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TRANSLATION
DESCRIPTION

INFORMATION TRAﬁSMISSION METHOD AND
ENCODING/DECODING APPARATUS AND
ENCODING+*MULTIPLEXING/DECODING*DEMULTIPLEXING
APPARATUS IN INFORMATION TRANSMISSION SYSTEM TO
WHICH INFORMATION TRANSMISSION METHOD IS APPLIED
Téchnical Field
The present invention relates to a data trans-
mission method of transmitting an encoded video
picture/still picture by using a wire communication
network such as an ISDN or Internet or a radio
communication network such as a PHS network or a
satellite communication network and an encoding/
decoding apparatus in a data transmission system to
which the method is applied.
Background Art
With the recent advances in the techﬁiques of
performing digital encoding of various types of.
information such as picture information and the
broadband network techniques, applications using these
techniques have been increasingly developed, and
systems for transmitting compress-encoded pictures and
the like by using communication networks have been
developed.
-For example, a videophone, a teleconference system,
and a digital television broadcast use a technique of

compress-encoding video information and speech informa-

tion to small.information'amounts, multiplexing the
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compressed video code stream, the compressed voice code
stream, and other data code streams into one code
stream, and transmitting/storing it.

As video signal compress-encoding techniques,
motion cbmpensation, discrete cosine transform (DCT),
sub-band encoding, pyramid encoding, variable :
word-length encoding, and the like and schemes
combining these techniques have been developed. The
national standard schemes for video encoding include
ISO MPEGl, MPEG2, ITU-T H.261, H.262, and H.263. The
national standard schemes for multiplexing code streams
obtained by compressing video signals and speech/audio
signals and other data include the ISO MPEG system,
ITU-TH.221 and H.223. |

In a conventioﬁal video encoding scheme such as
one of the above video encoding national standard
schemes, a video signal is segmented into_frames, and
each frame is further segmented into small regions,
thus encoding the signal in units of GOBs, macroblocks,
or the like. Header information indicating the
encoding mode and the like is added to each frame, GOB,
and macroblock. These pieces of header information are
always required to decode the overall GOBs and the like.
If, therefore, a transmission path/storage medium error
is introduced into header information to cause a
decoding failure in a video decoder, the overall frame,

GOB, or the like to which the header information is
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added cannot be properly decoded. As a result, the
quality of the reconstructed picture in the video
decoder greatly deteriorates.

When compress-encoded picture data is to be
t;ansmitted by using a communication network, the
reception side must decode the data to reconstruct
significant information from the transmitted bit stream’
of "0O"s and "1"s. For this purpose, the above header
informétion plays a very important role as information
indicating a specific rule under which a predetermined
block of bit streams is encoded. Such header informa-
tion contains, for example, information indicating
the prediction type of the currently encoded frame
(intraframe encoding, interframe encoding, or the like),
information indicating the display timing (time

reference) of the frame, step size information required

for quantization, and the like. If these pieces of

header information are lost, information transmitted
afterward cannot be properly decoded.

Assume that an error is introduced into a bit
stream owing to some cause to change information
indicating the prediction type of a frame from
interframe encoding to intraframe encoding. In this
case, even if actual information is properly trans-
mitted afterward, since it is determined on the
decoding side that the signal is obtained as a result

of intraframe encoding, the signal is not properly
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decoded in the end. The quality of the reconstructed
picture in the video decoder thereforé greatly
deteriorates.

Systems using wire communication networks have
been prevalent to date. Even systems using radio
communication systems have been built on the.assumption
that they use sateilite communication with very low
error rates. Sufficient consideration has not
therefore been given to error robustness of the
structure of a code stream to be trahsmitted, and
satisfactory protection has not been given against

transmission path errors in important information such

"as header information.

In a PHS system which is part of the mainstream of
mobile communication, the error rate is about hundred
thousand or one million times that in satellite commu-
nication. For this reason, sufficient correction
cannot be performed by §nly error éorrection with
respect to bit streams encoded by a conventional
technique. In an Internet system which is expected to
become part of the mainstream of communication like a
PHS system, the types of errors that are likely to
occur in data have not been statistically clarified,
and hence proper error correction cannot be performed
in some.case. Furthermore, in the PHS and Internet
systems, pért of information in a code stream may be

lost. Theoretically, error correction cannot cope with
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such a case. For this reason, the strﬁcture of a code
stream itself needs to have error robustness.

As described above, satisfactory consideration
has not been given to error robustness of the structure
of a code stream to be transmitted. Satisfactory
consideration about transmission path errors has not
been gi&en to important information such as header
ihformation, in particular, whose picture quality
greatly deteriorates when a transmission path error is
introduced therein.

It is an objeét of the present invention to
provide an information transmission method capable of
decoding a picture signal with high quality, even if a
transmission path error is introduced into important
information such as header information, by providing
error robustness for the structure of a code stream
itself, and an ehcoding/decoding apparatus in an
information transmission system to which the method is
applied.

Disclosure of Invention

According to the present invention, there is
provided an information transmission method comprising
causing a transmissionlside to tfansmit reconstruction
information required to reconstruct contents of header
information or part of the header information upon
adding the reconstruction information to encoded

information, causing a reception side to perform
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an error check with respect to the header information
or part of the header information, and decoding the
encoded information by using the'reconétruction
information as a substitute when an error is detected
by the exror check..

According to the present invention, there is
provided an information transmission method of
transmitting reconstructing information for recon-
structing the contents of header information required
to reconstruct encoded information or the contents of
part of the information after adding the reconstruction
information to a data stream, and decoding the data
stream by using the reconstruction_information as a

substitute when an error is detected in the header

-information or part of the information on a reception

side.

According to this information transmission method,
even if an error is introduced into header information,
and the header information cannot be used for decoding
processing, the decoding processing can be properly
continued by using information designated by designa-
tion information as a substitute. As reconstruction

information, header information or part of the header

.information may be used, the difference information

between previously transmitted header information or
part thereof and important information to be currently

transmitted, or the like may be used.
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In addition, according to the present invention,
in an information transmission system for segmenting
information into two or moré'layers (e.g., a picture
layer, a GOB layer, a macroblock layer, and a block
layer), and transmitting a sync signal and header
information required for decoding upon adding the sync
signal and the header information to each layer, there
are provided an encoding apparatus comprising means for
inserting designation information having a predeter-
mined pattern in the header information, and means
capable of transmitting information which has already
been transmitted from an upper layer or part of the
inforﬁation, information which has already been
transmitted within the same layer or part of the
information, or information capable of reconstructing
the contents (the contents of a picture, e.g., a human
figure or face) of information which has already been
transmitted from the upper layer or within the same
layer or the contents of part of the information, and
a decoding apparatus corresponding to the encoding
apparatus.

According to the present invention, in an informa-
tion transmission system for transmitting a sync signal
and header information required for decoding upon
adding the sync signal and the information, there are
provided an information transmission system encoding

apparatus comprising an insertion section for inserting
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designation information having a predetermined pattern
in the header information, and a transmission sectiqn
capable of transmitting information which has already
been transmitted or part of the information or infor-
mation capable of reconstfucting contents of the
information or part of the information, and a decoding
apparatus Corresponding to the encoding apparatus.

According to the present invention, in an informa-
tion transmission system for transmitting a sync signal
and header information required for decoding upon
adding the sync signal and the information, there are
provided an encoding apparatus comprising an insertion
section for inserting designation information having a
predetermined pattern in the.header information, and a
transmission section capable of transmitting informa-
tion for changing encoding processing of a portion
associated with the header information from encoding
processing of a portion before the portion associated
with thé header information, wherein error robustness
is provided for a code stream itself to allow proper
decoding processing even if an error occurs in the
header information, and a decoding apparatus corre-
sponding to the.encoding apparatus. |

In the above apparatus, as reconstruction
information, transmission of which is indicated by
designation information, information required for

decoding processing on all the layers is preferably
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used. 1In addition, the reconstruction information,
transmission of which is indicated by the designation
information and information decoded in another section
may be combined into information which is réquired for-
decoding processing on all the layers. Furthermore, as
the bit pattern of designation information, a pattern,
of the bit patterns defined as header information’ other
than the designation information, which is not used can
be used. Moreover, in transmitting picture information,
information that can be transmitted owing to designa-
tion information is preferably information indicating
the display timing of a frame, information indicating
the prediction type of the frame, quantization step
size information, or information indicating the time of
the picture frame.

According to the present invention, in an encoding
apparatus comprising one or more picture encoders for
receiving and compress-encoding a picture signal, and
a multiplexer for multiplexing a picture code stream
output from each of the picture encoders and other data
information code streams, and outputting a ﬁultiplexing
code stream containing a multiplexed header and a
multiplexed payload, there is provided an information
transmission apparatus comprising an insertion section
for inserting header information in the picture code
stream or part thereof in the multiplexed header, and a

transmission section for adding an error
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correction/detection code generated from information in
the multiplexed header to the multiplexed header,.
providing error protection for the header information
in the picture code stream together with other informa-
tion associated with multiplexing.in the multiplexed
header by using an error correction/detection code,

and transmitting the header information and other
information.

In this encoding apparatus, strong error
protection using error correction/detection codes is
provided for header information, in a picture code
stream, which causes a great deterioration in the
quality of the decoded picture upon introduction of an
error, together with a multiplexed header. Even if,
therefore, a compressed picture is transmitted through
a corrupted transmission path/storage medium; high
reconstructed picture quality can be obtained.

The header information in the picturé code stream
which is contained in the multiplexed header may be
information indicating the time of the picture frame.
With this information, even if the information indicat-~
ing the time of the picture frame, which is contained
in the header information in the picture code stream,
is lost, the time information of the picture frame can
be decoded from the multiplexed header. Therefore, the
decoded picture can be displayed/reconstructed at a

proper time, and the correct boundaries between the



10

15

20

25

11

picture frames in the picture code stream can be

detected.

In addition, according to the present invention,
there is provided an encoding/multiplexing apparatus

comprising a segmentation section for segmenting a

‘plurality of types of compressed code strings obtained

by compress-encoding an input signal in encoding units,
a first multiplexing section for generating multiplexed
unit code strings by adding stuffing bits to the
segmented compressed code strings in segmenting units,
and a second multiplexing section for generating a
multiplexing code stream by multiplexing the multi-
plexed unit code strings,. the multiplexed unit code
string having a length corresponding to an integer
multiple of a predetermined length.

Since multiplexed unit code strings each having a
length cofresponding to an integer multiple of the
predetermined length by adding stuffing bits in
segmenting units are generated in this manner, the

introduction of an error can be easily detected on the

decoding/demultiplexing apparatus side by comparing

the end position of a compressed code string in each
multiplexed unit code string with the start position of
stuffing bits. In addition, since a pseudo-sync code
is not easily generated even if an error is introduced,
high error robustness can be attained. |

Furthermore, an encoding/multiplexing apparatus
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of the present invention includes a compress-encoder
for generating compressed code strings by encoding an

input signal so as to segment the signal into certain

-éncoding units, and a multiplexing section for

generating a multiplexing code stream by collecting
sync words having the same degree oi importance from
the segmented compressed code strings. Codes
indicating delimiters between the encoding units are
inserted in ﬁhe multiplexing code stream obtained in
accordance with the respective degrees of importance.
Wifh this processing, error protection can be given in

accordance with the degree of importance of each code

- word, and hence the quality of the decoded image

improves in thé event of a transmission path error.
Brief Description of Drawings

FIG. 1 is a block diagram showing the'arrangement
of an encoding apparatus used in an information
transmission system according to the first embodiment
of the present invention;

FIG. 2 is a block diagram showing the arrangement
of a decoding apparatus used in the information
transmission system acco;ding to the first embodiment;

FIGS. 3A and 3B are views showing how a frame is
segmented into a plurality of layers in the information
transmission system according to the first embodiment;

FIGS. 4A to 4C are views showing bit streams on

the respective layers in FIGS. 3A and 3B;
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FIGS. 5A to 5E are views showing the formats of
bit streams replacing those in FIGS. 4A to 4C;

FIGS. 6A and 6B are views showing a case in which
a frame has a single layer in the informétion trans-
mission system according to the first embodiment;

FIG. 7 is a block diagram showihg another arrange-
ment of the encoding apparatus used in the information
transmission system according to the present invention;

FIG. 8 is a block diagram showing the arrangement
of a decoding apparatus corresponding to the encbding
apparatus in FIG. 7;

FIGS. 9A and 9B are views showing the internal
state of a frame in a case in which a refresh operation
is performed in the information transmission system

according to the first embodiment and a corresponding

‘bit stream;

FIGS. 10A and 10B are views showing other examples
associated with the contents of important information
to be transmitted by the information transmission
system according to the first embodiment;

FIG. 11 is a block diagram showing the arrangement
of a decoding processing circuit corresponding to
FIGS. 10A and 10B;

FIG. 12 is a view showing a case in which designa-
tion information used in the first embodiment is part
of another header information table;

FIG. 13 is a view for explaining the regions to be
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encoded in a frame which are used in an information
transmission system according to the second embodiment
of the present invention;

FIGS. 14A to 14D are views showing examples of the
picture code streams used in the second embodiment;

FIG. 15 is a view for explaining time pieces of
information contained in the picture code streams in
FIGS. 14A to 14D;

FIG. 16 is a block diagram showing the arrangement
of a decoding apparatus used in the second embodiment;

FIGS. 17A to 17C aie views showing examples of the
VOP header and the video packet header used in the
second embodiment;

FIG. 18 is a block diagram showing another ar-
rangement of the decoding apparatus used in the second
embpdiment;

FIG. 19 is a block diagram showing the overall

‘arrangement of a picture/speech encoding apparatus used

in an information transmission system according to the
third embodiment of the present invention;

FIG. 20 is a block diagram showing the overall
arrangement of a picture/speech decoding apparatus used
in the third embodiment;

FIGS. 21A and 21B are views showing an example of
the video éode stream used in the third embodiment;

FIG. 22 is a view-showing an example of the

multiplexing code stream used in the third embodiment;
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FIGS. 23A and 23B are views showing the first
example of the multiplexed header used in the third
embodiment;

FIGS; 24A and 24B are views showing the 'second
example of the multiplexed header used in the third
embodiment}

FIG. 25 is a view showing the second example
of the multiplexing code stream used in the third
embodiment;

FIG. 26 is a view showing the third example of the
multiplexing code stream used in the third embodiment;

FIGS. 27A and 27B are views showing the third
example of the video packet header used in the present
invention;

FIGS. 28A and 28B are views.showing the fourth
example of the video packet header used in the present
invention;

FIG. 29 is a block diagram showing a medium on
which information based on the present invention is
recorded and a decoding apparatus for the medium;

FIG. 30 is a flow chart showing a procedure for
decoding the information recorded on the medium in
FiG. 29;

FIGS. 31A to 31D are views showing a case in.which
bits are added to a code stream to prevent a pseudo-
sync code in the present invention;

FIGS. 32A to 32C are views for explaining marker
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bits used for a code stream in the present invention;

FIG. 33 is a view showing an example of the bit

- stream using a slice layer in the present invention;

FIGS. 34A to 34C are views each showing an example
of the video code stream used in the fourth embodiment
of the present invention;

FIGS. 35A and 35B are views showing a method of
setting sync codes and stuffing bits in the fourth
embodiment;

FIG. 36 is a block diagram showing the arrangement
of a multiplexer in the fourth embodiment;

FIG. 37 is a view showing an example of the output
from an adaptation layer in the fourth émbodiment;-

FIGS. 38A to 38C are views each éhowing an exémple
of the output from a multiplex layer in the fourth
embodiment; |

| FIGS. 39A to 39C are views each showing the first
example of how a video code stream ié segmented on the
adaptation layer in the fourth embodiment;

FIGS. 40A to 40C are views eaﬁh showing the second
example of how.a video code stream is segmented on the
adaptation layer in the fourth embodiment;

FIGS. 41A and 41B are views each showing the third
examplé of how a video code stream is segmented on the
adaptation layer in the fourth embodiment;

FIGS. 42A to 42C are views each showing the fourth

example of how a video code stream is segmented on the
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adaptation layer in the fourth embodiment;

FIGS. 43A to 43C are views each showing the fifth
example of how a video.code stream is segmented on the
adaptation layer in the fourth embodiment;

FIGS. 44A and 44B are views each showing the sixth

- example of how a video code stream is segmented on the

adaptation layer in the fourth embodiment;

FIGS. 45A and 453 are views each showing the
seventh example of how a video code stream is segmented
on the adaptation layer in the fourth embodiment;

FIGS. 46A to 46D are views each showing the eighth
example of how a video code stream is ségmented on the
adaptation layer in the fourth-embodiment;

FIG. 47 is a view for explaining an example of how

stuffing is performed on the adaptation layer in the

fourth embodiment;

FIG. 48 is a block diagram showing the second
example of the arrangement of the multiplexer in the
fourth embodiment;

FIG. 49 is a view showing an example éf the
code stream generated on the FlexMux layer of the
multiplexer having the arrangement shown in FIG. 48 in
the fourth embodiment;

FIG. 50 is a view for explaining the boundaries
between the access units and another example of the
arrangement of resync markers in a frame in the fourth

embodiment;
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FIG. 51 is a view for explaining an example of how
error protection is switched in accordance with the_
degree of importance of each region in the frame in the
fourth embodiment;

FIGS. 52A to 52C are views each showing another
example of the format of an access unit in the fourth
embodiment;

FIG. 53 is a block diagram showing the circuit
arrangement of an encoder in the encoding apparatus
shown in FIG. 1; and

FIG. 54 is a block diagram showiﬁg the circuit
arrangement of a decoder in the decoding apparatus
shown in FIG. 2. |

Best Mode of Carryiﬁg Out the Invention

Embodiments of the present invention will be

 described below with reference to the accompanying

drawings.

FIG. 1 shows the arrangement of an encoding
apparatus according to an embodiment of the present
invention. A video picture input by a camera 101 is
converted into a digitél signal by an A/D converter 102.
The digital signal'is input to an encoder 103. The
encoder 103 performs high-efficiency compress-encoding
of the video signal by DCT transformation; Quantization,
variable length encoding, dequantization, inverse DCT
transformation, motion compensation, and the like,

thereby generating an encoded data stream. In this
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encoding operation, important information required for
decoding is inserted in the data stream. The important
header information in the encoded data stream is input
to an important header information reconstruction
circuit 104 to be temporarily held therein. A bit
string reconstruction circuit 107 follows the encoder
103. 1In the circuit 107, the final code stream to be
transmitted to a transmission path, i.e., a data stream
complying with MPEG2 or the like, is determined.

In the bit string reconstruction circuit 107,
first of all, a sync signal determined by a sync signal
circuit 105 is added to the head of the data stream in
a predetermined bit stream unit. Thereafter, designa-
tion information.is inserted in the bit stream by a
designation information insertion circuit 106. The
insertion of this designation information in the bit
stream allows iﬁportant header information.to be added
to the bit stream. Assume that important header
information is inserted immediately after the designa-

tion information. The important header information

' is extracted from the important header information

reconstruction circuit 104 to be added to the bit
stream. The details of this bit stream configuration
will be described later with reference to FIGS. 4A to
4C and 5A to 5E.

The bit stream finally determined by the bit

string reconstruction circuit 107 is multiplexed with
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other pieces of encoded information such as speech
information and character information by a multiplexer
108 and output to a transmission path 110. Note that
an arbitrary part of the header information may be
designated as_important header information by the user
from outside the encoder 103.

FIG. 2 shows the arrangement.of a decoding section
associated with the present invention.

The transmitted bit stream is demultiplexed into
picture information, speech information, character
information, and the like by a demultiplexer 121.

The picture information bit stream is subjected to
synchronization detection in a synchronization detector
122 to detect the decoding start position of the bit
stream. This information is sent to a decoder 124,
which starts or restarts decoding processing. Decoding
is started from the header information on the uppermost
layer. An error check circuit 125 checks whether
errors have been introduced into these decoded signals.
If introduction of an error is determined, since the
corresponding portion cannot be used, the corresponding
information is sent to an important information circuit
126. 1In decoding the header information on the next

layer, after synchronization detection is performed by

the synchronization detector 122, the same bit stream

is transferred to a designation information determina-

tion circuit 123, in which the contents of the
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designation information are checked. With this

.operation, it is checked whether important header

information has been added. If the information has
been added, the type and adding position of the
important header information are detected. Aan
operation instruction is supplied from the designation
information determination circuit 123 to the decoder
124 on the basis of the detection result. The decoder
124 decodes the header information on the current layer
and the important header information added thereto.
The result 6btained by decoding the important header
information is transferred to the important information
circuit 126 to be temporarily held therein. If an
error introduction confirmation signal is received from
the error check circuit 125, it indicates that the
important header information cannot be used on the
upper layer. In this case, therefore, the decoder 124
substitutes the important header information sent on
the current layer for the important header information
on the upper la&er to continue the decoding processing
with respect to the subsequent code stream. The
decoded information such as picture information is
converted into an analog signal by a D/A circuit 127 to
be displayed on a monitor 128.

The structure of a picture code stream used in
this embodiment will be described next.

FIGS. 3A and 3B show the concept of a frame
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divided into a plurality of layérs.

One frame 200 is broken up into a large number of
slices (macroblock'lines) 201 each constituted by
16 (pixel) X 16 (pixel) macroblocks (FIG. 3A). Each
slice 201 is a set of macroblocks 203 (FIG. 3B). The
frame 200 as a whole corresponds to the uppermost layer.
Each slice 201 dorresponds to the next layer. Each
macroblock 203 éorresponds to the layer next to the
next layer. .

FIGS. 4A, 4B, and 4C show examples of the data
structures on the respective layers in FIGS. 3A.and 3B.

FIG. 4A shows a bit stream on the uppermost layer
¢orresponding to FIG. 3A. FIG. 4B shows a conventional
bit stream on the slice layer corresponding to the
slice in FIG. 3B. FIG. 4C shows a newiy proposed bit
stream on the slice layer corresponding to the slice in
FIG. 3B.

As shown in FIG. 4A, a picture code on the frame
layer, i.e., a one-frame picture code, starts from a
sync signal (picture start code; PSC) indicating the
start position of a picture. A time reference (TR)
indicating the timing at which the frame is reproduced,
and type information (PT) indicating a predictive
encoding type such as interframe encoding or intraframe
encoding follow the PSC. Quantization step size
information (PQ) follows the PT. These pieces of

information TR, PT, and PQ are required for decoding
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processing or display of the entire frame. If these.
pieces of information are destroyed owing to the
introduction of errors or the like, decoding or display
cannof be properly performed even if synchronization is
established on the subsequent layer. Lower layer
information is stored in "Data" after "PQ". FIG. 4B
shows a typical bit stream of "Data".

As shown in FIG. 4B, on the slice layer, a picture
code stream of each slice 201 starts from a sync signal
(SSC) indicating the start of the code, and prediction
type information (SPT) and a slice number (SN) follow.
Finally, quantization step size information (SQ) is set.
"Data" after "SQ" is information on the macroblock |
layer lower than the slice layer.

The structure of the slice layer used in the first
embodiment will bé described next with reference to
FIG. 4cC.

As described above; the information in FIG. 4A is
important information. If this informatiqn cannot be
used, the frame cannot be properly decoded even if the
information on the slice layer lower than the frame
layer is not destroyed. To properly decode the
information on the slice layer lower than the frame
layer even if the information in FIG. 4A cannot be used,
it is required to recognize that the contents of the
header information in FIG. 4A correspond to the slice

layer. In the first embodiment, therefore, a code
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having a predetermined bit pattern indicating
designation information is prepared in "SPT". When
this code appears, the header information in FIG. 4A,
which has already been transmitted, is transmitféd
again on the slice layer. 1In this case, JTR" and "PT"
are transmitted.(in this case, "SPT" is used as
designation information, and "PT" is required because
"SPT" does no£ indicate the prediction type). If no
error is introduced into the frame layer in fIG.'4A,
pieces of information (TR and PT) are not used. If the
information on the frame layer is destroyed owing to an
error or the like, decoding proéessing can be continued
by using the pieces of information (TR and PT) in
FIG. 4C as substitutes.

FIGS. 5A to 5E show other examples to be used in
place of the examples in FIGS. 4A to 4C.

The frame layer in FIG. 5A is identical to that in
FIG. 4A, but each of the slice layers in FIGS. SB and
5C differs in designationlinformatién inserted in the
header information from those in FIGS. 4B and 4C. 1In
each of the slice layers shown in FIGS. 4B and 4C, the
designation information is prepared in "SPT". 1In each
of the slice layers in FIGS. 5B and 5C, a new bit (IS)
is inserted. This bit IS is one bit that can be two
types of identification information. "IS" may consist
of two bits to represent four types of identification

information.
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When "SI" indicates that the important information
on the frame layer follows, "TR" is transmitted after
"IS" in FIG. 5C. On the decoding side, if the informa-
tion on the frame layer is destroyed owing to an error
or the like, "TR" on the slice layer is used. 1In this
case, since "SPT" represents a prediction type alone,
"PT" need nof be transmitted again on the slice layer
unlike the case shown in FIGS. 4A to 4C.

FIG. 5D shows a modification of the bit stream
in FIG. 5B. In this case, no "SPT" is transmitted on
the slice layer. In retransmitting the important
information on the frame layer in accordance with the
instruction of "IS", "TR" and "PT are required on the
slice layef, as shown ih FiG. 5E. |

FIGS. 6A and 6B show the concept of a frame
constituted by a single layer, and a bit stream.

In this case; aé shown in FIG. 6A, the frame is
simply divided into bloéks (macroblocks). As shown in
FIG. 6B, a one-frame picture code stream islsynchro-
nized by using only a syhc signal PSC. 1In this case,
since "TR" and "PT" are important as well, if the
pieces of information aie destroyed, the subsequent
information cannot be decoded even if it is properly
transmitted. A mechanism of retransmitting these
important pieces of information by some method is
effective in such a case. 1In the event of a random

error, in particular, the probability that both the
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pieces of information TR and PT are destroyed can be
greatly reduced as compéred with a case in which the
pieces of information are transmitted onlf once. In
the event of a burst error as well, if the pieces of
information TR and PT are retransmitted a cértain
period of time after they are transmitted for the first
time, the probability that both the pieces of informa-
tion are destroyed can be reduced. 1In the bit stream
shown in FIG.IGB, "Is" is inserted after the impoftant
pieces of information TR, PT, PQ, and the like. With
the instruction represented by thig signal, "TR", "PT",
and the like an be inserted after "IS". For the above
reason, the designation information IS is preferably
transmitted a time period equal to or longer than the
statistical duration of a burst error after important
information is transmitted.

FIG. 7 shows another example of the arrangement
of the encoding section associated with the present
invention.

The picture input by a camera 301 is converted
into a digital signal by an A/D converter 302 and input
to an encoder 303. A bit stream reconstruction circuit
307 follows the encoder 303. The bit stream recon-
structioh circuit 307 deterﬁines a final bit stream to
be sent to a transmission path. When a network which
is vulnerable to errors is to be used, a refresh

operation without prediction is generally pérformed at
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predétermined intervals to minimize the possibility of
propagation of an error which cannot be corrected.
Such a refresh operation can be performed with respect
to the overall frame (in this case, the prediction type
of frame is intraframe encoding). However, since the
‘amount of informqtion generated in a refresh operatioh
(intraframe encoding) is much larger than that.in
interframe encoding, it is difficult to use this
technique for low-bit-rate encodiﬁg transmission. For
this reason, it is preferable to use a techﬂique of
completing refresh for one frame in a period of time
required for a plurality of frames by performing
refresh for only part of each of a plurality of
consecutive frames. In addition, when an error is
detected on the decoding side, it is important to
cause only the part in error to be retransmitted by
outputting a retransmission request.

To realize these operations; the prediction type
must be switched between intraframe encoding and
interframe éncoding in the process of encoding in the
encoder 303. Assume that refresh is to be performed
for only a predetermined part (the specific slice shown
in FIGS. 3A and 3B in this case), since the prediction
type of this slice differs from that of the preceding
slice, this information is very important. In addition,
since the quantization step size in a refresh operation

greatly differs from that in inte:frame encoding, this
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information is important.

In the encoding apparatus shown in FIG. 7,_when
the encoder 303 performs encoding for refresh, the
information required for encoding is sent to a
designation information insertion circuit 305. The
important information required for the above refresh
operation is stored in an encoding processing change

information circuit 306 in advance. The bit stream

reconstruction circuit 307 adds the sync signal

determined by a sync signal circuit 304 to the head of
the slice bit stream which has been encoded for refresh.
Thereafter, designation information indicating that the
data has been refreshed is inserted in the bit stream
by the designation information insertion circuit 305.
In this state, since the above important information
required to decode the refreshed picture data can be
addéd, the required important information is extracted
from the encoding processing change information circuit
306 to be added to the slice bit stream. The details
of this bit stream format will be described with
reference to FIGS. 9A and 9B.

The bit stream finally determined by the bit
stream reconstruction circuit 307 is multiplexed with
other encoded pieces of information such as speech
information and character information by a multiplexer
308. The resultant data is sent to a transmission path

310. Note that arbitrary information can be designated
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as important information to be added by the user from
outside the encoding processing change_information
circuit 306.

FIG. 8 shows an example of the arrangement of a
decoding apparatus corresponding to the encoding
section in FIG. 7. A transmitted code stream is

demultiplexed into picture information, speech

'information, character information, and the like by a

demultiplexer 320. The picture information bit stream
is subjected tb synchronization detection in a synchro-
nization detector 321 to detect the decoding start
position of the bit stream. When this information is
sent to a decoder 323, decoding processing is started
or restarted. The bit stream iS'aiso transferred to a
designation information.determination'circuit 322, in
which the contents of the designation information ére
determined. When refresh can be performed, since it
suffices if the type of decoding processing can be
changed in accordance with the prediction type, i.e.,
intraframe encoding or inferframe encoding, in response
to this designation information, a switch for switching
an intraframe decoder 324 and an interframe decoder 325
in an decoder 323 is switched in accordance with a
signal from the designation information determination
circuit 322. Decoding processing for a slice for
refresh is executed by the intraframe decoder 324.

This intraframe decoding processing is COntrolled in
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accordance withlimpbrtant information such as thé above
quantization step size. The picture information
decoded by the intraframe decoder 324 or the interframe
decoder 325 in the décoder 323 is converted into an
analog signal by a D/A circuit 326 and displayed on a
monitor 327.

FIGS. 9A and 9B show the format of a.frame
subjected to refresh, and the structure of a corre-
sponding picture code stream.

A frame 351 is divided into a plurality of slices.
Assume that a slice 353 for refresh is transmitted
after a slice 352 to be subjected to interframe
encoding (FIG. 9A). A next slice 354 is subjected to
interframe encoding again. FIG. 9B shows the format
of the bit stream to be transmitted in this case.
Portions 361, 362, and 363 of this bit sfream corre-
spond to the slices 352, 353, and 354 in FIG. 9A.
Designation information indicating refresh ﬁsing
intraframe encoding is inserted in "SPT2" contained
in the slice bit stream for refresh. The subsequent
information, "8Q2", indicates the quantization step
size prepared for refresh. All *"Data 2" is decoded as
a result of intraframe encoding.

FIGS. 10A and 10B show other examples of the
contents of the important information. FIG. 10A shows
a beat stream on the frame layer. FIG. 10B shows'a bit

stream on the slice layer.
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Referring to FIGS. 4A to 4C, on the slice layer,
information following the designation infofmation SPT
is "TR". This information may express the display
timing, but the number of bits associated with this
expression may becomé large in some case. To prevent
this inconvenience, in the case shown in FIGS. 10A and
10B, a technique of encodiﬁg the difference between
given information and corresponding information which
has been previously transmitted is employed. This
technique is generally used for compress-encoding.

More specifically, if TR is 0 to 255, eight bits
are required to express these values. Assume, however,
that a condition that there is no low speed shot
corresponding to three frames or more can be estab-
lished. 1In this case, since adjacent frames are not
separated from each other by three frames or more in a
display operation, it suffices if the relative time
reference can express four states (the number of low
speed shots is 0, 1, 2, and 3). At this time, two bifs
are enough for "TR". The number of bits can therefore
be reduced. 1In this case, however, since the immedi-
ately preceding information which has already been
decoded is required, the display timing cannot be
determined by only "PR" at this portion. |

FIG. 10B shows an example of the bit stream to be
transmitted on the slice layer with the above differ-

ence TR (DTR in FIG. 10B) being important header
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information. After "DTR" ié decoded,.the true TR of
the current_frame can be calculated by adding "DTR" to
the information TR of the bit stream of the decoded
preceding frame on the frame layer which corresponds to
FIG. 10A. | | |

FIG. 11 shows.a circuit for performing decoding
processing in the case shown in FIGS. 10A and 10B.
This circuit in FIG. 11 operates upon replacing the
decoding section in FIG. 2. Eirst of all, the decoding
start position of the bit sfream sent from the
demultiplexer 121 is detected by the synchronization
detector 122, and "TR", "PT", and the like on the frame
layer are decoded by a decoder 401. At the same time,
the decoded information TR is stored in a memory (2)
404. An.error check circuit 402 checks the presence/
absence of errors in the header pieces of information.
The result is transferred to a memory (1) 403 (the
above processing is for the bit stream in FIG. 103A).
With regards to the slice layer in FIG. 10B, first of
all, the designatién information determination circuit
123 determines "SPT". The decoder 401 then decodes
"DTR" and "PT". "DTR" is transferred to the memory 403.
If it is found from the information sent from the errdr
check circuit 402.that the header information (TR) on
the upper frame layer cannot be used owing to an error
or the like, a request signal is output from the memory

403 to the memory 404 to transfer the information TR of
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the preceding frame, which has already been stored in
the memory 404, to the memory 403. In the memoxry 403,
this information TR and the above information DIR of
the current frame are added together to form "TR" of
the current frame. This information is returned .to the
decoder 401 to continue the decoding processing. The
information TR is also transferred to the memory 404 to
allow it to be used for the same processing in the next

frame.

FIG. 12 shows a case in which a pattern, of bit

patterns prepared for other header information, which

is not used is used as designation information.

Assume that a 2-bit pattern is assigned as "SPT"
in advance. 1In this case, there are three prediction
types, namely I (intraframe encoding), P (forward
predictive encoding,'aﬁd B (bidirectionally predictive
encoding), to which bit patterns of 00, 01, and 10 are
respeCtively assigned. Since information corresponding
to "11" is not used, this code is used as designation
information. That is, if "SPT" is "11", it does not
indicate any p;ediction type but indicates that impor-
fant information follows. Note that the important

information indicated by a designation information may

‘be header information (TR, PT, PQ) or part thereof.

Alternatively, this information may contain subsequent
data (e.g., "Data" in FIG. 4A). These pieces of

information can be changed in accordance with a request .
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from the system, the frequency of occurrence of network
errors, the required encoding rate, and the like.

As described above, according to the first
embodiment, if important information such as header
information is lost, information for reconstructing the
important information is added/transmitted in accor-
dence with an instruction of predetermined designation
information. For this reason, even if an error or the
like occurs in important header information, and the
information cannot be reconstructed, decoding process-
ing can be properly continued by using designation
information transferred afterward and reconstructlng
information de51gnated by the designation information.

The second embodiment of the present invention
will be described next.

The overall arrangement of an encoding apparatus
according to the second embodiment is almost the same
as that of the encoding apparatus in FIG. 1. 1In the
second embodiment, each frame (also a picture or VOP)
is encoded so as to be broken up into small regions |
(the regions enclosed with the dotted lines in FIG 13)
referred to as macroblocks In addltlon, to allow each
code stream in a frame to restore synchronization when
an error is introduced into a picture code stream
obtained by encoding a picture signal, the frame is
encoded in units of video packets (the regions enclosed

with the solid lines in FIG. 13) each constituted by
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one or a plurality of macroblocks.

FIGS. 14A to 14D show an example of the picture
code stream output from the encoding apparatus.
FIG. 14A showslthe overall picture code stream of one
frame (VOP). A VOP start code ("VSC" in FIG. 14A) as
a sync code which can be uniquely decoded, and.a vop
header ("VOP header" in FIG. 14A) containing header
information about the VOP are added to the head of the
VOP.

The VOP code stream is further segmented into
video packet code streams containihg macroblocks ("MB
data" in FIG. 14A). A sync code referred to as a

resync marker ("RM" in FIG. 14A) which can be uniquely

decoded, and a video packet header ("Video packet

header" in FIG. 14A) following the resync marker are
added to the head of the picture code stream of each
video packet. Note, however, that since the VOP start
code and the VOP header are added to the first video
packet of the VOP, neither resync marker (RM) nor video
packet header (Video packet header) are added to the
first video packet.

FIG. 14B shows an exémple of the header informa-
tion contained in the VOP header. Referring to
FIG. 14B, the modulo time base (MTB) and the VOP time
increment (VITI) are time pieces of information of the
VOP. These pieces of information are used to define

the decoding and display timings of the VOP frame.
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The relationship between the time of a VOP, the:
modulo time base (MTB), and the VOP time increment
(VTI) will be described below with reference to FIG. 15.

The VOP time increment is information indicating the

-time of the VOP with a precision of milliseconds, and

‘takes the value of the remainder obtained by dividing

the time of the VOP by 1,000 milliseconds (1 sec). The
modulo time base is informaﬁion indicating the time of
the VOP with a precision of seconds, and takes "0" if
the time of the VOP is within the same second as thé
immediately preceding encoded VOP. If these VOPs fall
within different second durations, the modulo time base
takes the difference.

If, for example, the times (millisecond) of VOPs
take 0, 33, 700, 1,000, 1,300, 1,833, and 2,067, the
VOP timelincrements respectively take the remainders
obtained by dividing these values, i.e., 0, 33, 700, O,
300, 833, and 67 by 1,000. The module time base takes
1 when the value obtained by dividing fhe time by 1,000
and dropping all digits after the decimal point (0, O,
0, 1, 1, 1, or 2 in FIG. 15) differs from that of the
immediately preceding VOP. That is, the modulo time
bases of the VOPs corresponding to time = 1, 1000, 2067
take "1", and those of the remaining VOPs take "0". 1In
addition, the modulo time bases may be encoded using
variable-length codes. For example, when the modulo.

time bases are 0, 1, 2,..., variable-length codes "1",
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“01", "001", ... can be set in correspondence with the

modulo time bases.

The VOP prediction mode (VPT) in FIG. 14B is
information indicating the predictive encoding mode (I,
B, or P) of the overall VOP. fhe VOP quantization
parameter (;PQ" ih FIG. 14B) is information indicating
the quantization step width used to encode the VOP.
When, however, a VOP is to be encoded upon being

divided into a plurality of video-packets,_since'the

‘quantization step width must be changed in units of

video packets, this information may be used as
information indicating the quantization step width of
the first video packet.

FIGS. 14C and 14D show examples of the information
contained in a video packet header as header informa-
tion to be added to a video packet. The macroblock
number ("MBA" in FIGS. 14C and 14D) is infbrmation
indicating the number of_the first macroblock of the
video packet. The video packet quantization parameter
("SQ" in FIGS. 14C and 14D) is information indicating
the quantization step width of the video packet. The
header expénsion code ("HEC" in FIGS. 14C and 14D,
which correspond to "IS" in FIGS. 5B to 5E) is a flag
indicating whether important information to be duplexed
(multiplexed) with the video packet header is added.
When "HEC" is "0",'no important information is added,

as shown in FIG. 14C. When "HEC" is "1", important
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information is added, as shown in FIG. 14D. In the
case shown in FIG. 14D, to be able to reconstruct the
time information of the picture frame, the modulo time
base ("MTB" in FIG. 14D) and the VOP time increment
("VII" in FIG. 14D), which indicate the time of the VOP,
are added as important information without any
modification. |

FIG. 16 is é block diagram showing the arrangement
of the decoding apparatus for the image code stream
shown in FIGS. 14A to 14D. The same reference numerals
in FIG. 16 denote the same parts of the decoding
apparatus as in FIG. 2, and only the differences
between the apparatuses will be described below. In
addition to the arrangement of the decoding apparatus
in FIG. 2, the decoding apparatus in FIG. 16 includes a
VOP header decoder 601, a video packet header decoder
602, a time decoder 603, and a buffer memory 621.

Upon detection of a VOP start code, a
synchronization detecfor 122 notifies a decoder 124 of
a signal‘indicating that fhe code is detected. 1In
response to this notification, the decoder 124 sends a
code stfeam containing a VOP header following the QOP
start code, i.e., the first video packet, to the VOP
header decoder 601, which decodes the VOP header. The
VOP header decoder 601 decodes the time information,
VOP encoding mode inforﬁation, and the VOP quantization

parameter contained in the VOP header. Of these pieces
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of information, the time information, i.e.,.the modulo
time base and the VOP time increment, are sent to the
time decoder 603, which decodes the time information.

The time decoder 603 decodes the sent modulo time
base and VOP time increment, and checks the presence/
absence of an error. The time decoder 603 checks the
presence/absence of an error by checking whether the
time decoded from the modulo time base and the VOP time
increment can be an actual time. When, for example,
the encoded picture signal is an NTSC signal, since the
frame rate is 30 Hz, the time should take a multiple of
1/30 sec (= 33 msec). If, therefore, the decoded time
is not a multiple of 1/30 sec, a transmission path
error has occurred'iﬂ the modulo time base and the VOP
time increment. When the encoded picture signal is a
PAL, signal, it is checked whether the time is a
multiple of 1/25 sec.

As a reference value for this error check, a
predetermined value may be set in the encodiné/decodiné
apparatus in accordance with the type of picture signal
(PAL, NTSC, CIF, or the like), or informétion indicat-
ing a reference value may be inserted in a system
information code stream (not shown) or part of a
picture code stream.

When time information decoding and error chécking
in the time decoder 603 are complete, a signal indicat-

ing the presence of an error is sent to the VOP header
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‘decoder 601 if it is determined that the error is

present. If it is determined that no error is present,
a signal indicating the decoded time information is |
sent to the VOP header decoder 601. When there is no
error in the time information, the VOP header decoder
601 stores this time information in the buffer memory
621, and sends a combination of the information and
other pieces of information to the decoder 124. If
there is an error in the time information, the first
video packet code containing the VOP header is
discarded, and decoding of the next video packet is
started.

Upon detection of a resync marker (RM), the

synchronization detector 122 sends a signal indicating

the detection of the marker to the decoder 124. 1In
response to the signal, the decoder 124 sends a code
stream containing a video packet header following the
resync marker, i.e., the second or subsequent video
packet, to the VOP header décoder 601, which decodes
the video packet header. The video packet header
decoder 602 decodes the macroblock number (MBA), the
video packet quantization parameter (SQ), and the
header expansion code (HEC) which are contained in the
video packet header.

If the header expansion code (HEC) = "1", the
succeeding modulo time base and VOP time incfement are

sent to the time decoder 603, which decodes the time
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information. The time decoder 603 decodes the sent
modulo time base énd VOP time increment, and checks
the presence/absence of an error, as in the case of
decoding of thé preceding VOP header. When time
information decoding and error checking in the time
decoder 603 are complete, a signal indicating.the
presence of an error is sent to the video packet header
decoder 602 if it is determined that the error is
present. if it is determined that no error is present,
a signal indicating the decoded time information is |
sent to the video packet header decoder 602. 1In the.
video packet header‘decoder 602, if ﬁhere is an error
in the time information, the code stream of the video
packet containing the VOP header is discarded, and the
next video packet is decoded.

If there is no error in the time information, the
time information is compared with the time information
stored in the first buffer memory 621, i.e., the time
information obtained from the immediately preceding
encoded video packet to detérmine the VOP contained in
the current video packet.' If they coincide with each
other, it is determined that the video packet is
contained in the same VOP in which the immediately'
preceding encoded video packet is contained, and sends
a signal indicating the information of the video packet

decoded by the decoder 124, thereby performing decoding.

- In contrast to this, if the decoded time information
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differs from the time information stored in the buffer
memory 621, it is determined that the video packet to
be decoded is contained in a VOP different from the VOé
in which the immediately preceding encoded video packet
is contained. In this case, the decoded time informa-
-tion is recorded on the buffer memory 621. In addition,
a VOP division signal indicating that a VOP region is
present between the immediately preceding video packet
and this video packet, and the video packet is decoded
into a new‘VOP, the decoded time information, énd a
signal indicating the information of the decoded video_
packet header are sent to the decoder 124. Upon
reception of the VOP division signal, the decoder 124
determines that the immediately preceding encoded
video packet is the last video packet of the VOP, and
performs VOP decoding end_prdcessing. The decoder 124
also determines that the video packet to be decoded
from now on is the first video packet of the next VOP,
and keeps decoding the video packet.

With this processing, even if a VOP start-code and
a VOP header are lost owing to errors, the.VOP boundary
can be determined on the basis of the time information
of the video packet header, and cofrect decoding time
information can be obtained. The quality of the
decoded picture therefore improves.

FIGS. 17A to 17C show the second examples of the

VOP header and the video packet header. These examples
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differ from those shown in FIGS. 14A to 14D in that CRC

check bits for checking the presence/absence of errors

in the pieces of information contained in the headers

are added.

FIG. 17A.shows the VOP header. Referrihg to
FIG. 17A, “CWl" is a check bit for performing a CRC
check with respect to the modulo time base, the VOP
time_increment,.the VOP encoding mode, and the VOP
quantization parameter which are contained in the VOP
header.

FIGS. 17B and 17C show the video packet headers.
Referring to FIG. 17B, "CW2" is a check bit for
performing a CRC check with respect to the macroblock
number, the video packet quantization parameter, and
the header expansion cdde; Refeiring to FIG. 17C,
"CW3" is a check bit which is present in.only a video
packet with HEC = "1", i.e., a video packet to which
important information is added, and is used to perform
a CRC check with respect to the important information,
i.e., the modulo time base and the VOP time increment.

FIG. 18 shows the arrangement of a decoding
apparatus for the picture code stream shown in

FIGS. 17A to 17C. The same reference numerals in

FIG. 18 denote the same parts of the decoding apparatus

as in FIG. 16. This apparatus differs from that shown
in FIG. 16 in that a CRC determination circuit 605 is

added. Only this difference will be described below.
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The VOP header decoder 601 decodes the information
contained in a VOP heéder, and performs a CRC check
with respect to.the VOP header by using the CRC check
bit CWl. If the presence of an error is determined by
the CRC check, the VOP header and the video packet
contained therein are discarded, and decoding of the
next video packet is started.

The video packet header decoder 602 decodes the
information contained in a video packet header, and
performs a CRC check with respect to the video packet
header by using the CRC check bit CW2. If the preéence
of an error is determined by the CRC cheék, the video
packet header and the video packet contained therein
are discarded, and decoding of the next video packet is
started. If it is determined that there is no error,
and the decoded header expansion code HEC is "1", added
important pieces of information (MTB and VTI) following_
"HEC" aré decoded. The CRC check bit CW3 is used to
check the presence/absence of an error in the important
information. If it is determined that there is no
error, comparison between these pieces of information
and the time pieces of information in the VOP header
and another video packet header, VOP segmentation
processing, and the like are performed, as in the case
of  the decoding apparatus in FIG. 16.

As described above, in the second embodiment,

since pieces of information indicating the time of
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a picture frame are added to each video packet in the
frame, even if the time pieceé of information cﬁntained
in the VOP header are lost due to errors, the correct
time information can be decoded on the basis of the
important information in the video packet header. The
decoding apparatus can therefore reconstruct and
display the picture at the correct time.

In addition, since VOP boundary determination is
performed by comparing the time information in a video
packet header with the time information in the VOP
header or another video packet header, even if the VOP
start code is lost due to an error, the VOP boundary
can be properly decoded. As a result, the.quality of
the decoded picture improves.

In the above case, the header expansion code (HEC)
in each video packet indicates whether important
infofmation is contained. For example, HEC = "1" may
be set in all video packets to add important informa-
tion, or HEC = "1" may be set in only some video
packets. By controlling the number of video paékets in
which imporﬁant information is added in accordance with
the presence/absence of a transmission path error, the
important information can be efficiently protected with
a small overhead.

Assume that the decpding time is expressed by a
module time base (MTB) and VOP time increment (VTI) as

in the above case. In this case, when MTB = 0, even if
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the time information cannot be properly decoded, the
decoding time error is one second or less. If, however,
"MTB" is not properly decoded in a VOP with "MTB" other
than "0", a large error in seconds occurs in the
decoding time of a subsequent VOP. For this reason,'in
a VOP with MTB = 0, HEC = 0 may be set in all the video
packets, or HEC = l.may be set in only a small number
of video packets while HEC = 1 is set in all or a large
number of video packets in a VOP with "MTB" other than
"1", thereby properly decoding "MTB".

In the second embddiment, as the important pieces
of information to be duplexed with a video packet
header, pieces of information indicating the time
(modulo time base and VOP time increment) are used. 1In
addition to these pieces of information, for example, a
video packet header may be duplexed with information
indicating an encoding mode, information indicating a
guantization parameter, information associated with
motion compensation, and motion vector information.

Assume that VOPs are to be encoded while a
plurality of VOP prediction modes (e.g., intraframe
predictive VOP (I-VOP), forward predictive VOP (P-VOP),
and bidirectional predictive VOP (B-VOP)) are switched
in units of VOPs. In this case, if this information
about the VOP prediction mode cannot be properly
decoded, the corresponding VOP cannot be decoded. When

VOP prediction mode information is also contained as
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duplex information in a video packet header, even if
the VOP prediction mode information of the VOP header
is lost due to an error, the VOP can be decoded on the
basis of the VOP predictionlmode information contained
in the duplex information in the video packet header.
Such a case will be described below.

FIGS. 27A and 27B show the third examples of the
video packet header in the second embodiment. The
pictﬁre code stream and VOP header of an overall frame
(VOP) are the same as those in FIGS. 14A and 14B.

FIGS. 27A and 27B respectively show the video packet
headers with header expansion HEC = "0" and HEC = "1".
These video packet headers differ from those in

FIGS. 14A to 14D in that ﬁhen HEC = "1", VOP prediction
mode information ("VPT" in FIG. 27B) is contained in
addition to pieces of information indicating the time
("MTB" and "VTI" in FIG. 27B).

The overall arrangement of a decoding apparatus
for the picture code stream shown in FIGS. 27A and 27B
is the same as that in FIG. 16. However, the operation
of the video packet header decoder 602 is different
from that in FIG. 16. In addition, this apparatus
differs.from that in FIG. 16 in that VOP prediction
mode information (VPT) is recorded on the buffer memory
621 as well as time pieces of information (modulo time
base and VOP time increment). The operation of the

decoder, mainly the operation associated with these
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different points, will be described below.

Upon detection of a VOP start code, the synchro-
nization detector 122 sends a signal indicating the
detection of this code to the decoder 124. In response
to this signal, the decoder 124 sends a code stream
containing a VOP header following the VOP start code to
the VOP header decoder 601 to decode the VOP header.
The VOP header decoder 601 decodes the time pieces of
information (MTB and VTI), the VOP encoding mode infor-
mation (VPT), and the VOP quantization parameter (PQ)
which are contained in the VOP header. Of these pieces
of information, the modulo time base (MTB) and the VOP
time increment (VTI) are sent to the time decoder 603,
in which the time information is decoded.

The time decoder 603 decodes the sent modulo time
base and VOP time increment, and checks the presence/
absence of an érror. The presence/absence of an error
is checked by checking whether the time information
decoded from the modulo time base and the VOP time
increment can be an actual time. _If, for example, the
encoded picture signal is an NTSC signal, since the
frame rate is 30 Hz, the time information should take a
multiple of 1/30 sec (= 33 msec). If, therefore, the
decoded time information is not a multiple of 1/30 sec,
it is determined that transmission path errors are
present in the modulo time base and the VOP time

increment. If the encoded picture signal is a PAL



10

15

20

25

49

signal, an error check is performed by checking whether
the time information takesla multiple of 1/25 sec.

As a reference value for this error check, a
predetermined value may be set in the encoding/decoding
apparatus in accordance with the type of picture signal
(PAL, NTSC, CIF, or the like), or information indicat-
ing a reference value may be inserted in a system
information code stream (not shown) or part of a
picture code stream.

When time information decoding and error checking
in the timé decode; 603 are complete, a signal indicat-
ing the presence of an error is sent-to the VOP header
decoder 601 if it is determined that the errof is
present. If it is determined that no error is present,
a signal indicating the decoded time informatiqn is
sent to the VOP header decoder 601. When there is no
error in the time information, the VOP header decoder
601 further decodes the VOP prediction mode information
(VPT). If there is nb error in the VOP prediction mode
informétion, either, the time information and the VOP
prediction mode information are stored in the buffer

memory 621, and are sent to the decoder 124, together

-with other pieces of information. If there is an error

in the time information or the VOP prediction mode
information contained in the VOP header, the code
stream of the video packet containing the VOP header is

discarded, and the next video packet is decoded.
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Upon detection of a resync'marker, the synchro-
nization detecfor 122 sends.a signal indicating the
detection of the marker to the decoder 124. 1In
response to this signal, the decoder 124 éends a code
stream containing the video packet header following the
resync marker to the VOP header decoder 601, which
decodes the video packet header. The VOP héader
decoder 601 decodes the macroblock number, the video
packet quantization parameter, and the header expansion
code which are contained in the video packet header.

If header expansion code HEC = "1", the modulo
time base and the VOP time increment following "HEC"
are sent to the time decoder 603, which decodes the
time pieces of information. The time decoder 603
decodes the sent modulo time base and VOP time
increment, and checks the pfesence/absence of an error,
as in the case of decoding of the preceding VOP header.
When time information décoding and error checking in
the time decoder 603 are complete, a signal indicating
the presence of an error is sent to the video packet
header decoder 602 if it is determined that the error
is present. If it is determined that no error is
present, a signal indicating the decoded time informa-

tion is sent to the video packet header decoder 602.

'If there is an error in the time information, the video

packet header decoder 602 discards the code stream of

the video packet containing the video packet header,
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and decodes the next video packet.

If there is no error in the time information, the
VOP prediction mode information following the time
information is decoded. If there is no error in the'
VOP-prediction mode information, either, the decoded

time information is compared with the time information

-stored in the buffer memory 621 to determine the VOP

containing the video packet. If they coincide with
each other, it'is determined that the.video packet is
contained in the same VOP in which the immediately
preceding encoded video packet is contained, and a
Signal indicating the information of the decoded video
packet header is sent to the decoder 124, thereby
decoding the video packet. 1In contrast to this, if the
decoded time information differs from the time informa-
tion stored in the buffer memory 621, it is determined
that the video packet to be decoded from now on is
contained in a VOP different from the immediately
preceding decoded video packet. In this case, the
decoded timelinformation and VOP prediction mode
information are recorded on the buffer membry 621, and
a VCP segmentation signal indicating that this video
packet is the first packet of the VOP, a signal
indicating the decoded time ihformation, aﬁd a signal
indicating the information of the decoded video packet
header are sent to the decoder.124. Upon reception of

the VOP segmentation signal, the decoder 124 determines
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that the immediately pfeceding decoded video packet is
the last packet of the VOP, and performs VOP decoding
end pfocessing. The decoder 124 also determines that
the video packet to be decoded from now on is the first
video packet of the next VOP, and performs VOP decoding
start processing, thereby continuing to decode the
video packet.

If the VOP predicﬁion mode information contained
in the video packet header differs from the VOP
prediction méde information recorded on the buffer
memory 621, the video packet may be decoded by using
the VOP prediction mode information contained in the
video packet header. With this operation, even if the
VOP prediction mode information contained in the VOP
header cannot be properly decoded, the video packet can
be decoded. |

With this processing, even if a VOP start code and
a VOP header are lost due to errors, since the VOP
boundary and the VOP prediction mode can be properly
identified from the time information and the VOP
prediction mode information of the video packet header,
the quality of the decoded picture improves.

Assume that in decoding a VOP header or a video
packet header, error check informafion (CRC, stuffing
bité, or the like) is present in a picture code stream,
or a circuit for receiving a code stream from a trans-

mission path/storage medium or a demultiplexer for
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demultiplexing a received code stream into a picture
code stream, a speech code stream, and the like has the
function of determining the presence/absence of an

error in a code stream. In this case, the presence/

- absence of an error in a decoded VOP header or video

- packet header may be determined by using the determi-

nation result obtained by using such error check
information or such a circuit. If it is also deter-
mined by such a means that there are errors in these
decoded pieces of information, these pieces of
information are not used for picture decoding.
Alternativély, a video packet containing information in
which the presence of an error is determined may be
discarded without being decoded.

FIGS. 28A and 28B show the fourth-example of the
video packet header in the second embodiment. The
picture code stream and VOP header of an overall frame
(VOP) are the same.aé those in FIGS. 14A and 17A.
FIGS. 28A and 28B respectively show the video packet
headers with HEC = "0" and HEC = "1". These video
packet headers differ from those in FIGS. 17B and 17C
in that when HEC =."1", a VOP prediction mode ("VPT"
in FIG. 28B) is contained in addition to pieces of
information indicating the time ("MTB" and "VTI" in
FIG. 28B).

The overall arrangement of a decoding apparatus

for the picture code stream in 28A and 28B is the same
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as that shown in FIG. 18. However, the operation of
the video packet header decoder 602 is different from
that in FIG. 18. 1In addition, this apparatus differs
from that in FIG. 18 in that VOP prediction mode
information (VPT) is recofded on the buffer memory 621
as well as time pieces of information (modulo time base
and VOP time increment). The operation of the decoder,
mainly the operation associated with these different
points, will be described below.

The VOP header decoder 601 decodes the information
contained in a VOP header, and performs a CRC check
with respect to the VOP header by using the CRC check
bit CWl. If the presence of an error is determined by
the CRC check, the VOP header and the video packet in
which the VOP header is contained are discarded, and
décoding of the next video packet is started.

The video paéket header decoder 602 decodes the
information contained in the video packet, and performs
CRC check with respect to the video packet header by
using the CRC check bit CW2. If the presence of an
exror is determined by the CRC check,. the video packet
header and the video packet in which the video packet
header is contained are discarded, and decoding of the
next video packet is started. If it is determined that
there is no error, and the decoded header expansion
code HEC is 1, duplexed important pieces of information

("MTB", "VTI", and "VPT" in FIG. 28B) following "HEC"
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are decoded. The CRC check bit CW3 is used to check
whether an error is present in the duplexed important
information. If there is no error, comparison between
these pieces of information and the time pieces of
information in the VOP héader and another video packet
header, VOP éegmentation processing, and the like are
performed, as in the éése'of the decoding apparatus in
FIG. 16.

As described above, since pieces of information
indicating the time are contained in important
information, even if the time information contained in
a VOP is lost due to an error, correct time information
can be decoded from the important information in the
video packet header. The decoding apparatus can
therefore reconstruct and display the picture at a
correct time. In addition, since the time information
in a video packet header is compared with the time
information in a VOP header or another video packet
header to perform VOP boundary determination, even if a
VOP start code is lost due to an error, a VOP boundary
can be properly decoded, and the quality of the decoded
picture improves.

In addition, when VOP prediction mode information
is also contained as duplexed information in a video
packet header, even if the VOP prediction mode informa-
tion in the VOP header is lost due to an error, the VOP

can be decoded on the basis of the VOP prediction mode
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information cont;ined as duplexed information in the
video packet header.

In the second embodiment, to prevent patterns
identical to sync codes (Picture start code, VOP start
code, Resync marker, and thellike) from being generated
in a VOP header and a video packet header, bits called
marker bits may be added.

FIGS. 31A to 31D show an example of how marker
bits are added to the code streams in FIGS. 14A to 14D.
Referring to FIGS. 31A to 31D, "marker" behind the VOP
time increment (VTI) is a marker bit having a predeter-
mined bit value (e.g., "1").

FIGS. 32A to 32C show a comparison between a video
packet header without any marker bit and a video packet
header with a marker bit. Assume that the resync
marker as a sync codé is a 17-bit code word having a
bit pattern of "00000000000000001", the VOP time
increment (VTI) is a code word having an arbitrary
10-bit valﬁe, and "MTB" is a variable-length code
having "0 as the last bit.

If no marker bit is set, and "VTI" has a pattern
of consecutive "0"s, a bit pattern identical to that of
the resync marker is generated, as shown in FIG. 32B.
In the case shown in_FIG. 32B, "0" of "MTBJ,
"0000000000" of "VTI", and the subsequent bit streém of
"000001" constitute the same pattern as that of the

resync marker.
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In contrast to this, as shown in FIG. 32C, by
adding the marker bit "1" behind "VTI", the number of
consecutive "0"s in the video packet header is limited
to a maximum of 11 bits (the last one-bit "0" of "MTB"
and "0000000000" of "VTI"). A bit pattern identical to
that of the resync marker is not therefore generated.

Note that a marker bit has a predetermined bit .
value ("1" in the case shown in FIGS. 32A to 32C). For
this reason, the decoding apparatus may determine the
presence/absence of an error in a VOP header and a
video packet header by checking whether a marker bit
has this predetermined value.

Ma:ker bits may be added to other code streams
like those shown in FIGS. 17A to 17C, 27a, 27B, 28A,
and 28B in the second embodiment.

Such a code stream structure may be applied to
code streams using the slice layer. FIG. 33 shows
another code stream using the slice structure in the
first embodiment.

Referring to FIG. 33, reference symbol SSC denotes
a slice sync code; EPB, a bit having a bit value of "1"
which is added to the code stream to prevent a portion
other than a sync code te.g., "SSC") from having the
same bit pattern as that of the sync code; MBA,
information indicating the number of the first
macroblpck of the corresponding slice; SQUATNT, a

quantization parameter used in the slice; and GFID,
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information indicating the information contained in a
picture header or part of the information. When the
sync codes SSCs are to be set at given byte positions
in the code stream, stuffing bits SSTUF are set before
"SSC". “"Macroblock Data" is the information of each
macroblock.

"TR" is duplexed important information, which is
time information (Temporal Reference). “TRI" is a
1-bit flag indicating whether "TR" is added. When
TRI = 1, "TR" is added.

The third embodiment of the present invention will
be described next. |

FIG. 19 shows the overall arrangement of a
video/speech encoder according to the third embodiment
of the present invention. A video signal 101A and a
speech signal 102A which are to be coﬁpress-encoded are
respectively input to a video encoder 111A and a speech
encoder 112A, which respectively compress the video and
speech signals to ohtput a video code stream 121A and a
speech code stream 122A. Since the arrangements of the
video encoder and the speech encoder aré disclosed in
detail in a reference (Hiroshi Yasuda, "International
Standard for Multimedia Encoding", Maruzen (1994))
and the iike, a detailed description thereof will be
omitted. |

The video code stream 121A and the speech code

stream 122A are multiplexed with a data code stream



10

15

20

25

59

103A by a multiplexer 130A. As a result, a multi-
plexing code stream 135A is 6utput.

FIG. 20 shows the overall arrangement of a
video/speech encoder corrésponding to the video/speech
encoder in FIG. 19. A multiplexing code stream 1852

from the video/speech encoder is demultiplexed by a

demultiplexer 180A.  As a resﬁlt, a video code stream

171A, a speech code stream 172A, and a data code stream
173A are output. The video code stream 171A and the
speech code stream 172A are respectively input to a
video decoder 161A and a speech decoder 162A to.be
decoded. As a result, a reconstructed video signal
151A and a reconstructed speech signal 152A are output.

FIGS. 21A and 21B show two examples of the video
code stream 121A. The video encoder 111A encodes a
signal in units of pictures (frames or VOPs) to
generate the video code stream 121A. Each picture is
further broken up into small regions referred to as
macroblocks to be encodéd.

A video code stream of an I picture starts from a
picture start code (PSC) 201A (also a VOP start code)
which is a code which indicates the picture start
position and can be uniquely decoded.

A picture header (PH) 202A (also a VOP header)
follows the picture start code 201A. The picture
header 202A contains a PTR (Picture Temporal Reference)

221A indicating the temporal position of the picture,
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a picture coding mode (PCM) 222A indicating the
encoding mode of the overall picture, and a picture

quantization step size (PQ) 223A. Encoded data 203A of

. each macroblock follows the picture header 202A.

" FIG. 21B shows a case in which encoding is
performed in units of slices each constituted by a

plurality of macroblocks.

The code stream of each slice contains a resync

marker (RM) 210A which indicates the start position

.0of the slice and can be uniquely decoded. A slice

header (SH) 211A and macroblock data (MB) 203A of each

macroblock follow "RM". The slice header_211A contains

‘an SMBN (Slice Macroblock Number) 231A indicating the

number of the first macroblock of the slice, and a
quantization step size (SQ) 232A.

The resync marker 210A and the slice header 211A
may be added fox every predetermined number of bits or
at predetermined posifions in the picture frame. When
encoding is performed to have such a slice structuré,
even if an error is introduced into a video code stream,
resynchronization can be established with the resync
marker 210A which can be uniquely decoded. Since an
error can be prevented from propagating out of the
slice, the quality of the reconstructed picture
improves in the event of a tiansmission path error.

FIG. 22 shows an example of the multiplexing code

stream 135A multiplexed by the multiplexer. The
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multiplexing code stream 135A is constituted by a
plurality of multiplexed packets each having a video
code stream (VIDEO), a speech (audio) code stream
(SPEECH), and a data/control information_code stream
(DATA) which are multiplexed to respectively have
predetermined sizes. Referring to FIG. 22, sections
301a, 302A, and 303A are multiplexed packets, respec-
tively. All multiplexed packets may be fixed-length
pPackets having the same length (the number of bits), or
variable-length packets having different lengths.

A multiplexing start code (MSC) 310A indicating
the start position of a multiplexed packet is added to
the head of each multiplexed.packet. A multiplexed
header (MH) 311A, 312A, or 313A follows the multi-
plexing start code 310A. A multiplexed payload (3214,
3227, or 323A in FIG. 22) obtaineé by multiplexing the
video code streem 121A, the speech code stream 1224,
and the data code stream 103A in FIG. 19 in units of
packets follows'the multiplexed header.

FIGS. 23A and 23B show the first example of the
information contalned in the multlplexed header (MH)
311A. Referring to FIGS. 23A and 23B a multlplex1ng
code (MC) 351A is information indicating how a video
code stream (Video), a speech code stream (Speech),
and a data code stream (Data) are multiplexed in the
multiplexed payload 321A. If a transmission path error

occurs in this multiplexing code information (MC), the



10

15

20

25

62

manner in which the code streams are multipléxed cannot
be recognized. For this reason, the demultiplexer 180A
cannot properly demultiplex the video code stream, the
speéch code stream, and the data code stream. The
video decoder 161A and the speech decoder 162A cannot
thereforé properly decode either, resulting in a
deterioration in the quality of the reconstructed video
and speech signals.

To prevent such a situation, étrong error protec-
tion is provided for each multiplexed header (MH) by
using an error check code and an error correction code.
Referring to FIGS. 23A and 23B, reference numeral 343A
(CRC) denotes a CRC error check bit; and 354a (FEC), an
error correction code check bit.

In the third embodiment, the multiplexed header
(MH) of a multiplexed packet containing a video code
stream (Video) contains video header information (VHD)
352A together with a multiplexing code information (MC) .
In the case shown in FIGS. 23A and 23B, 4MH1" (311n).
ahd "MHZ" (312A) are multiplexed headers (MHs) con-
taining the video header information (VHD) 352A. The
video header information (VHD) 352A is important
information indicating the encoding mode or the like of
the overall picture (frame) in video encoding. If an
error is introduced into this information,.the recon-
structed picture greatly deteriorates.. If, for example,

a video code stream has the format shown in FIGS. 21A
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and 21B, the picture header 202A or the slice header
211A ox part of the information therein is set in a
multiplexed header as the video header information
(VHD) 352A. |

The third embodiment is characterized in that
important information such as a picture header in video
encoding is inserted in a multiplexed header in this

manner, and an error correction code and an error

~ detection code are generated together with a multi-

plexing code (MC) to provide strong error protection by
using these codes. With this characteristic feature,
the robustness against transmission path errors
improves as compared with the conventional video
encoding apparatus which provides no error protection
for important information.

FIGS. 24A and 24B show the second example of the
multiplexed header (MH). The same reference numerals
in FIGS. 24A and 24B denote pieces of information
corresponding to those of the first example shown in
FIGS. 23A and 23B, and only the difference between the
examples will be described below. The second example
differs from the first example in that a multiplexed
packet containing a videb code stream (Video) has a
picture pointer (ALP) 451A which indicates the position
of the picture or slice boundary of the video code
stream and is contained in the multiplexed header, in

addition to the video header information (VHD) 352A.
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If the picture pointér (ALP) 451A is not set,
the video decoder 161A must detect picture or slice
boundaries in accordance with a picture start code or a
resync marker after the.demultiplexer 180A demulti-
plexes a video code stream. In contrast to this, if
the picture pointer (ALP) 451A is qontained in fhe
multiplexed header, picture or slice boundaries can be
detected with the picture pointer. Since strong error
correction is provided for the picture ?ointer in the
multiplexed header, the probability of correction
detection of picture or slice boundaries increases; and
the quality of the reconstructed picture is improved.

In addition, the video header information (VHD)
352A may contain all or part of the information
contained in a picture or slice header.

FIG. 25 shows a case in which only picture time
references (PTR1 and PTR2) 612A and 622A are contained
as video header information, in addition to corre-
éponding multiplexing codes (MCl and MC2) 611A and 6213,
in the multiplexed headers of multiplexed packets 601A
and 601B containing video code streams (Video).

Referring to FIG. 25, the multiplexed payload of
the multiplexed packet 601A contains a slice (Slice N)
613A at the end of the picture code stream with PTR = 1,
a picture start code (PSC) 614A of the subsequent ;
picture with PTR = 2, a picture time reference (PTR 2)

615A with PTR =-2, a picture coding mode (PCM2) 6164,
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and a first half portion (Slice 1) 617A of the first
sliée of.the code stream of the picture with PTR = 2.
The payload of the multiplexed packet 602A contains a
second half portion (Slice 1) 623A of the first slice
of the code stream of the picture with PTR = 2, a
resync marker (RM) 624A of the second slice, a slice
header (SH2) 625a, and-a second slice (Sliée 2) 626A of
the code stream of the pictuie with PTR = 2.

The multiplexed header (MH1) of the multiplexed
packet 601A contains the PTR 612A of the picture with
PTR = 1 wﬁich has the code stream of the last portion
in the multiplexed packet 601A. Error protection is
provided for the PTR 612a, together with the multi-

Plexing code (MCl) 611A, by using an error correction

. code and an error detection code (CRC and FEC). Even

if; therefore, the PTR (615A) contained in the video
code stream of a multiplexed payload cannot be properly

decoded because of an error, since the PTR (612A) in

the multiplexéd header can be properly decoded, and the

correct PTR can be obtained, the decoded picture can be

-displayed at the correct time.

In a video encoding scheme using a slice structure,
if a PTR is inserted in the video header information
352A of a multiplexed packet containing a slice start
code (resync marker) and a slice header, picture
boundaries can be determined on the basis of the PTR

even if the picture start code cannot be properly
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decoded because of an error. Assume that the picture
start code (PSC) 614A or the PART 615A is lost. In
this case, the PTR 622A contained in the multiplexed
header of the next multiplexed packet is compared with
the PTR (e.g., the PTR 612A) contained in the multi-
plexed header of the preceding multiplexed packet. If
they do not coincide with each other, it is determined
that a picture boundary is present in the multiplexed'
packet éOlA. In this case, proper encoding can be

started from the first slice ("Slice 2" of the RM 624A

‘in FIG. 25) having a resync mark in the multiplexed

packet 602aA.

When an encoding scheme in which the picture
encoding mode.is frequency changed (e.g., an encoding
scheme using B pictures) is used, picture coding mode
information may be contained in a multiplexed header.

FIG. 26 shows the third example of the multi-
plexing code streém. In this multiplexing code stream,
a picture or slice is set in each of multiplexed
packets 701A, 702A, and 703A, and error protéctibn is
provided for a picture header (PH1) 712A and a slice
header (SH2) 722A in multiplexed headers 7512 and 752A,
together with multiplexing codes (MC1 and MC2) 711A and
721A. If pictures or élices as video codes and multi-
plexed packets are prepared in pairs,'since it is
uniquely known that each multiplexed packet is always

located at a picture or slice start position, neither
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a picture start code nor a resync marker need be
detected from the demultiplexéd picture code stream.
As a result, the processing amount can be reduced; In
addition, the use of a code highly robust against
transmission path errors as a multiplexing start code
will reduce the probability that the start position of
a picture or slice cannot be properly specified, and
the picture or slice caﬁnot be decoded.

In the third embodiment, one picture/speech signal
is encoded/decoded. However, the present invention can
be equally applied fo a case iﬁ which a plurality of
picture/speech signal encoding apparatuses are used to
encode/multiplex a plurality of picture/speech signals,
Iand a plurality of picture/speech signal decoders are
used to demultiplex/decode a plurality of picture/
speech signals. In this case, the video header
information contained in multiplexed header information
may contain information for identifying a plurality of
picture signals. |

If a transmission code stream is generated by

_properly combining the third embodiment with the first

and second embodiments, more reliable transmission of
encoded information can be realized. In the third
embodiment, a PTR (Picture Time Reference) indicating
the time may be handlea as a modulo time base and a VOP
time increment like those in the second embodiment. By

using these pieces of information, a check may be
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performed using the regularity of the modulo time base
and the VOP time increment as in the second embodiment.
A medium for storing information generated in the
present invention will be described in detail next.
FIG. 29 shows a system for reconstructing a
picture signal by using a recording medium 810 in which
the picture code streams outpdﬁ from the encoding.
apparatus of the present invention are stored. Code |
streams containing the picture code streams encoded by
the picture encoding apparatus of the present invention
are stored in the recording medium 810. A decoder
apparatus 820 reconstructs a picture signal from a code
stream stored in the recording medium 810. A picture
information output apparatus 830 outputs a recon-
structed picture. When, for example, picture
information recorded on a recording medium from which
information can be read out by a computer is to be
reconstructed by a personal computer or the like, the
bit stream of the picture information is read out from
the recording medium, and the bit stream can be
processed by software by using a picture reconstruction
program. In this case, for example,.the picture
information output apparatus 830 is a display or the
like. The reconstructed picture signal may be recorded
on a storage medium (not shown) or transmitted to
another apparatus or system through a transmission path

(not shown).
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In this system_having the above arrangement, a
code stream having a format like that in each of the
embodiments described above is stored in the recording
medium 810. This code stream is characterized in that
part of VOP (also a picture or frame) header informa-
tion is recorded as duplex information on part of a
video paéket (or a slice, a GOB, or the like) header.
The decoder apparatus 820 reconstructs a picture signal
from the code stream stored in the reéording medium 810.
That is, the decoder apparatus 820 reads the code
stream through a signal line 801, and generates a
reconstructed picture by the procedure shown in FIG. 30.

The contents of processing in the decoder
apparatus 820 will be described below with reference to
FIG. 30.

The decoder apparatus 820 sequentially:reads out
picture code streams from the recording medium ?10, and
detects a sync code first (step S11). If the detected
sync code is a VOP start code (YES in step S12), the
immediately preceding decoded VOP (frame).ié output to
the picture information output apparatus 830 (step S13).
The decoder apparatus 820 decodes the VOP header ("VOoP
header" in FIG. 29) following the VOP start code in the
picture code (step S14). If the VOP header is properly
decoded (YES in step S15), the information recorded '
on the buffer memory in the decoder apparatus 820 is

replaced with the decoded VOP header information (time
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information, VOP prediction mode information, and the
like) (step S16). The decoder apparatus 820 then
decodeé the macroblock data ("MB data" in FIG. 29)
following the VOP header, and decodes the video packet
(step S17). |

If the detected sync signal is a resync markér
(YES in step 518), the decoder apparatﬁs 820 decodes
the video packet header (macroblock nuﬁber (MBA), the
video packet quantization parameter (SQ), and the
header expansion code (HEC)) following the resync
marker (RM) (étep S19). 1If the header expansion code
HEC in the video packet header is "0Q" (NC in step S20),
the decoder apparatus 820 decodes the video packet
(step S17). If the header expansion code HEC is "1"
(YES in step S20), the decoder apparatus 820 decodes
the subsequent duplexed information ("DUPH" in FIG. 29)
(step .S21). If the duplexed information can be
properly decoded (YES in step S22), the duplexed
information is compared with the information held in
the buffer memory (step S23). If they coincide with
each other (NO in step 523), the decoder apparatus 820
decodes the macroblock data ("MB data" in FIG. 29)
following the video packet header, and decodes the
video packet (step S17). If they do not coincide with
each other (YES in step S23), the decoder apparatus 820
determines that this video packet belongs té a VvoP

different from the immediately preceding decoded VOP,
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and outputs the immediately préceding decoded VOP to
the picture information output apparatus 830 (step S24).
The decoder apparatus 820 then replaces the information
recorded on the buffer memory with the decoded duplexed
information (step $25), and decodes the video packet
(step S17).

The above series of operations starting from sync

code detection in FIG. 30 is repeated while the picture

code streams recorded on the recording medium 810 are

sequentially read out, thereby reconstructing the video
signal.

Note that code streams obtained by mﬁltiplexing
éode streams obtained by encoding speech and audio
signals, data, control information, and the like may be
recdrded on the recording medium instead of recording
picture code streams on the recording medium without
any modification. 1In this case, before the information
recorded on the recording medium is decoded by the
decoder apparatus 820, the picture code streams, the

speech/audio code streams, the data, and the control

‘information are demultiplexed by a demultiplexer, and

the demultiplexed picture code streams are decoded by
the decoder apparatus 820.

In the case shown in FIG. 29, the information
recorded on the recording medium 810 is transmitted to
the decoder.apparatus 820 through the signal line 801.

However, the information may be transmitted through
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'a transmission path, other than the signal path, e.g.,

a wire/radio/infrared.transmission path.

As described abofe, according to the present
invention, since important information in each code
stream recorded oﬁ the recording medium is duplexed and
recorded, even if an error occurs in the information
recorded on the.recording medium, or an error occurs in
a signal line or a transmission path through which the
information recordéd on the recording medium is sent
to a réconstructing apparatué, a picture with little
deterioration can be reconstruéted.

The fourth embodimeﬁt of the present invention
will be described next.

The overall arrangements of a video/speech
encoding apparatus and a video/speech decoding
apparatus according to this embodiment are the same as
those shown in FIGS. 19 and 20. However, the opera-
tions of the respective sections are aifferent from
those in the third embodiment. This different point
will be mainly described below.

FIGS. 34A to 34Clshow three examples of a video
code stream 121A. A video encoder 111A performs
encoding in units of VOPs (also pictﬁres, frames, and
fields) to generate the video code stream 121A. The
picture is further segmented into small regions
referred to as macroblocks to be encoded.

A video code stream of one VOP starts from a VOP
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start code ("VSC" in FIGS. 34A to 34C) (also a picture
start code) which is a sync code that can be uniquely
decoded. A VOP header ("VH" in FIGS. 34A to 34C) (also
a picture header) follows the VOP start code. The VOP
header contains information indicating the time of the
VOP, VOP encoding mode information, VOP quantization
step size information, and the like.  Encoded data of
each macroblock follows the VOP header.

FIG. 34A shows a case in which the VOP is
segmented into encoding units referred to as video
paékets (also slices and GOBs) to be encoded. Each
video packet is constituted by one or a plﬁrality of
macroblocks ("MB data" in FIG. 344). Whén video
encoding is to be performed by using prediction over a
plurality of macroblocks,'like prediction of the motion
vector of the macroblock of interest from the motion
vectors of adjacent macroblocks, prediction may be
performed from only macroblocks contained in the same
video packet to prevent any transmission path error
from affecting other video packets.

A code stream ofleach video packet other than the
first video packet of a VOP starts from a resync marker
(RM) (also a slice start code and a GOB start code),
which is a sync code that can be uniquely decoded, and
a video packet header (VPH) (also a slice header and a
GOB headei). Data'(MB data) of each macroblock follows

these codes. The video packet header contains
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a macroblock number (or a slice number or a GOB number)
indicating the position of the first macroblock in the
video packet, the quantization step size information of
the video packet, and the like. This header may also .
contain important information such as VOP header
information as in the second embcdiment.

FIG. 34B shows an example of the code stream
obtained by encoding a video code stream upon
segmenting it into two pieces of information, i.e.,
information about the prediction mode and the motion
vector and information about a residual error eignal
in motion compensation adaptive prediction or an
orthogonal transform (DCT or the like) coefficient
obtained by calculating the orthogonal transform of the
residual error signal. In a code stream of each video
packet, information ("Motion" in FIG. 34B) about the
prediction mode and motion vector is set near the
reader side (immediately after the video packet header
or the VOP header in FIG. 34B), and information
("Texture" in FIG. 34B) about the prediction residual
error DCT coefficient is set near the tail side. The
two types of information are separated from each other
by a motion marker ("MM" in FIG. 34B).

FIG. 34C shows an example of the code stream
obtained by a video encoding scheme of encoding a
picture together with informaﬁion about the shepe cf

the picture to be encoded. Referring to FIG. 34C,
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"Shape" is shape information, which is set before
information (Motion) about the prediction mode and
motion vector in each video packet (in the case shown
in FIG. 34C, this shape information is set immediately
after the video packet header or the VOP header). The
shape information (Shape) and the information (Motion)
about the prediction mode and motion vector are
separated from each other by a shape marker ("SM" in
FIG. 34C).

In the video code stréams shown in FIGS. 34A to
34C, sync codes such as start codes and resync markers
are preferably set at bit positions correspoﬁding to
integer multiples of a given number of bits. In the
codes shown in FIGS. 35A and 35B, the VOP start codes
(VSCs) and the resync markers (RMs) at the heads of
the respective video packets are set at the positions
corresponding to integer multiples of N bits. With
this processing, the numbef of positions at which sync
codes are detected by the decoding apparatus can be
reduced ‘1/N that in the encoding scheme in which sync
codes are arranged at arbitrary positions. . With this
processing, synchronization detection in the decodihg
épparatus can be simplified. 1In édditibn, the
probability of a phenomenon called pseudo-
synchronization, in which a bit pattern (pseudo-sync
code) identical to a sync code is generated owing to a

transmission path error, and is erroneously detected as
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a sync code, can be reduced to 1/N. The quality of
the decoded picture improves even in the event of a
transmission path error.

| To set sync codes at predetermined positions
in this manner, stuffing bits ("Stuffing bits" in
FIG. 35A) are inserted between each sync code and the
information immediately before each sync code.
FIG. 35B shows an example of the code table of stuffing
bits with N = 8. These stuffing bits are characterized
in that they can be uniquely decoded in the reverse
direction of the code stream, and the lengths of
stuffing bits can be specified in the decoding
apparatus, unlike stuffing bits or the like constituted
by only bits "0" which have been widely used in the
prior arts. In the case shown in FIG. 35B, the first
bit of stuffing bits is "0", but the remaining bits are
“1". For this reason, the last bit of stuffing bits,
i.e., the first bit "0" that appears first when the
bits immediately before a sync code are sequentially
read in the reverse direction, can be determined . as the
first bit of the stuffing bits.

Since the position of the first bit of stuffing
bits can be specified in this manner, the introduction
of a transmission path error into a code stream can be
easily detected in the decoding apparatus. When a code
stream is properly decoded, the decoding end position

of the data immediately before stuffing bits should
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coincide with the start position of the stuffing bits.
If the decoding end position does not coincide with

the start position of the stuffing bits, it may be

-determined that a transmission path error has been

introduced into the code stream, and the code stream
may not be decoded.

When a code stream is to be decoded in the reverse
direction by using a variable-length code which can be
decoded in the reverse direction, the start position of
reverse decoding must be specified in the decoding
apparatus. The decoding start position of stuffing -
bits corresponds to the bit immediately before the
stuffing bits. In the prior arts, for example, the
length of stuffing bits constituted by only bits having
the same bit value cannot be specified, and hence the
start position of reverse decoding cannot be aefected
in the decoding apparatus. In contrast to this, the
stuffing bits in FIGS. 35A and 35B allow the position
of the firét bit to be specified, and hence the start
position of reverse decoding can be specified.

Consider a code word containing'many "0"s like a
sync code "00000000000000001". With stuffing bits
constituted by only "0"s as in the prior art, the
probability of generating a bit pattern identical to
the sync code upon introduction of an error is high,
ahd hence pseudo-synchronization tends to occur. In

contrast to this, with the stuffing bits shown in
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FIGS. 35A and 35B, the probability of pseudo-
synchronization is low because all the bits of the
stuffing bits are "1" except for the first bit, and the
Hamming distance from the sync code is large. |

As described above, stuffing bits are generated in-
accordance with a predetermined rule. 1In the deéoding/
demultiplexing apparatus, tﬁerefore, the stuffing bits
in a multiplexing code stream are collated with the
rule, and occurrence of an error in the multiplexing
code stream can be détermined, if it is determined that
the stuffing bits are discordant with the rule. With
this operatioh, the decbding/demultiplexing apparatus
can pe;form processing to prevent.a considerable
deterioration in a demultiplexed/decoded signal to
improve the quality of the decoded signal even when an
error is introduced into the multiplexing code stream.

In addition to VOP start codes and resyné markers,
motion markers (MM) and shape markers (SM) may be set
at bit positions corresponding to integer multiples of
a given number of bits, and stuffing bits like those in
FIG. 35B may be set before these markers. With this
setting, error detection and reverse encoding can.be
performed with respect to shape information, prediction
mode information, motion vector information, and the
like.

FIG. 36 shows an example of the arrangement of a

multiplexer 130A. In the example shown in FIG. 36,
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multiplex processing is performed on two layers called
an adaptation layer 1031A and a multiplex layer 1032A.
A video code stream 121A, a speech code stream 122A,
and a data code stream 103A are input to the adaptation
layer 1031A. Outputs 1041A, 1042A, and 1043A having
undergone the processing on the adaptation layer 1031A
are input to the multiplex layer 1032A. A multiplexing
code stream 135A is output from the multiplex layer
1032A.

FIG. 37 shows an example of the output code stream
1041A obtained by processing the video céde stream 121A
on the adaptation layer 1031A. The processing on the
adaptation layer 1031A is performed in units of AL-SDUs

(also access units) obtained by breaking up the video

- code stream 121A into certain units. The output

obtained by processing one AL-SDU on the adaptation
layer is called an AL-PDU. FIG. 37 shows the format of
one AL-PDU. An AL header is added to each AL-PDU. The
AlL header may contain information indicating the number
and attributes of the AL-PDU, the video encoding/
multiplexing modé, and the like. An AL-SDU as an AL
payload follows the AL header. A check bit, e.g., a
CRC check bit, for detecting whether a tfahsmission'
path error is introduced into the AL-PDU may be set
behind the AL-SDU.

On the adaptation layer 1031A, the video code

stream 121A and the. data code stream 103A are processed
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in the same manner as described above to output the -
AL-PDUs 1042A and 1043A.corresponding to the speech
code stream and the data code stream. Note, however,
that the information set in each AL header, the length
and presence/absence of a CRC check bit, and the like
may differ from those in the AL-PDU 1041A corresponding
to the video code stream.

The AL-PDUs 1041A, 1042A, and 1043A generated on

" the adaptation layer 1031A are multiplexed on the

multiplex layer 1032A. Multiplexing is performed in
units of MUX-PDUs. FIGS. 38A to 38C show examples of
the MUX-PDU obtained by multiplexing. A multiplexed

sync code (MUX flag) and a multiplexed header (MUX

‘header) are added to the MUX-PDU. The multiplexed

header may contain information indicating the types of

outputs from the adaptation layer, which are multi-
plexed with the MUX-PDU, the manner of multiplexing
them, the length of the MUX-PDU, and the like.

FIG. 38A shows a case in which one AL-PDU is set
in one MUX-PDU.

FIG. 38B shows a case in which one AL-PDU is
divided into a plurality of (two in this case) MUX-PDUs.
In this case, each multiplexed heéder may contain
infofmation indicating the ordinal number of the
divided AL-PDU portion, contained in the MUX-PDU, in
the overall AL-PDU, or indicating whether the divided

AL-PDU portion is the first or last portion of one
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AL-PDU.

FIG. 38C shows a case in which a plurality of
AL-PDUs are set in one MUX-PDU. 1In the case shown
in FIG. 38C, an AL-PDU (Video AL-PDU) corresponding
to a video code stream and an AL-PDU (Audio AL-PDU)
corresponding to a speech code stream are multiplexed.
In this case, the multiplexed header may contain
information indicating the boundary between the
plurality of AL-PDUs contained in the MUX-PDU.
Alternatively, an identifier indicating a boundary may
be set at the boundary between the AL-PDUs.

As described above, on the adaptation layer, a
code stream is processed in units of AL-SDUs or access
units. FIGS. 39A to 39C show examples of how a video
code stream is segmented on the adaptation layer.

FIGS. 39A to 39C each show a case in which one VOP
is set as one access unit. FIGS. 39A to 39C respec-
tively correspond to the video code streams in
FIGS. 34A to 34cC.

FIGS. 40A to 40C each show a case in which one
video packet is set as one access unit. FIGS. 40A to
40C respectively correspond to the video code streams
in FIGS. 34A to 34cC.

When a video packet is to be encoded upon being
segmented into shape information, motion veétor
information, and DCT coefficient information, as shown

in FIGS. 34B and 34C, an access unit may also be
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segmented accordingly. FIGS. 41A and 41B respectively
correspond to the video code streams in 34B and 34C.
Motion markers (MM) and shape markers (SM) indicating
boundaries are set between shape information (Shape),
information (Motion) about the prediction mode and
motion vector, and information (Texture) about a
residual error signal and a DCT coefficient to generate
access units.

When multiplexed sync codes, AL bouﬁdary identi-
fiers, and the like, which indicate the boundaries
between MUX-PDUs or AL-PDUs are added to a code stream
on the multipiex layer, as described above, the start
positions of the respective access units can be
discriminated from these codes and identifiers. 1In
this case, the sync codes ét the héads of the access
units may be removed from the video code stream.

FIGS. 42A to 42C each show a case in which one VOP is
set as one accéss unit. In this case, the VOP start
code at the head of the VOP may be removed. FIGS. 43A
to 43C each show a case in which one &ideo packet is
set as one access unit. In this case, the VOP start
éode and the resync marker at the head of each video
packet may be'removed5 FIGS. 44A and 44B each show a
case in which shape information (Shape), information
(Motion) abqut the prediction mode and motion vector,
and information (Texture) about a residual error signal

and a DCT coefficient each form an access unit. In
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this case, the VOP start code and the resync marker at
the head of each video packet and motion makers (MM)
and shape markers (SM) indicating the boundaries
between "Shape", "Motion", and "Texture" may be removed.
As shown in FIGS. 45A and 45B, one or a plurality
of video packets may be set in one access unit. In
this case, as shown in FIG. 45B, only the VOP start
code or the resync maker at the head of each access
unit may be removed. Similarly, in the wvideo code
streams shown in FIGS. 34B and 34C, each accegs unit
may be constituted by a plurality of video packets.
When a video packet is to be encoded upon being
segmented into "Shépe", "Motion", and "Texture", as
shown in FIGS; 34B énd 34C, each access unit may be
constituted by a set of Shape data, Motion data, or
Texture data of a plurality of video packets.
FIGSf 46A to 46D each show a case in which-such
processing is performed with respect to the code stream
in FIG. 34B, and each access unit is constituted by a
set of Motion data or Texture data. A VOP header and a
video packet header are set before "Motion" in each
video packet;

Access units may be constituted by sets of

"Motion" and "Texture" in units of VOPs or an arbitrary

number of video packets.

In such an access unit format, a sync code may be

~set at the boundary between "Motion" and "Texture" of
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video packets. FIG. 46B shows a case in which sync
codes'(RM) are set at the boundaries between the Motion
data. FIGS. 46C and 46D each shbw a case in which sync
codes (RM) are set at the boundaries bétween the Motion
data_and between fhe Texture data. FIG. 46D shéws'a
case in which a sync code (VSC) is set at the head of
each accéss unit. Different sync codes may be used for
"Motion" and "Texture". For example, a motion marker
may be used for "Motion", and a resync marker for
"Texture”,

In the video code stream shown in FIG. 34C as well,
each access unit may be constituted by a set of Shape
data, Motion data, or Texture data.

As described above, each access unit is formed by
collecting code streams, from code streamé having
different degrees of importance, e.qg., "Shape",
"Motion", and "Texture", which have the same degree of
importance, and error protection of different degrees
(e.g., using error correcﬁion and detection codes and
performing retransmission) is providéd for each access
unit. With this operation, error protection can be
performed in accordance with the degrees of importance
of the respective code streams, improving the quality
of the decoded picture in the event of a transmission
path error. 1In general, when a transmission error is
introduced into shape information (Shape) or mode

information or motion vector information (Motion), the
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quality of the decoded picture greatly suffers. To
prevent this, error correction cddes suited for shape
énd Motion may be used to provide étrong error protec-
tion.. In contrast to this, even if a transmission

path error is introduced into a residual error signal
(Texture), the picture quality doest not deteriorate
much. Error protection to be provided need not be very
strong, and hence the redundancy due_to error correc-
tion codes, error detection codes, and the like can be
reduced.

In the above case in which sync codes are removed
from video code streams;-the multiplexer 130A may
remove the sync codes contained in the video code
stream 121A, or the video code stream 121A from which
the sync codes are removed by the video encoder 111A in
advance may be supplied to the multiplexer.

In any of the cases shown in FIGS. 39A to 46D, the
length of each accéss unit maj be set to an integer
multiple of a predetermined length (e.g., in bytes).

As in the case shown in FIGS. 35A and 35B, when a video
code stream is segmented into video packets or VOPs in
units of N bits (e.g., bytes) with stuffing bits being
set before each resync marker or each start code, if
each access unit contains these stuffing bits, the-
length of each access unit can be set to an integer
multiple of a predetermined length (e.g., in.bytes).

If such processing is not performed for a video
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code stream, stuffing bits may be added to the end of
each access unit to set the length of each access unit
to an integer multiple of a predetermined length (e.g.,
in bytes). As the stuffing bits, those shown in

FIG. 35B may be used. In this case, an error intro-
duced into the code stream can be detected by using the
stuffing bits as in the case in which the Stuffing bits
are inserted in a video code stream. In addition;
stuffing bits may be added to speech and data code
streams, in addition to a video code stream, to set the

length of each access unit to an integer multiple of a

* predetermined length (e.g., in bytes).

On the multiplex layer, when the multiplexed
payload contains the same bit pattern as that of the
multiplexed sync signal, the demultiplexer erroneously
determines that this pattern is a multiplexed sync code.
As a result, the boundary between MUX-PDUs is errone-
ously detected. That is, pseudo-synchronization (also
emulation) may occur. If the video encoder generates a
video code stream in which_no bit pattern identical to
that of a sync code (e.g., a VOP start code or é resync
marker) in the video code stream is generated at a
portion other than each sync code, it cah be detected
by using a video sync code whethér pseudo-
synchronization has occurred on the multiplex layer.

The head position of an MUX-PDU is adjusted to the-

head position of an AL-PDU to form an MUX-PDU.
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FIGS. 38A to 38C each show siuch a format. A vidgo sync
code is added to the head of each AL-SDU (access unit).
With this arrangement, a multiplexed sync code and a
video sync code are arranged to be adjacént to each
other through a multiplexed header or-an AL header. If
a multiplexed sync code is erroneously detected by the
demultiplexing apparatus, the apparatus proceeds to the
detection of a multiplexed header, an AL header, and a
video sync code adjacent to the detected code. However,
since the detected code is a pseudo-sync code, if
the detected pieces of information are deéoded as a
multiplexed header, an AL header, and a video sync code,
wrong pieces of information are obtained. For this
reason, the demultiplexer checks whether the decoded
multiplexed header, AL header, and video éync code are
correct pieces of information. .If it is determined
that they are not correct, the detected multiplexed
sync code is determined as a pseudo-sync code.

FIG. 48 shows the second example of the arrange-
ment of the multiplexer. In this exéﬁple,'the
multiplexer is divided into two layers, i.e., a FlexMux

layer and a TransMux layer. The FlexMux layer is

divided into an adaptation sub-layer (AL) and a Mux

sub-layer. The TransMux layer is divided into a
Protection sub-layer and a TransMux sub-layer.
FIG. 49 shows a code stream generated on the

FlexMux layer. Reference numerals 1061A and 1062A .
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respectively denote code streams generated on the
adaptation sub-layer and the Mux sub-layer. An AL
header (Header) 1065A containing information indicating
the type of information to be multiplexed, information
indicating the time, and the like is input to the
adaptation sub-layer. In addition, a payload 1066A
(Payload) containing video, speech, and data code
streams to be multiplexed is multiplexed to generate

an AL-PDU; On the Mux sub-layer, an index 1068A
indicating the type and channel number of the AL-PDU
and information (length)'1069A indicating the length of
the AL-PDU are added to generate a FlexMux-PDU.

The FlexMux-PDU generated on the FlexMux layer is
input to the TranéMux layer. The TransMux'layer may |
use the arrangement of the multiplexer in FIG. 36. 1In
this case, a protection sub-layer correspénds to the
adaptation layer 1031A in FIG. 36, and a transmax
sub-layer éorresponds to the multiplex layer 1032A in
FIG. 36. Alternatively, the arrangement shown in
FIG. 36 may be used.for the transmax sub-layer, and the
protection sub-layer may not be used.

Note that the arrangement for multiplexing unit
code streams each having a length set to an integer
multiple of a predetermined length by stuffing bits,
and the.arrangemeﬁt for collecting sync words having
the same degree of importance to form an access unit

can be applied to the structures of the multiplexing
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code streams in the first to third embodiments.

When a plﬁrality of video packets are set in one
access unit as in the case shown in FIGS. 45A and 45B,
the boundaries between access units and resync markers
may be arranged in a frame in the manner shown in
FIG. 50. Referring to FIG. 50, each hollow bullet
indicates a macroblock with a resync marker (i.e., the
first macroblock of each video packet), and each full

gray bullet indicates the position of the first

‘macroblock in each access unit. 1In such a picture,

since the human figure is information more important
than the background information, the human figure
informatioﬁ preferably has high robustness against
tranémission path errors. For this reason, many resync
markers are arranged on the human figure portion to
arrange video packets at short intervals so as to
improve the error robustness, thus allowing quick
recovery from a transmission path error. In contrast
to this, since the degree of importgnt of the
background portion is not very high, a smaller number
of resync markers may be arranged in the background'
portion to increase the intervals between the video
packets therein.

In an encoding scheme of encoding a frame from the
upper left macroblock to the lower right macroblock in
the raster scan order, an error introduced into a given

macroblock may propagate to the lower right macroblock.
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' When the error propagétes to an important region, in

particular, the ﬁicture quality greatly deterioiates.
For this reason, a macroblock from which an important
region starts may be set as the first macroblock in an
access unit to prevent an error introduced into another
macroblock from affecting the important region. 1In the
case shown in FIG. 50, the macroblock at the left end
éf the human figure as an important region is the first
macroblock of an access unit.

If the strength of error protection can be changed
in one access unit, the strength may be changed in
accordance with the degrees of importance of régions
in a frame. Referring to FIG. 51, the light gray'
(hatching) region indiéates an region (High QoS) for
which strong érror protection is provided, which is
assighed to the human figure portion as important
information. FIGS. 52A to 52C each show an example of
the format of an access unit corresponding to such a
picture. Referring to FIGS. 52A to 52C, the light

gray (hatching) porfions'correspond to the light gray

macroblocks in FIG. 51, for which strong error

protection is provided.

When a video packet is to be encoded upon being
divided into "Motion" and "Texture", "Motion" is set in
the first half portion of an access unit, and "Texture"
is set in the second half portion, as shown in

FIGS. 52A to 52C. 1In addition, the important regions
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indicated by the light gréy in FIG. Si may be
respectively set in the first half portions of the
first and second half portions. Alternatively,
"Motion" and "Texture® may be set in different access
units, and Stronger error protection may be provided
for the first half portions of the respective access
units. With this arréngement, stronger error protec-
tion can be provided for the "Motion" portion, of the
code stream of the important region, which is more
importaﬁt than the remaining portions.

As described above, according to the present
invention, by arranging resyhc markers and using the
format of an access unit, higher error robustness can
be realized with a smaller overhead (redundancy). 1In
general, when resync- markers are used and strong error
protection is provided, the overhead increases. 1If,
however, many resync markers are assigned to a human
figure or the like as important information to fortify
error protection provided therefor, and fewer resync
markers are assigned to a less important region such as
a background portion to weaken error protection, higher

error robustness can be provided for the important

. information, as compared with the case in which resync

markers are uniformly assigned to the overall picture,:

and error protection is uniformly provided therefor,

with the same average overhead.

When many resync markers are assigned to a portion
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like the human figure portion in.FIG..Sl, the length of
each video packet decreases very much accordingly. If,
therefore, each video packet is assigned to one access
unit, the overhead based on an-AL header, a multiplexed
header, a multiplexed sync code, and the like increases
very much. In this case, as shown in FIGS. 45A and 458,
a plurality of video packets are preferably set in one
access unit to reduce the overhead.

FIG. 53 shows the circuit arrangement of the
encoder 103 of the encoding apparatus shown in FIG. 1.
According to this arrangement, fhe picture information
input to the encoder 103 is sent to a motion compensa--
tion circuit 1036 first. 1In this case, the motion
compensation circuit 1036.performs motion compensation
between the input picture ihformation and the previous
frame information stored in a frame memory 1035. A
subtracter 1030 calculates the difference between the
previous frame information and the current frame
information after the motion.compensation. Only the
difference information is DCT-transformed in a discrete
cosine transform circuit (DCT) 1031, and is quantized
by a quantizer 1032. The resultant information is sent
to a variable—lethh encoder 1038.

The output from the quantizer 1032 is dequantized
by a dequantizer (IQ) 1033. The resultant data is
IDCT-transformed in an inverse discrete cosine trans-

form circuit (IDCT) 1034. The output from the inverse
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discrete cosine transform circuit 1034 and the motion
compensation information from the motion compensation

circuit 1036 are added together by an adder 1037. The

output from the adder 1037 becomes decoded picture

information of the current frame, i.e., local decoded
picture information. This local decoded image infor-
mation is.stored in the frame memory 1035 to be usea as
data for motion.compehsation in encoding the next frame.

The quantized.information sent to the variable-
length enéoder 1038 ié subjected to variable-length
encoding. . The resultant information is sent to an
important information designation circuit 1039. This
important information designation circuit 1039 extracts
only the externally designated important information
portion from the variable-length encoded information,
and sends it to the imporfant header information recon-
struction circuit 104. Note that all the information
is sent to the bit string reconstruction circuit 107
regardless of whether the important information
designation circuit 1039 designates important
information.

FIG. 54 shows the circuit arrangement of the
decoder 124 of the decoding apparatus shown in FIG. 2.
According to this arrangement, the picture information
sent from a demultiplexer 121 is temporarily stored in
a reception buffer 1241. Thereafter, the subsequent

header information is sent to a header decoder 1242 in
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response to decoding start position information from a
synchronization detector 122. The header information
is decoded by the decoder 1242. At this time, the
header information on the uppermost layer is decoded
first, and the decoded information is sent to an error
check circuit 125, which checks the presence/absence of
an error in the information. The pieces of header
information on the subsequent layers are decoded in
accordance with a designation from a designation
information determination circuit 123. That is, when
the presence of important header information is
designated, the information at a predetermined position
is decoded as the important header information. This
important information is transferred to the important
information circuit 126 to be temporarily stored
therein. When an important information circnit 126
detects the introduction of an error in the header
information on the uppermost layer, since the important
header information from the important information.
circuit 126 is sent back to the decoder 1242, the
decoder 1242 continues the subsequent decoding
processing by using the important header information
from the important information circuit 126.

The information (actual picture information)
following the header information is dequantized by a
dequantizer 1243. The resultant information is sent to

an IDCT circuit 1244. The IDCT circuit 1244 calculates
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the inverse discrete cosine transform of the
dequantized information, and decodes the difference
signal between the current and previqus frames. An
adder 1245 adds this decoded difference signal to the
previous frame information (the previous frame informa-
tion after motion compensation using motion vector
informationj stored in a frame memory 1246. This
addition result signal becomes reconstructed picture
information of the current frame. This information is_
sent to a D/A circuit 127 and is also stored in the
frame memory 1246.

The arrangements of the encoding/decoding appara-
tuses and the stream structures of the embodiments
described above can be coﬁbined with each other, as
needed. In addition, the operations of the respective
encoding/decoding appératuses can belreplaced with
propedures based on software control. The corre-
sponding software programs and encoded streams can be
provided as a storage medium.

Industrial Applicability

As has been described above, according to the
present invention, since error robustness is provided
for the structure of a code stream.ifself, even if an
error is introduced into important information such as
header information, and.the information cannot be used
for decoding processing, the decoding processing can be

properly continued by using new information designated
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by designation information as a substitute. In
addition, since strong error protection is provided for
important information such as a picture header and a
slice header in a video code stréam by using error
correction and detection codes, a high-quality video
signal can be decoded even in the event of a trans-
mission path error as compared with the conventional
video encoding apparatus and the conventional multi-
plexing apparatus which do not provide sufficient error
protection for important information. Furthermore,
since a multiplexed unit code stream having a length
corresponding to an integer multiple of a predetermined
length is generated by adding stuffing bits, the
introduction of an error can be easily detected.
Moreover, since an access unit is formed by collecting
code words having the same degree of importance, error
protection can be performed in accordance with the
degrees of importance of the code words. As a result,
the quality of the decoded picture improves in the

event of a transmission path error.
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CLAIMS
1. An information transmission ﬁethod comprising:
6n a transmitting side, adding reconstruction infoima-
tion required for reconstructing contents of header
information or part of the header information to

encoded information and transmitting an added result;

and on a receiving side, performing an error check with

respect to the header information or part of the header
information, and decoding the encoded information by
using the reconstruction information as a substitute
when an error is detected by the error check. |

2. A method accofding to claim 1, which includes
adding instruction information indicating addition of
the reconstruction information to the header informa-
tion.

3. A meﬁhod according to claim 1 or 2, ﬁherein
the encoded information contains a picture code stream
obtained by compresé—encoding a picture signal, and
the reconstruction information contgins information
indicating a display timing of each picture frame of
the picture code stream.

4. A method according to claim 1 or 2, wherein
the encoded information contains a picture code stream
obtained by compress-encoding a picture signal, and
the reconstruction information contains information
indicating a prediction mode of each picture frame of

the picture code stream.
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5. An encoding apparatus comprising:

means for gegmenting encoded information into not
less than two layers, and adding a sync signal and
header information required foi decoding to each layer;

means foR/fég;smitting, as reconsfruction informa-
tion for reconstructing the encoded information,
linforﬁation which has already been transmitted from the
upper layer or part of the information, information
which has already been transmitted within the same
layer or part of the information, or information for
reconstructing contents of information which has
alreédy.been transmitted from the upper layer or within
the same layer or contents of part of the information,

upon adding the information to the encoded information;

and

means fez/I:;erting designation information with a
predetermined bit pattern which indicates addition of
the reconstruction information in the header informa-
tion.

6. An encoding apparatus comprising:

means fg;/;dding a sync signal to header infor-

mation required for encoding, and encoding the

information;
means for pransmitting, as reconstruction infor-

mation for reconstructing the encoded information,

~information which has already been transmitted or part

of the information or information indicating contents
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of the information or contents of part of the infor-
mation, upon adding the informafion to the encoded
information; and

means for inserting designation information with a
predetermined bit pattern which indicates addition of
the reconstruction information in the header informa-
tion.

7. An apparatus according to claim 5 or 6,
wherein information for changing encoding processiné of
a portion associated with the header information from
encoding proéessing before the portion-associated with
the header information to another type of encoding
processing is inserted in the header information, and
the information is transmitted.

8. An apparatus according to claim 7, whefein the
reconstruction information is information for changing
the encoding processing or information for recon-
structing part of the encoding processing.

9. An apparatus according to élaim 5 or 6,
wherein the encoded information contains a picture code
stream obtained by compress-encoding a picture signal,
and the reconstruction information contains information
indicating a display timing of each picture frame of
the picture code stream.

10. An apparatus according to claim 5 or 6,
wherein the encoded information contains a picture code

stream obtained by compress-encoding a picture signal,



10

15

20

25

v I

and the reconstruction informatioh contains information
indicating a prediction mode of each picture frame of
the picture code stream.

11. A decoding apparatus comprising:

means for segmenting encoded information into not
less than two layers, and adding a sync signal and
headef inforﬁation required for decoding to each layer;

means for detecting designation information havihg
a predetermined bit pattern from the header informa-
tion; and

means for decoding the enéoded'information by
using information, transmission of which is indicated
by the detected designation information, as a substi-
tute for information which has.already been transmitted
from the upper layer or part of the information, infor-
mation which has already been transmitted within the
same layer or part of the information, or information
for reconstructing contents of information which has
already been transmitted from the upper layer or withih
the same layer or contents of part of the information.

12. A decoding apparatus comprising:

means for réceiving encoded information which is
transmitted after a sync signal and header information
required for decoding are added to thé encoded
information;'

means for detecting designation information having

a predetermined bit pattern from the header
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information; and

means for, when the pattern is detected, decoding
the encoded information by using information, trans-
mission of which is indicated by the designation
information, as a substitute for information which has
already been transmitted or part of the information or
information capable of reconstructing contents of the
information or contents of part of the information.

13. An apparatus according to claim 11 or 12,
further comprising means fo: detecting change designa-
tion information having a predetermined bit pattern
from the header information, and changing decoding
processing of a portion associated with the header
information from decoding processing of a portion
before the portion associated with the header.infor—
mation to another type of decoding processing in
accordance with the detected information. |

14. An apparatus according to claim 11 or 12,
wherein the encoded information contains a picture code
stream obtained by compress-encoding a picture signal,

and the reconstruction information contains information

“indicating a prediction mode of each picture frame of

the picture code stream.

15. An apparatus according to claim 13, wherein
the reconstruction information is information for
chaﬁging the encoding processing or information for

reconstructing part of the information.



10

15

20

25

N

16. An apparatus according to claim 11 or 12,

‘wherein the encoded information contains a picture code

stream obtained by compress-encoding a picture signal,
and the reconstruction information contains information
indicating a display timing of each picture frame of
the picture code stream.

17. An apparatus according to claim 16, further
comprising:

means for decoding information indicating a
display timing of a pictufe frame and transmitted as
the reconstruction information; and

means for checking whether decoded display timing
information complies with a predetermined rule or a
rule indicated by independently transmitted information,
thereby checking whether a transmission path error is
introduced into the timing information.

18. An encoding apparatus comprising:

not less than one picture encoding means for
receiving and compress-encoding a Qicture signal;

multiplexing means for multiplexing a picture code
stream output from each of said picture encoding means
and other data information code streams, and outputting
a multiplexing code streém containing a multiplexed
header and a multipiexed payload;

means for inserting header information contained
in the picture code stream or part thereof in the

multiplexed header; and
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means for adding an error correction/detection
code generated from information in the multiplexed
header to the multiplexed header, providing error
protection for the header infoimation in the picture
code stream together with another information assbci-
ated with multiplexing in the multiplexed header by
using an error correction/detection code, and trans-
mitting the header information and other information.

19. An apparatus according to claim 18, wherein
the header information in the picture code stream,
which is contained in the multiplexed header, contains
information indicating a display timing of a picture
frame_in the picture code stream.

20. A decoding apparatus comprising:

demultiplexihg means for receiving a multiplexing
code stream which is generated by multiplexing a
picture code stream and other code_streams and contains

a multiplexed header and a multiplexed payload, with

error correction being provided for header information

in the pictufe code stream or part of the information,
together with another information associated with
multiplexing in the multiplexed header, by using an
error correction/detection code, and demultiplexing the
multiplexing code stream into one or a plurality of
picture code streams and other data information code
streams;

picture decoding means for decoding the
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demultiplexed picture code stream; and

means for, when an error is detected in header
information in the picture code stream, decoding the
picture code stream by using the header information in
the picture code stream which is contained in the
multiplexed header.

21. An apparafus according to claim 20, wherein
the header information in the picture code stream which
is contained in the multiplexed header contains infor-
mation indicating a display timing of a picture frame
in the picture code étream.

22. A recording medium on which a code stream is
recorded, the code stream having header information and
reconstruction information added thereto, the header
information being required for decoding, the recon-
struction information being used to reconstruct
contents of the header information or contents of part
of the header information, and the code stream being
decoded by using the reconstruction as a substitute for
the header information when an error is detected in the
header information or part thereof by a decoding
apparatus.

23. An encoding/multiplexing apparatus comprising:

means for segmenting a plurality of types of
compressed codé strings obtained by compress-encoding
an input signal in encoding units;

means for generating a multiplexed unit code
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stream having a length ¢orresponding to an integer
multiple of a predetermined length by adding stuffing
bits to the segmented compressed code string in
segmenting units; and

means for generating a multiplexing code stream by -
multiplexing the multiplexed unit code strings.

24. A decoding/demultiplexing apparatus
comprising:

means for receiving a multiplexing code stream and
demuitiplexing a multiplexed unit code stream;

means for separating a compressed code string in
the multiplexed unit code stream from stuffing bits
added thereto;

means for decoding the separated compressed code
string; and

means for detecting an error in the multiplexing
code stream by comparing a position at which decoding
of the compressed code string by said decoding means is
ended with a start position of the stuffing bits.

25. An apparatus according to claim 23, wherein
the stuffing bits can be uniquely decoded in a reverse
direction.

26. An apparatus according to claim 24, wherein
said separating means determines a decoding start
position of a compressed code string in the reverse
direction by decoding the stuffing bits in the reverse

direction, and said decoding means starts decoding in
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the reverse direction from the determined start
position.

27. An encoding/multiplexing apparatus comprising:

compress-encoding means for encoding an input
signal so as to segment the signél in given encoding
units, thereby generating compressed code strings;

means for generating a multiplexing code stream by
collecting sync words having the same degree of imporf |
tance from the segmented compressed code strings; and

means for inserting codes indicating delimiters. in
the encoding units in the multiplexing code stream
generated in accordance with the degrees of importance.

28. A decoding/demultiplexing apparatus
comprising:

means for demﬁltiplexing a multiplexing code
stream obtained by collecting compressed code:strings
in accordance with the degrees of importance of code
words'and multiplexing the compressed code strings;

means for specifying encoding.units corresponding.
to segmented code streams by detecting codes indicating
code delimiters in the multiplexing code stream;

means for generating a compressed code stream by
collecting code strings corresponding to identical code
delimiters from the multiplexing code stream which is
multiplexed in accordance with the degrees of impor-
tance; and

means for decoding the compressed code stream.
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29. An information transmission methoﬁ comprising
the steps of:

.generating an encoded data stream by encoding a
video signal; and |

segmenting the encoded data into a plurality.of
layers, adding important header information required
for decoding to at least some of upper and lower layers,
and transmitting the data.

30. A method according to claim 29, further

comprising:

segmenting the encodedIQata stream into a
plurality of layers, and starting decoding from an
upper layer;

performing an error check with respect to decoded
data; and |

extracting important header information from the
decoded data, and continuing decoding by using the
important header information on a lower layer as a

substitute in accordance with an error check result.
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ABSTRACT

In an information transmissipn method, error
robustness is provided for the bit stream itself so
that.decoding processing can be properly performed even
in the event of an error in imporfant information such
as header information. A bit stream reconstruction
circuit (107) in an encoding apparatus adds sync
signals to the heads.of encoded data streams; which are
encoded by an encoder (103), in cerfain bit stream-
units, and then inserts designation information in each
bit stream by using a designation information insertion
circuit (106). Each designation information indicates
the addition of information for reconstructing impor-
tant header information. By inserting the designation
information in the bit stream obtained, reconstruction
information can be added to the bit stream. Even if,
therefore, an error is introduced into the header
information, and the information cannot be used for
decoding processing, the decoding pProcessing can be
properly continued by using the néw reconstruction
information designated by the designation information

as a substitute.
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