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DIGITAL TELEVISION
TRANSMISSION STANDARDS

A great deal of fear, uncertainty, and doubt can arise among engineers with
an analog or radio-frequency (RF) background at the mere mention of digital
transmission systems. Engineers sometimes fall into the trap of believing that
digital systems are fundamentally different from their analog counterparts. As
will be demonstrated, this is not the case. In concept, the transmission of digital
television signals is no different than for analog television. The difference is in
the details of implementation (hence the need for this book).

A block diagram of a typical broadcast transmission system is shown in
Figure 1-1. This block diagram may, in fact, represent either an analog or a digital
system. Major components include a transmitter comprising an exciter, power
amplifier, and RF system components, an antenna with associated transmission
line, and many receiving locations. Between the transmitter and receivers is the
over-the-air broadcast transmission path. The input to the system is the baseband
signal by which the RF carrier is modulated. In an analog system the baseband
signal includes composite video and audio signals. In separate amplification, these
modulate separate visual and aural carriers. If common amplification is used, the
modulated signals are combined in the exciter and amplified together in the
power amplifier. The combined signals are then transmitted together through the
remainder of the link.

For a digital system, the conceptual block diagram most resembles common
amplification. A single baseband signal modulates a carrier and is amplified in the
transmitter, broadcast by means of the antenna, and received after propagating
through the over-the-air link. The baseband signal is a composite digital data
stream that may include video and audio as well as data. Since the method
of modulation is also digital, the exciter used with the transmitter is also
different. Beyond these details, the remainder of the system is fundamentally
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Figure 1-1. Broadcast transmission system.

the same, although there are further subtle differences in power measurement,
tuning, control, and performance measurement, upconverters, power amplifiers,
transmission lines, and antennas.

The similarities between digital and analog systems is also apparent when
we consider the transmission channel. The ideal channel would transfer the
modulated RF carrier from the modulator to the receiver with no degradation
or impairment other than a reduction in the signal level and the signal-to-noise
ratio. As a matter of fact, the real transmission channel is far from ideal. The
signal may suffer linear and nonlinear distortions as well as other impairments in
the transmitter and other parts of the channel. For analog television signals, these
impairments are characterized in terms of noise, frequency response, group delay,
luminance nonlinearity, differential gain, incidental carrier phase modulation
(ICPM), differential phase, lower sideband reinsertion, and intermodulation
distortion. For digital signals, linear distortions are also characterized in terms of
frequency response and group delay. For nonlinear distortions, AM-to-AM and
AM-to-PM conversion are the operative terms. In either case, the objective of
good system design is to reduce these distortions to specified levels so that the
channel may be as transparent as possible.

The antenna and transmission line may introduce some of the linear distortions.
In most cases, these are relatively small compared to distortions introduced by
the propagation path. This is especially true of matched coaxial transmission
lines. Waveguides may introduce nontrivial amounts of group delay. Under
some circumstances an antenna may introduce significant frequency response,
nonlinear phase, and group delay distortion. Once the system design is finalized,
however, there no attempt may be made to equalize distortions introduced by the
transmission line or antenna.

The propagation path from the broadcast antenna to the receiver location
may be the source of the most significant impairments. These impairments
include noise and linear distortions resulting from reflections and other sources of
multipath. Depending on specific site characteristics, the linear distortions may be
severe. The impairments introduced by propagation effects vary from location to
location and are also a function of time. Obviously, there is no practical means
of equalizing these distortions at the transmitter. Any equalization to mitigate
response and group delay introduced by the over-the-air path must be done
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in the receiver. The random noise introduced in the propagation path may be
overcome at the transmitter only by increasing the average effective radiated
power (AERP).

ATSC TERRESTRIAL TRANSMISSION STANDARD

At the time of this writing, the U.S. Federal Communications Commission
(FCC), Canada, and South Korea have adopted the standard developed for
digital television by the Advanced Television Systems Committee (ATSC). This
standard, designated A/53, represents the results of several years of design,
analysis, testing, and evaluation by many experts in industry and government. It
promises to be a sound vehicle for digital television delivery for decades to come.
The standard describes the system characteristics of the U.S. digital television
system, referred to in this book as the ATSC or DTV system. The standard
addresses a wide variety of subsystems required for originating, encoding,
transporting, transmitting, and receiving of video, audio, and data by over-the-air
broadcast and cable systems. The transmission system is a primary subject of
this book, which is described in detail in Appendix D of the ATSC standard. The
ATSC standard specifies a system designed to transmit high-quality digital video,
digital audio, and data over existing 6-MHz channels. The system is designed to
deliver digital information at a rate of 19.29 megabits per second (Mb/s).

The transmitter component affected most by the implementation of this
standard is the exciter, although, only portions of the exciter need be affected.
Figure 1-2 is a conceptual block diagram of a television exciter. As drawn, this
block diagram could represent either an analog or a digital exciter. The first block,
the modulator, represents composite video and audio processing and modulation
in the case of analog television; for digital television, this block represents digital
data processing or channel coding and modulation. (It is assumed that the reader
is familiar with analog video and audio modulator functions; if not, refer to
Chapter 6.2, 'Television Transmitters," of the NAB Engineering Handbook, 9th
edition.)

The second block, intermediate frequency (IF)-to-RF conversion, represents
upconversion, IF precorrection and equalization, final amplification, and filtering.
In principle, this block is the same for both analog and digital television signals
in that the main purpose is to translate the IF to the desired RF channel. For the
time being, the discussion will focus on processing the digital baseband signal
prior to upconversion. To facilitate this, the nature of the input and output signals
of the digital modulator block is first discussed.
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Figure 1-2. Block diagram of TV exciter.
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The digital input signal to the ATSC transmission system is a synchronous
serial MPEG1-2 transport stream at a constant data rate of 19.39... Mb/s. This
serial data stream is comprised of 187-byte MPEG data packets plus a sync
byte. The payload data rate is 19.2895. Mb/s. The payload may include encoded
packets of digital video, digital audio, and/or data. The transport stream arrives
at the exciter input on a single 15-Q coaxial cable with a BNC input connector.
The data clock is embedded with the payload data. Biphase mark coding is used.
The data clock frequency error is specified to be less than ±54 Hz. The standard
input level is 0.8 V ± 10% peak to peak as defined by the SMPTE Standard
310M-Synchronous Serial Interface for an MPEG-2 digital transport stream.

The output signal from the modulator block is an eight-level vestigial sideband
modulated signal. Ordinarily, this is at some frequency intermediate to the
baseband and RF channel frequency. The frequency, level, and other interface
characteristics of the IF are generally dependent on the design choices made by
the equipment manufacturer.

Figure 1-3 is a simplified block diagram of the signal processing functions
required to convert the MPEG-2 transport stream to the eight-level vestigial
sideband signal (8 VSB) required by the ATSC transmission system. The
modulator may be viewed as performing two essential functions. The first
function is channel coding. Among other things, the channel coder modifies the
input data stream from the transport layer by adding information by which the
receiver may detect and correct transmission errors. These are errors as a result
of impairments introduced in the transmission channel. Without channel coding,
the receiver would be unable to decode and display the signal properly except at
receive sites with a very high signal-to-noise ratio and a minimum of multipath.
The second block in Figure 1-3 is the modulator proper. It is in this block that an
IF signal is modulated with the channel-coded data stream to produce the 8 VSB
signal required for terrestrial over-the-air transmission.

A block diagram of the channel coder is shown in Figure 1-4. Six major
functions are performed in the channel coder: data randomizing, Reed-Solomon
(R/S) coding, data interleaving, trellis coding, sync insertion, and pilot signal
insertion.

The incoming data from the transport stream are first randomized. This process
exclusive-ORs the data bytes with a pseudorandom binary sequence locked to
the data frame. The purpose of randomization is to assure that the data spectrum
is uniform throughout the 6-MHz channel, even when the data are constant.
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Figure 1-3. DTV modulator.
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Figure 1-4. DTV channel coding. (From ATSC DTV Standard A/53, Annex D; used with
permission.)

This pseudorandom sequence is generated in a 16-bit shift register with nine
feedback taps. A complementary derandomizer is provided in the receiver to
recover the original data sequence. Randomizing is not applied to the sync byte
of the transport packet.

The next step is R/S coding. This is a forward error correction (FEC) code
designed to protect against noise bursts. In this code, 20 parity bytes are added
to each data block or 187-byte data packet. The R/S code selected is capable of
correcting up to 10-byte errors per data block. Because of the additional bytes,
the clock and data rate is necessarily increased from 19.39 Mb/s to 21.52 Mb/s.
As with randomization, R/S coding is not applied to the sync bytes.

After R/S coding, the data structure is formatted into data bytes and segments,
fields, and frames as defined in Figure 1-5. A data field is comprised of 312
data segments plus a sync segment, for a total of 313 segments. A data frame is
comprised of two data fields, or 626 segments. The R/S coded data are interleaved
to provide additional error correction. This process spreads the data bytes from
several R/S packets over a much longer period of time so that a very long burst
of noise is required to overrun the capability of the R/S code. A total of 87 R/S
packets are processed in the interleaver.

Trellis coding, another error correction code, follows the R/S interleaver. The
purpose of this code differs from the R/S code in that it has the effect of improving
the signal-to-noise ratio (S/N) threshold in the presence of thermal or white noise.
It is termed a |-rate code because every other input bit is encoded to 2 output
bits; the alternate bit is not encoded. Thus the output of the trellis coder is a
parallel bus of 3 bits for every 2 input bits. The trellis-coded data are interleaved
with a 12-symbol code interleaver. The data rate at the output of the trellis coder
is increased by a ratio of | , to 32.28 Mb/s. Taken together, the output bits of the
trellis coder comprise the 3-bit symbols. These symbols ( - 7 , - 5 , - 3 , - 1 , 1, 3,
5, 7) are the eight levels of the VSB modulator. The symbol rate is one-third
that of the trellis-coded data rate, or 10.76 symbols/s.

The spectral efficiency, rjSi is the ratio of the encoded data rate to the channel
bandwidth:

^ = £f^£ = 5 38 bps/Hz
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Figure 1-5. Data frame structure for the ATSC system. (From ATSC DTV Standard A/53,
Annex D; used with permission.)

This is a consequence of using 3 bits per symbol to create the eight VSB levels
(M = 8) and the excess bandwidth of the Nyquist filter (aN = 0.1152). Using
these parameters, the spectral efficiency may be computed by

2 log2M
rjs = bps/Hz

l+aN

which also results in 5.38 bps/Hz.
A data segment is comprised of the equivalent of the data from one R/S

transport packet plus FEC code and data segment sync as shown in Figure 1-6.
Actually, the data come from several R/S packets because of interleaving.




