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Fig 5.1.1. Comparison of system level multiplexing approaches.

Fig. 5.1.2 gives examples of bit streams for the both program and transport stream approaches, in
order to clarify their difference. As shown in Fig. 5.1.2b, in a program stream approach, PES
packets from various elementary bit streams are multiplexed by transmitting the bits for the
complete PES packets in sequence, thus resulting in a sequence of variable length packets on the
channel. (As shown in the diagram, each PES packet is preceded by a PES packet header.) In
contrast to this approach, in the transport stream approach selected for the GA system, the PES
packets (including the PES headers) are transmitted as the payload of fixed length transport packets.
Each transport packet is preceded by a transport header which includes information for bit stream
identification. As illustrated in Fig. 5.1.2a, each PES packet for a particular elementary bit stream
occupies a variable number of transport packets, and data from various elementary bit streams are
generally interleaved with each other at the transport packet layer, with identification of each
elementary bit stream being facilitated by data in the transport headers. New PES packets always
start a new transport packet in the GA system, and stuffing bytes are used to fill packets with
partial PES data.
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Fig. 5.1.2. Illustration of bit streams for the two packetization approaches.

The two multiplexing approaches are motivated by completely different application scenarios.
Transport streams are defined for environments where errors and data loss events are likely,
including storage applications and transmission on noisy channels. Program streams on the other
hand are designed for relatively error-free media, e.g. CD-ROMs. Errors or loss of data within
PES packets can potentially result in complete loss of synchronization in the decoding process in
this case. The definition of program stream approach within MPEG-2 is also motivated by the
requirement for compatibility with MPEG-1.

The transport stream approach of MPEG-2 has been found to support most of the functional
requirements for the GA system, and hence forms the basis of the GA system definition. As will
become clearer from discussions in the following sections, the variable packet-size based program
stream approach does not meet these requirements in many aspects. Furthermore compatibility
with MPEG-1 systems (which is based on the program stream concept) is not a concemn for the
GA. Note that the GA system transport system can still identify and carry MPEG-1 video and
audio services. In general, the program and transport streams both address the same general layers
of protocol functionality and therefore it does not make much sense to attempt to carry a program
bit stream within a transport stream or vice-versa. Transcoding between the two formats is
however feasible and one could in theory build an interface that connects from a GA bit stream to a
program stream decoder. The need for such functionality is not anticipated.

Another point to note is that in other ATV scenarios such as CATV and DBS, defacto standards are
being set based on the use of the fixed length packetization approach. The approach for the GA
system is consistent with the need for simple interoperability with these scenarios.
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5.1.2. Advantages of the fixed length packetization approach

The fixed length packetization approach offers a great deal of flexibility and some additional
advantages when attempting to multiplex data related to several applications on a single bit stream.
These are described in some detail in this section.

Dynamic Capacity Allocation:

While digital systems are generally described as flexible, the use of fixed length packets offers
complete flexibility to allocate channel capacity among video, audio and auxiliary data services.
The use of a packet id (or PID) in the packet header as a means of bit stream identification makes it
possible to have a mix of video, audio and auxiliary data which is flexible and which need not be
specified in advance. The entire channel capacity can be reallocated in bursts for data delivery.
This capability could be used to distribute decryption keys to a large audience of receivers during
the seconds preceding a popular pay-per-view program, or download program-related, computer
software to a "smart receiver."

Scalability:

The transport format is scalable in the sense that availability of a larger bandwidth may also be
exploited by adding more elementary bit streams at the input of the multiplexer, or even
multiplexing these elementary bit streams at the second multiplexing stage with the original bit
stream. This is a critical feature for network distribution, and also serves interoperability with a
cable plant's capability to deliver a higher data rate within a 6 MHz channel.

Extensibility:

Because there will be possibilities for future services that we cannot anticipate today, it is extremely
important that the transport architecture provide open-ended extensibility of services. New
elementary bit streams could be handled at the transport layer without hardware modifications, by
assigning new packet IDs at the transmitter and filtering on these new PIDs in the bit stream at the
receiver. Backward compatibility is assured when new bit streams are introduced into the transport
system since existing decoders will automatically ignore new PIDs. This capability could possibly
be used to compatibly introduce "1000-line progressive formats” or "3D- HDTV¥" by sending
augmentation data along with the normal ATV data.

Robustness:
Another fundamental advantage of the fixed length packetization approach is that the fixed length
packet can form the basis for handling errors that occur during transmissiom. Emror correction and
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detection processing (which precedes packet demultiplexing in the receiver subsystem) may be
synchronized to the packet structure so that one deals at the decoder with units of packets when
handling data loss due to transmission impairments. Essentially, after detecting errors during
transmission, one recovers the data bit stream from the first good packet. Recovery of
synchronization within each application is also aided by the transport packet header information.
Without this approach, recovery of synchronization in the bit streams would have been completely
dependent on the properties of each elementary bit stream.

Cost Effective Receiver Implementations:

A fixed-length packet based transport system enables simple decoder bit stream demultiplex
architectures, suitable for high speed implementations. The decoder does not need detailed
knowledge of the multiplexing strategy or the source bit-rate characteristics to extract individual
elementary bit streams at the demultiplexer. All the receiver needs to know is the identity of the
packet, which is transmitted in each packet header at fixed and known locations in the bit stream.
The only important timing information is for bit level and packet level synchronization.

MPEG-2 Compatibility:

The GA transport system is based on the MPEG-2 system specification. While the MPEG-2
system layer has been designed to support many different transmission and storage scenarios, care
has been taken by MPEG, as well as the Grand Alliance, to limit the burden of protocol
inefficiencies caused by this generality in definition.

An additional advantage of MPEG-2 compatibility is interoperability with other MPEG-2
applications. The MPEG-2 format is likely to be used for a number of other applications,
including storage of compressed bit streams, computer networking, and non-HDTYV television
delivery systems. MPEG-2 transport system compatibility implies that GA transport bit streams
may directly be handled in these scenarios (ignoring for the moment the issue of bandwidth and
processing speed). '

While the GA transport format conforms to the MPEG-2 systems format, it will not exercise all the
capabilities defined in the MPEG-2 transport. Therefore, a GA System decoder need not be fully
MPEG-2 systems compliant, in that it will not be able to decode any arbitrary MPEG-2 systems bit
streams. However, all MPEG-2 decoders should be able to decode the GA bit stream syntax at the
transport system level. Documents defining the extent to which the MPEG capabilities are
supported in the GA transport have been submitted to the MPEG committee and have contributed
to the current working draft of the standard. (See Attachment 1.) MPEG-2 standard features not
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supported in the GA specification were constrained! if they were deemed to not be applicable to
broadcast/cable delivery of ATV.

In the development of the GA transport specification, the intent has never been to limit the design
by the scope of the MPEG-2 systems definition. If the MPEG-2 standard is unable to efficiently
meet the requirements of the GA system, a deviation from MPEG would be in order. The
Advisory Committee would be notified should there be a future deviation from MPEG, with
justification for the change.

5.1.3. Overview of the transport subsystem

Fig. 5.1.3. illustrates the organization of a GA transmitter-receiver pair and the location of the
transport subsystem in the overall system. The transport resides between the application (e.g.
audio or video) encoding/decoding function and the transmission subsystems. At its lowest layer,
the encoder transport subsystem is responsible for formatting the encoded bits and multiplexing the
different components of the program for transmission. At the receiver, it is responsible for
recovering the bit streams for the individual application decoders and for the corresponding error
signaling. (At a higher layer, multiplexing and demultiplexing of multiple programs within a single
bit stream can be achieved with an additional system level multiplexing or demultiplexing stage
before/after the modem in the transmitter/receiver.) The transport subsystem also incorporates
other higher level functionality related to identification of applications and, as illustrated,
synchronization of the receiver. This document will describe these functions in greater detail.

1The constraint takes the form of a limitation of functiomality. Im this instance,
certain flags will be permanently configured, and some ficlds will mot appear in the
Grand Alliance bitstream. This allows a simpler decoder, as it will mot be necessary to
handle elements not used for the Grand Alliance application. Often constraints are
grouped as a "profile" when acknowledged by the MPEG standards body.
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Fig. 5.1.3. Sample organization of functionality in a transmitter-receiver pair for a single GA

program.

As described earlier, the data transport mechanism in the GA system is based on the use of fixed

length packets that are identified by headers. Each header identifies a particular application bit

format

stream (also called an elementary bit stream) which forms the payload of the packets. Applications

supported include video, audio, data, program and system control information, etc.. As indicated
earlier, the elementary bit streams for video and audio are themselves be wrapped in a variable
length packet structure called the packet elementary stream (PES) before transport processing. The

PES layer provides functionality for identification, and synchronization of decoding and
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presentation of the individual application. The format and functionality of a PES packet is described
in a later section.2

Moving one level up in the description of the general organization of the GA bit streams,
elementary bit strearns sharing a common time base are multiplexed, along with a control data
stream, into programs. These programs and an overall system control data stream are then
asynchronously multiplexed to form a multiplexed system. The organization is described in detail
in a later section. Note that programs in the GA system are analogous to today's NTSC broadcast
channels.

At this level, the GA transport is also quite flexible in two aspects:

1. It permits you to define programs as any combination of elementary bit streams, for example the
same elementary bit stream could be present in more than one program (e.g., two bit streams with
the same audio), a program could be formed by combining a basic elementary bit stream and a
supplementary elementary bit stream (i.e., bit streams for scalable decoders), programs could be
tailored for specific needs (e.g., regional selection of language for broadcast of secondary audio),
etc....

2. Flexibility at the systems layer allows different programs to be multiplexed into the system as
desired, and allows the system to be reconfigured easily when required. The procedure for
extraction of programs from within a system is also simple and well defined.

The GA format provides other features that are useful for both normal decoder operation and for
the special features required in broadcast and cable applications. These include

1. Decoder synchronization

2. Conditional access

3. Local program insertion, etc....

The elements of these features that are relevant to the standard definition process will be discussed
in detail.

The GA bit stream definition directly addresses issues related the storage and playback of
programs. Although, this is not directly related to the ATV transmission problem, itis a
fundamental requirement for creating programs in advance, storing them and playing them back at

2Note that the PES layer is not required for all applications. Mts use is mandated for
both the video and audio in the GA system.
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the desired time. The programs are stored in the same format in which they are transmitted, i.e., as
transport bit streams. The GA bit stream format also has the hooks in it to support the design of
consumer digital products based on recording and playback of these bit streams, including the use
of the "trick modes" that one is familiar with for current analog VCRs. It should be noted that the
issues related to storage and play back of digitally compressed video bit streams are quite different
from those that need to be considered for analog systems such as NTSC.

5.1.4. General bit stream interoperability issues

The question has been raised frequently about the bit stream level interoperability of the GA
system. There are two sides to this issue. One is whether the GA transport bit stream can be
carried on other communication systems, and the other is the ability of the GA system to carry bit
streams generated from other communication systems.

The first aspect of transmitting GA bit streams in different communication systems has been
addressed to some extent (e.g., for ATM interoperability) in the design of the protocol, and is
described in more detail in later sections. In short, there is nothing that prevents the transmission
of a GA bit stream as the payload on a different transmission system. It may be simpler to achieve
this functionality in certain systems, e.g., CATV, DBS, ATM, etc.., than in others, e.g., computer
networks based on protocols such as FDDI, IEEE 802.6, etc.. Since ATM is expected to form the
basis of future broadband communications, it is believed that the issue of bit stream interoperability
has been addressed for one of the more important transmission scenarios of the future. This is
discussed in more detail in Chapter 9.

The other aspect is of transmitting other, non-GA, bit streams within the GA system. This makes
more sense for bit streams linked to TV broadcast applications, e.g., CATV, DBS, etc.., but is
also possible for other "private” bit streams. This function is achieved by transmitting these other
bit streams as the payload of identifiable transport packets. The only requirement is to have the
general nature of these bit streams recognized within the GA system context. Note that there is
also a certain minimum system level processing defined by the GA that needs to be implemented to
extract all (even private) bit streams. The details are made clearer in the sections that follow. Itis
also important to remember that the GA system is essentially a broadcast system and hence any
private transmissions that may be based on a two way communications protocol will not be directly
supported, unless this functionality is provided external to the GA system definition.
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5.2. The packetization approach and functionality

The GA transport bit stream consists of fixed length packets with a fixed and a variable component
to the header field as illustrated in Fig, 5.2.1.

- 188 bytes >
. i

: . Vlan;gie 1
en I

:<_ 4 bytes NtAdaptation :
|

| "Link" header; header

WM Payload

(not to scale)

Fig.5.2.1. GA Transport packet format

Each packet consists of 188 bytes. The choice of this packet size is motivated by a few factors.
The packets need to be large enough so that the overhead due to the transport headers do not
become a significant portion of the total data carried. They should not be too large that the
probability of packet error becomes significant under standard operating conditions (due to
inefficient error correction). It is also desirable to have packet lengths in tune with the block sizes
of typical, block oriented, error correction approaches, so that packets may be synchronized to
error correction blocks, and the physical layer of the system can aid the packet level
synchronization process in the decoder. Another motive for the particular packet length selection is
interoperability with the ATM format. The general philosophy is to transmit a single GA transport
packet in four ATM cells. There are, in general, several approaches to achieve this functionality.
Chapter 5.9 includes a discussion of some example approaches. If this interface is to be
standardized, the issue will be settled outside the scope of the GA/ACATS process.

The contents of each packet and the nature of this data are identified by the packet headers. The
packet header structure is layered and may be described as a combination of z fixed length "link"
layer and a variable length adaptation layer. Each layer serves a different functionality similar to
the link and transport layer functions in the OSI layers of a communications system. This link and
adaptation level functionality is directly used for the terrestrial link on which the GA bit stream is
transmitted. However these headers could also be completely ignored in a different system (e.g.
ATM), in which the GA bit stream may just remain the payload to be casried. In this environment,
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the GA bit stream headers would serve more as an identifier for the contents of a data stream rather
than as a means for implementing a protocol layer in the overall transmission system.

5.2.1. The "link" layer

The link layer is implemented using a four byte header field. The format of the header field is
described in greater detail in a later section. Some of the important functions that are enabled by
the header elements are described here.

5.2.1.1. Packet synchronization

Packet synchronization is enabled by the sync_byte, which is the first byte in a packet. The sync_byte
has the same fixed, pre-assigned, value for all GA bit streams. In some implementations of
decoders the packet synchronization function is done at the physical layer of the communication
link (which precedes the packet demultiplexing stage), in which case this sync_byte field may be
used for verification of packet synchronization function. In other decoder implementations this .

" byte may be used as the primary source of information for establishing packet synchronization.
The standard does not specify the details of the approach to be used to implement this function in a
decoder but only provides the hooks in the bit stream to facilitate the function.

5.2.1.2. Packet Identification

As discussed earlier, an important element in the link header is a 13 bit field called the PID or
Packet ID. This provides the mechanism for multiplexing and demultiplexing bit streams, by
enabling identification of packets belonging to a particular elementary or control bit stream. Since
the location of the PID field in the header is always fixed, extraction of the packets corresponding to
a particular elementary bit stream is very simply achieved once packet synchronization is
established by filtering packets based on PIDs. The fixed packet length makes for simple filter and
demultiplexing implementations suitable for high speed transmission systems.

5.2.1.3. Error handling

Error detection is enabled at the packet layer in the decoder through the use of the continuity_counter
field. At the transmitter end, the value in this field cycles from ( through 15 for all packets with
the same PID that carry a data payload (as will be seen later, the GA transport allows you to define
packets that have no data payload). At the receiver end, under normal conditions, the reception of
packets in a PID stream with a discontinuity in the continuity_counter value indicates that data has
been lost in transmission. The transport processor at the decoder then signals the decoder for the
particular elementary stream about the loss of data. This signaling approach is not included in the
standard.
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Because certain information (such as headers, time stamps, and program maps) is very important
to the smooth and continuous operation of a system, the GA transport system has a means of
increasing the robustness of this information to channel errors by providing a mechanism for the
encoder to duplicate packets. Those packets that contain important information will be duplicated
at the encoder. At the decoder, the duplicate packets are either used if the original packet was in
error or are dropped. Semantics for identifying duplicate packets are described in the description

of the continuity_counter.

5.2.1.4. Conditional Access

The transport format allows for scrambling of data in the packets. Each elementary bit stream in
the system can be scrambled independently. The GA standard specifies the descrambling approach
to be used but does not specify the descrambling key and how it is obtained at the decoder. The
key must be delivered to the decoder within a time interval of its usefulness. There is "private”
data capacity at several locations within the GA transport stream where this data might be carried.
Two likely locations would be 1) as a separate private stream with it's own PID, or 2) a private
field within an adaptation header carried by the PID of the signal being scrambled. The security of
the conditional access system is ensured by encrypting the descrambling key when sending it to the
receiver, and by updating the key frequently. As mentioned before, the key encryption,
transmission, and decryption approaches are not a part of the standard and could differ in different
versions of the ATV delivery system. There is no system imposed limit on the number of keys
that can be used and the rate at which these may be changed. The only requirement in a receiver to
meet the standard is to have an interface from the decryption hardware (e.g., a Smart-card) to the
decoder that meets the standardized interface spec. The decryption approach and technology is
itself not a part of the standard. For the purposes of testing, to demonstrate feasibility, only the
descrambling function will be tested and the encryption keys will probably be made directly
available at the decoder. Note that the generalized systems layer definition includes a mechanism
for transmitting key information, including the process of identifying bit streams carrying key
information and the definition of the tables that enable this function.

Information in the link header of a transport packet describes if the payload in the packet is
scrambled and if so, flags the key to be used for descrambling. The header information in a packet
is always transmitted in the clear, i.e., unscrambled. The amount of data to be scrambled in a
packet is variable depending on the length of the adaptation header. It should be noted that some
padding of the adaptation field might be necessary for certain block mode algorithms. Conditional
access is discussed in greater detail in a later section.
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Note that the general MPEG-2 transport definition provides the mechanism to scramble at two
levels, within the PES packet structure and at the transport layer. Scrambling at the PES packet
layer is primarily useful in the program stream (which is not supported in the GA system), where
there is no protocol layer similar to the transport to enable this function. In the GA system
scrambling will be implemented only at the transport layer.

5.2.2. The Adaptation layer

The adaptation header in the GA packet is a variable length field. Its presence is flagged in the link
level section of the header. The functionality of these headers is basically related to the decoding of
the elementary bit stream that is extracted using the link level functions. Some of the functions of
this layer that are important to the functioning of the GA system are described here.

5.2.2.1. Synchronization and timing

Synchronization of the decoding and presentation process for the applications running at a receiver
is a particularly important aspect of real time digital data delivery systems such as the GA system.
Since received data is expected to be processed at a particular rate (to match the rate at which it is
generated and transmitted), loss of synchronization leads to either buffer overflow or underflow at
the decoder, and as a consequence, loss of presentation/display synchronization. The problems in
dealing with this issue for a digital compressed bit stream are different from those for analog
NTSC. In NTSC, information is transmitted for the pictures in a synchronous manner, so that one
can derive a clock directly from the picture synch. In a digital compressed system the amount of
data generated for each picture is variable (based on the picture coding approach and complexity),
and timing cannot be derived directly from the start of picture data. Indeed, there is really no
natural concept of synch pulses (that one is familiar with in NTSC) in a digital bit stream.

The solution to this issue in the GA system is to transmit timing information in the adaptation
headers of selected packets, to serve as a reference for timing comparison at the decoder. This is
done by transmitting a sample of a 27 MHz clock in the program_clock_reference (PCR) field, which
indicates the expected time at the completion of the reading of that field from the bit stream at the
transport decoder. The phase of the local clock running at the decoder is compared to the PCR
value in the bit stream at the instant at which it is obtained, to determine whether the decoding
process is synchronized. In general, the PCR from the bit stream does not directly change the
phase of the local clock but only serves as an input to adjust the clock rate. Exceptions are during
channel change and insertion of local programming. As mentioned earlier, the nominal clock rate
in the GA decoder system is 27 MHz. A point to note here is that the standard only specifies the
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means of transmitting synchronization information to a receiver but does not specify the
implementation of the synch recovery process. Note also that the audio and video sample clocks in
the decoder system are locked to the system clock derived from the PCR values. This simplifies the
receiver implementation in terms of the number of local oscillators required to drive the complete
decoding process, and has other advantages such as rapid synch acquisition.

Details of the format for the PCR are given in a later section. Note that in this implementation the
encoder and decoder system clocks are set completely independent of the modem clock. This
makes for a clean separation of functionality when implementing the two subsystems, and leads to
simpler interfaces. This also makes it simpler to interface GA transmitters and receivers at the
transport interface to modems which may be used for transmission on other media such as CATV,
DBS, computer networks, etc..

5.2.2.2. Random entry into the compressed bit stream

Random entry into the application bit streams such as video and audio is necessary to support
functions such as program tuning and program switching. Random entry into an application is
possible only if the coding for the elementary bit stream for the application supports this
functionality directly. For example, a GA video bit stream supports random entry through the
concept of Intra (or [-) frames that are coded without any prediction, and which can therefore be
decoded without any prior information. The beginning of the video sequence header information
preceding data for an I-frame could serve as a random entry point into a video elementary bit
stream. In general, random entry points should also coincide with the start of PES packets where
they are used, e.g., for video and audio. The support for random entry at the transport layer
comes from a flag in the adaptation header of the packet that indicates whether the packet contains a
random access point for the elementary bit stream. In addition, the data payload of packets that are
random access points also start with the data that forms the random access points into the
elementary bit stream itself. This approach allows the discarding of packets directly at the transport
layer when switching channels and searching for a resynchronization point in the ransport bit
stream, and also simplifies the search for the random access point in the elementary bit stream once
transport level resynchronization is achieved.

A general objective is to have random entry points into the programs as frequently as possible, to
enable rapid channel switching.
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5.2.2.3. Local program insertion

This functionality is important for inserting local programming, e.g., commercials, into a bit
stream at a broadcast headend. In general, there are only certain fixed points in the elementary bit
streams at which program insertion is allowed. The local insertion point has to be a random entry
point but not all random entry points are suitable for program insertion. For example, for GA
video, in addition to being a random entry point, the VBV_delay (video buffer verifier delay) needs
to be at a certain system defined level to permit local program insertion.3 This is a requirement to
control the memory needed at the decoder for buffering data and to prevent buffer overflow or
underflow. Local program insertion also always takes place at the transport packet layer, i.e., the
data stream splice points are packet aligned. Implementation of the program insertion process by
the broadcaster is aided by the use of a splice_countdown field in the adaptation header that indicates
ahead of time the number of packets to countdown until the packet after which splicing and local
program insertion is possible. The insertion of local programming usually results in a
discontinuity in the values of the PCR received at the decoder. Since this change in PCR is
completely unexpected (change in PCR values are usually only expected during program change),
the decoder clock could be thrown completely out of synchronization. To prevent this from
happening, information is transmitted in the adaptation header of the first packet after the splicing
point to notify the decoder of the change of PCR values (so that it can change the clock phase
directly instead of attempting to modify the clock rate). In addition there are constraints on 1) the
length of the bit stream that is to be spliced in, to assure that the buffer occupancies at the decoder
both with and without the splice would be consistent, and 2) the initial VBV value assumed when
encoding the bit stream to be spliced in, in order to prevent decoder buffer underflow or overflow.

The details of the syntax elements that support splicing and local program insertion are described in
the chapter on the transport format. More specifics of the particular implementation for the GA
system will be described in a separate section.

In addition to the functions described above, the adaptation header includes capabilities for
extension of the header, for supporting new functionality, and also for defining data that is private
and whose format and meaning are not defined in the public domain. These elements may be
useful in extending the GA transport beyond the current range of expectations for usage.

3The VBV_delay information is computed and transmitted as a part of the header data
for a picture in the compressed video bit stream. It defines how full the decoder
video buffer should be just before the bits for the current picture are extracted from
the buffer, if the decoder and encoder processes are synchronized.
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5.3. Higher Level Multiplexing functionality

As described earlier, the overall multiplexing approach can be described as a combination of
multiplexing at two different layers. In the first layer one forms program transport streams by
multiplexing one or more elementary bit streams at the transport layer, and in the second layer the
program transport streams are combined (using asynchronous packet multiplexing) to form the
overall system. The functional layer in the system that contains both this program and system level
information that is going to be described is called the PSI or Program Specific Information.

5.3.1. Single Program Transport Multiplex

A GA program transport bit stream? is formed by multiplexing individual transport packetized
elementary bit streams (with or without PES packetization) sharing a common time-base, and a
control bit stream that describes the program. Each elementary bit stream, and the control bit
stream (also called the elementary stream map in Fig. 5.3.1), are identified by their unique PIDs in
the link header field. The organization of this multiplex function is illustrated in Fig. 5.3.1. The
control bit stream contains the program_map_table that describes the elementary stream map. The
program_map_table includes information about the PIDs of the transport streams that make up the
program, the identification of the applications that are being transmitted on these bit streams, the
relationship between these bit streams, etc.. The details of the program_map_table syntax and the
functionality of each syntax element are given in a later section. The identification of a bit stream
carrying a program_map_table is done at the system layers to be described next.

The transport syntax allows a program to be comprised of a large number of elementary bit
streams, with no restriction on the types of applications required within a program. A program
transport stream does not need to contain compressed video or audio bit streams, or, for example,
it could contain multiple audio bit streams for a given video bit sream. The data applications that
can be carried are flexible, the only constraint being that there should be am appropriate stream_type
ID assignment for recognition of the application corresponding to the bit streazn in a GA decoder.
The list of application types that will be a supported in the initial GA system are given in the section
on services supported by the GA system. Note that the initial selection of applications does not

4The terminology can be confusing. A program is analogous to a chammel in NTSC.
A program stream refers to a particular bitstream format, described in the
introduction, that is not being used in the GA system. A pregram transport
stream is a term used to describe a transport bitstream that has beem gemerated for a
program.
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limit the future. (Indeed, it is quite impossible for one to anticipate all possible future
applications!)

Note that many of the link level functions are carried out independently, without program level
coordination, for the different elementary bit streams that make up a program. This includes
functions such as PID manipulation, bit stream filtering, scrambling and descrambling, definition
of random entry packets, etc.. The coordination between the elements of a program is primarily
controlled at the presentation (display) stage based on the use of the common time base. This
common time base is set up by the fact that all elementary bit streams in a program derive timing
information from a single clock, the information for which is transmitted via the PCR on one of the
elementary bit streams that constitute the program. The data for timing of presentation is present in
the elementary bit streams for individual applications.

PID1
Elementary stream 1 (Video?) _-_PTﬁZ_.
Elementary stream 2 (Audiol?) ———TE—F
P
i ——1
Elementary stream 3 (Audio2?) MUXed
.1y | Multipl program
Elementary Stream n-1 (Data i) __li);(n_L Hplexer transport
bitstream

Elementary Stream n (Data j)

Elementary stream map PID(IH'Q

(program_map_table)

Fig. 5.3.1. Illustration of the multiplex function to form a program transport stream.

Although there is no restriction on the PID values that can be assigned within a program transport
multiplex, in light of the fact that PIDs need to be unique at a system level, a standardized PID
assignment approach should be considered for the GA system. A suggestion is to use the LSB bits
in the PIDs to identify the stream type.

5.3.2. System Multiplex

The system multiplex is the process of multiplexing different program transport streams. In
addition to the transport bit streams (with the corresponding PIDs) that define the individual
programs, a system level control bit stream with PID = Q is defined. This bit stream carries the
program_association_table that maps program identities to their program transport streams. The
program identity is represented by a number in the program_association_table. A program corresponds
to what is traditionally called a channel, e.g., HBOT™, ESPNTM, etc.. The map indicates the PID
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of the bit stream containing the program_map_table for a program. Thus, the process of identifying a
program and its contents takes place in two stages: first one uses the program_association_table in the
PID =0 bit stream to identify the PID of the bit stream carrying the program_map_table for the
program, in the next stage one obtains the PIDs of the elementary bit streams that make up the
program from the appropriate program_map_table. Once this step is completed the filters at a
demultiplexer can be set to receive the transport bit streams that correspond to the program of
interest.

The system layer of multiplexing is illustrated in Fig. 5.3.2. Note that during the process of
system level multiplexing, there is the possibility of PIDs on different program streams being
identical at the input. This poses a problem since PIDs for different bit streams need to be unique.
A solution to this problem lies at the multiplexing stage, where some of the PIDs could be modified
just before the multiplex operation. The changes have to be recorded in both the
program_association_table and the program_map_table. Hardware implementation of the PID
reassignment function in real time is helped by the fact that this process is synchronous at the
packet clock rate. The other approach, of course, is to make sure up front that the PIDs being used
in the programs that make up the system are unique. This is not always possible with stored bit
streams.

Program transport stream 1 —————————1»
Program transport stream 2 ————————3t

Program transport stream 3 —————put

Multiplexer

L

Program transport strcams 4
Program transport stream 5 ————————»

System level multiplex

Program streamn map PID=0
(program_assocication_table) :

Fig. 5.3.2. Nllustration of the multiplex function to form the system level bit stream.

Note that the architecture of the GA bit siream is scalable. Multiple system level bit streams can be
multiplexed together on a higher bandwidth channel by extracting the program_association_tables from
each system multiplexed bit stream and reconstructing a new PID = 0 bit stream. Note again that
PIDs may have to be reassigned in this case.
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Note also that in all descriptions of the higher level multiplexing functionality no mention is made
of the functioning of the multiplexer and multiplexing policy that should be used. This function is
not a part of the standard and is up to individual designers. Because its basic function is one of
filtering, the transport demultiplexer will function on any GA bit stream regardless of the
multiplexing algorithm used.

Fig 5.3.3 illustrates the entire process of extracting elementary bit streams for a program at a
receiver. It also serves as one possible implementation approach (although not the most efficient!
In practice the same demultiplexer hardware could be used to extract both the
program_association_table and the program_map_table control bitstreams.). This also represents the
minimum functionality required at the transport layer to extract any application bit stream (including
those that may be private).

[ 7]
:
S o
E\ a.
S
g8
System 2
bit stream 2 =
|
2 g
e Q
5 g
e g
g &
g &
g | ks
Obtain PIDs
for elementary Dump other
E_ bit streams transport
: packets
Obtain program_map_PID
(PID of bit stream containing
the program_map_.table) < Progr
Identity

Fig 5.3.3. Illustration of transport demultiplexing process for a program.
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Note that once the packets are obtained for each elementary bit stream in the program, further
processing stages of obtaining the random entry points for each component bit stream, decoder
system clock synchronization, presentation (or decoding) synchronization, etc.., need to take place
before the receiver decoding process reaches normal operating conditions for receiving a program.

It is important to clarify here that the layered approach to defining the multiplexing function does
not necessarily imply that program and system multiplexing should always be implemented in
separate stages. A hardware implementation that includes both the program and system level
multiplexing within a single multiplexer stage is allowed, as long as the multiplexed output bit
stream has the correct properties as defined in this document.
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5.4. Features and Services Supported by the GA ATV System

As we have demonstrated, the GA Transport architecture has been designed to be maximally
flexible and is capable of supporting a vast number of services through its system multiplex. The
transport, however, is not the only means by which information can be delivered in the ATV
system. The GA video syntax also provides means for delivery of predefined information.

Although this is a global issue for the GA ATV system, it is appropriate to review the services
supported in the context of the transport specification, since this sub-system has ultimate
responsibility for the multiplexing of supported services. In this chapter, we will review a number
of functions identified by ATSC document T3/186 and the SMPTE headers/descriptors group and
describe how they are carried within the ATV system. In some cases, these functions are a matter
to be communicated between the studio that sources the program and the final encoder that
transmits the bit stream. While the final transmitted bit stream does not necessarily need to carry
this information to the receiver, it is important to see the capabilities of the ATV system to carry
this information in a network distribution capacity.

5.4.1. Features Supported within the Grand Alliance Video Syntax

Pan & Scan:

Pan & scan information is supported within the GA video syntax. This information is transmitted
as an extension within the picture layer syntax. The pan & scan extension allows decoders to
define a rectangular region which may be panned around the entire coded image. This facility
could be used to identify a 4:3 aspect ratio window within a 16:9 coded image.

Field/Frame Rate and Film Pull-down:

The GA video syntax provides means for transmitting the frame rate of the coded bit sream. This
allows the encoder to maximize coding efficiency by not transmitting‘redundant fields, and signals
the decoder the proper order for displaying the decoded pictures. The GA syntax supports frame
rates of 23.976, 24, 29.97, 30, 59.94 and 60 Hz as well as an extension for future capabilities.
The frame rate syntax is found within the video sequence layer.

Picture Structure Information:

This information details the sampling structure used in the coded image, including samples per
line, lines per frame, and scanning format (interlace or progressive). This information is supported
by the video syntax and is found within the sequence layer.
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Picture Aspect ratio:

The video syntax provides a field for sample aspect ratio within the sequence layer. This
information combined with the picture structure fields, allows the picture aspect ratio to be
determined. ‘

Color field Identification: ‘
This information is supported by the GA video syntax and helps the decoder re-encode the image
to an NTSC compatible output with reduced NTSC artifacts.

Colorimetry

Information on the colorimetry characteristics of the video to be encoded are supported by syntax
in the video sequence layer. This includes description of the color primaries, transfer
characteristics and the color matrix coefficients.

5.4.2. Features Supported as Multiplexed Services within the Grand Alliance
Transport System

As mentioned earlier, the GA transport scheme provides great flexibility for multiplexing a variety
of services in addition to video and audio elementary streams. Several possible services that could
be supported under this transport definition are summarized below.

Audio Compression Types and Language Identification:

The transport layer syntax defines a program map which permits identification of individual audio
services by their compression algorithm as well as signaling the presence of a secondary language
channel that can be selected by the viewer.

Program Information

This service could be provided to the decoder as an ancillary data service with its own PID. This
could take the form of a TV guide that is personalized by the service provider. The information
would require only a low refresh rate that would not consume a significant amount of the channel
bandwidth.
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Other Program-related Information

There is a large body of program-related information that could be identified for use at the decoder.
MPEG-2 systems syntax, on which the GA system is based, currently supports copyright
notification, but has not defined a separate capability for program classification data. This and
other program-related information could be addressed as private data.

5.4.3. Support of Closed Captioning

The Grand Alliance has been participating in dialogue with the EIA committee on ATV Closed
Caption Standards to ensure proper support of this important feature. The standards group
reviewed a number of important requirements for carriage of the closed caption service in a
digitally compressed ATV system. In response to those stated needs, the Grand Alliance has
indicated that closed captioning would be carried as user data within the video picture layer.

Support of closed caption in this manner, allows a fixed amount of channel capacity to be dedicated
to the service, while maintaining absolute synchronization with each ATV frame. Carriage of this
data as a separate service would require a separate synchronization mechanism as exists within the
audio decoder. This synchronization was an essential requirement stated by the standards group.
Additionally, this mechanism allows for relatively easy editing of the closed caption data
downstream. It is expected that the closed caption data will require a dedicated allocation of 9600
bits per second.

Our work with this standards body will continue as we progress to final specifications, and our
work will be updated to the Advisory Committee.

5.4.4. Features not Anticipated to be Transmitted by the Grand Alliance System
to the Consumer Receiver

Telecine Source Identification:

Source identification information that could inform the encoder whether the video was originally
film or video could assist the detection of redundant fields and thereby improve coding efficiency.
There is no syntax provided in the video bit stream to carry this external information, however it
could be multiplexed in at the systems level as an ancillary data service.

Image Processing History:
It is projected that future encoders could take advantage of knowledge of any algorithms that have
been applied to the image sequence. This is knowledge that would need to be passed from the
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studio to the encoder, and would not be sent to the decoder. It could be carried in an ancillary data
stream in a wider bandwidth network distribution system.

Scene Change:

Automatic scene change detection algorithms are used in some encoders to improve coding
efficiency. There has not been an interface specified for this information to be transmitted to the
encoder, but it would aid in the coding algorithm. Such scene change information, if supported by
a production facility, could provide useful information to the video encoder at both the
compression and transport levels and we look forward to working with standards bodies to make
this effective.

Conditional Access Identification:

Implementation of Conditional Access systems is supported by the transport syntax, with bits
defined in the packet header. Delivering information about the conditional access information,
including key information is an issue that would be addressed as private data in the GA syntax.
This issue is covered further in a separate chapter on Conditional Access.

Universal Identifier:
Definition of Universal Identifier information has not yet been finalized by SMPTE. The issue of
the registration descriptor is addressed more completely in chapter 9.
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5.5. The Transport format and protocol
This chapter defines the syntax elements for the transport layer of the GA bit stream. All syntax
elements need to be recognized at some level in a GA receiver. Most trigger a response in the

transport decoder. A few are present for interoperability with MPEG-2.

5.5.1. Link level headers

S . Adaptation header
y('(';fyt‘ 13 bit PID . %
7) o I Packet Payload
| 1 bit - transport_priority 4 bits - continuity_counter
1-bit - payload_unit_start_indicator 2 bits - adaptation_field_control
1 bit - transport_packet_error_indicator 2 bits - transport_scrambling_control

Fig.5. 5.1. Link header format for the GA system transport packet.

Fig. 5.5.1. shows the link layer headers with the functionality assigned to each bit. Some of these
have been discussed earlier. The table below spells out these functions in detail. These general
functions may not all be used on the broadcast channel, but are useful for transmitting the same bit
stream over other links, including cable links, computer networks, etc.. In short, these provide
interoperability features.

field

Genral function

As defined. See section 2.1.1.

ync_byte Packet synchronization.
Value - 0x47 y
transport_packet_error_ Indicates if packet is erroneous Can be used for error signaling
or
0 - no error from modem to transport
1 - erroneous packet demultiplexer. If this bit is set
the payload is not supposed to
- | be used.
i’:g’ilgg‘g“m‘—“m— Indicates if a PES packet header or the start of 2 | As defined for resynch into the

table containing program specific information | transport stream.
(PSI) is present in the payload in this packet.
The PES packet header always begins the payload
of the packet. The starting byte of the PSI table
in the packet is indicated using a pointer field to
be descibed later.

0 - no PES header or start of PSI table present

1 - PES header present
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transport_priomity Priority indicator at input to transmission The GA transmission system is
channels/networks which support prioritization, | currently not expected to
0 - lower priority support prioritization. If it
1 - higher priority does, this bit will be set during
transport
packetization process, to route
packets to the transmission
path with the appropriate
priority.
4] Packet Identifier for mux/demux. As defined. _See section 2.1.2.
transport_scrambling_ control Indicates the descrambling key to use for the 00 - not scrambled
packet 10 - "even” key
00 - not scrambled 11 - "odd" key
others - user defined. 01 - reserved
See section 2.1.4.
adaptation_field_control - Indicates if an adaptation field follows As defined.

00 - reserved .

01 - no adaptation field, payload only

10 - adaptation field only, no payload

11 - adaptation field followed by payload

continuity_counter

Increments by one for each packet with a given
PID and transport priority, Used at the decoder to
detect lost packets. Not incremented for packets
with adaptation field of 00 or 10.

If two consecutive transport packets of the same
PID have the same continuity_counter value and the
adaptation_field_control equals ‘01’ or '11’, the two
transport packets shall be considered duplicate.

As defined. See section 2.1.3.

5.5.2. Adaptation level headers
The presence of the adaptation header field is signaled in the adaptation_field_control of the link layer
as described before. The adaptation header itself consists of information useful for higher level

decoding functions. The header format is based on the use of flags to indicate the presence of the
particular extensions to the field.

The header starts with a fixed length component that is always present (if an adaptation header is
transmitted). The format is shown in Fig. 5.5.2.
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