reproduction timing
data, and then outputting these data;

a decoder for decoding the coded image data, frame by

frame, to generate decoded image data;

Sheet Has Been Replaced

T




104 JLEULUTED -

a first ON/OFF switch for switching the circuit between
the ON state where the reproduction cycle multiplier data is
- transmitted and.the OFF state where this data is cut off,

according to the reproduction cycle identifier;

a second ON/OFF switch for switching the circuit
" between the ON state where the reproduction timing data is
transmitted and the OFF state where this data is cut off,
according to the reproduction cycle identifier;

a display unit for performing imége display of each
frame according to the decoded image daté;

wherein at least one of the'decéding by the decoder and
the image display by the display unit ié performed at a
reproduction timing decided by the sub-unit time data and the
reproduction cyclé multiplier data or a reproduction timing
decided by the reproduction timing data, according to the

reproduction. cycle identifier.

30. A data storage medium containing an image signal for
which image reproduction for each frame is performed at a
prescribed cycle, said imgge signal including a reproduction
cycle identifier indicating whether the cycle of image

reproduction for each frame is wvariable or not.

31. A data storage medium containing an image signal for

which image reproduction for each frame is performed at a
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prescribed cycle, said image signal including:

a reproduction cycle identifier indicating whether
image reproduction for each frame is variable or not;

sub-unit time data indicating the length of a sub-unit
time which is obtained by dividing a prescribed time interval
into N (natural number), by the natural number N; ahd

reproduction cycle multiplier data indicating that the
cycle of image reproduction for each frame is the sub-unit time

multiplied by M (natural number), by the multiplier M.

32. A data storage medium containing an image processing
program, said image processing program being a coding program
which enables a computer to execute the coding of an image signal

by the image coding method of Claim 8.

33. A .data storage medium containing an image processing
program, said image processing program being a decoding program
which enables a computer to execute the decoding of a coded image

signal by the image decoding method of Claim 11.

34. A data storage medium containing an image processing
program, said image processing program being a coding program
which enables ‘a computer to execute the coding of an image signal

by the image coding method of Claim 20.
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35. A data storage medium containing an image processing
'~ program, said image processing program being a decoding program
which enables a computer to execute the decoding of a coded image

signal by the image decoding method of Claim 23.
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