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Description

Technical Field

[0001] The present invention relates to an image encoder, an image encoding method, an image decoder, an image
decoding method, and distribution media. More particularly, the invention relates to an image encoder, an image encoding
method, an image decoder, an image decoding method, and distribution media suitable for use, for example, in the case
where dynamic image data is recorded on storage media, such as a magneto-optical disk, magnetic tape, etc., and also
the recorded data is regenerated and displayed on a display, or in the case where dynamic image data is transmitted
from a transmitter side to a receiver side through a transmission path and, on the receiver side, the received dynamic
image data is displayed or it is edited and recorded, as in videoconference systems, videophone systems, broadcasting
equipment, and multimedia data base retrieval systems.

Background Art

[0002] For instance, as in videoconference systems and videophone systems, in systems which transmit dynamic
image data to a remote place, image data is compressed and encoded by taking advantage of the line correlation and
interframe correlation in order to take efficient advantage of transmission paths.
[0003] As a representative high-efficient dynamic image encoding system, there is a dynamic image encoding system
for storage media, based on Moving Picture Experts Group (MPEG) standard. This MPEG standard has been discussed
by the International Organization for Standardization (ISO)-IEC/JTC1/SC2/WG11 and has been proposed as a proposal
for standard. The MPEG standard has adopted a hybrid system using a combination of motion compensative predictive
coding and discrete cosine transform (DCT) coding.
[0004] The MPEG standard defines some profiles and levels in order to support a wide range of applications and
functions. The MPEG standard is primarily based on Main Profile at Main level (MP@ML).
[0005] Figure 1 illustrates the constitution example of an MP@ML encoder in the MPEG standard system.
[0006] Image data to be encoded is input to frame memory 31 and stored temporarily. A motion vector detector 32
reads out image data stored in the frame memory 31, for example, at a macroblock unit constituted by 16 ( 16 pixels,
and detects the motion vectors.
[0007] Here, the motion vector detector 32 processes the image data of each frame as any one of an intracoded
picture (I-picture), a forward predictive-coded picture (P-picture), or a bidirectionally predictive-coded picture (B-picture).
Note that how images of frames input in sequence are processed as I-, P-, and B-pictures has been predetermined (e.g.,
images are processed as I-picture, B-picture, P-picture, B-picture, P-picture, ..., B-picture, and P-picture in the recited
order).
[0008] That is, in the motion vector detector 32, reference is made to a predetermined reference frame in the image
data stored in the frame memory 31, and a small block of 16 pixels ( 16 lines (macroblock) in the current frame to be
encoded is matched with a set of blocks of the same size in the reference frame. With block matching, the motion vector
of the macroblock is detected.
[0009] Here, in the MPEG standard, predictive modes for an image include four kinds: intracoding, forward predictive
coding, backward predictive coding, and bidirectionally predictive coding. An I-picture is encoded by intracoding. A P-
picture is encoded by either intracoding or forward predictive coding. A B-picture is encoded by either intracoding, forward
predictive coding, backward predictive coding, or bidirectionally predictive coding.
[0010] That is, the motion vector detector 32 sets the intracoding mode to an I-picture as a predictive mode. In this
case, the motion vector detector 32 outputs the predictive mode (intracoding mode) to a variable word length coding
(VLC) unit 36 and a motion compensator 42 without detecting the motion vector.
[0011] The motion vector detector 32 also performs forward prediction for a P-picture and detects the motion vector.
Furthermore, in the motion vector detector 32, a prediction error caused by performing forward prediction is compared
with dispersion, for example, of macroblocks to be encoded (macroblocks in the P-picture). As a result of the comparison,
when the dispersion of the macroblocks is smaller than the prediction error, the motion vector detector 32 sets an
intracoding mode as the predictive mode and outputs it to the VLC unit 36 and motion compensator 42. Also, if the
prediction error caused by performing forward prediction is smaller, the motion vector detector 32 sets a forward predictive
coding mode as the predictive mode. The forward predictive coding mode, along with the detected motion vector, is
output to the VLC unit 36 and motion compensator 42.
[0012] The motion vector detector 32 further performs forward prediction, backward prediction, and bidirectional pre-
diction for a B-picture and detects the respective motion vectors. Then, the motion vector detector 32 detects the minimum
error from among the prediction errors in the forward prediction, backward prediction, and bidirectional prediction (here-
inafter referred to the minimum prediction error as needed), and compares the minimum prediction error with dispersion,
for example, of macroblocks to be encoded (macroblocks in the B-picture). As a result of the comparison, when the
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dispersion of the macroblocks is smaller than the minimum prediction error, the motion vector detector 32 sets an
intracoding mode as the predictive mode and outputs it to the VLC unit 36 and motion compensator 42. Also, if the
minimum prediction error is smaller, the motion vector detector 32 sets as the predictive mode a predictive mode in
which the minimum prediction error was obtained. The predictive mode, along with the corresponding motion vector, is
output to the VLC unit 36 and motion compensator 42.
[0013] If the motion compensator 42 receives both the predictive mode and the motion vector from the motion vector
detector 32, the motion compensator 42 will read out the coded and previously locally decoded image data stored in the
frame memory 41 in accordance with the received predictive mode and motion vector. This read image data is supplied
to arithmetic units 33 and 40 as predicted image data.
[0014] The arithmetic unit 33 reads from the frame memory 31 the same macroblock as the image data read out from
the frame memory 31 by the motion vector detector 32, and computes the difference between the macroblock and the
predicted image which was supplied from the motion compensator 42. This differential value is supplied to a DCT unit 34.
[0015] On the other hand, in the case where a predictive mode alone is received from the motion vector detector 32,
i.e., the case where a predictive mode is an intracoding mode, the motion compensator 42 does not output a predicted
image. In this case, the arithmetic unit 33 (the arithmetic unit 40 as well) outputs to the DCT unit 34 the macroblock read
out from the frame memory 31 without processing it.
[0016] In the DCT unit 34, DCT is applied to the output data of the arithmetic unit 33, and the resultant DCT coefficients
are supplied to a quantizer 35. In the quantizer 35, a quantization step (quantization scale) is set in correspondence to
the data storage quantity of the buffer 37 (which is the quantity of the data stored in a buffer 37) (buffer feedback). In
the quantization step, the DCT coefficients from the DCT unit 34 are quantized. The quantized DCT coefficients (here-
inafter referred to as quantized coefficients as needed), along with the set quantization step, are supplied to the VLC
unit 36.
[0017] In the VLC unit 36, the quantized coefficients supplied by the quantizer 35 are transformed to variable word
length codes such as Huffman codes and output to the buffer 37. Furthermore, in the VLC unit 36, the quantization step
from the quantizer 35 is encoded by variable word length coding, and likewise the predictive mode (indicating either
intracoding (image predictive intracoding), forward predictive coding, backward predictive coding, or bidirectionally pre-
dictive coding) and motion vector from the motion vector detector 32 are encoded. The resultant coded data is output
to the buffer 37.
[0018] The buffer 37 temporarily stores the coded data supplied from the VLC unit 36, thereby smoothing the stored
quantity of data. For example, the smoothed data is output to a transmission path or recorded on a storage medium, as
a coded bit stream.
[0019] The buffer 37 also outputs the stored quantity of data to the quantizer 35. The quantizer 35 sets a quantization
step in correspondence to the stored quantity of data output by this buffer 37. That is, when there is a possibility that
the capacity of the buffer 37 will overflow, the quantizer 35 increases the size of the quantization step, thereby reducing
the data quantity of quantized coefficients. When there is a possibility that the capacity of the buffer 37 will be caused
to be in a state of underflow, the quantizer 35 reduces the size of the quantization step, thereby increasing the data
quantity of quantized coefficients. In this manner, the overflow and underflow of the buffer 37 are prevented.
[0020] The quantized coefficients and quantization step, output by the quantizer 35, are not supplied only to the VLC
unit 36 but also to an inverse quantizer 38. In the inverse quantizer 38, the quantized coefficients from the quantizer 35
are inversely quantized according to the quantization step supplied from the quantizer 35, whereby the quantized coef-
ficients are transformed to DCT coefficients. The DCT coefficients are supplied to an inverse DCT unit (IDCT unit) 39.
In the IDCT 39, an inverse DCT is applied to the DCT coefficients and the resultant data is supplied to the arithmetic unit 40.
[0021] In addition to the output data of the IDCT unit 39, the same data as the predicted image supplied to the arithmetic
unit 33 is supplied from the motion compensator 42 to the arithmetic unit 40, as described above. The arithmetic unit
40 adds the output data (prediction residual (differential data)) of the IDCT unit 39 and the predicted image data of the
motion compensator 42, thereby decoding the original image data locally. The locally decoded image data is output.
(However, in the case where a predictive mode is an intracoding mode, the output data of the IDCT 39 is passed through
the arithmetic unit 40 and supplied to the frame memory 41 as locally decoded image data without being processed.)
Note that this decoded image data is consistent with decoded image data that is obtained at the receiver side.
[0022] The decoded image data obtained in the arithmetic unit 40 (locally decoded image data) is supplied to the
frame memory 41 and stored. Thereafter, the decoded image data is employed as reference image data (reference
frame) with respect to an image to which intracoding (forward predictive coding, backward predictive coding, or bidirec-
tionally predictive coding) is applied.
[0023] Next, Figure 2 illustrates the constitution example of an MP@ML decoder in the MPEG standard system which
decodes the coded data output from the encoder of Figure 1.
[0024] The coded bit stream (coded data) transmitted through a transmission path is received by a receiver (not
shown), or the coded bit stream (coded data) recorded in a storage medium is regenerated by a regenerator (not shown).
The received or regenerated bit stream is supplied to a buffer 101 and stored.
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[0025] An inverse VLC unit (IVLC unit (variable word length decoder) 102 reads out the coded data stored in the buffer
101 and performs variable length word decoding, thereby separating the coded data into the motion vector, predictive
mode, quantization step, and quantized coefficients at a macroblock unit. Among them, the motion vector and the
predictive mode are supplied to a motion compensator 107, while the quantization step and the quantized macroblock
coefficients are supplied to an inverse quantizer 103.
[0026] In the inverse quantizer 103, the quantized macroblock coefficients supplied from the IVLC unit 102 are inversely
quantized according to the quantization step supplied from the same IVLC unit 102. The resultant DCT coefficients are
supplied to an IDCT unit 104. In the IDCT 104, an inverse DCT is applied to the macroblock DCT coefficients supplied
from the inverse quantizer 103, and the resultant data is supplied to an arithmetic unit 105.
[0027] In addition to the output data of the IDCT unit 104, the output data of the motion compensator 107 is also
supplied to the arithmetic unit 105. That is, in the motion compensator 107, as in the case of the motion compensator
42 of Figure 1, the previously decoded image data stored in the frame memory 106 is read out according to the motion
vector and predictive mode supplied from the IVLC unit 102 and is supplied to the arithmetic unit 105 as predicted image
data. The arithmetic unit 105 adds the output data (prediction residual (differential value)) of the IDCT unit 104 and the
predicted image data of the motion compensator 107, thereby decoding the original image data. This decoded image
data is supplied to the frame memory 106 and stored. Note that, in the case where the output data of the IDCT unit 104
is intracoded data, the output data is passed through the arithmetic unit 105 and supplied to the frame memory 106 as
decoded image data without being processed.
[0028] The decoded image data stored in the frame memory 106 is employed as reference image data for the next
image data to be decoded. Furthermore, the decoded image data is supplied, for example, to a display (not shown) and
displayed as an output reproduced image.
[0029] Note that in MPEG-1 standard and MPEG-2 standard, a B-picture is not stored in the frame memory 41 in the
encoder (Figure 1) and the frame memory 106 in the decoder (Figure 2), because it is not employed as reference image
data.
[0030] The aforementioned encoder and decoder shown in Figures 1 and 2 are based on MPEG-1/2 standard. Currently
a system for encoding video at a unit of the video object (VO) of an object sequence constituting an image is being
standardized as MPEG-4 standard by the ISO-IEC/JTC1/SC29/WG11.
[0031] Incidentally, since the MPEG-4 standard is being standardized on the assumption that it is primarily used in
the field of communication, it does not prescribe the group of pictures (GOP) prescribed in the MPEG-1/2 standard.
Therefore, in the case where the MPEG-4 standard is utilized in storage media, efficient random access will be difficult.
[0032] According to one aspect, the present invention provides an image decoder for decoding a coded bit stream
produced by encoding an image formed of a sequence of objects, with an object encoded by intracoding being an intra-
video object plane (I-VOP), an object encoded by either intracoding or forward predictive coding being a predictive-VOP
(P-VOP), and an object encoded by intracoding, forward predictive coding, backward predictive coding, or bidirectionally
predictive coding being a bidirectionally predictive-VOP (B-VOP),
wherein said VOPs have been grouped into one or more groups (GoVs),
each group having an associated display order according to which a plurality of decoded VOPs of the corresponding
group are displayed upon reproduction of the image,
and each of the one or more groups comprises a group time code which represents an absolute time corresponding to
a synchronisation point associated with a first object in the display order in the corresponding group (GOV), the group
time code comprising a time_code_hours value representing an hour unit of time, time_code minutes value representing
a minute unit of time, and a time_code_seconds value representing the a seconds unit of time of the synchronisation point,
and each VOP in the group comprising both second accuracy time information (modulo_time_base) indicative of a time
value in units of one second and detailed time information (VOP_time_increment) indicative of a time value in units of
accuracy finer than one second as information representing a display time of said WOP,
the image decoder comprising:

receiving means for receiving said coded-bit stream;
a display time computer for computing said display time of said VOPs by adding said second-accuracy time infor-
mation (modulo_time_base) and a detailed time information (VOP_time_increment) of each VOP to said group time
code of the corresponding group; and
means for decoding said VOPs in accordance with the corresponding computed display time.

[0033] Various other respective aspects and features of the invention are defined in the appended claims.
[0034] The present invention has been made in view of such circumstances and embodiment of the invention aim to
make efficient random access possible.

Figure 1 is a block diagram showing the constitution example of a conventional encoder;
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Figure 2 is a block diagram showing the constitution example of a conventional decoder;
Figure 3 is a block diagram showing the constitution example of an embodiment of an encoder to which the present
invention is applied;
Figure 4 is a diagram for explaining that the position and size of a video object (VO) vary with time;
Figure 5 is a block diagram showing the constitution example of the VOP encoding sections 31 to 3N of Figure 3;
Figure 6 is a diagram for explaining spatial scalability;
Figure 7 is a diagram for explaining spatial scalability;
Figure 8 is a diagram for explaining spatial scalability;
Figure 9 is a diagram for explaining spatial scalability;
Figure 10 is a diagram for explaining a method of determining the size data and offset data of a video object plane
(VOP);
Figure 11 is a block diagram showing the constitution example of the base layer encoding section 25 of Figure 5;
Figure 12 is a block diagram showing the constitution example of the enhancement layer encoding section 23 of
Figure 5;
Figure 13 is a diagram for explaining spatial scalability;
Figure 14 is a diagram for explaining time scalability;
Figure 15 is a block diagram showing the constitution example of an embodiment of a decoder to which the present
invention is applied;
Figure 16 is a block diagram showing another constitution example of the VOP decoding sections 721 to 72N of
Figure 15;
Figure 17 is a block diagram showing the constitution example of the base layer decoding section 95 of Figure 16;
Figure 18 is a block diagram showing the constitution example of the enhancement layer decoding section 93 of
Figure 16;
Figure 19 is a diagram showing the syntax of a bit stream obtained by scalable coding;
Figure 20 is a diagram showing the syntax of VS;
Figure 21 is a diagram showing the syntax of a VO;
Figure 22 is a diagram showing the syntax of a VOL;
Figure 23 is a diagram showing the syntax of a VOP;
Figure 24 is a diagram showing the relation between modulo_time_base and VOP_time_increment;
Figure 25 is a diagram showing the syntax of a bit stream according to the present invention;
Figure 26 is a diagram showing the syntax of a GOV;
Figure 27 is a diagram showing the constitution of time_code;
Figure 28 is a diagram showing a method of encoding the time_code of the GOV layer and the modulo_time_base
and VOP_time_increment of the first I-VOP of the GOV;
Figure 29 is a diagram showing a method of encoding the time_code of the GOV layer and also the modulo_time_
base and VOP_time_increment of the B-VOP located before the first I-VOP of the GOV;
Figure 30 is a diagram showing the relation between the modulo_time_base and the VOP_time_increment when
the definitions thereof are not changed;
Figure 31 is a diagram showing a process of encoding the modulo_time_base and VOP_time_increment of the B-
VOP, based on a first method;
Figure 32 is a flowchart showing a process of encoding the modulo_time_base and VOP_time_increment of I/P-
VOP, based on a first method and a second method;
Figure 33 is a flowchart showing a process of encoding the modulo_time_base and VOP_time_increment of the B-
VOP, based on a first method;
Figure 34 is a flowchart showing a process of decoding the modulo_time_base and VOP_time_increment of the
I/P-VOP encoded by the first and second methods;
Figure 35 is a flowchart showing a process of decoding the modulo_time_base and VOP_time_increment of the B-
VOP encoded by the first method;
Figure 36 is a diagram showing a process of encoding the modulo_time_base and VOP_time_increment of the B-
VOP, based on a second method;
Figure 37 is a flowchart showing the process of encoding the modulo_time_base and VOP_time_increment of the
B-VOP, based on the second method;
Figure 38 is a flowchart showing a process of decoding the modulo_time_base and VOP_time_increment of the B-
VOP encoded by the second method;
Figure 39 is a diagram for explaining the modulo_time_base; and
Figure 40 is a block diagram showing the constitution example of another embodiment of an encoder and a decoder
to which the present invention is applied.
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Best Mode for Carrying Out the Invention

[0035] Embodiments of the present invention will hereinafter be described in detail with reference to the drawings.
[0036] Figure 3 shows the constitution example of an embodiment of an encoder to which the present invention is
applied.
[0037] Image (dynamic image) data to be encoded is input to a video object (VO) constitution section 1. In the VO
constitution section 1, the image is constituted for each object by a sequence of VOs. The sequence of VOs are output
to VOP constitution sections 21 to 2N. That is, in the VO constitution section 1, in the case where N video objects (VO#1
to VO#N) are produced, the VO#1 to VO#N are output to the VOP constitution sections 21 to 2N, respectively.
[0038] More specifically, for example, when image data to be encoded is constituted by a sequence of independent
background F1 and foreground F2, the VO constitution section 1 outputs the foreground F2, for example, to the VOP
constitution section 21 as VO#1 and also outputs the background F1 to the VOP constitution section 22 as VO#2.
[0039] Note that, in the case where image data to be encoded is, for example, an image previously synthesized by
background F1 and foreground F2, the VO constitution section 1 partitions the image into the background F1 and
foreground F2 in accordance with a predetermined algorithm. The background F1 and foreground F2 are output to
corresponding VOP constitution sections 2n (where n = 1, 2, ..., and N).
[0040] The VOP constitution sections 2n produce VO planes (VOPs) from the outputs of the VO constitution section
1. That is, for example, an object is extracted from each frame. For example, the minimum rectangle surrounding the
object (hereinafter referred to as the minimum rectangle as needed) is taken to be the VOP. Note that, at this time, the
VOP constitution sections 2n produce the VOP so that the number of horizontal pixels and the number of vertical pixels
are a multiple of 16. If the VO constitution sections 2n produce VOPs, the VOPs are output to VOP encoding sections
3n, respectively.
[0041] Furthermore, the VOP constitution sections 2n detect size data (VOP size) indicating the size of a VOP (e.g.,
horizontal and vertical lengths) and offset data (VOP offset) indicating the position of the VOP in a frame (e.g., coordinates
as the left uppermost of a frame is the origin). The size data and offset data are also supplied to the VOP encoding
sections 3n.
[0042] The VOP encoding sections 3n encode the outputs of the VOP constitution sections 2n, for example, by a
method based on MPEG standard or H.263 standard. The resulting bit streams are output to a multiplexing section 4
which multiplexes the bit streams obtained from the VOP encoding sections 31 to 3N. The resulting multiplexed data is
transmitted through a ground wave or through a transmission path 5 such as a satellite line, a CATV network, etc.
Alternatively, the multiplexed data is recorded on storage media 6 such as a magnetic disk, a magneto-optical disk, an
optical disk, magnetic tape, etc.
[0043] Here, a description will be made of the video object (VO) and the video object plane (VOP).
[0044] In the case of a synthesized image, each of the images constituting the synthesized image is referred to as
the VO, while the VOP means a VO at a certain time. That is, for example, in the case of a synthesized image F3
constituted by images F1 and F2, when the image F1 and F2 are arranged in a time series manner, they are VOs. The
image F1 or F2 at a certain time is a VOP. Therefore, it may be said that the VO is a set of the VOPs of the same object
at different times.
[0045] For instance, if it is assumed that image F1 is background and also image F2 is foreground, synthesized image
F3 will be obtained by synthesizing the images F1 and F2 with a key signal for extracting the image F2. The VOP of the
image F2 in this case is assumed to include the key signal in addition to image data (luminance signal and color difference
signal) constituting the image F2.
[0046] An image frame does not vary in both size and position, but there are cases where the size or position of a VO
changes. That is, even in the case a VOP constitutes the same VO, there are cases where the size or position varies
with time.
[0047] Specifically, Figure 4 illustrates a synthesized image constituted by image F1 (background) and image F2
(foreground).
[0048] For example, assume that the image F1 is an image obtained by photographing a certain natural scene and
that the entire image is a single VO (e.g., VO#0). Also assume that the image F2 is an image obtained by photographing
a person who is walking and that the minimum rectangular surrounding the person is a single VO (e.g., VO#1).
[0049] In this case, since the VO#0 is the image of a scene, basically both the position and the size do not change as
in a normal image frame. On the other hand, since the VO#1 is the image of a person, the position or the size will change
if the person moves right and left or moves toward this side or depth side in Figure 4. Therefore, although Figure 4 shows
VO#0 and VO#1 at the same time, there are cases where the position or size of the VO varies with time.
[0050] Hence, the output bit stream of the VOP encoding sections 3n of Figure 3 includes information on the position
(coordinates) and size of a VOP on a predetermined absolute coordinate system in addition to data indicating a coded
VOP. Note in Figure 4 that a vector indicating the position of the VOP of VO#0 (image F1) at a certain time is represented
by OST0 and also a vector indicating the position of the VOP of VO#1 (image F2) at the certain time is represented by
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OST1.
[0051] Next, Figure 5 shows the constitution example of the VOP encoding sections 3n of Figure 3 which realize
scalability. That is, the MPEG standard introduces a scalable encoding method which realizes scalability coping with
different image sizes and frame rates. The VOP encoding sections 3n shown in Figure 5 are constructed so that such
scalability can be realized.
[0052] The VOP (image data), the size data (VOP size), and offset data (VOP offset) from the VOP constitution sections
2n are all supplied to an image layering section 21.
[0053] The image layering section 21 generates one or more layers of image data from the VOP (layering of the VOP
is performed). That is, for example, in the case of performing encoding of spatial scalability, the image data input to the
image layering section 21, as it is, is output as an enhancement layer of image data. At the same time, the number of
pixels constituting the image data is reduced (resolution is reduced) by thinning out the pixels, and the image data
reduced in number of pixels is output as a base layer of image data.
[0054] Note that an input VOP can be employed as a base layer of data and also the VOP increased in pixel number
(resolution) by some other methods can be employed as an enhancement layer of data.
[0055] In addition, although the number of layers can be made 1, this case cannot realize scalability. In this case, the
VOP encoding sections 3n are constituted, for example, by a base layer encoding section 25 alone.
[0056] Furthermore, the number of layers can be made 3 or more. But in this embodiment, the case of two layers will
be described for simplicity.
[0057] For example, in the case of performing encoding of temporal scalability, the image layering section 21 outputs
image data, for example, alternately base layer data or enhancement layer data in correspondence to time. That is, for
example, when it is assumed that the VOPs constituting a certain VO are input in order of VOP0, VOP1, VOP2, VOP3, ...,
the image layering section 21 outputs VOP0, VOP2, VOP4, VOP6, ... as base layer data and VOP1, VOP3, VOP5,
VOP7, ... as enhancement layer data. Note that, in the case of temporal scalability, the VOPs thus thinned out are merely
output as base layer data and enhancement layer data and the enlargement or reduction of image data (resolution
conversion) is not performed (But it is possible to perform the enlargement or reduction).
[0058] Also, for example, in the case of performing the encoding of signal-to-noise ratio (SNR) scalability, the image
data input to the image layering section 21, as it is, is output as enhancement layer data or base layer data. That is, in
this case, the base layer data and the enhancement layer data are consistent with each other.
[0059] Here, for the spatial scalability in the case of performing an encoding operation for each VOP, there are, for
example, the following three kinds.
[0060] That is, for example, if it is now assumed that a synthesized image consisting of images F1 and F2 such as
the one shown in Figure 4 is input as a VOP, in the first spatial scalability the input entire VOP (Figure 6(A)) is taken to
be an enhancement layer, as shown in Figure 6, and the entire VOP reduced (Figure 6(B)) is taken to be a base layer.
[0061] Also, in the second spatial scalability, as shown in Figure 7, an object constituting part of an input VOP (Figure
7(A) (which corresponds to image F2)) is extracted. The extracted object is taken to be an enhancement layer, while
the reduced entire VOP (Figure 7(B)) is taken to be a base layer. (Such extraction is performed, for example, in the
same manner as the case of the VOP constitution sections 2n. Therefore, the extracted object is also a single VOP.)
[0062] Furthermore, in the third scalability, as shown in Figures 8 and 9, objects (VOP) constituting an input VOP are
extracted, and an enhancement layer and a base layer are generated for each object. Note that Figure 8 shows an
enhancement layer and a base layer generated from the background (image F1) constituting the VOP shown in Figure
4, while Figure 9 shows an enhancement layer and a base layer generated from the foreground (image F2) constituting
the VOP shown in Figure 4.
[0063] It has been predetermined which of the aforementioned scalabilities is employed. The image layering section
21 performs layering of a VOP so that encoding can be performed according to a predetermined scalability.
[0064] Furthermore, the image layering section 21 computes (or determines) the size data and offset data of generated
base and enhancement layers from the size data and offset data of an input VOP (hereinafter respectively referred to
as initial size data and initial offset data as needed). The offset data indicates the position of a base or enhancement
layer in a predetermined absolute coordinate system of the VOP, while the size data indicates the size of the base or
enhancement layer.
[0065] Here, a method of determining the offset data (position information) and size data of VOPs in base and en-
hancement layers will be described, for example, in the case where the above-mentioned second scalability (Figure 7)
is performed.
[0066] In this case, for example, the offset data of a base layer, FPOS_B, as shown in Figure 10(A), is determined so
that, when the image data in the base layer is enlarged (upsampled) based on the difference between the resolution of
the base layer and the resolution of the enhancement layer, i.e., when the image in the base layer is enlarged with a
magnification ratio such that the size is consistent with that of the image in the enhancement layer (a reciprocal of the
demagnification ratio as the image in the base layer is generated by reducing the image in the enhancement layer)
(hereinafter referred to as magnification FR as needed), the offset data of the enlarged image in the absolute coordinate
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system is consistent with the initial offset data. The size data of the base layer, FSZ_B, is likewise determined so that
the size data of an enlarged image, obtained when the image in the base layer is enlarged with magnification FR, is
consistent with the initial size data. That is, the offset data FPOS_B is determined so that it is FR times itself or consistent
with the initial offset data. Also, the size data FSZ_B is determined in the same manner.
[0067] On the other hand, for the offset data FPOS_E of an enhancement layer, the coordinates of the left upper
corner of the minimum rectangle (VOP) surrounding an object extracted from an input VOP, for example, are computed
based on the initial offset data, as shown in Figure 10(B), and this value is determined as offset data FPOS_E. Also,
the size data FPOS_E of the enhancement layer is determined to the horizontal and vertical lengths, for example, of the
minimum rectangle surrounding an object extracted from an input VOP.
[0068] Therefore, in this case, the offset data FPOS_B and size data FPOS_B of the base layer are first transformed
according to magnification FR. (The offset data FPOS_B and size data FPOS_B after transformation are referred to as
transformed offset data FPOS_B and transformed size data FPOS_B, respectively.) Then, at a position corresponding
to the transformed offset data FPOS_B in the absolute coordinate system, consider an image frame of the size corre-
sponding to the transformed size data FSZ_B. If an enlarged image obtained by enlarging the image data in the base
layer by FR times is arranged at the aforementioned corresponding position (Figure 10(A)) and also if the image in the
enhancement layer is likewise arranged in the absolute coordinate system in accordance with the offset data FPOS_E
and size data FPOS_E of the enhancement layer (Figure 10(B)), the pixels constituting the enlarged image and the
pixels constituting the image in the enhancement layer will be arranged so that mutually corresponding pixels are located
at the same position. That is, for example, in Figure 10, the person in the enhancement layer and the person in the
enlarged image will be arranged at the same position.
[0069] Even in the case of the first scalability and the third scalability, the offset data FPOS_B, offset data FPOS_E,
size data FSZ_B, and size data FSZ_E are likewise determined so that mutually corresponding pixels constituting an
enlarged image in a base layer and an image in an enhancement layer are located at the same position in the absolute
coordinate system.
[0070] Returning to Figure 5, the image data, offset data FPOS_E, and size data FSZ_E in the enhancement layer,
generated in the image layering section 21, are delayed by a delay circuit 22 by the processing period of a base layer
encoding section 25 to be described later and are supplied to an enhancement layer encoding section 23. Also, the
image data, offset data FPOS_B, and size data FSZ_B in the base layer are supplied to the base layer encoding section
25. In addition, magnification FR is supplied to the enhancement layer encoding section 23 and resolution transforming
section 24 through the delay circuit 22.
[0071] In the base layer encoding section 25, the image data in the base layer is encoded. The resultant coded data
(bit stream) includes the offset data FPOS_B and size data FSZ_B and is supplied to a multiplexing section 26.
[0072] Also, the base layer encoding section 25 decodes the coded data locally and outputs the locally decoded image
data in the base layer to the resolution transforming section 24. In the resolution transforming section 24, the image data
in the base layer from the base layer encoding section 25 is returned to the original size by enlarging (or reducing) the
image data in accordance with magnification FR. The resultant enlarged image is output to the enhancement layer
encoding section 23.
[0073] On the other hand, in the enhancement layer encoding section 23, the image data in the enhancement layer
is encoded. The resultant coded data (bit stream) includes the offset data FPOS_E and size data FSZ_E and is supplied
to the multiplexing section 26. Note that in the enhancement layer encoding section 23, the encoding of the enhancement
layer image data is performed by employing as a reference image the enlarged image supplied from the resolution
transforming section 24.
[0074] The multiplexing section 26 multiplexes the outputs of the enhancement layer encoding section 23 and base
layer encoding section 25 and outputs the multiplexed bit stream.
[0075] Note that the size data FSZ_B, offset data FPOS_B, motion vector (MV), flag COD, etc. of the base layer are
supplied from the base layer encoding section 25 to the enhancement layer encoding section 23 and that the enhancement
layer encoding section 23 is constructed so that it performs processing, making reference to the supplied data as needed.
The details will be described later.
[0076] Next, Figure 11 shows the detailed constitution example of the base layer encoding section 25 of Figure 5. In
Figure 11, the same reference numerals are applied to parts corresponding to Figure 1. That is, basically the base layer
encoding section 25 is constituted as in the encoder of Figure 1.
[0077] The image data from the image layering section 21 (Figure 5), i.e., the VOP in the base layer, as with Figure
1, is supplied to a frame memory 31 and stored. In a motion vector detector 32, the motion vector is detected at a
macroblock unit.
[0078] But the size data FSZ_B and offset data FPOS_B of the VOP of a base layer are supplied to the motion vector
detector 32 of the base layer encoding section 25, which in turn detects the motion vector of a macroblock, based on
the supplied size data FSZ_B and offset data FPOS_B.
[0079] That is, as described above, the size and position of a VOP vary with time (frame). Therefore, in detecting the
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motion vector, there is a need to set a reference coordinate system for the detection and detect motion in the coordinate
system. Hence, in the motion vector detector 32 here, the above-mentioned absolute coordinate system is employed
as a reference coordinate system, and a VOP to be encoded and a reference VOP are arranged in the absolute coordinate
system in accordance with the size data FSZ_B and offset data FPOS_B, whereby the motion vector is detected.
[0080] Note that the detected motion vector (MV), along with the predictive mode, is supplied to a VLC unit 36 and a
motion compensator 42 and is also supplied to the enhancement layer encoding section 23 (Figure 5).
[0081] Even in the case of performing motion compensation, there is also a need to detect motion in a reference
coordinate system, as described above. Therefore, size data FSZ_B and offset data FPOS_B are supplied to the motion
compensator 42.
[0082] A VOP whose motion vector was detected is quantized as in the case of Figure 1, and the quantized coefficients
are supplied to the VLC unit 36. Also, as in the case of Figure 1, the size data FSZ_B and offset data FPOS_B from the
image layering section 21 are supplied to the VLC unit 36 in addition to the quantized coefficients, quantization step,
motion vector, and predictive mode. In the VLC unit 36, the supplied data is encoded by variable word length coding.
[0083] In addition to the above-mentioned encoding, the VOP whose motion vector was detected is locally decoded
as in the case of Figure 1 and stored in frame memory 41. This decoded image is employed as a reference image, as
previously described, and furthermore, it is output to the resolution transforming section 24 (Figure 5).
[0084] Note that, unlike the MPEG-1 standard and the MPEG-2 standard, in the MPEG-4 standard a B-picture (B-
VOP) is also employed as a reference image. For this reason, a B-picture is also decoded locally and stored in the frame
memory 41. (However, a B-picture is presently employed only in an enhancement layer as a reference image.)
[0085] On the other hand, as described in Figure 1, the VLC unit 36 determines whether the macroblock in an I-picture,
a P-picture, or a B-picture (I-VOP, P-VOP, or B-VOP) is made a skip macroblock. The VLC unit 36 sets flags COD and
MODB indicating the determination result. The flags COD and MODB are also encoded by variable word length coding
and are transmitted. Furthermore, the flag COD is supplied to the enhancement layer encoding section 23.
[0086] Next, Figure 12 shows the constitution example of the enhancement layer encoding section 23 of Figure 5. In
Figure 12, the same reference numerals are applied to parts corresponding to Figure 11 or 1. That is, basically the
enhancement layer encoding section 23 is constituted as in the base layer encoding section 25 of Figure 11 or the
encoder of Figure 1 except that frame memory 52 is newly provided.
[0087] The image data from the image layering section 21 (Figure 5), i.e., the VOP of the enhancement layer, as in
the case of Figure 1, is supplied to the frame memory 31 and stored. In the motion vector detector 32, the motion vector
is detected at a macroblock unit. Even in this case, as in the case of Figure 11, the size data FSZ_E and offset data
FPOS_E are supplied to the motion vector detector 32 in addition to the VOP of the enhancement layer, etc. In the
motion vector detector 32, as in the above-mentioned case, the arranged position of the VOP of the enhancement layer
in the absolute coordinate system is recognized based on the size data FSZ_E and offset data FPOS_E, and the motion
vector of the macroblock is detected.
[0088] Here, in the motion vector detectors 32 of the enhancement layer encoding section 23 and base layer encoding
section 25, VOPs are processed according to a predetermined sequence, as described in Figure 1. For example, the
sequence is set as follows.
[0089] That is, in the case of spatial scalability, as shown in Figure 13(A) or 13(B), the VOPs in an enhancement layer
or a base layer are processed, for example, in order of P, B, B, B, ... or I, P, P, P, ...
[0090] And in this case, the first P-picture (P-VOP) in the enhancement layer is encoded, for example, by employing
as a reference image the VOP of the base layer present at the same time as the P-picture (here, I-picture (I-VOP)). Also,
the second B-picture (B-VOP) in the enhancement layer is encoded, for example, by employing as reference images
the picture in the enhancement layer immediately before that and also the VOP in the base layer present at the same
time as the B-picture. That is, in this example, the B-picture in the enhancement layer, as with the P-picture in base
layer, is employed as a reference image in encoding another VOP.
[0091] For the base layer, encoding is performed, for example, as in the case of the MPEG-1 standard, MPEG-2
standard, or H. 263 standard.
[0092] The SNR scalability is processed in the same manner as the above-mentioned spatial scalability, because it
is the same as the spatial scalability when the magnification FR in the spatial scalability is 1.
[0093] In the case of the temporal scalability, i.e., for example, in the case where a VO is constituted by VOP0, VOP1,
VOP2, VOP3, ..., and also VOP1, VOP3, VOP5, VOP7, ... are taken to be in an enhancement layer (Figure 14(A)) and
VOP0, VOP2, VOP4, VOP6, ... to be in a base layer (Figure 14(B)), as described above, the VOPs in the enhancement
and base layers are respectively processed in order of B, B, B, ... and in order of I, P, P, P, ..., as shown in Figure 14.
[0094] And in this case, the first VOP1 (B-picture) in the enhancement layer is encoded, for example, by employing
the VOP0 (I-picture) and VOP2 (P-picture) in the base layer as reference images. The second VOP3 (B-picture) in the
enhancement layer is encoded, for example, by employing as reference images the first coded VOP1 (B-picture) in the
enhancement layer immediately before that and the VOP4 (P-picture) in the base layer present at the time (frame) next
to the VOP3. The third VOP5 (B-picture) in the enhancement layer, as with the encoding of the VOP3, is encoded, for
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example, by employing as reference images the second coded VOP3 (B-picture) in the enhancement layer immediately
before that and the VOP6 (P-picture) in the base layer which is an image present at the time (frame) next to the VOP5.
[0095] As described above, for VOPs in one layer (here, enhancement layer), VOPs in another layer (scalable layer)
(here, base layer) can be employed as reference images for encoding a P-picture and a B-picture. In the case where a
VOP in one layer is thus encoded by employing a VOP in another layer as a reference image, i.e., like this embodiment,
in the case where a VOP in the base layer is employed as a reference image in encoding a VOP in the enhancement
layer predictively, the motion vector detector 32 of the enhancement layer encoding section 23 (Figure 12) is constructed
so as to set and output flag ref_layer__id indicating that a VOP in the base layer is employed to encode a VOP in the
enhancement layer predictively. (In the case of 3 or more layers, the flag ref_layer_id represents a layer to which a VOP,
employed as a reference image, belongs.)
[0096] Furthermore, the motion vector detector 32 of the enhancement layer encoding section 23 is constructed so
as to set and output flag ref_select_code (reference image information) in accordance with the flag ref_layer_id for a
VOP. The flag ref_select_code (reference image information) indicates which layer and which VOP in the layer are
employed as a reference image in performing forward predictive coding or backward predictive coding.
[0097] More specifically, for example, in the case where a P-picture in an enhancement layer is encoded by employing
as a reference image a VOP which belongs to the same layer as a picture decoded (locally decoded) immediately before
the P-picture, the flag ref_select_code is set to 00. Also, in the case where the P-picture is encoded by employing as a
reference image a VOP which belongs to a layer (here, base layer (reference layer)) different from a picture displayed
immediately before the P-picture, the flag ref_select_code is set to 01. In addition, in the case where the P-picture is
encoded by employing as a reference image a VOP which belongs to a layer different from a picture to be displayed
immediately after the P-picture, the flag ref_select_code is set to 10. Furthermore, in the case where the P-picture is
encoded by employing as a reference image a VOP which belongs to a different layer present at the same time as the
P-picture, the flag ref_select_code is set to 11.
[0098] On the other hand, for example, in the case where a B-picture in an enhancement layer is encoded by employing
as a reference image for forward prediction a VOP which belongs to a different layer present at the same time as the
B-picture and also by employing as a reference image for backward prediction a VOP which belongs to the same layer
as a picture decoded immediately before the B-picture, the flag ref_select_code is set to 00. Also, in the case where the
B-picture in the enhancement layer is encoded by employing as a reference image for forward prediction a VOP which
belongs to the same layer as the B-picture and also by employing as a reference image for backward prediction a VOP
which belongs to a layer different from a picture displayed immediately before the B-picture, the flag ref_select_code is
set to 01. In addition, in the case where the B-picture in the enhancement layer is encoded by employing as a reference
image for forward prediction a VOP which belongs to the same layer as a picture decoded immediately before the B-
picture and also by employing as a reference image for backward prediction a VOP which belongs to a layer different
from a picture to be displayed immediately after the B-picture, the flag ref_select_code is set to 10. Furthermore, in the
case where the B-picture in the enhancement layer is encoded by employing as a reference image for forward prediction
a VOP which belongs to a layer different from a picture displayed immediately before the B-picture and also by employing
as a reference image for backward prediction a VOP which belongs to a layer different from a picture to be displayed
immediately after the B-picture, the flag ref_select_code is set to 11.
[0099] Here, the predictive coding shown in Figures 13 and 14 is merely a single example. Therefore, it is possible
within the above-mentioned range to set freely which layer and which VOP in the layer are employed as a reference
image for forward predictive coding, backward predictive coding, or bidirectionally predictive coding.
[0100] In the above-mentioned case, while the terms spatial scalability, temporal scalability, and SNR scalability have
been employed for the convenience of explanation, it becomes difficult to discriminate the spatial scalability, temporal
scalability, and SNR scalability from each other in the case where a reference image for predictive coding is set by the
flag ref_select_code. That is, conversely speaking, the employment of the flag ref_select_code renders the above-
mentioned discrimination between scalabilites unnecessary.
[0101] Here, if the above-mentioned scalability and flag ref_select_code are correlated with each other, the correlation
will be, for example, as follows. That is, with respect to a P-picture, since the case of the flag ref_select_code being 11
is a case where a VOP at the same time in the layer indicated by the flag ref_layer_id is employed as a reference image
(for forward prediction), this case corresponds to spatial scalability or SNR scalability. And the cases other than the case
of the flag ref_select_code being 11 correspond to temporal scalability.
[0102] Also, with respect to a B-picture, the case of the flag ref_select_code being 00 is also the case where a VOP
at the same time in the layer indicated by the flag ref_layer_id is employed as a reference image for forward prediction,
so this case corresponds to spatial scalability or SNR scalability. And the cases other than the case of the flag ref_
select_code being 00 correspond to temporal scalability.
[0103] Note that, in the case where in order to encode a VOP in an enhancement layer predictively, a VOP at the
same time in a layer (here, base layer) different from the enhancement layer is employed as a reference image, there
is no motion therebetween, so the motion vector is always made 0 ((0,0)).
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[0104] Returning to Figure 12, the aforementioned flag ref_layer_id and flag ref_select_code are set to the motion
vector detector 32 of the enhancement layer encoding section 23 and supplied to the motion compensator 42 and VLC
unit 36.
[0105] Also, the motion vector detector 32 detects a motion vector by not making reference only to the frame memory
31 in accordance with the flag ref_layer_id and flag ref_select_code but also making reference to the frame memory 52
as needed.
[0106] Here, a locally decoded enlarged image in the base layer is supplied from the resolution transforming section
24 (Figure 5) to the frame memory 52. That is, in the resolution transforming section 24, the locally decoded VOP in the
base layer is enlarged, for example, by a so-called interpolation filter, etc. With this, an enlarged image which is FR
times the size of the VOP, i.e., an enlarged image of the same size as the VOP in the enhancement layer corresponding
to the VOP in the base layer is generated. The generated image is supplied to the enhancement layer encoding section
23. The frame memory 52 stores the enlarged image supplied from the resolution transforming section 24 in this manner.
[0107] Therefore, when magnification FR is 1, the resolution transforming section 24 does not process the locally
decoded VOP supplied from the base layer encoding section 25. The locally decoded VOP from the base layer encoding
section 25, as it is, is supplied to the enhancement layer encoding section 23.
[0108] The size data FSZ_B and offset data FPOS_B are supplied from the base layer encoding section 25 to the
motion vector detector 32, and the magnification FR from the delay circuit 22 (Figure 5) is also supplied to the motion
vector detector 32. In the case where the enlarged image stored in the frame memory 52 is employed as a reference
image, i.e., in the case where in order to encode a VOP in an enhancement layer predictively, a VOP in a base layer at
the same time as the enhancement layer VOP is employed as a reference image (in this case, the flag ref_select_code
is made 11 for a P-picture and 00 for a B-picture), the motion vector detector 32 multiplies the size data FSZ_B and
offset data FPOS_B corresponding to the enlarged image by magnification FR. And based on the multiplication result,
the motion vector detector 32 recognizes the position of the enlarged image in the absolute coordinate system, thereby
detecting the motion vector.
[0109] Note that the motion vector and predictive mode in a base layer are supplied to the motion vector detector 32.
This data is used in the following case. That is, in the case where the flag ref_select_code for a B-picture in an enhancement
layer is 00, when magnification FR is 1, i.e., in the case of SNR scalability (in this case, since a VOP in an enhancement
layer is employed in encoding the enhancement layer predictively, the SNR scalability used herein differs in this respect
from that prescribed in the MPEG-2 standard), images in the enhancement layer and base layer are the same. Therefore,
when the predictive coding of a B-picture in an enhancement layer is performed, the motion vector detector 32 can
employ the motion vector and predictive mode in a base layer present at the same time as the B-picture, as they are.
Hence, in this case the motion vector detector 32 does not process the B-picture of the enhancement layer, but it adopts
the motion vector and predictive mode of the base layer as they are.
[0110] In this case, in the enhancement layer encoding section 23, a motion vector and a predictive mode are not
output from the motion vector detector 32 to the VLC unit 36. (Therefore, they are not transmitted.) This is because a
receiver side can recognize the motion vector and predictive mode of an enhancement layer from the result of the
decoding of a base layer.
[0111] As previously described, the motion vector detector 32 detects a motion vector by employing both a VOP in
an enhancement layer and an enlarged image as reference images. Furthermore, as shown in Figure 1, the motion
vector detector 32 sets a predictive mode which makes a prediction error (or dispersion) minimum. Also, the motion
vector detector 32 sets and outputs necessary information, such as flag ref_select_code, flag ref_layer_id, etc.
[0112] In Figure 12, flag COD indicates whether a macroblock constituting an I-picture or a P-picture in a base layer
is a skip macroblock, and the flag COD is supplied from the base layer encoding section 25 to the motion vector detector
32, VLC unit 36, and motion compensator 42.
[0113] The macroblock whose motion vector was detected is encoded in the same manner as the above-mentioned
case. As a result of the encoding, variable-length codes are output from the VLC unit 36.
[0114] The VLC unit 36 of the enhancement layer encoding section 23, as in the case of the base layer encoding
section 25, is constructed so as to set and output flags COD and MODB. Here, the flag COD, as described above,
indicates whether a macroblock in an I- or P-picture is a skip macroblock, while the flag MODB indicates whether a
macroblock in a B-picture is a skip macroblock.
[0115] The quantized coefficients, quantization step, motion vector, predictive mode, magnification FR, flag ref_select_
code, flag ref_layer_id, size data FSZ_E, and offset data FPOS_E are also supplied to the VLC unit 36. In the VLC unit
36, these are encoded by variable word length coding and are output.
[0116] On the other hand, after a macroblock whose motion vector was detected has been encoded, it is also decoded
locally as described above and is stored in the frame memory 41. And in the motion compensator 42, as in the case of
the motion vector detector 32, motion compensation is performed by employing as reference images both a locally
decoded VOP in an enhancement layer, stored in the frame memory 41, and a locally decoded and enlarged VOP in a
base layer, stored in the frame memory 52. With this compensation, a predicted image is generated.
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[0117] That is, in addition to the motion vector and predictive mode, the flag ref_select_code, flag ref_layer_id, mag-
nification FR, size data FSZ_B, size data FSZ_E, offset data FPOS_B, and offset data FPOS_E are supplied to the
motion compensator 42. The motion compensator 42 recognizes a reference image to be motion-compensated, based
on the flags ref_select_code and ref_layer_id. Furthermore, in the case where a locally decoded VOP in an enhancement
layer or an enlarged image is employed as a reference image, the motion compensator 42 recognizes the position and
size of the reference image in the absolute coordinate system, based on the size data FSZ_E and offset data FPOS_
E, or the size data FSZ_B and offset data FPOS_B. The motion compensator 42 generates a predicted image by
employing magnification FR, as needed.
[0118] Next, Figure 15 shows the constitution example of an embodiment of a decoder which decodes the bit stream
output from the encoder of Figure 3.
[0119] This decoder receives the bit stream supplied by the encoder of Figure 3 through the transmission path 5 or
storage medium 6. That is, the bit stream, output from the encoder of Figure 3 and transmitted through the transmission
path 5, is received by a receiver (not shown). Alternatively, the bit stream recorded on the storage medium 6 is regenerated
by a regenerator (not shown). The received or regenerated bit stream is supplied to an inverse multiplexing section 71.
[0120] The inverse multiplexing section 71 receives the bit stream (video stream (VS) described later) input thereto.
Furthermore, in the inverse multiplexing section 71, the input bit stream is separated into bit streams VO#1, VO#2, ....
The bit streams are supplied to corresponding VOP decoding sections 72n, respectively. In the VOP decoding sections
72n, the VOP (image data) constituting a VO, the size data (VOP size), and the offset data (VOP offset) are decoded
from the bit stream supplied from the inverse multiplexing section 71. The decoded data is supplied to an image recon-
stituting section 73.
[0121] The image reconstituting section 73 reconstitutes the original image, based on the respective outputs of the
VOP decoding sections 721 to 72N. This reconstituted image is supplied, for example, to a monitor 74 and displayed.
[0122] Next, Figure 16 shows the constitution example of the VOP decoding section 72N of Figure 15 which realizes
scalability.
[0123] The bit stream supplied from the inverse multiplexing section 71 (Figure 15) is input to an inverse multiplexing
section 91, in which the input bit stream is separated into a bit stream of a VOP in an enhancement layer and a bit stream
of a VOP in a base layer. The bit stream of a VOP in an enhancement layer is delayed by a delay circuit 92 by the
processing period in the base layer decoding section 95 and supplied to the enhancement layer decoding section 93.
Also, the bit stream of a VOP in a base layer is supplied to the base layer decoding section 95.
[0124] In the base layer decoding section 95, the bit stream in a base layer is decoded, and the resulting decoded
image in a base layer is supplied to a resolution transforming section 94. Also, in the base layer decoding section 95,
information necessary for decoding a VOP in an enhancement layer, obtained by decoding the bit stream of a base
layer, is supplied to the enhancement layer decoding section 93. The necessary information includes size data FSZ_B,
offset data FPOS_B, motion vector (MV), predictive mode, flag COD, etc.
[0125] In the enhancement layer decoding section 93, the bit stream in an enhancement layer supplied through the
delay circuit 92 is decoded by making reference to the outputs of the base layer decoding section 95 and resolution
transforming section 94 as needed. The resultant decoded image in an enhancement layer, size data FSZ_E, and offset
data FPOS_E are output. Furthermore, in the enhancement layer decoding section 93, the magnification FR, obtained
by decoding the bit stream in an enhancement layer, is output to the resolution transforming section 94. In the resolution
transforming section 94, as in the case of the resolution transforming section 24 in Figure 5, the decoded image in a
base layer is transformed by employing the magnification FR supplied from the enhancement layer decoding section
93. An enlarged image obtained with this transformation is supplied to the enhancement layer decoding section 93. As
described above, the enlarged image is employed in decoding the bit stream of an enhancement layer.
[0126] Next, Figure 17 shows the constitution example of the base layer decoding section 95 of Figure 16. In Figure
17, the same reference numerals are applied to parts corresponding to the case of the decoder in Figure 2. That is,
basically the base layer decoding section 95 is constituted in the same manner as the decoder of Figure 2.
[0127] The bit stream of a base layer from the inverse multiplexing section 91 is supplied to a buffer 101 and stored
temporarily. An IVLC unit 102 reads out the bit stream from the buffer 101 in correspondence to a block processing state
of the following stage, as needed, and the bit stream is decoded by variable word length decoding and is separated into
quantized coefficients, a motion vector, a predictive mode, a quantization step, size data FSZ_B, offset data FPOS_B,
and flag COD. The quantized coefficients and quantization step are supplied to an inverse quantizer 103. The motion
vector and predictive mode are supplied to a motion compensator 107 and enhancement layer decoding section 93
(Figure 16). Also, the size data FSZ_B and offset data FPOS_B are supplied to the motion compensator 107, image
reconstituting section 73 (Figure 15), and enhancement layer decoding section 93, while the flag COD is supplied to the
enhancement layer decoding section 93.
[0128] The inverse quantizer 103, IDCT unit 104, arithmetic unit 105, frame memory 106, and motion compensator
107 perform similar processes corresponding to the inverse quantizer 38, IDCT unit 39, arithmetic unit 40, frame memory
41, and motion compensator 42 of the base layer encoding section 25 of Figure 11, respectively. With this, the VOP of
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a base layer is decoded. The decoded VOP is supplied to the image reconstituting section 73, enhancement layer
decoding section 93, and resolution transforming section 94 (Figure 16).
[0129] Next, Figure 18 shows the constitution example of the enhancement layer decoding section 93 of Figure 16.
In Figure 18, the same reference numerals are applied to parts corresponding to the case in Figure 2. That is, basically
the enhancement layer decoding section 93 is constituted in the same manner as the decoder of Figure 2 except that
frame memory 112 is newly provided.
[0130] The bit stream of an enhancement layer from the inverse multiplexing section 91 is supplied to an IVLC 102
through a buffer 101. The IVLC unit 102 decodes the bit stream of an enhancement layer by variable word length
decoding, thereby separating the bit stream into quantized coefficients, a motion vector, a predictive mode, a quantization
step, size data FSZ_E, offset data FPOS_E, magnification FR, flag ref_layer_id, flag ref_select_code, flag COD, and
flag MODB. The quantized coefficients and quantization step, as in the case of Figure 17, are supplied to an inverse
quantizer 103. The motion vector and predictive mode are supplied to a motion compensator 107. Also, the size data
FSZ_E and offset data FPOS_E are supplied to the motion compensator 107 and image reconstituting section 73 (Figure
15). The flag COD, flag MODB, flag ref_layer_id, and flag ref_select_code are supplied to the motion compensator 107.
Furthermore, the magnification FR is supplied to the motion compensator 107 and resolution transforming section 94
(Figure 16).
[0131] Note that the motion vector, flag COD, size data FSZ_B, and offset data FPOS_B of a base layer are supplied
from the base layer decoding section 95 (Figure 16) to the motion compensator 107 in addition to the above-mentioned
data. Also, an enlarged image is supplied from the resolution transforming section 94 to frame memory 112.
[0132] The inverse quantizer 103, IDCT unit 104, arithmetic unit 105, frame memory 106, motion compensator 107,
and frame memory 112 perform similar processes corresponding to the inverse quantizer 38, IDCT unit 39, arithmetic
unit 40, frame memory 41, motion compensator 42, and frame memory 52 of the enhancement layer encoding section
23 of Figure 12, respectively. With this, the VOP of an enhancement layer is decoded. The decoded VOP is supplied to
the image reconstituting section 73.
[0133] Here, in the VOP decoding sections 72n having both the enhancement layer decoding section 93 and base
layer decoding section 95 constituted as described above, both the decoded image, size data FSZ_E, and offset data
FPOS_E in an enhancement layer (hereinafter referred to as enhancement layer data as needed) and the decoded
image, size data FSZ_B, and offset data FPOS_B in a base layer (hereinafter referred to as base layer data as needed)
are obtained. In the image reconstituting section 73, an image is reconstituted from the enhancement layer data or base
layer data, for example, in the following manner.
[0134] That is, for instance, in the case where the first spatial scalability (Figure 6) is performed (i.e., in the case where
the entire input VOP is made an enhancement layer and the entire VOP reduced is made a base layer), when both the
base layer data and the enhancement layer data are decoded, the image reconstituting section 73 arranges the decoded
image (VOP) of the enhancement layer of the size corresponding to size data FSZ_E at the position indicated by offset
data FPOS_E, based on enhancement layer data alone. Also, for example, when an error occurs in the bit stream of an
enhancement layer, or when the monitor 74 processes only an image of low resolution and therefore only base layer
data is decoded, the image reconstituting section 73 arranges the decoded image (VOP) of an enhancement layer of
the size corresponding to size data FSZ_B at the position indicated by offset data FPOS_B, based on the base layer
data alone.
[0135] Also, for instance, in the case where the second spatial scalability (Figure 7) is performed (i.e., in the case
where part of an input VOP is made an enhancement layer and the entire VOP reduced is made a base layer), when
both the base layer data and the enhancement layer data are decoded, the image reconstituting section 73 enlarges
the decoded image of the base layer of the size corresponding to size data FSZ_B in accordance with magnification FR
and generates the enlarged image. Furthermore, the image reconstituting section 73 enlarges offset data FPOS_B by
FR times and arranges the enlarged image at the position corresponding to the resulting value. And the image recon-
stituting section 73 arranges the decoded image of the enhancement layer of the size corresponding to size data FSZ_
E at the position indicated by offset data FPOS_E.
[0136] In this case, the portion of the decoded image of an enhancement layer is displayed with higher resolution than
the remaining portion.
[0137] Note that in the case where the decoded image of an enhancement layer is arranged, the decoded image and
an enlarged image are synthesized with each other.
[0138] Also, although not shown in Figure 16 (Figure 15), magnification FR is supplied from the enhancement layer
decoding section 93 (VOP decoding sections 72n) to the image reconstituting section 73 in addition to the above-
mentioned data. The image reconstituting section 73 generates an enlarged image by employing the supplied magnifi-
cation FR.
[0139] On the other hand, in the case where the second spatial scalability is performed, when base layer data alone
is decoded, an image is reconstituted in the same manner as the above-mentioned case where the first spatial scalability
is performed.
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[0140] Furthermore, in the case where the third spatial scalability (Figures 8 and 9) is performed (i.e., in the case
where each of the objects constituting an input VOP is made an enhancement layer and the VOP excluding the objects
is made a base layer), an image is reconstituted in the same manner as the above-mentioned case where the second
spatial scalability is performed.
[0141] As described above, the offset data FPOS_B and offset data FPOS__E are constructed so that mutually
corresponding pixels, constituting the enlarged image of a base layer and an image of an enhancement layer, are
arranged at the same position in the absolute coordinate system. Therefore, by reconstituting an image in the afore-
mentioned manner, an accurate image (with no positional offset) can be obtained.
[0142] Next, the syntax of the coded bit stream output by the encoder of Figure 3 will be described, for example, with
the video verification model (version 6.0) of the MPEG-4 standard (hereinafter referred to as VM-6.0 as needed) as an
example.
[0143] Figure 19 shows the syntax of a coded bit stream in VM-6.0.
[0144] The coded bit stream is constituted by video session classes (VSs). Each VS is constituted by one or more
video object classes (VOs). Each VO is constituted by one or more video object layer classes (VOLs). (When an image
is not layered, it is constituted by a single VOL. In the case where an image is layered, it is constituted by VOLs
corresponding to the number of layers.) Each VOL is constituted by video object plane classes (VOP).
[0145] Note that VSs are a sequence of images and equivalent, for example, to a single program or movie.
[0146] Figures 20 and 21 show the syntax of a VS and the syntax of a VO. The VO is a bit stream corresponding to
an entire image or a sequence of objects constituting an image. Therefore, VSs are constituted by a set of such sequences.
(Therefore, VSs are equivalent, for example, to a single program.)
[0147] Figure 22 shows the syntax of a VOL.
[0148] The VOL is a class for the above-mentioned scalability and is identified by a number indicated with video_
object_layer_id. For example, the video_object_layer_id for a VOL in a base layer is made a 0, while the video_object_
layer_id for a VOL in an enhancement layer is made a 1. Note that, as described above, the number of scalable layers
is not limited to 2, but it may be an arbitrary number including 1, 3, or more.
[0149] Also, whether a VOL is an entire image or part of an image is identified by video_object_layer_shape. This
video_object_layer_shape is a flag for indicating the shape of a VOL and is set as follows.
[0150] When the shape of a VOL is rectangular, the video_object_layer_shape is made, for example, 00. Also, when
a VOL is in the shape of an area cut out by a hard key (a binary signal which takes either a 0 or a 1), the video_object_
layer_shape is made, for example, 01. Furthermore, when a VOL is in the shape of an area cut out by a soft key (a
signal which can take a continuous value (gray-scale) in a range of 0 to 1) (when synthesized by a soft key), the video_
object_layer_shape is made, for example, 10.
[0151] Here, when video_object_layer_shape is made 00, the shape of a VOP is rectangular and also the position
and size of a VOL in the absolute coordinate system do not vary with time, i.e., are constant. In this case, the sizes
(horizontal length and vertical length) are indicated by video_object_layer_width and video_object_layer_height. The
video_object_layer_width and video_object_layer_height are both 10-bit fixed-length flags. In the case where video_
object_layer_shape is 00, it is first transmitted only once. (This is because, in the case where video object layer shape
is 00, as described above, the size of a VOL in the absolute coordinate system is constant.)
[0152] Also, whether a VOL is a base layer or an enhancement layer is indicated by scalability which is a 1-bit flag.
When a VOL is a base layer, the scalability is made, for example, a 1. In the case other than that, the scalability is made,
for example, a 0.
[0153] Furthermore, in the case where a VOL employs an image in a VOL other than itself as a reference image, the
VOL to which the reference image belongs is represented by ref_layer_id, as described above. Note that the ref_layer_
id is transmitted only when a VOL is an enhancement layer.
[0154] In Figure 22 the hor_sampling_factor n and the hor_sampling_factor_m indicate a value corresponding to the
horizontal length of a VOP in a base layer and a value corresponding to the horizontal length of a VOP in an enhancement
layer, respectively. The horizontal length of an enhancement layer to a base layer (magnification of horizontal resolution)
is given by the following equation: hor_sampling_factor_n / hor_sampling_factor_m.
[0155] In Figure 22 the ver_sampling_factor_n and the ver_sampling_factor_m indicate a value corresponding to the
vertical length of a VOP in a base layer and a value corresponding to the vertical length of a VOP in an enhancement
layer, respectively. The vertical length of an enhancement layer to a base layer (magnification of vertical resolution) is
given by the following equation: ver_sampling_factor_n / ver_sampling_factor_m.
[0156] Next, Figure 23 shows the syntax of a VOP.
[0157] The sizes (horizontal length and vertical length) of a VOP are indicated, for example, by VOP_width and VOP_
height having a 10-bit fixed-length. Also, the positions of a VOP in the absolute coordinate system are indicated, for
example, by 10-bit fixed-length VOP_horizontal_spatial_mc_ref and VOP_vertical_mc_ref. The VOP_width and VOP_
height represent the horizontal length and vertical length of a VOP, respectively. These are equivalent to size data FSZ_
B and size data FSZ_E described above. The VOP_horizontal_spatial_mc_ref and VOP_vertical_mc_ref represent the
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horizontal and vertical coordinates (x and y coordinates) of a VOP, respectively. These are equivalent to offset data
FPOS_B and offset data FPOS_E described above.
[0158] The VOP_width, VOP_height, VOP_horizontal_mc_ref, and VOP_vertical_mc_ref are transmitted only when
video_object_layer_shape is not 00. That is, when video_object_layer_shape is 00, as described above, the size and
position of a VOP are both constant, so there is no need to transmit the VOP_width, VOP_height, VOP_horizontal_
spatial_mc_ref, and VOP_vertical_mc_ref. In this case, on a receiver side a VOP is arranged so that the left upper corner
is consistent, for example, with the origin of the absolute coordinate system. Also, the sizes are recognized from the
video_object_layer_width and video_object_layer_height described in Figure 22.
[0159] In Figure 23 the ref_select_code, as described in Figure 19, represents an image which is employed as a
reference image, and is prescribed by the syntax of a VOP.
[0160] Incidentally, in VM-6.0 the display time of each VOP (equivalent to a conventional frame) is determined by
modulo_time_base and VOP_time_increment (Figure 23) as follows:
[0161] That is, the modulo_time_base represents the encoder time on the local time base within accuracy of one
second (1000 milliseconds). The modulo_time_base is represented as a marker transmitted in the VOP header and is
constituted by a necessary number of 1’s and a 0. The number of consecutive "1" constituting the modulo_time_base
followed by a "0" is the cumulative period from the synchronization point (time within accuracy of a second) marked by
the last encoded/decoded modulo_time_base. For example, when the modulo_time_base indicates a 0, the cumulative
period from the synchronization point marked by the last encoded/decoded modulo_time_base is 0 second. Also, when
the modulo_time_base indicates 10, the cumulative period from the synchronization point marked by the last encoded/
decoded modulo_time_base is 1 second. Furthermore, when the modulo_time_base indicates 110, the cumulative period
from the synchronization point marked by the last encoded/decoded modulo_time_base is 2 seconds. Thus, the number
of 1’s in the modulo_time_base is the number of seconds from the synchronization point marked by the last encoded/
decoded modulo_time_base.
[0162] Note that, for the modulo_time_base, the VM-6.0 states that:
This value represents the local time base at the one second resolution unit (1000 milliseconds). It is represented as a
marker transmitted in the VOP header. The number of consecutive "1" followed by a "0" indicates the number of seconds
has elapsed since the synchronization point marked by the last encoded/decoded modulo_time_base.
[0163] The VOP_time_increment represents the encoder time on the local time base within accuracy of 1 ms. In VM-
6.0, for I-VOPs and P-VOPs the VOP_time_increment is the time from the synchronization point marked by the last
encoded/decoded modulo_time_base. For the B-VOPs the VOP_time_increment is the relative time from the last en-
coded/decoded I- or P-VOP.
[0164] Note that, for the VOP_time_increment, the VM-6.0 states that:
This value represents the local time base in the units of milliseconds. For I- and P-VOPs this value is the absolute VOP_
time_increment from the synchronization point marked by the last modulo_time_base. For the B-VOPs this value is the
relative VOP_time_increment from the last encoded/decoded I- or P-VOP.
[0165] And the VM-6.0 states that:
At the encoder, the following formula are used to determine the absolute and relative VOP_time_increments for I/P-
VOPs and B-VOPs, respectively.
[0166] That is, VM-6.0 prescribes that at the encoder, the display times for I/P-VOPs and B-VOPs are respectively
encoded by the following formula: 

where tGTB(n) represents the time of the synchronization point (as described above, accuracy of a second) marked by
the nth encoded modulo_time_base, tEST represents the encoder time at the start of the encoding of the VO (the
absolute time at which the encoding of the VO was started), tAVTI represents the VOP_time_increment for the I or P-
VOP, tETB(I/P) represents the encoder time at the start of the encoding of the I or P-VOP (the absolute time at which
encoding of the VOP was started), tRVTI represents the VOP_time_increment for the B-VOP, and tETB(B) represents
the encoder time at the start of the encoding of the B-VOP.
[0167] Note that, for the tGTB(n), tEST, tAVTI, tETB(I/P), tRVTI, and tETB(B) in Formula (1), the VM-6.0 states that:
tGTB(n) is the encoder time base marked by the nth encoded modulo_time_base, tEST is the encoder time base start
time, tAVTI is the absolute VOP_time_increment for the I or P-VOP, tETB(I/P) is the encoder time base at the start of
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the encoding of the I or P-VOP, tRVTI is the relative VOP_time_increment for the B-VOP, and tETB(B) is the encoder
time base at the start of the encoding of the B-VOP.
[0168] Also, the VM-6.0 states that:
At the decoder, the following formula are used to determine the recovered time base of the I/P-VOPs and B-VOPs,
respectively.
[0169] That is, VM-6.0 prescribes that at the decoder side, the display times for I/P-VOPs and B-VOPs are respectively
decoded by the following formula: 

where tGTB(n) represents the time of the synchronization point marked by the nth decoded modulo_time_base, tDST
represents the decoder time at the start of the decoding of the VO (the absolute time at which the decoding of the VO
was started), tDTB(I/P) represents the decoder time at the start of the decoding of the I-VOP or P-VOP, tAVTI represents
the VOP_time_increment for the I-VOP or P-VOP, tDTB(B) represents the decoder time at the start of the decoding of
the B-VOP (the absolute time at which the decoding of the VOP was started), tRVTI represents the VOP_time_increment
for the B-VOP.
[0170] Note that, for the tGTB(n), tDST, tDTB(I/P), tAVTI, tDTB(B), and tRVTI in Formula (2), the VM-6.0 states that:

tGTB(n) is the encoding time base marked by the nth decoded modulo_time_base, tDST is the decoding time base
start time, tDTB(I/P) is the decoding time base at the start of the decoding of the I or P-VOP, tAVTI is the decoding
absolute VOP_time_increment for the I- or P-VOP, tDTB(B) is the decoding time base at the start of the decoding
of the B-VOP, and tRVTI is the decoded relative VOP_time_increment for the B-VOP.

[0171] Figure 24 shows the relation between modulo_time_base and VOP_time_increment based on the above def-
inition.
[0172] In the figure, a VO is constituted by a sequence of VOPs, such as I1 (I-VOP), B2 (B-VOP), B3, P4 (P-VOP),
B5, P6, etc. Now, assuming the encoding/decoding start time (absolute time) of the VO is t0, the modulo_time_base will
represent time (synchronization point), such as t0 + 1 sec, t0 + 2 sec, etc., because the elapsed time from the start time
t0 is represented within accuracy of one second. In Figure 24, although the display order is I1, B2, B3, P4, B5, P6, etc.,
the encoding/decoding order is I1, P4, B2, B3, P6, etc.
[0173] In Figure 24 (as are Figures 28 to 31 and Figure 36 to be described later), the VOP_time_increment for each
VOP is indicated by a numeral (in the units of milliseconds) enclosed within a square. The switch of synchronization
points indicated by modulo_time_base is indicated by a mark of �. In Figure 24, therefore, the VOP_time_increments
for the I1, B2, B3, P4, B5, and P6 are 350 ms, 400 ms, 800 ms, 550 ms, 400 ms, and 350 ms, and at P4 and P6, the
synchronization point is switched.
[0174] Now, in Figure 24 the VOP_time_increment for the I1 is 350 ms. The encoding/decoding time of the I1, therefore,
is the time after 350 ms from the synchronization point marked by the last encoded/decoded modulo_time_base. Note
that, immediately after the start of the encoding/decoding of the I1, the start time (encoding/decoding start time) t0
becomes a synchronization point. The encoding/decoding time of the I1, therefore, will be the time t0 + 350 ms after
350 ms from the start time (encoding/decoding start time) t0.
[0175] And the encoding/decoding time of the B2 or B3 is the time of the VOP_time_increment which has elapsed
since the last encoded/decoded I-VOP or P-VOP. In this case, since the encoding/decoding time of the last encoded/
decoded I1 is t0 + 350 ms, the encoding/decoding time of the B2 or B3 is the time t0 + 750 ms or t0 + 1200 ms after
400 ms or 800 ms.
[0176] Next, for the P4, at the P4 the synchronization point indicated by modulo_time_base is switched. Therefore,
the synchronization point is time t0 + 1 sec. As a result, the encoding/decoding time of the P4 is the time (t0 + 1) sec +
550 ms after 550 ms from the time t0 + 1 sec.
[0177] The encoding/decoding time of the B5 is the time of the VOP_time_increment which has elapsed since the last
encoded/decoded I-VOP or P-VOP. In this case, since the encoding/decoding time of the last encoded/decoded P4 is
(t0 + 1) sec + 550 ms, the encoding/decoding time of the B5 is the time (t0 + 1) sec + 950 ms after 400 ms.
[0178] Next, for the P6, at the P6 the synchronization point indicated by modulo_time_base is switched. Therefore,
the synchronization point is time t0 + 2 sec. As a result, the encoding/decoding time of the P6 is the time (t0 + 2) sec +
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350 ms after 350 ms from the time t0 + 2 sec.
[0179] Note that in VM-6.0, the switch of the synchronization points indicated by modulo_time_base is allowed only
for I-VOPs and P-VOPs and is not allowed for B-VOPs.
[0180] Also the VM-6.0 states that for I-VOPs and P-VOPs the VOP_time_increment is the time from the synchroni-
zation point marked by the last encoded/decoded modulo_time_base, while for B-VOPs the VOP_time_increment is the
relative time from the synchronization point marked by the last encoded/decoded I-VOP or P-VOP. This is mainly for
the following reason. That is, a B-VOP is predictively encoded by employing as a reference image the I-VOP or P-VOP
arranged across the B-VOP in display order. Therefore, the temporal distance to the I-VOP or P-VOP is set to the VOP_
time_increment for the B-VOP so that the weight, relative to the I-VOP or P-VOP which is employed as a reference
image in performing the predictive coding, is determined from the B-VOP on the basis of the temporal distance to the I-
VOP or P-VOP arranged across the B-VOP. This is the main reason.
[0181] Incidentally, the definition of the VOP_time_increment of the above-mentioned VM-6.0 has a disadvantage.
That is, in Figure 24 the VOP_time_increment for a B-VOP is not the relative time from the I-VOP or P-VOP encoded/
decoded immediately before the B-VOP but it is the relative time from the last displayed I-VOP or P-VOP. This is for the
following reason. For example, consider B2 or B3. The I-VOP or P-VOP which is encoded/decoded immediately before
the B2 or B3 is the P4 from the standpoint of the above-mentioned encoding/decoding order. Therefore, when it is
assumed that the VOP_time_increment for a B-VOP is the relative time from the I-VOP or P-VOP encoded/decoded
immediately before the B-VOP, the VOP_time_increment for the B2 or B3 is the relative time from the encoding/decoding
time of the P4 and becomes a negative value.
[0182] On the other hand, in the MPEG-4 standard the VOP_time_increment is 10 bits. If the VOP_time_increment
has only a value equal to or greater than 0, it can express a value in a range of 0 to 1023. Therefore, the position between
adjacent synchronization points can be represented in the units of milliseconds with the previous temporal synchronization
point (in the left direction in Figure 24) as reference.
[0183] However, if the VOP_time_increment is allowed to have not only a value equal to or greater than 0 but also a
negative value, the position between adjacent synchronization points will be represented with the previous temporal
synchronization point as reference, or it will be represented with the next temporal synchronization point as reference.
For this reason, the process of computing the encoding time or decoding time of a VOP becomes complicated.
[0184] Therefore, as described above, for the VOP_time_increment the VM-6.0 states that:
This value represents the local time base in the units of milliseconds. For I- and P-VOPs this value is the absolute VOP_
time_increment from the synchronization point marked by the last modulo_time_base. For the B-VOPs this value is the
relative VOP_time_increment from the last encoded/decoded I- or P-VOP.
[0185] However, the last sentence "For the B-VOPs this value is the relative VOP_time_increment from the last
encoded/decoded I- or P-VOP" should be changed to "For the B-VOPs this value is the relative VOP_time_increment
from the last displayed I- or P-VOP". With this, the VOP_time_increment should not be defined as the relative time from
the last encoded/decoded I-VOP or P-VOP, but it should be defined as the relative time from the last displayed I- or P-VOP.
[0186] By defining the VOP_time_increment in this manner, the computation base of the encoding/decoding time for
a B-VOP is the display time of the I/P-VOP (I-VOP or P-VOP) having display time prior to the B-VOP. Therefore, the
VOP_time_increment for a B-VOP always has a positive value, so long as a reference image I-VOP for the B-VOP is
not displayed prior to the B-VOP. Therefore, the VOP_time_increments for I/P-VOPs also have a positive value at all times.
[0187] Also, in Figure 24 the definition of the VM-6.0 is further changed so that the time represented by the modulo_
time_base and VOP_time_increment is not the encoding/decoding time of a VOP but is the display time of a VOP. That
is, in Figure 24, when the absolute time on a sequence of VOPs is considered, the tEST(I/P) in Formula (1) and the
tDTB(I/P) in Formula (2) represent absolute times present on a sequence of I-VOPs or P-VOPs, respectively, and the
tEST(B) in Formula (1) and the tDTB(B) in Formula (2) represent absolute times present on a sequence of B-VOPs,
respectively.
[0188] Next, in the VM-6.0 the encoder time base start time tEST in Formula (1) is not encoded, but the modulo_time_
base and VOP_time_increment are encoded as the differential information between the encoder time base start time
tEST and the display time of each VOP (absolute time representing the position of a VOP present on a sequence of
VOPs). For this reason, at the decoder side, the relative time between VOPs can be determined by employing the
modulo_time_base and VOP_time_increment, but the absolute display time of each VOP, i.e., the position of each VOP
in a sequence of VOPs cannot be determined. Therefore, only the modulo_time_base and VOP_time_increment cannot
perform access to a bit stream, i.e., random access.
[0189] On the other hand, if the encoder time base start time tEST is merely encoded, the decoder can decode the
absolute time of each VOP by employing the encoded tEST. However, by decoding from the head of the coded bit stream
the encoder time base start time tEST and also the modulo_time_base and VOP_time_increment which are the relative
time information of each VOP, there is a need to control the cumulative absolute time. This is troublesome, so efficient
random access cannot be carried out.
[0190] Hence, in the embodiment of the present invention, a layer for encoding the absolute time present on a VOP
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sequence is introduced into the hierarchical constitution of the encoded bit stream of the VM-6.0 so as to easily perform
an effective random access. (This layer is not a layer which realizes scalability (above-mentioned base layer or enhance-
ment layer) but is a layer of encoded bit stream.) This layer is an encoded bit stream layer which can be inserted at an
appropriate position as well as at the head of the encoded bit stream.
[0191] As this layer, this embodiment introduces, for example, a layer prescribed in the same manner as a GOP (group
of picture) layer employed in the MPEG-1/2 standard. With this, the compatibility between the MPEG-4 standard and
the MPEG-1/2 standard can be enhanced as compared with the case where an original encoded bit stream layer is
employed in the MPEG-4 standard. This newly introduced layer is referred to as a GOV (or a group of video object plane
(GVOP)).
[0192] Figure 25 shows a constitution of the encoded bit stream into which a GOV layer is introduced for encoding
the absolute times present on a sequence of VOPs.
[0193] The GOV layer is prescribed between a VOL layer and a VOP layer so that it can be inserted at the arbitrary
position of an encoded bit stream as well as at the head of the encoded bit stream.
[0194] With this, in the case where a certain VOL#0 is constituted by a VOP sequence such as VOP#0, VOP#1, ...,
VOP#n, VOP#(n+1), ..., and VOP#m, the GOV layer can be inserted, for example, directly before the VOP#(n+1) as
well as directly before the head VOP#0. Therefore, at the encoder, the GOV layer can be inserted, for example, at the
position of an encoded bit stream where random access is performed. Therefore, by inserting the GOV layer, a VOP
sequence constituting a certain VOL is separated into a plurality of groups (hereinafter referred to as a GOV as needed)
and is encoded.
[0195] The syntax of the GOV layer is defined, for example, as shown in Figure 26.
[0196] As shown in the figure, the GOV layer is constituted by a group_start_code, a time_code, a closed_gop, a
broken_link, and a next_start_code(), arranged in sequence.
[0197] Next, a description will be made of the semantics of the GOV layer. The semantics of the GOV layer is basically
the same as the GOP layer in the MPEG-2 standard. Therefore, for the parts not described here, see the MPEG-2 video
standard (ISO/IEC-13818-2).
[0198] The group_start_code is 000001B8 (hexadecimal) and indicates the start position of a GOV.
[0199] The time_code, as shown in Figure 27, consists of a 1-bit drop_frame_flag, a 5-bit time code hours, a 6-bit
time_code_minutes, a 1-bit marker_bit, a 6-bit time_code_seconds, and a 6-bit time_code_pictures. Thus, the time_
code is constituted by 25 bits in total.
[0200] The time_code is equivalent to the "time and control codes for video tape recorders" prescribed in IEC standard
publication 461. Here, the MPEG-4 standard does not have the concept of the frame rate of video. (Therefore, a VOP
can be represented at an arbitrary time.) Therefore, this embodiment does not take advantage of the drop_frame_flag
indicating whether or not the time_code is described in drop_frame_mode, and the value is fixed, for example, to 0.
Also, this embodiment does not take advantage of the time_code_pictures for the same reason, and the value is fixed,
for example, to 0. Therefore, the time_code used herein represents the time of the head of a GOV by the time_code_
hours representing the hour unit of time representing the hour unit of time, time_code_minutes representing the minute
unit of time, and time_code_seconds representing the second unit of time. As a result, the time_code (encoding start
second-accuracy absolute time) in a GOV layer expresses the time of the head of the GOV layer, i.e., the absolute time
on a VOP sequence when the encoding of the GOV layer is started, within accuracy of a second. For this reason, this
embodiment of the present invention sets time within accuracy finer than a second (here, milliseconds) for each VOP.
[0201] Note that the marker_bit in the time_code is made 1 so that 23 or more 0’s do not continue in a coded bit stream.
[0202] The closed_gop means one in which the I-, P- and B-pictures in the definition of the close_gop in the MPEG-
2 video standard (ISO/IEC 13818-2) have been replaced with an I-VOP, a P-VOP, and a B-VOP, respectively. Therefore,
the B-VOP in one VOP represents not only a VOP constituting the GOV but whether the VOP has been encoded with
a VOP in another GOV as a reference image. Here, for the definition of the close_gop in the MPEG-2 video standard
(ISO/IEC 13818-29) the sentences performing the above-mentioned replacement are shown as follows:
This is a one-bit flag which indicates the nature of the predictions used in the first consecutive B-VOPs (if any) immediately
following the first coded I-VOP following the group of plane header. The closed_gop is set to 1 to indicate that these B-
VOPs have been encoded using only backward prediction or intra coding. This bit is provided for use during any editing
which occurs after encoding. If the previous pictures have been removed by editing, broken_link may be set to 1 so that
a decoder may avoid displaying these B-VOPs following the first I-VOP following the group of plane header. However
if the closed_gop bit is set to 1, then the editor may choose not to set the broken_link bit as these B-VOPs can be
correctly decoded.
[0203] The broken_link also means one in which the same replacement as in the case of the closed_gop has been
performed on the definition of the broken_link in the MPEG-2 video standard (ISO/IEC 13818-29). The broken_link,
therefore, represents whether the head B-VOP of a GOV can be correctly regenerated. Here, for the definition of the
broken_link in the MPEG-2 video standard (ISO/IEC 13818-2) the sentences performing the above-mentioned replace-
ment are shown as follows:
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This is a one-bit flag which shall be set to 0 during encoding. It is set to 1 to indicate that the first consecutive B-VOPs
(if any) immediately following the first coded I-VOP following the group of plane header may not be correctly decoded
because the reference frame which is used for prediction is not available (because of the action of editing). A decoder
may use this flag to avoid displaying frames that cannot be correctly decoded.
[0204] The next_start_code() gives the position of the head of the next GOV.
[0205] The above-mentioned absolute time in a GOV sequence which introduces the GOV layer and also starts the
encoding of the GOV layer (hereinafter referred to as encoding start absolute time as needed) is set to the time_code
of the GOV. Furthermore, as described above, since the time_code in the GOV layer has accuracy within a second, this
embodiment sets a finer accuracy portion to the absolute time of each VOP present in a VOP sequence for each VOP.
[0206] Figure 28 shows the relation between the time_code, modulo time base, and VOP_time_increment in the case
where the GOV layer of Figure 26 has been introduced.
[0207] In the figure, the GOV is constituted by I1, B2, B3, P4, B5, and P6 arranged in display order from the head.
[0208] Now, for example, assuming the encoding start absolute time of the GOV is 0h:12m:35sec:350msec (0 hour
12 minutes 35 second 350 milliseconds), the time_code of the GOV will be set to 0h:12m:35sec because it has accuracy
within a second, as described above. (The time_code_hours, time_code_minutes, and time_code_seconds which con-
stitute the time_code will be set to 0, 12, and 35, respectively.) On the other hand, in the case where the absolute time
of the I1 in a VOP sequence (absolute time of a VOP sequence before the encoding (or after the decoding) of a VS
including the GOV of Figure 28) (since this is equivalent to the display time of the I1 when a VOP sequence is displayed,
it will hereinafter be referred to display time as needed) is, for example, 0h:12m:35sec:350msec, the semantics of VOP_
time_increment is changed so that 350 ms which is accuracy finer than accuracy of a second is set to the VOP_time_
increment of the I-VOP of the I1 and encoded (i.e., so that encoding is performed with the VOP_time_increment of the
I1 = 350).
[0209] That is, in Figure 28, the VOP_time_increment of the head I-VOP (I1) of a GOV in display order has a differential
value between the time_code of the GOV and the display time of the I-VOP. Therefore, the time within accuracy of a
second represented by the time_code is the first synchronization point of the GOV (here, a point representing time within
accuracy of a second).
[0210] Note that, in Figure 28, the semantics of the VOP_time_increments for the B2, B3, P4, B5, and P6 of the GOV
which is VOP arranged as the second or later is the same as the one in which the definition of the VM-6.0 has been
changed, as described in Figure 24.
[0211] Therefore, in Figure 28 the display time of the B2 or B3 is the time when VOP_time_increment has elapsed
since the last displayed I-VOP or P-VOP. In this case, since the display time of the last displayed I1 is 0h:12m:35s:
350ms, the display time of the B2 or B3 is 0h:12m:35s:750ms or 0h:12m:36s:200ms after 400 ms or 800 ms.
[0212] Next, for the P4, at the P4 the synchronization point indicated by modulo_time_base is switched. Therefore,
the time of the synchronization point is 0h:12m:36s after 1 second from 0h:12m:35s. As a result, the display time of the
P4 is 0h:12m:36s:550ms after 550 ms from 0h:12m:36s.
[0213] The display time of the B5 is the time when VOP_time_increment has elapsed since the last displayed I-VOP
or P-VOP. In this case, the display time of the B5 is 0h:12m:36s:950ms after 400 ms from the display time 0h:12m:36s:
550ms of the last displayed P4.
[0214] Next, for the P6, at the P6 the synchronization point indicated by modulo_time_base is switched. Therefore,
the time of the synchronization point is 0h:12m:35s + 2 sec, i.e., 0h:12m:37s. As a result, the display time of the P6 is
0h:12m:37s:350ms after 350 ms from 0h:12m:37s.
[0215] Next, Figure 29 shows the relation between the time_code, modulo_time_base, and VOP_time_increment in
the case where the head VOP of a GOV is a B-VOP in display order.
[0216] In the figure, the GOV is constituted by B0, I1, B2, B3, P4, B5, and P6 arranged in display order from the head.
That is, in Figure 29 the GOV is constituted with the B0 added before the I1 in Figure 28.
[0217] In this case, if it is assumed that the VOP_time_increment for the head B0 of the GOV is determined with the
display time of the I/P-VOP of the GOV as standard, i.e., for example, if it is assumed that it is determined with the
display time of the I1 as standard, the value will be a negative value, which is disadvantageous as described above.
[0218] Hence, the semantics of the VOP_time_increment for the B-VOP which is displayed prior to the I-VOP in the
GOV (the B-VOP which is displayed prior to the I-VOP in the GOV which is first displayed) is changed as follows.
[0219] That is, the VOP_time_increment for such a B-VOP has a differential value between the time_code of the GOV
and the display time of the B-VOP. In this case, when the display time of the B0 is, for example, 0h:12m:35s:200ms and
when the time_code of the GOV is, for example, 0h:12m:35s, as shown in Figure 29, the VOP_time_increment for the
B0 is 350 ms (= 0h:12m:35s:200ms - 0h:12m:35s). If done in this manner, VOP_time_increment will always have a
positive value.
[0220] With the aforementioned two changes in the semantics of the VOP_time_increment, the time_code of a GOV
and the modulo_time_base and VOP_time_increment of a VOP can be correlated with each other. Furthermore, with
this, the absolute time (display time) of each VOP can be specified.
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[0221] Next, Figure 30 shows the relation between the time_code of a GOV and the modulo_time_base and VOP_
time increment of a VOP in the case where the interval between the display time of the I-VOP and the display time of
the B-VOP predicted from the I-VOP is equal to or greater than 1 sec (exactly speaking, 1.023 sec).
[0222] In Figure 30, the GOV is constituted by I1, B2, B3, B4, and P6 arranged in display order. The B4 is displayed
at the time after 1 sec from the display time of the last displayed I1 (I-VOP).
[0223] In this case, when the display time of the B4 is encoded by the above-mentioned VOP_time_increment whose
semantics has been changed, the VOP_time_increment is 10 bits as described above and can express only time up to
1023. For this reason, it cannot express time longer than 1.023 sec. Hence, the semantics of the VOP_time_increment
is further changed and also the semantics of modulo_time_base is changed in order to cope with such a case.
[0224] In this embodiment, such changes are performed, for example, by either the following first method or second
method.
[0225] That is, in the first method, the time between the display time of an I/P-VOP and the display time of a B-VOP
predicted from the I/P-VOP is detected within accuracy of a second. For the time, the unit of a second is expressed with
modulo_time_base, while the unit of a millisecond is expressed with VOP_time_increment.
[0226] Figure 31 shows the relation between the time_code for a GOV and the modulo_time_base and VOP_time_
increment for a VOP in the case where the modulo_time_base and VOP_time_increment have been encoded in the
case shown in Figure 30 in accordance with the first method.
[0227] That is, in the first method, the addition of modulo_time_base is allowed not only for an I-VOP and a P-VOP
but also for a B-VOP. And the modulo_time_base added to a B-VOP does not represent the switch of synchronization
points but represents the carry of a second unit obtained from the display time of the last displayed I/P-VOP.
[0228] Furthermore, in the first method, the time after the carry of a second unit from the display time of the last
displayed I/P-VOP, indicated by the modulo_time_base added to a B-VOP, is subtracted from the display time of the B-
VOP, and the resultant valve is set as the VOP_time_increment.
[0229] Therefore, according to the first method, in Figure 30, if it is assumed that the display time of the I1 is 0h:12m:
35s:350ms and also the display time of the B4 is 0h:12m:36s:550ms, then the difference between the display times of
the I1 and B4 is 1200 ms more than 1 sec, and therefore the modulo_time_base (shown by a "’ mark in Figure 31)
indicating the carry of a second unit from the display time of the last displayed I1 is added to the B4 as shown in Figure
31. More specifically, the modulo_time_base which is added to the B4 is 10 representing the carry of 1 sec which is the
value of the 1-second digit of 1200 ms. And the VOP_time increment for the B4 is 200 which is the value less than 1
sec, obtained from the difference between the display times between the I1 and B4 (the value is obtained by subtracting
from the display time of the B4 the time after the carry of a second unit obtained from the display time of the last displayed
I/P-VOP indicated by the modulo_time_base for the B4).
[0230] The aforementioned process for the modulo_time_base and VOP_time_increment according to the first method
is performed at the encoder by the VLC unit 36 shown in Figures 11 and 12 and at the decoder by the IVLS unit 102
shown in Figures 17 and 18.
[0231] Hence, first, the process for the modulo_time_base and VOP_time_increment which is performed by the VLC
unit 36 will be described in reference to a flowchart of Figure 32.
[0232] The VLC UNIT 36 divides a VOP sequence into GOVs and performs processing for each GOV. Note that the
GOV is constituted so as to include at least one VOP which is encoded by intra coding.
[0233] If a GOV is received, the VLC unit 36 will set the received time to the encoding start absolute time of the GOV,
and the GOV will be encoded up to the second accuracy of the encoding start absolute time as the time_code (the
encoding start absolute time up to the digit of a second is encoded). The encoded time_code is included in a coded bit
stream. Each time an I/P-VOP constituting the GOV is received, the VLC unit 36 sets the I/P-VOP to an attention I/P-
VOP, computes the modulo_time_base and VOP_time_increment of the attention I/P-VOP in accordance with the flow-
chart of Figure 32, and performs encoding.
[0234] That is, at the VLC unit 36, first, in step S1, 0B (where B represents a binary number) is set to modulo_time_
base and also 0 is set to VOP_time_increment, whereby the modulo_time_base and VOP_time_increment are reset.
[0235] And in step S2 it is judged whether the attention I/P-VOP is the first I-VOP of a GOV to be processed (hereinafter
referred to as a processing object GOV). In step S2, in the case where the attention I/P-VOP is judged to be the first I-
VOP of the processing object GOV, step S2 advances to step S4. In step S4, the difference between the time_code of
the processing object GOV and the second-accuracy of the attention I/P-VOP (here, the first I-VOP in the processing
object GOV), i.e., the difference between the time_code and the digit of the second of the display time of the attention
I/P-VOP is computed and set to a variable D. Then, step S4 advances to step S5.
[0236] Also, in step S2, in the case where it is judged that the attention I/P-VOP is not the first I-VOP of the processing
object GOV, step S2 advances to step S3. In step S3, the differential value between the digit of the second of the display
time of the attention I/P-VOP and the digit of the second of the display time of the last displayed I/P-VOP (which is
displayed immediately before the attention. IP/VOP of the VOP constituting the processing object GOV) is computed
and the differential value is set to the variable D. Then, step S3 advances to step S5.
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[0237] In step S5 it is judged whether the variable D is equal to 0. That is, it is judged whether the difference between
the time_code and the digit of the second of the display time of the attention I/P-VOP is equal to 0, or it is judged whether
the differential value between the digit of the second of the display time of the attention I/P-VOP and the digit of the
second of the display time of the last displayed I/P-VOP is equal to 0. In step S5, in the case where it is judged that the
variable D is not equal to 0, i.e., in the case where the variable D is equal to or greater than 1, step S5 advances to step
S6, in which 1 is added as the most significant bit (MSB) of the modulo_time_base. That is, in this case, when the
modulo_time_base is, for example, 0B immediately after resetting, it is set to 10B. Also, when the modulo_time_base
is, for example, 10B, it is set to 110B.
[0238] And step S6 advances to step S7, in which the variable D is incremented by 1. Then, step S7 returns to step
S5. Thereafter, steps S5 through S7 are repeated until in step S5 it is judged that the variable D is equal to 0. That is,
the number of consecutive 1’s in the modulo_time_base is the same as the number of seconds corresponding to the
difference between the time_code and the digit of the second of the display time of the attention I/P-VOP or the differential
value between the digit of the second of the display time of the attention I/P-VOP and the digit of the second of the
display time of the last displayed I/P-VOP. And the modulo_time_base has 0 at the least significant digit (LSD) thereof.
[0239] And in step S5, in the case where it is judged that the variable D is equal to 0, step S5 advances to step S8,
in which time finer than the accuracy of the second of the display time of the attention I/P-VOP, i.e., time in the units of
milliseconds is set to VOP_time_increment, and the process ends.
[0240] At the VLC circuit 36, the modulo_time_base and VOP_time_increment of an attention I/P-VOP computed in
the aforementioned manner are added to the attention I/P-VOP. With this, it is included in a coded bit stream.
[0241] Note that modulo_time_base, VOP_time__increment, and time_code are encoded at the VLC circuit 36 by
variable word length coding.
[0242] Each time a B-VOP constituting a processing object GOV is received, the VLC unit 36 sets the B-VOP to an
attention B-VOP, computes the modulo_time_base and VOP_time_increment of the attention B-VOP in accordance
with a flowchart of Figure 33, and performs encoding.
[0243] That is, at the VLC unit 36, in step S11, as in the case of step S1 in Figure 32, the modulo_time_base and
VOP_time_increment are first reset.
[0244] And step S11 advances to step S12, in which it is judged whether the attention B-VOP is displayed prior to the
first I-VOP of the processing object GOV. In step S12, in the case where it is judged that the attention B-VOP is one
which is displayed prior to the first I-VOP of the processing object GOV, step S12 advances to step S14. In step S14,
the difference between the time_code of the processing object GOV and the display time of the attention B-VOP (here,
B-VOP which is displayed prior to the first I-VOP of the processing object GOV) is computed and set to a variable D.
Then, step S13 advances to step S15. Therefore, in Figure 33, time within accuracy of a millisecond (the time up to the
digit of the millisecond)is set to the variable D (on the other hand, time within accuracy of a second is set to the variable
in Figure 32, as described above).
[0245] Also, in step S12, in the case where it is judged that the attention B-VOP is one which is displayed after the
first I-VOP of the processing object GOV, step S12 advances to step S14. In step S14, the differential value between
the display time of the attention B-VOP and the display time of the last displayed I/P-VOP (which is displayed immediately
before the attention B-VOP of the VOP constituting the processing object GOV) is computed and the differential value
is set to the variable D. Then, step S13 advances to step S15.
[0246] In step S15 it is judged whether the variable D is greater than 1. That is, it is judged whether the difference
value between the time_code and the display time of the attention B-VOP is greater than 1, or it is judged whether the
differential value between the display time of the attention B-VOP and the display time of the last displayed I/P-VOP is
greater than 1. In step S15, in the case where it is judged that the variable D is greater than 1, step S15 advances to
step S17, in which 1 is added as the most significant bit (MSB) of the modulo_time_base. In step S17 the variable D is
decremented by 1. Then, step S17 returns to step S15. And until in step S15 it is judged that the variable D is not greater
than 1, steps S15 through S17 are repeated. That is, with this, the number of consecutive 1’s in the modulo_time_base
is the same as the number of seconds corresponding to the difference between the time_code and the display time of
the attention B-VOP or the differential value between the display time of the attention B-VOP and the display time of the
last displayed I/P-VOP. And the modulo_time_base has 0 at the least significant digit (LSD) thereof.
[0247] And in step S15, in the case where it is judged that the variable D is not greater than 1, step S15 advances to
step S18, in which the value of the current variable D, i.e., the differential value between the time_code and the display
time of the attention B-VOP, or the milliseconds digit to the right of the seconds digit of the differential between the
display time of the attention B-VOP and the display time of the last displayed I/P-VOP, is set to VOP_time_increment,
and the process ends.
[0248] At the VLC circuit 36, the modulo_time_base and VOP_time_increment of an attention B-VOP computed in
the aforementioned manner are added to the attention B-VOP. With this, it is included in a coded bit stream.
[0249] Next, each time the coded data for each VOP is received, the IVLC unit 102 processes the VOP as an attention
VOP. With this process, the IVLC unit 102 recognizes the display time of a VOP included in a coded stream which the
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VLC unit 36 outputs by dividing a VOP sequence into GOVs and also processing each GOV in the above-mentioned
manner. Then, the IVLC unit 102 performs variable word length coding so that the VOP is displayed at the recognized
display time. That is, if a GOV is received, the IVLC unit 102 will recognize the time_code of the GOV. Each time an I/P-
VOP constituting the GOV is received, the IVLC unit 102 sets the I/P-VOP to an attention I/P-VOP and computes the
display time of the attention I/P-VOP, based on the modulo_time_base and VOP_time_increment of the attention I/P-
VOP in accordance with a flowchart of Figure 34.
[0250] That is, at the IVLC unit 102, first, in step S21 it is judged whether the attention I/P-VOP is the first I-VOP of
the processing object GOV. In step S21, in the case where the attention I/P-VOP is judged to be the first I-VOP of the
processing object GOV, step S21 advances to step S23. In step S23 the time_code of the processing object GOV is set
to a variable T, and step S23 advances to step S24.
[0251] Also, in step S21, in the case where it is judged that the attention I/P-VOP is not the first I-VOP of the processing
object GOV, step S21 advances to step S22. In step S22, a value up to the seconds digit of the display time of the last
displayed I/P-VOP (which is one of the VOPs constituting the processing object GOV) displayed immediately before the
attention I/P-VOP is set to the variable T. Then, step S22 advances to step S24.
[0252] In step S24 it is judged whether the modulo_time_base added to the attention I/P-VOP is equal to 0B. In step
S24, in the case where it is judged that the modulo_time_base added to the attention I/P-VOP is not equal to 0B, i.e.,
in the case where the modulo_time_base added to the attention I/P-VOP includes 1, step S24 advances to step S25,
in which 1 in the MSB of the modulo_time_base is deleted. Step S25 advances to step S26, in which the variable T is
incremented by 1. Then, step S26 returns to step S24. Thereafter, until in step S24 it is judged that the modulo_time_
base added to the attention I/P-VOP is equal to 0B, steps S24 through S26 are repeated. With this, the variable T is
incremented by the number of seconds which corresponds to the number of 1’s in the first modulo_time_base added to
the attention I/P-VOP.
[0253] And in step S24, in the case where the modulo_time_base added to the attention I/P-VOP is equal to 0B, step
S24 advances to step S27, in which time within accuracy of a millisecond, indicated by VOP_time_increment, is added
to the variable T. The added value is recognized as the display time of the attention I/P-VOP, and the process ends.
[0254] Next, when a B-VOP constituting the processing object GOV is received, the IVLC unit 102 sets the B-VOP to
an attention B-VOP and computes the display time of the attention B-VOP, based on the modulo_time_base and VOP_
time_increment of the attention B-VOP in accordance with a flowchart of Figure 35.
[0255] That is, at the IVLC unit 102, first, in step S31 it is judged whether the attention B-VOP is one which is displayed
prior to the first I-VOP of the processing object GOV. In step S31, in the case where the attention B-VOP is judged to
be one which is displayed prior to the first I-VOP of the processing object GOV, step S31 advances to step S33. Thereafter,
in steps S33 to S37, as in the case of steps S23 to S27 in Figure 34, a similar process is performed, whereby the display
time of the attention B-VOP is computed.
[0256] On the other hand, in step S31, in the case where it is judged that the attention B-VOP is one which is displayed
after the first I-VOP of the processing object GOV, step S31 advances to step S32. Thereafter, in steps s32 and S34 to
S37, as in the case of steps S22 and S24 to S27 in Figure 34, a similar process is performed, whereby the display time
of the attention B-VOP is computed.
[0257] Next, in the second method, the time between the display time of an I-VOP and the display time of a B-VOP
predicted from the I-VOP is computed up to the seconds digit. The value is expressed with modulo_time_base, while
the millisecond accuracy of the display time of B-VOP is expressed with VOP_time_increment. That is, the VM-6.0, as
described above, the temporal distance to an I-VOP or P-VOP is set to the VOP_time_increment for a B-VOP so that
the weight, relative to the I-VOP or P-VOP which is employed as a reference image in performing the predictive coding
of the B-VOP, is determined from the B-VOP on the basis of the temporal distance to the I-VOP or P-VOP arranged
across the B-VOP. For this reason, the VOP_time_increment for the I-VOP or P-VOP is different from the time from the
synchronization point marked by the last encoded/decoded modulo_time_base. However, if the display time of a B-VOP
and also the I-VOP or P-VOP arranged across the B-VOP are computed, the temporal distance therebetween can be
computed by the difference therebetween. Therefore, there is little necessity to handle only the VOP_time_increment
for the B-VOP separately from the VOP_time_increments for the I-VOP and P-VOP. On the contrary, from the viewpoint
of processing efficiency it is preferable that all VOP_time_increments (detailed time information) for I-, B-, and P-VOPs
and, furthermore, the modulo_time_bases (second-accuracy time information) be handled in the same manner.
[0258] Hence, in the second method, the modulo_time_base and VOP_time_increment for the B-VOP are handled
in the same manner as those for the I/P-VOP.
[0259] Figure 36 shows the relation between the time_code for a GOV and the modulo_time_base and VOP_time_
increment in the case where the modulo_time_base and VOP_time_increment have been encoded according to the
second method, for example, in the case shown in Figure 30.
[0260] That is, even in the second method, the addition of modulo_time_base is allowed not only for an I-VOP and a
P-VOP but also for a B-VOP. And the modulo_time_base added to a B-VOP, as with the modulo_time_base added to
an I/P-VOP, represents the switch of synchronization points.
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[0261] Furthermore, in the second method, the time of the synchronization point marked by the modulo_time_base
added to a B-VOP is subtracted from the display time of the B-VOP, and the resultant valve is set as the VOP_time_
increment.
[0262] Therefore, according to the second method, in Figure 30, the modulo_time_bases for I1 and B2, displayed
between the first synchronization point of a GOV (which is time represented by the time_code of the GOV) and the
synchronization point marked by the time_code + 1 sec, are both 0B. And the values of the milliseconds unit lower than
the seconds unit of the display times of the I1 and B2 are set to the VOP_time_increments for the I1 and B2, respectively.
Also, the modulo_time_bases for B3 and B4, displayed between the synchronization point marked by the time_code +
1 sec and the synchronization point marked by the time_code + 2 sec, are both 10B. And the values of the milliseconds
unit lower than the seconds unit of the display times of the B3 and B4 are set to the VOP_time_increments for the B3
and B4, respectively. Furthermore, the modulo_time_base for P5, displayed between the synchronization point marked
by the time_code + 2 sec and the synchronization point marked by the time_code + 3 sec, is 110B. And the value of the
milliseconds unit lower than the seconds unit of the display time of the P5 is set to the VOP_time_increment for the P5.
[0263] For example, in Figure 30 if it is assumed that the display time of the I1 is 0h:12m:35s:350ms and also the
display time of the B4 is 0h:12m:36s:550ms, as described above, the modulo_time_bases for I1 and B4 are 0B and
10B, respectively. Also, the VOP_time_increments for I1 and B4 are 0B are 350 ms and 550 ms (which are the milliseconds
unit of the display time), respectively.
[0264] The aforementioned process for the modulo_time_base and VOP_time_increment according to the second
method, as in the case of the first method, is performed by the VLC unit 36 shown in Figures 11 and 12 and also by the
IVLC unit 102 shown in Figures 17 and 18.
[0265] That is, the VLC unit 36 computes the modulo_time_base and VOP_time_for an I/P-VOP in the same manner
as the case in Figure 32.
[0266] Also, for a B-VOP, each time the B-VOP constituting a GOV is received, the VLC unit 36 sets the B-VOP to
an attention B-VOP and computes the modulo_time_base and VOP_time_increment of the attention B-VOP in accord-
ance with a flowchart of Figure 37.
[0267] That is, at the VLC unit 36, first, in step S41 the modulo_time_base and VOP_time_increment are reset in the
same manner as the case in step S1 of Figure 32.
[0268] And step S41 advances to step S42, in which it is judged whether the attention B-VOP is one which is displayed
prior to the first I-VOP of a GOV to be processed (a processing object GOV). In step S42, in the case where it is judged
whether the attention B-VOP is one which is displayed prior to the first I-VOP of the processing object GOV, step S42
advances to step S44. In step S44, the difference between the time_code of the processing object GOV and the second-
accuracy of the attention B-VOP, i.e., the difference between the time_code and the seconds digit of the display time of
the attention B-VOP is computed and set to a variable D. Then, step S44 advances to step S45.
[0269] Also, in step S42, in the case where it is judged that the attention B-VOP is one which is displayed after the
first I-VOP of the processing object GOV, step S42 advances to step S43. In step S43, the differential value between
the seconds digit of the display time of the attention B-VOP and the seconds digit of the display time of the last displayed
I/P-VOP (which is one of the VOPs constituting the processing object GOV, displayed immediately before the attention
B-VOP) is computed and the differential value is set to the variable D. Then, step S43 advances to step S45.
[0270] In step S45 it is judged whether the variable D is equal to 0. That is, it is judged whether the difference between
the time_code and the seconds digit of the display time of the attention B-VOP is equal to 0, or it is judged whether the
differential value between the seconds digit of the display time of the attention B-VOP and the seconds digit of the display
time of the last displayed I/P-VOP is equal to 0 sec. In step S45, in the case where it is judged that the variable D is not
equal to 0, i.e., in the case where the variable D is equal to or greater than 1, step S45 advances to step S46, in which
1 is added as the MSB of the modulo_time_base.
[0271] And step S46 advances to step S47, in which the variable D is incremented by 1. Then, step S47 returns to
step S45. Thereafter, until in step S45 it is judged that the variable D is equal to 0, steps S45 through S47 are repeated.
That is, with this, the number of consecutive 1’s in the modulo_time_base is the same as the number of seconds
corresponding to the difference between the time_code and the seconds digit of the display time of the attention B-VOP
or the differential value between the seconds digit of the display time of the attention B-VOP and the seconds digit of
the display time of the last displayed I/P-VOP. And the modulo_time_base has 0 at the LSD thereof.
[0272] And in step S45, in the case where it is judged that the variable D is equal to 0, step S45 advances to step
S48, in which time finer than the seconds accuracy of the display time of the attention B-VOP, i.e., time in the millisecond
unit is set to the VOP_time_increment, and the process ends.
[0273] On the other hand, for an I/P-VOP the IVLC unit 102 computes the display time of the I/P-VOP, based on the
modulo_time_base and VOP_time increment in the same manner as the above-mentioned case in Figure 34.
[0274] Also, for a B-VOP, each time the B-VOP constituting a GOV is received, the IVLC unit 102 sets the B-VOP to
an attention B-VOP and computes the display time of the attention B-VOP, based on the modulo_time_base and VOP_
time_increment of the attention B-VOP in accordance with a flowchart of Figure 38.
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[0275] That is, at the IVLC unit 102, first, in step S51 it is judged whether the attention B-VOP is one which is displayed
prior to the first I-VOP of the processing object GOV. In step S51, in the case where it is judged that the attention B-
VOP is one which is displayed prior to the first I-VOP of the processing object GOV, step S51 advances to step S52. In
step S52 the time_code of the processing object GOV is set to a variable T, and step S52 advances to step S54.
[0276] Also, in step S51, in the case where it is judged that the attention B-VOP is one which is displayed after the
first I-VOP of the processing object GOV, step S51 advances to step S53. In step S53, a value up to the seconds digit
of the display time of the last displayed I/P-VOP (which is one of the VOPs constituting the processing object GOV,
displayed immediately before the attention B-VOP) is set to the variable T. Then, step S53 advances to step S54.
[0277] In step S54 it is judged whether the modulo_time_base added to the attention B-VOP is equal to 0B. In step
S54, in the case where it is judged that the modulo_time_base added to the attention B-VOP is not equal to 0B, i.e., in
the case where the modulo_time_base added to the attention B-VOP includes 1, step S54 advances to step S55, in
which the 1 in the MSB of the modulo_time_base is deleted. Step S55 advances to step S56, in which the variable T is
incremented by 1. Then, step S56 returns to step S54. Thereafter, until in step S54 it is judged that the modulo_time_
base added to the attention B-VOP is equal to 0B, steps S54 through S56 are repeated. With this, the variable T is
incremented by the number of seconds which corresponds to the number of 1’s in the first modulo_time_base added to
the attention B-VOP.
[0278] And in step S54, in the case where the modulo_time_base added to the attention B-VOP is equal to 0B, step
S54 advances to step S57, in which time within accuracy of a millisecond, indicated by the VOP_time_increment, is
added to the variable T. The added value is recognized as the display time of the attention B-VOP, and the process ends.
[0279] Thus, in the embodiment of the present invention, the GOV layer for encoding the encoding start absolute time
is introduced into the hierarchical constitution of an encoded bit stream. This GOV layer can be inserted at an appropriate
position of the encoded bit stream as well as at the head of the encoded bit stream. In addition, the definitions of the
modulo_time_base and VOP_time_increment prescribed in the VM-6.0 have been changed as described above. There-
fore, it becomes possible in all cases to compute the display time (absolute time) of each VOP regardless of the ar-
rangement of picture types of VOPs and the time interval between adjacent VOPs.
[0280] Therefore, at the encoder, the encoding start absolute time is encoded at a GOV unit and also the modulo_
time_base and VOP_time_increment of each VOP are encoded. The coded data is included in a coded bit stream. With
this, at the decoder, the encoding start absolute time can be decoded at a GOV unit and also the modulo_time_base
and VOP_time_increment of each VOP can be decoded. And the display time of each VOP can be decoded, so it
becomes possible to perform random access efficiently at a GOV unit.
[0281] Note if the number of 1’s which are added to modulo_time_base is merely increased as a synchronization point
is switched, it will reach the huge number of bits. For example, if 1 hr (3600 sec) has elapsed since the time marked by
time_code (in the case where a GOV is constituted by VOPs equivalent to that time), the modulo_time_base will reach
3601 bits, because it is constituted by a 1 of 3600 bits and a 0 of 1 bit.
[0282] Hence, in the MPEG-4 the modulo_time_base is prescribed so that it is reset at an I/P-VOP which is first
displayed after a synchronization point has been switched.
[0283] Therefore, for example, as shown in Figure 39, in the case where a GOV is constituted by I1 and B2 displayed
between the first synchronization point of the GOV (which is time represented by the time_code of the GOV) and the
synchronization point marked by time_code + 1 sec, B3 and B4 displayed between the synchronization point marked
by the time_code + 1 sec and the synchronization point marked by the time_code + 2 sec, P5 and B6 displayed between
the synchronization point marked by the time_code + 2 sec and the synchronization point marked by the time_code +
3 sec, B7 displayed between the synchronization point marked by the time_code + 3 sec and the synchronization point
marked by the time_code + 4 sec, and B8 displayed between the synchronization point marked by the time_code + 4
sec and the synchronization point marked by the time_code + 5 sec, the modulo_time_bases for the I1 and B2, displayed
between the first synchronization point of the GOV and the synchronization point marked by the time_code + 1 sec, are
set to 0B.
[0284] Also, the modulo_time_bases for the B3 and B4, displayed between the synchronization point marked by the
time_code + 1 sec and the synchronization point marked by the time_code + 2 sec, are set to 10B. Furthermore, the
modulo_time_base for the P5, displayed between the synchronization point marked by the time_code + 2 sec and the
synchronization point marked by the time_code + 3 sec, is set to 110B.
[0285] Since the P5 is a P-VOP which is first displayed after the first synchronization point of a GOV has been switched
to the synchronization point marked by the time_code + 1 sec, the modulo_time_base for the P5 is set to 0B. The
modulo_time_base for the B6, which is displayed after the B5, is set on the assumption that a reference synchronization
point used in computing the display time of the P5, i.e., the synchronization point marked by the time_code + 2 sec in
this case is the first synchronization point of the GOV. Therefore, the modulo_time_base for the B6 is set to 0B.
[0286] Thereafter, the modulo_time_base for the B7, displayed between the synchronization point marked by the
time_code + 3 sec and the synchronization point marked by the time_code + 4 sec, is set to 10B. The modulo_time_
base for the B8, displayed between the synchronization point marked by the time_code + 4 sec and the synchronization



EP 0 914 007 B9

26

5

10

15

20

25

30

35

40

45

50

55

point marked by the time_code + 5 sec, is set to 110B.
[0287] The process at the encoder (VLC unit 36) described in Figures 32, 33, and 37 is performed so as to set the
modulo_time_base in the above-mentioned manner.
[0288] Also, in this case, when the first displayed I/P-VOP after the switch of synchronization points is detected, at
the decoder (IVLC unit 102) there is a need to add the number of seconds indicated by the modulo_time_base for the
I/P-VOP to the time_code and compute the display time. For instance, in the case shown in Figure 39, the display times
of I1 to P5 can be computed by adding both the number of seconds corresponding to the modulo_time_base for each
VOP and the VOP_time_increment to the time_code. However, the display times of B6 to B8, displayed after P5 which
is first displayed after a switch of synchronization points, need to be computed by adding both the number of seconds
corresponding to the modulo_time_base for each VOP and the VOP_time_increment to the time_code and, furthermore,
by adding 2 seconds which is the number of seconds corresponding to the modulo_time_base for P5. For this reason,
the process described in Figures 34, 35, and 38 is performed so as to compute display time in the aforementioned manner.
[0289] Next, the aforementioned encoder and decoder can also be realized by dedicated hardware or by causing a
computer to execute a program which performs the above-mentioned process.
[0290] Figure 40 shows the constitution example of an embodiment of a computer which functions as the encoder of
Figure 3 or the decoder of Figure 15.
[0291] A read only memory (ROM) 201 stores a boot program, etc. A central processing unit 202 performs various
processes by executing a program stored on a hard disk (HD) 206 at a random access memory (RAM) 203. The RAM
203 temporarily stores programs which are executed by the CPU 202 or data necessary for the CPU 202 to process.
An input section 204 is constituted by a keyboard or a mouse. The input section 204 is operated when a necessary
command or data is input. An output section 205 is constituted, for example, by a display and displays data in accordance
with control of the CPU 202. The HD 206 stores programs to be executed by the CPU 202, image data to be encoded,
coded data (coded bit stream), decoded image data, etc. A communication interface (I/F) 207 receives the image data
of an encoding object from external equipment or transmits a coded bit stream to external equipment, by controlling
communication between it and external equipment. Also, the communication I/F 207 receives a coded bit stream from
an external unit or transmits decoded image data to an external unit.
[0292] By causing the CPU 202 of the thus-constituted computer to execute a program which performs the aforemen-
tioned process, this computer functions as the encoder of Figure 3 or the decoder of Figure 15.
[0293] In the embodiment of the present invention, although VOP_time_increment represents the display time of a
VOP in the unit of a millisecond, the VOP_time_increment can also be made as follows. That is, the time between one
synchronization point and the next synchronization point is divided into N points, and the VOP_time_increment can be
set to a value which represents the nth position of the divided point corresponding to the display time of a VOP. In the
case where the VOP_time_increment is thus defined, if N = 1000, it will represent the display time of a VOP in the unit
of a millisecond. In this case, although information on the number of divided points between two adjacent synchronization
points is required, the number of divided points may be predetermined or the number of divided points included in an
upper layer than a GOV layer may be transmitted to a decoder.
[0294] According to the image encoder as set forth and the image encoding method as set forth, one or more layers
of each sequence of objects constituting an image are partitioned into a plurality of groups, and the groups are encoded.
Therefore, it becomes possible to have random access to the encoded result at a group unit.
[0295] According to the image decoder as set forth and the image decoding method as set forth, a coded bit stream,
obtained by partitioning one or more layers of each sequence of objects constituting the image into a plurality of groups
and also by encoding the groups, is decoded. Therefore, it becomes possible to have random access to the coded bit
stream at a group unit and decode the bit stream.
[0296] According to the distribution medium as set forth, a coded bit stream, obtained by partitioning one or more
layers of each sequence of objects constituting the image into a plurality of groups and also by encoding the groups, is
distributed. Therefore, it becomes possible to have random access to the coded bit stream at a group unit.
[0297] According to the image encoder as set forth and the image encoding method as set forth, second-accuracy
time information which indicates time within accuracy of a second is generated and detailed time information, which
indicates a time period between the second-accuracy time information directly before display time of I-VOP, P-VOP, or
B-VOP and the display time within accuracy finer than accuracy of a second, is generated. Therefore, it becomes possible
to recognize the display times of the I-VOP, P-VOP, and B-VOP on the basis of the second-accuracy time information
and detailed time information and perform random access on the basis of the recognition result.
[0298] According to the image decoder as set forth and the image decoding method as set forth, the display times of
the I-VOP, P-VOP, and B-VOP are computed based on the second-accuracy time information and detailed time infor-
mation. Therefore, it becomes possible to perform random access, based on the display time.
[0299] According to the distribution medium as set forth, there is distributed a coded bit stream which is obtained by
generating second-accuracy time information which indicates time within accuracy of a second, also by generating
detailed time information which indicates a time period between the second-accuracy time information directly before
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display time of I-VOP, P-VOP, or B-VOP and the display time within accuracy finer than accuracy of a second, and
furthermore by adding the second-accuracy time information and detailed time information to a corresponding I-VOP,
P-VOP, or B-VOP as information which indicates display time of said I-VOP, P-VOP, or B-VOP. Therefore, it becomes
possible to recognize the display times of the I-VOP, P-VOP, and B-VOP on the basis of the second-accuracy time
information and detailed time information and perform random access on the basis of the recognition result.

Industrial Applicability

[0300] The present invention can be utilized in image information recording-regenerating units in which dynamic image
data is recorded on storage media, such as a magneto-optical disk, magnetic tape, etc., and also the recorded data is
regenerated and displayed on a display. The invention can also be utilized in videoconference systems, videophone
systems, broadcasting equipment, and multimedia data base retrieval systems, in which dynamic image data is trans-
mitted from a transmitter side to a receiver side through a transmission path and, on the receiver side, the received
dynamic data is displayed or it is edited and recorded.

Claims

1. An image decoder for decoding a coded bit stream produced by encoding an image formed of a sequence of objects,
with an object encoded by intracoding being an intra-video object plane (I-VOP), an object encoded by either
intracoding or forward predictive coding being a predictive-VOP (P-VOP), and an object encoded by intracoding,
forward predictive coding, backward predictive coding, or bidirectionally predictive coding being a bidirectionally
predictive-VOP (B-VOP),
wherein said VOPs have been grouped into one or more groups (GOVs),
each group having an associated display order according to which a plurality of decoded VOPs of the corresponding
group are displayed upon reproduction of the image,
and each of the one or more groups comprises a group time code which represents an absolute time corresponding
to a synchronisation point associated with a first object in the display order in the corresponding group (GOV), the
group time code comprising a time_code_hours value representing an hour unit of time, a time_code minutes value
representing a minute unit of time, and a time_code_seconds value representing a seconds unit of time of the
synchronisation point,
and each VOP in the group comprising both second-accuracy time information (modulo_time_base) indicative of a
time value in units of one second and detailed time information (VOP_time_increment) indicative of a time value in
units of accuracy finer than one second as information representing a display time of said VOP,
the image decoder comprising:

receiving means for receiving said coded bit stream;
a display time computer (36, 102) for computing said display time of said VOPs by adding said second-accuracy
time information (modulo_time_base) and a detailed time information (VOP_time_increment) of each VOP to
said group time code of the corresponding group; and
means for decoding (72N) said VOPs in accordance with the corresponding computed display time.

2. An image decoder as claimed in claim 1, wherein said group time code corresponds to an absolute time when
encoding of a corresponding group of VOPs is started.

3. An image decoding method for decoding a coded bit stream produced by encoding an image formed of a sequence
of objects, with an object encoded by intracoding being an intra-video object plane (I-VOP), an object encoded by
either intracoding or forward predictive coding bering a predictive-VOP (P-VOP), and an object encoded by intrac-
oding, forward predictive coding, backward predictive coding, or bidirectionally predictive coding being-a bidirec-
tionally predietive-VOP (B-VOP),
wherein said VOPs have been grouped into one or more groups (GOVs),
each group having an associated display order according to which a plurality of decoded VOPs of the corresponding
group are displayed upon reproduction of the image,
and each of the one or more groups comprises a group time code which represents an absolute time corresponding
to a synchronisation point associated with a first object in the display order in the corresponding group (GOV) the
group time code comprising a time_code_hours value representing an hour unit of time, a time_code minutes value
representing a minute unit of time, and a time_code_seconds representing the a seconds unit of time of the syn-
chronisation point,
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and each VOP in the group comprising both second-accuracy time information (modulo_time_base) indicative of a
time value in units of one second and detailed time information (VOP_time_inerement) indicative of a time value in
units of accuracy finer than one second as information representing a display time of said VOP,
said decoding method comprising the steps of:

receiving said coded bit stream
computing said display time of said VOPs on a display time computer (36, 102) by adding said second-accuracy
time information (modulo_time_base) and a detailed time information (VOP_time_increment) of each VOP to
said group time code of the corresponding group; and
decoding (72N) said VOPs in accordance with the corresponding computed display time.

Patentansprüche

1. Bilddecoder zum Decodieren eines codierten Bitstroms, der durch Codieren eines Bilds erzeugt wird, der aus einer
Sequenz von Objekten gebildet ist,
wobei ein Objekt, welches durch Intra-Codieren codiert ist, eine Intra-Video-Objektebene (I-VOP) ist, ein Objekt,
welches durch entweder Intra-Codieren oder Vorwärtsvorhersagecodieren codiert ist, eine Vorhersage-VOB (B-
VOP) ist, und ein Objekt, welches durch Intra-Codierung, Vorherwärtsvorhersagecodierung, Rückwärtsvorhersa-
gecodierung oder bidirektionales Vorhersagecodieren codiert ist, eine bidirektionale Vorhersage-VOP (B-VOP) ist,
wobei die VOPs in eine oder mehrere Gruppen (GOVs) gruppiert sind,
wobei jede Gruppe eine verknüpfte Anzeigereihenfolge hat, gemäß der mehrere decodierte VOPs der entsprechen-
den Gruppe bei Wiedergabe des Bilds angezeigt werden,
und jede der einen oder mehreren Gruppen einen Gruppenzeitcode umfasst, der eine Absolutzeit darstellt, welche
einem Synchronisationspunkt entspricht, der mit einem ersten Objekt in der Anzeigereihenfolge in der entsprechen-
den Gruppe (GOV) verknüpft ist, wobei der Gruppenzeitcode einem Zeit-Code-Stundenwert entspricht, der eine
Stundeneinheit der Zeit darstellt, einen Zeit-Code-Minutenwert, der eine Minuteneinheit der Zeit darstellt, und einen
Zeit-Code-Sekundenwert, der eine Sekundeneinheit der Zeit des Synchronisationspunkts darstellt,
und jede VOP in der Gruppe sowohl sekundengenaue Zeitinformation (Modulo_Zeit_Basis), welche für einen Zeit-
wert bezeichnend ist, in Einheiten einer Sekunde, als auch detaillierte Zeitinformation (VOP_Zeit_Inkrement), welche
für einen Zeitwert in Einheiten einer Genauigkeit, die feiner ist als eine Sekunde, als Information aufweist, welche
eine Anzeigezeit der VOP darstellt, bezeichnend ist,
wobei der Bilddecoder umfasst:

eine Empfangseinrichtung zum Empfangen des codierten Bitstroms;
einen Anzeigezeitcomputer (36, 102) zum Berechnen der Anzeigezeit der VOPs durch Hinzufügen der sekun-
dengenauen Zeitinformation (Modulo_Zeit_Basis) und einer detaillierten Zeitinformation (VOP_Zeit_Inkrement)
jeder VOP zum Gruppenzeitcode der entsprechenden Gruppe; und
eine Einrichtung zum Decodieren (72N) der VOPs gemäß der entsprechenden berechneten Anzeigezeit.

2. Bilddecoder nach Anspruch 1, wobei der Gruppenzeitcode einer Absolutzeit entspricht, wenn das Codieren einer
entsprechenden Gruppe von VOPs begonnen wird.

3. Bilddecodierverfahren zum Decodieren eines codierten Bitstroms, der durch Codieren eines Bilds erzeugt wird,
welches aus einer Sequenz von Objekten gebildet wird, wobei ein Objekt, welches durch Intra-Codieren codiert
wird, eine Intra-Video-Objektebene (I-VOP) ist, ein Objekt, welches entweder durch Intra-Codieren oder Vorwärts-
vorhersagecodieren codiert wird, eine Vorhersage-VOP (P-VOP) ist, ein Objekt, welches durch Intra-Codierung,
Vorwärtsvorhersagecodierung, Rückwärtsvorhersagecodierung oder bidirektionale Vorhersagecodierung codiert
wird, eine bidirektionale Vorhersage-VOP (B-VOP) ist,
wobei die VOPs in eine oder mehrere Gruppen (GOVs) gruppiert sind,
wobei jede Gruppe eine verknüpfte Anzeigereihenfolge hat, gemäß der mehrere decodierte VOPs der entsprechen-
den Gruppe bei Wiedergabe des Bilds angezeigt werden,
und jede von der einen oder den mehreren Gruppen einen Gruppenzeitcode aufweist, der eine Absolutzeit darstellt,
welche einem Synchronisationspunkt entspricht, der mit einem ersten Objekt in der Anzeigereihenfolge in der ent-
sprechenden Gruppe (GOV) verknüpft ist, wobei der Gruppenzeitcode einen Zeit-Code-Stundenwert umfasst, der
eine Stundeneinheit der Zeit darstellt, einen Zeit-Code-Minutenwert, der eine Minuteneinheit der Zeit darstellt, und
einen Zeit-Code-Sekundenwert, der eine Sekundeneinheit der Zeit des Synchronisationspunkt darstellt,
und jede VOP in der Gruppe sowohl sekundengenaue Zeitinformation (Modulo_Zeit_Basis), welche für einen Zeit-



EP 0 914 007 B9

29

5

10

15

20

25

30

35

40

45

50

55

wert bezeichnend ist, in Einheiten von einer Sekunde umfasst, als auch detaillierte Zeitinformation (VOP_Zeit_
Inkrement) umfasst, welche für einen Zeitwert in Einheiten der Genauigkeit bezeichnend ist, die feiner ist als eine
Sekunde, als Information, welche eine Verzögerungszeit der VOP darstellt,
wobei das Decodierverfahren folgende Schritte umfasst:

Empfangen des codierten Bitstroms
Berechnen der Anzeigezeit der VOPs auf dem Anzeigezeitcomputer (36, 102) durch Hinzufügen der Sekund-
engenauigkeits-Zeitinformation (Modulo_Zeit_Basis) und einer detaillierten Zeitinformation (VOP_Zeit_Inkre-
ment) jeder VOP zum Gruppenzeitcode der entsprechenden Gruppe; und
Decodieren (72N) der VOPs gemäß der entsprechenden berechneten Anzeigezeit.

Revendications

1. Décodeur d’images pour décoder un flux de bits codé produit en codant une image formée par une séquence
d’objets, comportant un objet codé par intra-codage qui est d’un plan objet intra-vidéo (I-VOP), un objet codé soit
par intracodage soit par codage prédictif progressif qui est un VOP prédit (P-VOP), et un objet codé par intracodage,
par codage prédictif progressif, par codage prédictif régressif, ou par codage prédictif bidirectionnel qui est un VOP
prédit bidirectionnel (B-VOP),
dans lequel lesdits VOP ont été groupés en un ou plusieurs groupes (GOV),
chaque groupe possédant un ordre d’affichage associé selon lequel une pluralité de VOP décodés du groupe
correspondant sont affichés lors de la reproduction de l’image,
et chacun de l’un ou de plusieurs groupes comprend un code temporel de groupe qui représente un temps absolu
correspondant à un point de synchronisation associé à un premier objet dans l’ordre d’affichage dans le groupe
correspondant (GOV), le code temporel de groupe comportant une valeur heures de code temporel représentant
une unité d’heure, une valeur minutes de code temporel représentant une unité de minute, et une valeur secondes
de code temporel représentant une unité de seconde du point de synchronisation,
et chaque VOP dans le groupe comportant à la fois une information de temps précise à la seconde (modulo_time_
base) représentant une valeur de temps en unité d’une seconde et une information de temps détaillée (VOP_time_
increment) représentant une valeur de temps en unité de précision plus fine qu’une seconde en tant qu’information
représentant un temps d’affichage dudit VOP,
le décodeur d’images comportant :

un moyen de réception pour recevoir ledit flux de bits codé ;
un calculateur de temps d’affichage (36, 102) pour calculer ledit temps d’affichage desdits VOP en ajoutant
ladite information de temps précise à la seconde (modulo_time_base) et une information de temps détaillée
(VOP_time_increment) de chaque VOP audit code de temps de groupe du groupe correspondant ; et
un moyen pour décoder (72N) lesdits VOP conformément au temps d’affichage calculé correspondant.

2. Décodeur d’images selon la revendication 1, dans lequel ledit code temporel de groupe correspondant à un temps
absolu lors d’un codage d’un groupe correspondant de VOP est débuté.

3. Procédé de décodage d’image pour décoder un flux de bits codés produit en codant une image formée par une
séquence d’objet, comportant un objet codé par intra-codage qui est d’un plan objet intra-vidéo (I-VOP), un objet
codé soit par intracodage soit par codage prédictif progressif qui est un VOP prédit (P-VOP), et un objet codé par
intracodage, par codage prédictif progressif, par codage prédictif régressif, ou par codage prédictif bidirectionnel
qui est un VOP prédit bidirectionnel (B-VOP),
dans lequel lesdits VOP ont été groupés en un ou plusieurs groupes (GOV),
chaque groupe possédant un ordre d’affichage associé selon lequel une pluralité de VOP décodés du groupe
correspondant sont affichés lors de la reproduction de l’image,
et chacun de l’un ou de plusieurs groupes comprend un code temporel de groupe qui représente un temps absolu
correspondant à un point de synchronisation associé à un premier objet dans l’ordre d’affichage dans le groupe
correspondant (GOV), le code temporel de groupe comportant une valeur heures de code temporel représentant
une unité d’heure, une valeur minutes de code temporel représentant une unité de minute, et une valeur secondes
de code temporel représentant une unité de seconde du point de synchronisation,
et chaque VOP dans le groupe comportant à la fois une information de temps précise à la seconde (modulo_time_
base) représentant une valeur de temps en unité d’une seconde et une information de temps détaillée (VOP_time_
increment) représentant une valeur de temps en unité de précision plus fine qu’une seconde en tant qu’information
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représentant un temps d’affichage dudit VOP,
le procédé de décodage comportant les étapes consistant à :

recevoir ledit flux de bits codé ;
calculer ledit temps d’affichage desdits VOP sur un calculateur de temps d’affichage (36, 102) en ajoutant ladite
information de temps précise à la seconde (modulo_time_base) et une information de temps détaillée (VOP_
time_ increment) de chaque VOP audit code temporel de groupe du groupe correspondant ; et
décoder (72N) lesdits VOP conformément au temps d’affichage calculé correspondant.
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