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(57) Abstract

A method of packetizing a data stream (80) for transmission comprises the steps of (a) segmenting the data stream (80) and inserting
successive segments of the data stream into a plurality of successive program packets (82), each program packet having a header followed by
a payload section; (b) for each of the successive program packets, (i) inserting successive segments of the program packet into the payload
sections of a consecutive sequence of transport packets (90-98) such that the header of the program packet is aligned with the beginning of
the payload section of a first transport packet in the sequence; and (ii) repeating step (b) (i) until the last segment of the program packet is
reached. If the last segment of the program packet does not fill the entire payload section of a last transport packet in the sequence, then
stuffing bytes are added to the last transport packet to fill out the remainder of the payload section of that transport packet. In this manner,
the header of each program packet is always aligned with the beginning of a transport packet payload.
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PACKET ALIGNMENT METHOD AND APPARATUS FOR SIMPLIFYING PARSING
AT A DECODER IN A PACKET-BASED COMMUNICATIONS SYSTEM

FIELD OF THE INVENTION
The present invention relates a method and
apparatus for packetizing a data stream for transmission to a
decoder, and more particularly, to a packet alignment method
and apparatus for simplifying the parsing of a transport

stream in a packet-based multiplexed communications system.

BACKGROUND OF THE INVENTION

Recently, the International Organization for

Standardization (ISO) adopted a standard protocol for
combining one or more "elementary streams" of coded video,
audio or other data into a single bitstream suitable for
transmission. The standard (ISO 13818), hereinafter referred
to as the "MPEG-2 Systems" standard, is described in detail
in the MPEG-2 Systems Committee Draft (ISO/IEC
JTC1/SC29/WG11/N0601, November, 1993) [hereinafter "MPEG-2
Systems Committee Draft"], which is hereby incorporated by
reference. An overview of the MPEG-2 Systems standard is
provided in Wasilewski, The MPEG-2 Systems Specification:
Blueprint for Network Interoperability (January 3, 1994),
which is also hereby incorporated by reference. The MPEG-2
Systems standard provides a syntax and set of semantic rules
for the construction of bitstreams containing a multiplexed
combination of one or more "programs." A "program" is
composed of one or more related elementary streams. An
"elementary stream" is the coded representation of a single

video, audio or other data stream that shares the common
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timebase of the program of which it is a member. For
example, in the context of a subscription television system,
a "program" may comprise a network television broadcast
consisting of two elementary streams: a video stream and an
audio stream.

As discussions concerning the MPEG-2 Systems
standard progressed, the MPEG-2 Systems Committee decided
that a two-level packet-based multiplexing approach would
best serve the objectives of the new standard. 1In a paper
presented by Applicants, on behalf of their Assignee, to the
International Standards Organization, entitled "A REVISED
Proposal for MPEG-2 Transport and Program Multiplex Syntax",
MPEG 93/351 (March 29, 1993), which is hereby incorporated by
reference, Applicants proposed a detailed syntax and
methodology for such a two-level packet-based multiplex
approach. Generally, the two-level multiplex approach
proposed by Applicants comprises a first "program" level in
which each elementary stream (i.e., the coded representation
of one video, audio or other digital data signal) is
segmented and inserted into the payload sections of a
respective sequence of "program packets" to form a "program
stream" for that elementary stream, and a second "transport"
level in which the program packets of each program stream are
further segmented and inserted into the payload sections of
smaller, fixed-length "transport packets". The transport
packets containing the program stream data of each elementary
stream may then be multiplexed in a time division manner to
generate a single outgoing bitstream referred to herein as a
"transport stream". Thus, a transport stream comprises a
continuous sequence of transport packets, each of which may
carry data from one of a plurality of different program
streams. Such a multiplexing approach can be used in a wide
variety of applications. For example, such a multiplexing
approach is particularly well suited for the transmission of
audio and video programming in a subscription television
system, such as a CATV or Direct Broadcast Satellite (DRS)

system.
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As Applicants recognized, with any two-level
multiplexing approach, a significant amount of parsing will
be required in a decoder at a reception site in order to
recover the elementary stream data of a program selected by a
user at that site. Consequently, methods and apparatuses are
needed for generating transport streams that simplify or
facilitate parsing of the stream at a decoder. The present
invention satisfies this need. Applicants, on behalf of
their Assignee, proposed the method of the present invention
for inclusion in the MPEG-2 Systems standard, and the method
of the present invention, as defined by the appended claims,

was ultimately incorporated into the standard.

SUMMARY OF THE INVENTION

The present invention is directed to a packet

alignment method for simplifying the parsing of a transport
stream in a packet-based multiplexed communications system,
and to an apparatus for carrying out the method. According
to the method, successive segments of a data stream to be
transmitted are inserted into a plurality of successive
program packets. Each program packet has a header followed
by a payload section. The payload sections of each program
packet preferably have variable lengths. A first one of the
successive program packets is then received for further.
packetization. Successive segments of the first program
packet are then inserted into the payload sections of a
sequence of smaller, fixed length transport packets. The
header of the program packet is aligned with the beginning of
the payload section of a first transport packet of the
respective sequence. Subsequent segments of the program
packet are then inserted into subsequent transport packets
until the end of the current program packet is reached. 1If
the last segment of the current program packet does not fill
the entire payload section of a last transport packet in the
sequence, stuffing bytes are inserted in the last transport
packet along with the last segment of the current program

packet in order to "fill-out" the entire payload section of
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that transport packet. A next subsequent program packet is
then packetized in a similar manner beginning with a new
transport packet. In this manner, the beginning of each
program packet is always aligned with (i.e., always occupies)
the first byte of a respective transport packet payload.

In a preferred embodiment, every transport packet
has a header and a bit is set in the header of every
transport packet that carries the header of a particular
program packet. As a result, a decoder can parse the headers
in a sequence of transport packets to locate the boundaries
between successive program packets carried in the payload
sections of those transport packets. Preferably, stuffing
bytes are inserted in transport packets in the form of an
adaptation field.

An apparatus according to the present invention
comprises means for segmenting a data stream to be
transmitted and for inserting successive segments of the data
stream into a plurality of successive program packets, each
program packet having a header followed by a payload section;
means for receiving one of the successive program packets;
means for inserting successive segments of the program packet
into the payload sections of a sequence of transport packets
such that the header of the program packet is aligned with
the beginning of the payload section of a first transport
packet of the sequence; and means for inserting stuffing
bytes in a last transport packet of the sequence if a last
segment of the program packet does not fill the entire
payload section of the last transport packet.

Preferably, the apparatus further comprises means
for generating an adaptation field for insertion in the
payload section of a transport packet. 1In this case, the
means for inserting stuffing bytes is preferably adapted to
insert the stuffing bytes in an adaptation field of the last
transport packet. In a preferred embodiment, every transport
packet has a header and the apparatus further comprises means

for setting a bit in the header of the first transport packet
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to indicate that the first transport packet carries the
header of a program packet.
Additional features and advantages of the present

invention will become evident hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing summary, as well as the following
detailed description of the preferred embodiment, is better
understood when read in conjunction with the appended
drawings. For the purpose of illustrating the invention,
there is shown in the drawings an embodiment that is
presently preferred, it being understood, however, that the
invention is not limited to the specific methods and
instrumentalities disclosed. 1In the drawings:

Figure 1 illustrates an application of the present
invention to a subscription television system;

Figure 2 is a block diagram of an encoder apparatus
for generating a transport stream in accordance with the
method of the present invention;

Figure 3 graphically illustrates the packet
alignment method of the present invention;

Figure 4 shows additional details of the general
content and arrangement of a program packet in accordance
with the present invention;

Figure 5 shows additional details of the general
content and arrangement of a transport packet in accordance
with the present invention;

Figure 6 shows the general content and arrangement
of a transport packet containing an adaptation field in
accordance with an aspect of the present invention;

Figure 7 is a flow diagram illustrating further
details of the operation of the encoder of Figure 2 and a
preferred embodiment of the method of the present invention;

Figure 8 illustrates further details of the
transport level packetizer of Figure 2 and, in particular,
illustrates an apparatus for carrying out the method of
Figure 7; and
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Figure 9 is a block diagram of a decoder apparatus
for parsing an incoming transport stream to extract one or

more elementary streams from the transport stream.

DETATILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Referring to the drawings wherein like numerals
indicate like elements throughout, Figure 1 illustrates an
application of the present invention to a direct broadcast
satellite (DBS) subscription television system 10. It is
understood, however, that the present invention is by no
means limited thereto. Rather, the present invention may be
employed in any packet-based multiplexed communications
system wherein it is desirable to simplify the parsing of a
transport stream (as defined herein) by a decoder at a
reception site in the system.

As shown in Figure 1, the exemplary DBS system 10
comprises an uplink site 12 for generating a transport stream
containing a multiplexed combination of audio and video
signals and for transmitting the transport stream to one or
more subscriber locations, e.g. location 33. The audio and
video signals (e.g., Video 1, Audio 1 ... Video N) are input
to an encoder 14 via respective input lines 16, 18..24. The
encoder 14 operates in accordance with the method of the
present invention to generate a continuous transport stream
comprising a time-division multiplexed combination of
transport packets, each of which may contain data comprising
a coded representation of one of the video or audio signals
input on lines 16, 18..24. As the transport stream is
generated, it is supplied via line 26 to a transmitter 28 and
then to a satellite uplink 30 for transmission via satellite
32 to the subscriber location 33. The transport stream is
typically transmitted over a particular transponder
frequency.

At the subscriber location 33, a receiver 36 is
tuned to the particular transponder frequency for receiving
the transport stream via a satellite down-link 34. The

incoming transport stream is then provided to a decoder 40
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via line 38. A subscriber can employ the decoder 40 to
retrieve the audio and video signals of a particular program
from the incoming transport stream for output to a television
set 42 or audio output device 44 at the subscriber location
33.

Figure 2 is a block diagram illustrating further
details of the encoder 14 of Figure 1. As shown, the video
and audio signals (e.g., "Video 1", "Audio 1" ... "Video N"),
which preferably are in digital form, are provided on
respective lines 16, 18..24 to respective coders 46, 48..50
that produce coded representations of the respective signals.
For example, the video and audio coders may operate in
accordance with any well known data compression technique to
produce digital compressed representations of the respective
video and audio signals. As mentioned in the Background of
the Invention, the coded representation of one video, audio
or other data signal is referred to herein, as well as in the
MPEG-2 Systems Committee Draft, as an "elementary stream".

As further shown in Figure 2, each elementary
stream is provided to a program level packetizer 51. For
example, the elementary stream for Video 1 is provided to the
packetizer 51 via line 16’, the elementary stream for Audio 1
is provided to the packetizer 51 via line 18’, and so on.

The program level packetizer 51 implements the first level of
Applicant’s two-level multiplexing scheme. As described
hereinafter in greater detail, the program level packetizer
51 segments and inserts each elementary stream into a
respective sequence of program packets referred to herein as
a program stream. Each program packet in a given program
stream consists of a program packet header followed by a
variable length payload containing the coded data of the
elementary stream carried in that program stream. Each
elementary stream, in its program stream format, is assigned
a unique "Packet ID" (PID). For example, the elementary
stream "Video 1" may be assigned a PID of "10", the
elementary stream "Audio 1" may be assigned a PID of "23",

and so on.
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Once generated, the program streams are provided to
a transport level packetizer 53 via respective lines 52,
54..56. The transport level packetizer 53 implements the
second level of Applicant’s two-level multiplexing scheme.

In particular, as described hereinafter in greater detail,
the transport level packetizer 53 segments the individual
program packets of each program stream and inserts successive
segments of each program packet into the payload sections of
a respective sequence of smaller, fixed-length transport
packets. Thus, each program stream is carried in a
respective sequence of transport packets. Each transport
packet in a given sequence has a header that contains the PID
associated with the program stream carried in that sequence
of transport packets.

As further shown in Figure 2, the sequences of
transport packets formed from each program stream are
provided to a transport stream multiplexer 64. For example,
the sequence of transport packets carrying the program stream
data for elementary stream "Video 1" are provided to the
multiplexer 64 via line 58, the sequence of transport packets
carrying the program stream data for elementary stream "Audio
1" are provided to the multiplexer 64 via line 60, and so on.
The multiplexer 64 operates in accordance with a time-
division multiplexing technique to multiplex the individual
transport packets of each sequence to form a single outgoing
bitstream referred to herein as a transport stream. The
transport stream is output on line 26 for transmission (see
Figure 1).

A system clock generator 68 generates a common
system clock that governs audio and video coding, the program
level and transport level packetizers, and the transport
stream multiplexer. A control computer 70 controls the
overall function of each component of the encoder 14 via
control lines 72, 74..76. Additionally, the control computer
70 may generate a number of other transport packets that
contain system related information, such as encryption

related information used to control access to the elementary
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stream data carried in the transport stream. These system
related transport packets are provided to the transport
stream multiplexer 64 via line 63.

A transport stream therefore comprises a continuous sequence
of transport packets, each of which may either carry system
related information or data from one of the plurality of
program streams.

Figure 3 graphically illustrates the two-level
packet-based multiplexing scheme implemented by the encoder
14 of Figure 2, and more particularly, illustrates the packet
alignment method of the present invention. As shown, at the
program level, an elementary stream 80, which may comprise a
stream of coded video or audio data, is segmented and
inserted into the payload sections of a plurality of
successive program packets, e.g. program packets 82 and 84,
to form a program stream. Each successive program packet 82,
84 comprises a program packet header (PH) followed by a
variable length payload comprising a successive portion of
the coded data of the elementary stream 80. Generation of
the program stream is performed by the program level
packetizer 51 of Figure 2.

At the transport level, each program packet 82, 84
of the program stream is further packetized into a sequence
of transport packets 90, 92..100. Each transport packet 90,
92..100 comprises a header (H) followed by a payload portion
that carries the program stream data. According to the
present invention, the program packets 82, 84 of the program
stream are inserted into the transport packet payloads such
that the first byte of the header of each program packet 82,
84 always occupies the first byte of a respective transport
packet payload. For example, as illustrated in Figure 3, a
first portion of program packet 82, which begins with a
program packet header (PH), is inserted in the first
transport packet 90 of the sequence of transport packets 90,
92..100. A second successive portion of the program packet
82 is inserted into the next consecutive transport packet 92.

As illustrated however, the third or remaining portion of the
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program packet 82 is not long enough to occupy the entire
payload section of the next consecutive transport packet 94.
One way to handle such a situation is to simply fill as much
of the payload section of the transport packet 94 as the |
remaining portion of the program packet 82 will occupy, and
then begin filling the remainder of the transport packet 94
payload with the beginning of the next program packet 84. As
Applicants recogﬁized however, such a technique is
disadvantageous because a decoder that receives this sequence
of transport packets 90, 92..100 would have to parse through
the payload sections of each incoming transport packet to
determine the boundaries between successive program packets.
This would unduly increase the cost and complexity of the
decoder. The packet alignment method of the present
invention provides a simple mechanism for determining the
boundaries between successive program packets as they are
recovered from their respective sequence of transport packets
without the need for complex parsing capabilities.

According to the packet alignment method of the
present invention, as illustrated in Figure 3, when the last
segment of a program packet, e.g. program packet 82, will not
fill the entire payload section of the next consecutive
transport packet, e.g. transport packet 94, an appropriate
number of stuffing bytes are inserted to "fill out" the
payload section. Consequently, the first byte of the header
(PH) of the next program packet, e.g. packet 84, will occupy
the first byte of the payload section of the next consecutive
transport packet, e.g. packet 96. Thus, the method of the
present invention ensures that the first byte of each program
packet is always aligned with (i.e., always occupies) the
first byte of the payload section of a transport packet. As
explained hereinafter in greater detail, a program packet
header indicator flag is provided in the header (H) of each
transport packet 90, 92..98 to inform a decoder whether a
given transport packet contains the beginning (i.e., the
header) of a particular program packet. A decoder can use

the program packet header indicator flags in each transport
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packet to determined the boundaries between successive
program packets recovered from those transport packets.
Thus, the decoder need only parse the transport packet
headers, thereby avoiding the need to parse the transport'
packet payload data to find the program packet boundaries.
As a result, decoder complexity and cost is reduced.

Generation of the sequence of transport packets 90,
92..98 is performed by the transport level packetizer 53 of
Figure 2. Although Figure 3 illustrates the packetization of
a single program stream, it is understood that the transport
level packetizer 53 of Figure 2 separately packetizes each of
the program streams input on lines 52, 54..56 in the manner
illustrated in Figure 3 to produce a respective sequence of
transport packets for each program stream.

Figure 4 illustrates the general content and
arrangement of a program packet 102 in accordance the present
invention. As shown, the program packet 102 comprises a
fixed length program packet header 104 followed by a variable
length payload section 106 that comprises the coded video or
audio of a respective elementary stream. The program packet
header 104 begins with a program packet start code 108 which,
in the present embodiment, comprises a 24 bit pattern that is
the same for every program packet. Hardware operating upon a
program stream can use the program packet start code 108 to
identify the start of each program packet. The start code
108 is followed by a program packet prefix 110 that may
contain information related to the elementary stream data
carried in the payload section 106. For example the prefix
110 may contain information concerning the transmission
priority or encryption status of the elementary stream data
in the payload section 106. The program packet prefix 110 is
followed by a program packet length field 112 which specifies
the total number of bytes in the program packet. As
mentioned above, program packets may be of variable length.

Figure 5 illustrates the general content and
arrangement of a transport packet 114 in accordance with a

preferred embodiment of the present invention. As shown, the
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transport packet 114 begins with a header section that
comprises a transport packet start code 116 and a transport
packet prefix 118. 1In the present embodiment, the transport
packet start code 116 is an 8 bit pattern that is the same
for all transport packets. Because transport packets are
fixed-length packets and are arranged consecutively in a
transport stream, the packet start codes will appear
repetitively in an incoming transport stream at a constant
rate. Accordingly, the packet start codes can be used for
synchronization purposes at a decoder.

The transport packet prefix 118 may contain a
number of control indicators 121, such as packet priority,
error status and encryption mode indicators, relevant to the
data carried in the payload section 120 of the transport
packet. The transport packet prefix 118 also contains a
Packet ID (PID) field 126, which in the present embodiment
comprises a 13 bit field. As mentioned above, a unique
Packet ID (PID) is assigned to each program stream. The PID
assigned to a given program stream is inserted into the PID
field 126 of each transport packet that carries a portion of
that program stream. At a decoder, a given program stream,
and ultimately the elementary stream data carried in that
program stream, can be recovered from an incoming transport
stream by simply extracting every incoming transport packet
that carries the PID associated with that program stream. A
group of related elementary streams (e.g. audio, video etc.)
can be extracted to reproduce a complete "program."

In accordance with the present invention, the
transport packet prefix 118 further comprises a transport
adaptation field flag 122 and a program packet header
indicator flag 124, each of which comprise a single bit in
the present embodiment. The transport adaptation field flag
122 is used to indicate the presence or absence of an
adaptation field within the payload section 120 of the
transport packet 114. An adaptation field may be "opened" in
any transport packet to provide a convenience "window" for

carrying information of relevance to either the transport
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stream or the program stream data carried in the payload
section of that transport packet. For example, an adaptation
field can be used to carry timing information, encryption
related information, etc. 1In accordance with the packet
alignment method of the present invention, an adaptation
field can also be used for byte-stuffing purposes in order to
"fill out" the payload section of a transport packet.

The program packet header indicator flag 124 is
used to indicate whether the payload section 120 of the
transport packet 114 begins with the header of a program
packet. As explained above, in accordance with the present
invention, the first byte of the header of any program packet
always occupies the first byte of the payload section of a
transport packet. A decoder can parse the header of each
incoming transport packet and use the program packet header
flag 124 to identify program packet boundaries as it extracts
program stream data from the payload sections of the incoming
transport packets.

Figure 6 illustrates the general content and
arrangement of a transport packet 130 that contains an
adaptation field. As shown, an adaptation field comprises an
adaptation field header 132 and an adaptation field data
region 134. The adaptation field header 132 comprises a one-
byte adaptation field type specifier 136 and a one-byte
adaptation field length specifier 138. The type specifier
136 specifies what type of data follows in the data region
134 of the adaptation field. As mentioned above, an
adaptation field can be "opened" in a transport packet to
carry information related to the transport stream or the
particular program stream data carried in the payload section
of that transport packet, such as timing or encryption
related information. Thus, a number of different adaptation
field types may be defined. In accordance with the present
invention, the data region 134 of an adaptation field may
also be used for byte-stuffing purposes in order to "fill-
out" the payload section of a transport packet with stuffing-
bytes whenever the last segment of a program packet does not
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fill the entire payload section. Stuffing-bytes can be
appended to the data region 134 of an adaptation field that
already contains other transport or program stream related
information, or if stuffing-bytes are needed in a transport
packet that otherwise would not contain an adaptation field,
a "stuffing bytes only" adaptation field type may be defined
in which the data region 134 carries only stuffing bytes. 1In
the present embodiment, an adaptation field type value of 00
(hex) is used to indicate the presence of a "stuffing bytes
only" adaptation field. A stuffing-byte is a byte having a
pre-determined pattern. For example, the bit pattern ‘1111
1111’ can be used for each stuffing byte.

The adaptation field length specifier 138 is used
to specify the overall length of the adaptation field. When
the adaptation field is used for byte-stuffing in accordance
with the method of the present invention, the length of the
adaptation field reflects the number of stuffing bytes added
to the data region 134 in order to "fill out" the payload
section of the transport packet.

Figure 7 is a flow diagram illustrating further
details of the operation of the encoder of Figure 2 and a
preferred embodiment of the method of the present invention.
In particular, the flow diagram illustrates the operation of
the transport level packetizer 53 in generating a sequence of
transport packets from a given program stream. It is
understood, however, that the transport level packetizer 53
will perform the following steps separately for each program
stream received on lines 52, 54..56 in order to produce a
respective sequence of transport packets for each program
Stream.

At step 140, a program packet of the program stream
under consideration is received by the transport level
packetizer 53. At step 142, the header of a first transport
packet is generated. Because the first packet will carry the
first byte of the program packet header in its payload, the
program packet header flag (PPH) in the transport packet

header is set to a value indicative of the presence of a
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program packet header. In the present embodiment, a PPH flag
value of ‘1’ indicates that a program packet header is
carried in the payload section of the transport packet.

At step 144, the packetizer 53 begins constructing
the payload section of the transport packet from the data of
the current program packet. The first byte of the program
packet will therefore be aligned with (i.e., will occupy) the
first byte position of the transport packet payload. 1In the
present embodiment, the transport packet payload is
constructed from the program packet data one byte at a time.
At step 146, the packetizer 53 determines whether the end of
the current program packet has been reached. As described
below in greater detail, in the present embodiment, the
packetizer 53 identifies the end of a current program packet
by detecting the beginning (i.e., the program packet start
code pattern) of the next subsequent program packet in the
program stream.

If at step 146 the end of the current program
packet has not been detected, then control passes to step 148
where the packetizer determines whether the end of the
current transport packet payload has been reached. If not,
the packetizer 53 continues to fill out the payload section
of the transport packet with the data of the current program
packet, as illustrated by the loop formed by steps 150, 146
and 148.

Once the current transport packet payload is
complete, assuming that the end of the current program packet
has not been reached, control passes from step 148 to step
152 where the header of a next successive transport packet is
generated. Since the next transport packet will contain all
or a part of the remainder of the current program packet, and
will not contain a program packet header, the PPH flag in the
header of this next transport packet will be set to a value
of '0’. Control then passes back to the loop formed by steps
146, 148 and 150. The packetization process thus continues
using successive transport packets until the end of the

current program packet is reached at step 146.
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When the end of the current program packet is
reached, control passes to step 156 where the packetizer 53
determines if the end of the program packet coincides with
the end of the current transport packet. If so, processing
of the current program packet is complete, and control passes
back to step 140 where the next program packet of the program
stream is received for processing in a similar manner. 1If,
however, it is determined at step 156 that the last segment
or portion of the current program packet will not occupy the
entire payload section of the current transport packet,
control passes to step 160.

At step 160, the packetizer 53 calculates the
number of stuffing bytes that will be required in a suitable
adaptation field in order to "fill-out" the entire payload
section of the current transport packet. As explained above,
an adaptation field may already have been created to carry
other transport or program stream related information. 1In
this case, the packetizer 53 determines the number of
stuffing bytes that, along with the already existing data of
the adaptation field, are needed to "fill out" the entire
payload section of the current transport packet. Those
stuffing bytes are then appended to the other adaptation
field data at step 162 and the adaptation field length (AFL)
specifier in the adaptation field header is adjusted '
accordingly. If the current transport packet would not
otherwise have carried an adaptation field, then a "stuffing
bytes only" adaptation field is generated at step 162. As
explained above, in the present embodiment, a "stuffing bytes
only" adaptation field has a type value of ’'00’ (hex).

At step 164, the packetizer 53 inserts the header
and data region of the adaptation field in the payload
section of the current transport packet. As illustrated in
Figure 3, in the present embodiment, the adaptation field
precedes the remainder of the program packet in the payload
section of the transport packet. In other embodiments,
however, the remainder of the program packet could follow
immediately after the transport packet header and the
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adaptation field could then follow the program packet data to
form the end of the transport packet. Finally, at step 166,
the transport adaptation field flag in the header of the
current transport packet is set to a value indicative of the
presence of the adaptation field. Processing of the current
program packet is now complete, and control passes back to
step 140 for receiving the next program packet.

It should be noted that transport packets that
carry the header of a program packet may also contain
adaptation fields. 1In such a case, the first byte of the
program packet header follows immediately after the
adaptation field and therefore occupies the first byte of the
remaining portion of the transport packet payload.

Figure 8 illustrates further details of the
transport level packetizer 53 of Figure 2 and, in particular,
illustrates an apparatus 200 (i.e., circuit) for carrying out
the method of the present invention, as illustrated in Figure
7. The circuit 200 illustrated in Figure 8 packetizes a
single program stream into a respective sequence of transport
packets. As can be appreciated, the transport level
packetizer 53 can either packetize each of the program
streams received on lines 52, 54..56 one at a time or on a
time-share basis using a single circuit 200, or
alternatively, multiple implementations of the circuit 200
may be provided in the transport level packetizer 53 for
packetizing the program streams in parallel.

As shown in Figure 8, a program stream, comprising
a continuous succession of program packets, is received at an
input 202 of the circuit 200 and provided directly to both a
program packet header detection circuit 204 and a first-in-
first-out (FIFO) data buffer 206. The output of the data
buffer 206 is coupled to the input of a transport packet
multiplexer 228 via line 220.

The program packet header detection circuit 204
detects the program packet start code pattern (PPSC) at the
beginning of the header of each successive program packet and

provides a "header detection" signal to a transport packet
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generation controller 210 via line 208. As explained above
in connection with the flow-diagram of Figure 7, the end of a
current program packet is identified (step 146) by the
detection of the PPSC of the next subsequent program packet.

The transport packet generation controller 210
controls the overall construction of each successive
transport packet in the sequence to be generated for the
program stream received on line 202. When the beginning of a
current program packet is detected by the detection circuit
204, the transport packet generation controller 210 initiates
the construction of a transport packet to carry a first
portion of the current program packet. According to the
method of the present invention, the first byte of the
current program packet will be aligned with (i.e., will
occupy) the first byte of the payload portion of this first
transport packet.

Under the control of the transport packet
generation controller 210, a transport packet header
generator 212 generates a transport packet header for the
first transport packet. The Packet ID associated with the
program stream received on line 202 is inserted in the PID
field of the transport packet header. Additionally, since
this first transport packet will carry the header of the
current program packet, the program packet header indicator
flag (PPH) in the transport packet header is set to a value
of '1’. The data forming the transport packet header is then
provided, in sequence, to the input of a transport packet
multiplexer via line 216. The transport packet generation
controller 210 then selects line 216 for output on line 232
using the data selection multiplex control lines 230. Thus,
the header of the transport packet is output on line 232.

Assuming no adaptation field is to be carried in
the current transport packet, when the end of the transport
packet header begins to pass through the multiplexer 228, the
controller 210 loads a transport packet payload size counter
222 with a value equal to the total fixed length, in bytes,
of the transport packet payload section. As explained above,
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transport packets have a fixed length. As the last bit of
the transport packet header reaches the output 232 of the
transport packet multiplexer 228, the transport packet
generation controller enables the output of the data buffer
206 and switches the output 232 of the multiplexer 228 to
line 220 using selection control lines 230. The data of the
current program packet, beginning with the first byte of the
program packet header, therefore immediately follows the
transport packet header on output line 232. As successive
bytes of the current program packet are output from the
buffer 206, the transport packet generation controller 210
decrements the payload length byte count in counter 222.
When the counter 222 reaches zero, assuming that the end of
the current program packet has not been detected, the
transport packet controller 210 disables the output of the
buffer 206 and switches the output of the multiplexer 228
back to line 216. The controller 210 then initiates the
generation of a next subsequent transport packet. As before,
the transport packet header generator 212 generates the
transport packet header and outputs the header, bit-by-bit,
on line 216. Because this next subsequent transport packet
will contain a remaining portion of the current program
packet, and will not contain a program packet header, the
program packet header indicator flag (PPH) will be set to a
value of '0’.

If the current transport packet is to contain an
adaptation field in order to carry transport or program
stream related information, an adaptation field generator 214
begins generating the header and data region of the
adaptation field and provides the adaptation field data to a
third input of the transport packet multiplexer 228 via line
218. Depending on the adaptation field type, as specified in
the type field of the adaptation field header, a respective
one of a plurality of counters 226 is loaded with a value
indicative of the.length of the adaptation field being
generated. When the end of the transport packet header
reaches the output 232 of the multiplexer 228, the transport
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packet controller 210 will switch the output 232 of the
transport packet multiplexer 228 to line 218 to begin
outputting the adaptation field data on line 232 immediately
after the transport packet header. As each byte of the
adaptation field is output on line 218, the respective
adaptation field length counter 226 is decremented. When the
appropriate counter 226 reaches zero, the transport packet
generation controller 210 loads the transport packet payload
size counter 222 with a value equal to the total length of
the transport packet payload minus the length of the
adaptation field; that is, the counter 222 is loaded with a
value equal to the remaining length of the payload portion
that will follow the adaptation field. The controller 210
then enables the output of the data buffer 206 and switches
the output of the transport packet multiplexer 228 to line
220. Successive bytes of the remaining portion of the
current program packet are output on line 220 until the
counter 222 again reaches zero. As noted above, the first
transport packet that carries the program packet header may
also contain an adaptation field, in which case, the first
byte of the program packet header follows immediately after
the adaptation field and therefore occupies the first byte of
the remaining portion of the transport packet payload.

The circuit 200 continues to function as described
above, generating successive transport packets that carry
successive portions of the current program packet, until the
PPSC of a next subsequent program packet in the program
stream is detected, i.e., until the end of the current
program packet is detected. The buffer 206 is of sufficient
size to provide the controller 210 with sufficient time to
calculate the number of stuffing bytes, if any, that will be
needed to fill-out the payload section of the last transport
packet to be generated for the current program packet. At
the appropriate time, the adaptation field generator loads a
value equal to the required number of stuffing bytes into a
respective counter 224 and begins generating the adaptation

field as described above. Once the end of the adaptation
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field reaches the multiplexer 228, the controller switches
the output of the multiplexer 228 to line 220 to output the
last segment or portion of the current program packet. When
this is complete, the circuit 200 repeats the process for the
next program packet in the program stream. Thus, the first
byte of each program packet will always be aligned with,
i.e., will always occupy, the first byte of the payload
section of a respective transport packet.

Figure 9 is a block diagram of a decoder apparatus
170 for parsing an incoming transport stream to extract one
or more elementary streams from the transport stream. For
example, in a subscription television system, the decoder 170
may be employed to select a particular program, i.e., related
group of elementary streams, for output at a subscriber
location. Thus, the decoder 170 of Figure 9 may be used to
implement the decoder 40 of Figure 1.

As shown in Figure 9, an incoming transport stream
is provided via line 172 to a transport stream demultiplexer
176. A user’s program selection is provided to the
demultiplexer 176 via line 174. As explained above, each
transport packet carries the Packet ID (PID) associated with
the program stream data carried in that transport packet. A
different PID is associated with each of the different
program streams carried in the transport stream. A mapping
table may be provided in the decoder that identifies, for
each user selectable program, the PIDs associated with the
program streams that carry the elementary streams that "make-
up" that program. Thus, when a user selects a given program
for output, the demultiplexer 176 can access this mapping
information to identify the PIDs of the transport packets
that carry the program stream data for each of the elementary
streams (e.g., video, audio, etc.) that "make-up" the
selected program. Such a program mapping technique is
incorporated in the MPEG-2 System standard (ISO 13818) as
described in the aforementioned MPEG-2 Systems Committee
Draft.
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Once the PIDs for the selected program are
identified, the demultiplexer 176 begins extracting every
incoming transport packet having a PID that matches one of
those listed for the selected program. For example, a '
subscriber may select a program that consists of elementary
streams "Video 1" and "Audio 1." Assuming that the transport
packets carrying the program stream data for "Video 1" each
have a PID of ’10’, and that the transport packets carrying
the program stream data for "Audio 1" each have a PID of
r12', the demultiplexer 176 will extract every incoming
Transport Packet having a PID of 10’ or '12’.

As the transport packets that contain the program
stream data for each elementary stream of the selected
program are retrieved from the incoming transport stream,
they are provided, in sequence, to a transport level parsing
unit 182. For example, the transport packets carrying
program stream data for a video elementary stream are
provided to the transport level parsing unit 182 via line
178. Transport packets carrying program stream data for a
related audio elementary stream are provided to the parsing
unit 182 via line 180. The transport level parser 182
operates to retrieve the respective program streams from the
respective transport packet sequences. Essentially, the
transport level parser 182 extracts the data carried in the
payload sections of each transport packet and then
reconstructs the program packets of each program stream. As
a result of the packet alignment method of the present
invention, the transport level parsing unit 182 does not have
to parse the payload sections of each transport packet to
identify program packet boundaries. Rather, the parsing unit
182 can simply employ the program packet header indicators
(PPH) in the headers of each successive transport packet to
identify the program packet boundaries. This greatly
simplifies the implementation of the transport level parsing
unit 182 and reduces the overall cost of the decoder.

As the program packets of the respective program

streams are reconstructed, they are provide via respective
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lines 184 and 186 to a program level parser 188. The program
level parser 188 operates to recover the raw elementary
stream data from the respective program packets of each
program stream. The audio and video elementary stream data
recovered from the respective program streams are provided to
respective buffers 190, 192 and then to respective decoders
194, 196 which decode the elementary stream data to produce
analog video and audio signals for output to a display device
(not shown) .

As the foregoing illustrates, the present invention
is directed to a method and apparatus for packetizing a
program stream into a sequence of transport packets such that
the beginning of a program packet is always aligned with the
beginning of a transport packet payload. With the present
invention, a decoder does not need to parse the transport
packet payload data to determine program packet boundaries.
Consequently, decoder cost and complexity is reduced.

As described and claimed herein, the packet
alignment method and apparatus of the present invention are
not limited to the particular two-level multiplexing scheme
described above, including the particular packet structures
and encoder and decoder implementations. Rather, the present
invention may be employed in any two-level multiplexing
scheme in which a first level packet stream is packetized or
encapsulated within smaller, fixed-length packets of a second
level packet stream. Thus, the terms "program packet" and
"transport packet" are not intended to be limited to the
particular packet structures described above, but are
intended to encompass the respective packets of the first and
second levels of any two-level packet based multiplexing
scheme. For example, as explained above, the method of the
present invention, as defined by the appended claims, has
been substantially incorporated as part of the two-level
multiplexing scheme of the MPEG-2 Systems standard in which
the packets of the first multiplexing level are referred to
as Program Elementary Stream (PES) packets. Accordingly, the

term "program packets", as used in the appended claims, is
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intended to encompass the Program Elementary Stream packets
of the MPEG-2 Systems standard. It is understood therefore
that changes may be made to the embodiments described above
without departing from the broad inventive concepts thereof.
5 This invention is not limited to the particular embodiments
disclosed, but is intended to cover all modifications that
are within the scope and spirit of the invention as defined

by the appended claims.
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WHAT IS CLAIMED IS:

1. A method of packetizing a data stream for
transmission comprising the steps of:

(a) segmenting the data stream and inserting
successive segments of the data stream into a plurality of
successive program packets, each program packet having a
header followed by a payload section;

(b) fo} each of said successive program packets:

(1) inserting successive segments of the
program packet into the payload sections of a respective
sequence of transport packets, the header of the program
packet being aligned with the beginning of the payload
section of a first transport packet in said respective
sequence; and

(ii) repeating step (b) (i) until a last
segment of the program packet is reached, and if the last
segment of the program packet does not f£ill the entire
payload section of a last transport packet in said respective
sequence, then inserting stuffing bytes in the last transport

packet until the entire payload section is completely filled.

2. The method of claim 1 wherein step (b) (ii)
comprises inserting said stuffing bytes in an adaptation
field of said last transport packet.

3. The method of claim 1 wherein every transport
packet has a header and wherein step (b) (i) further comprises
setting a bit in the header of said first transport packet to
indicate that said first transport packet carries the header
of said program packet.

4, The method of claim 1 wherein said successive

program packets have variable length payload sections.

5. A method of packetizing a data stream for

transmission comprising the steps of:
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(a) segmenting the data stream and inserting
successive segments of the data stream into a plurality of
successive program packets, each program packet having a
header followed by a payload section;

(b) receiving a first one of the plurality of
successive program packets, the first program packet defining
a current program packet;

(c) inserting successive segments of the current
program packet into the payload sections of a respective
sequence of transport packets, the header of the current
program packet being aligned with the beginning of the
payload section of a first transport packet of the respective
sequence;

(d) repeating step (c) until a last segment of the
current program packet is reached, and if the last segment of
the current program packet will not fill the entire payload
section of a last transport packet in said respective
sequence, then inserting stuffing bytes in the last transport
packet along with the last segment of the current program
packet until the entire payload section is filled; and

(e) receiving a next successive one of the
plurality of program packets, re-defining the current program
packet as said next successive program packet, and repeating

steps (c) and (d).

6. The method of claim 5 wherein step (d)
comprises inserting said stuffing bytes in an adaptation

field of said last transport packet.

7. The method of claim 5 wherein every transport
packet has a header and wherein step (c) further comprises
setting a bit in the header of said first transport packet to
indicate that said first transport packet carries the header

of said current program packet.

8. The method of claim 5 wherein said successive

program packets have variable length payload sections.
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9. An apparatus for packetizing a data stream for
transmission comprising:

means for segmenting the data stream and inserting
successive segments of the data stream into a plurality of
successive program packets, each program packet having a
header followed by a payload section;

means for receiving one of the plurality of
successive progfam packets;

means for inserting successive segments of the
received program packet into the payload sections of a
sequence of transport packets such that the header of the
current program packet is aligned with the beginning of the
payload section of a first transport packet of the sequence;
and

means for inserting stuffing bytes in a last
transport packet of the sequence if a last segment of the
program packet will not fill the entire payload section of
said last transport packet.

10. The apparatus of claim 9 further comprising
means for generating an adaptation field for insertion in the

payload section of a transport packet.

11. The apparatus of claim 10 wherein said means
for inserting stuffing bytes is adapted to insert said
stuffing bytes in an adaptation field inserted in said last

transport packet.

12. The apparatus of claim 9 wherein every
transport packet has a header and wherein said apparatus
further comprises means for setting a bit in the header of
said first transport packet to indicate that said first
transport packet carries the header of said received program
packet.

13. An apparatus for packetizing a program stream

into a continuous sequence of transport packets, wherein said
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program stream comprises a continuous sequence of program
packets and each of said transport packets has a fixed
length, said apparatus comprising:

means for receiving one of the successive program
packets;

means for inserting successive segments of the
received program packet into the payload sections of a
sequence of transport packets such that the header of the
current program packet is aligned with the beginning of the
payload section of a first transport packet of the sequence;
and

means for inserting stuffing bytes in a last
transport packet of the sequence if a last segment of the
program packet will not fill the entire payload section of
said last transport packet.

14. The apparatus of claim 13 further comprising
means for generating an adaptation field for insertion in the

payload section of a transport packet.

15. The apparatus of claim 14 wherein said means
for inserting stuffing bytes is adapted to insert said
stuffing bytes in an adaptation field inserted in said last
transport packet.

16. The apparatus of claim 13 wherein every
transport packet has a header and wherein said apparatus
further comprises means for setting a bit in the header of
said first transport packet to indicate that said first
transport packet carries the header of said received program

packet.
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