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Digital television and HDTV in America
A progress report

J.A. Flaherty (CBS)

1. One requirement –
twenty–one  solutions

When the Federal Communications Committee
(FCC) sought private sector advice and formed the
Advisory Committee on Advanced Television Ser-
vice (ACATS) in 1987, under the chairmanship of
Richard E. Wiley, to make a recommendation to
the FCC for a single terrestrial HDTV transmis-
sion standard, it was planned that the recommen-
dation would be made in time for the FCC to set the
standard in the second quarter of 1993.

By 1989, there were eight advanced television
(ATV) proponents, and thirteen analogue system
proposals were being presented to the Advisory
Committee.

By 1990, the FCC Advisory Committee had out-
lined a comprehensive plan for laboratory and
over–the–air testing of all the ATV systems.  An
open, fair and objective decision–making process
had been put in place, and the FCC schedule
seemed achievable.

The number of ATV proposals peaked at twenty–
one, but by 1990 they had shrunk to only nine.  Two
of these were HDTV simulcast systems and they
were both analogue designs.

The development of advanced and
high–definition television systems has
been marked by more debate, more
spectacular changes of direction and,
no doubt, more heart–ache than any
other aspect of television technology
and programme–making in the past
fifty years.
The European television industry has,
with varying degrees of  enthusiasm,
encouraged a full spectrum of analo-
gue, hybrid and digital systems for all
quality targets from pocket TV to
wide–screen HDTV.  In contrast, the
decision of the US Federal Communi-
cation Commission to set one clear
goal –  HDTV in 6–MHz terrestrial
channels – might have seemed like a
simple approach, guaranteed almost
to lead rapidly to success.
This presentation of the path trodden
by America’s HDTV pioneers shows
that, even if all the competitors had a
rather clear vision of the goal before
they started, success has neverthe-
less demanded compromise and com-
mercial pragmatism as well as good
technology.
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In 1990, the major change took place.  On 1st June
of that year, General Instruments proposed an all–
digital HDTV system, just four weeks before the
system submission deadline. Television was to
change for ever.  The digital era had begun and ana-
logue broadcasting was doomed.

By 1991, only five HDTV systems remained and,
of these, only one was a hybrid analogue/digital
system – the Narrow MUSE system proposed by
the Nippon Hoso Kyokai (NHK).  The other four
were all–digital systems and the change–over to
digital systems had extended the Advisory Com-
mittee schedule by about six months.

By the Spring of 1992, three of the five HDTV sys-
tems had completed their objective laboratory tests
and subjective “expert” viewer tests at the Ad-
vanced Television Test Centre (ATTC).  Also, two
of the systems had completed their non–expert
viewer tests at the Advanced Television Evalua-
tion Laboratory (ATEL) in Canada.

The final ATTC test reports were scheduled to be
finished in mid–October 1993 and the final Cana-
dian ATEL test report was to be finished on 23 Oc-
tober, in time for the decisive system selection
meeting of the Special Panel of the Advisory Com-
mittee in February 1993.

Thus the task of the technical community, to devise
a practical terrestrial HDTV broadcasting system
that would give television broadcasters an HDTV
option and a gateway into the digital era, was well
under way and nearly on schedule.

Meanwhile, the FCC was forming its policy on
Advanced Television and HDTV.  In April 1990,
FCC Chairman Sikes had announced:

...the Commission’s intent is to select a simulcast
high definition television standard that is compat-
ible with the current 6 MHz channelization plan

but employing new design principles independent
of NTSC technology.  We do not envision ... that the
Commission would adopt an enhanced definition
standard, if at all, prior to reaching a final decision
on an HDTV standard, which ... will be made in the
second quarter of 1993.

In September of 1990, in its First Report and Order,
the FCC decided:

We do not find it useful to give further consider-
ation to systems that use additional spectrum to
“augment” an existing 6–MHz television channel
to provide NTSC compatible service.

Consistent with our goal of ensuring excellence in
the ATV service, we intend to select a simulcast
high definition television system.

A simulcast system also will be spectrum efficient
and facilitate the implementation of the advanced
television service.  Such a system will transmit the
increased information of an HDTV signal in the
same 6–MHz channel space used in the current
television channel plan.

By 1990, therefore, the FCC and the private–sector
Advisory Committee had abandoned “enhanced”
and “augmentation” systems from further consid-
eration.  They had focused further work on incom-
patible HDTV simulcast systems, frozen the
broadcasting spectrum for three more years of test-
ing, and ensured that complete and objective tests
would be made on all proponent systems before the
approval of any HDTV system.

Thus, America would adopt an incompatible si-
mulcast, full HDTV, terrestrial service.

The FCC released its second Notice of Proposed
Rule Making, or NPRM, in November of last year,
and this notice proposed how the HDTV service
would be defined, the time schedule for its imple-
mentation, and for the replacement of the NTSC
service.
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This second FCC NPRM stated:

In keeping with our goal of expediting delivery of
advanced television service to the American pub-
lic, we propose to limit the period of time during
which existing broadcasters would have the right
to apply for a particular HDTV channel. ... We note
that preliminary information appears to indicate
that a three–year application and a two–year
construction period will permit broadcasters suffi-
cient time to begin transmission in HDTV in the
vast majority of cases. 

We envision HDTV ... will eventually replace exist-
ing NTSC. In order to make a smooth transition to
this technology, we earlier decided to permit deliv-
ery of advanced television on a separate 6–MHz
(simulcast) channel. In order to continue to pro-
mote spectrum efficiency, we intend to require
broadcasters to “convert” entirely to HDTV – i.e.,
to surrender one 6 MHz frequency and broadcast
only in HDTV once HDTV becomes the prevalent
medium.

In its Second Report and Order for implementing
the HDTV service, the Commission decided to
make a block allotment of frequencies for HDTV;
broadcasters will have the first option on these fre-
quencies.  However the license application period
for the HDTV channel was changed from three to
two years, and the construction period was in-
creased from two to three years – less time to apply,
more time to build, but still five years total.

In its third Notice of Proposed Rule Making the
FCC proposed to make broadcasting evolve to an
all HDTV service, and to require broadcasters to
surrender one of their two paired channels in 15
years from the date on which an HDTV standard
is set or a final table of HDTV channel allotments
is effective.  At this time the NTSC service would
be abandoned, but this schedule will be reviewed
in 1998.

In its latest Notice of Proposed Rule Making issued
on August 14 1992, the Commission proposed four
broad HDTV (channel) allotment objectives for
the implementation of HDTV.

– To accommodate all existing NTSC stations,
e.g., provide a second channel for HDTV ser-
vice for all existing broadcasters;

– To maximize the service areas of all HDTV sta-
tions to the extent possible, and ensure all
HDTV stations have a minimum service area of

at least 85–90 km (55 miles) from the station’s
transmitter;

– To allot all HDTV channels to UHF spectrum;
and

– To prefer HDTV allotments in situations where
a choice must be made between providing
greater service area for a new HDTV allotment
or additional protection for an existing NTSC
allotment.

Thus the FCC was finalising the regulatory proce-
dures and rules that would govern HDTV terres-
trial broadcasting, and the recommendation from
ACAT for an HDTV standard was to have been
made early in 1993.  Over–the–air field tests were
to follow to confirm the choice and the final FCC
action on the HDTV standard and the spectrum al-
lotment plan was to occur in the latter half of 1993.

That, at least, was the intention.

Towards the end of the testing process, in Novem-
ber 1992, each of the system proponents identified
a series of improvements for their systems and re-
quested permission of the FCC Advisory Commit-
tee to implement the proposals.  A Technical Sub–
group of the Advisory Committee’s Special Panel,
chaired by Dr. Irwin Dorros and Dr. J.A. Flaherty,
was appointed by the Advisory Committee Chair-
man to review the improvement proposals and to
approve those which it considered appropriate.
This Technical Sub–group met on 18 November
1992 and approved many of the proposals.

The Special Panel of the Advisory Committee met
on 8 February 1993 to consider the test results and
the system improvements with a view to selecting
a final HDTV system to recommend to the Adviso-
ry Committee.

While all of the systems produced good HDTV
pictures in a 6–MHz channel, none of them was
judged to have performed sufficiently well, with-
out implementing the improvements, to permit it to
be selected as the single standard.  Nevertheless,
all the all–digital systems performed significantly
better than the hybrid analogue/digital Narrow
MUSE system, so this system was dropped from
further consideration.  There remained four sys-
tems in contention.

The Special Panel approved the improvements for
the four remaining all–digital systems and recom-
mended expeditious re–testing.  The full Advisory
Committee met on 24 February 1993 and approved
the recommendations of the Special Panel.
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2. One solution – 
The Grand Alliance

In April 1993, therefore, plans for the fresh series
of tests were being finalised, with these tests due
to start in May.  During this time, and in parallel
with the re–test planning, the four digital system
proponents – AT&T/Zenith, General Instrument,
DSRC/Thomson/Philips, and MIT – began to ex-
amine the possibility of combining their efforts
into a signle HDTV system proposal, in what has
come to be known as the Grand Alliance. The
Grand Alliance was formed and announced on 24
May 1993.

The technical proposal from the Grand Alliance
combined various parts of the four separate sys-
tems into a single all–digital HDTV transmission
system, and recommended that several sub–
system tests should be made to finalise the single
system specification.

The FCC Advisory Committee assigned to its
Technical Sub–group, again chaired by Dr. Dorros
and Dr. Flaherty, the task of reviewing the proposal
from the Grand Alliance, modifying it as neces-
sary, selecting the final specifications and approv-
ing the system for prototype construction.

After this approval had been obtained, the proto-
type system would be built and subjected to com-
plete objective laboratory testing and subjective
expert and non–expert viewer testing before it
would be recommended to the FCC for standard-
ization.

The Technical Sub–group received the Grand Al-
liance proposal, reviewed it with the system propo-
nents and realised that significant modifications
would be required in addition to sub–system tests
of two transmission systems.

Following detailed system review and modifica-
tion, the Grand Alliance and the Technical Sub–
group recommended specific system parameters
for the scanning method, the video compression
and the audio systems.  There remained a choice to
be made between the two contending transmission
systems: vestigial side–band (VSB) and quadra-
ture amplitude modulation (QAM).  Following
sub–system tests on these options, the 8–VSB sys-
tem was approved on 24 February 1993.  The
8–VSB system was originally developed by Zenith
but it may incorporate components from the QAM
adaptive equalization scheme devloped by Gener-
al Instruments.  At this point, therefore, a complete
set of system parameters had been defined, as
listed in Table 1.

Dual scanning system:

– 720 active lines, 1280 pixels per line,
progressive, 59.94 and 60 Hz

– 1080 active lines, 1920 pixels per line,
interlaced, 59.94 and 60 Hz

(Both formats also operate in progressive mode 
at 30 and 24 frames/s.)

Video compression:

– MPEG2–compatible compression and transport, 
without “enhancements”

Audio:

– Dolby AC–3, 384 kbit/s

Transmission:

– 8–state vestigial side–band (8–VSB)

3. 8–VSB vs. 32–QAM

The various scanning formats proposed for the
Grand Alliance system require a data–rate of about
20 Mbit/s.  The problem is how to fit this data into
a (US) standard 6–MHz television channel?  If the
the 20–Mbit/s data–stream was sent serially, with
successive bits alternating between logic “0” and
logic “1”, this data stream would generate a
square–wave with a fundamental frequency of
10 MHz.  If this was used to modulate a television
carrier, it would produce side–bands of plus and
minus 10 MHz, for a total of 20 MHz, which is far
more than the 6 MHz available.

The Zenith/AT&T members of the Grand Alliance
approached this bandwidth problem in much the
same way that a standard television signal is trans-
mitted, by cutting off one side–band in a vestigial
fashion, thus reducing the occupied bandwidth to
a little over 10 MHz.  In the next step, rather than
sending just two levels for “0”s and “1”s, the bits
are gathered in groups of two and sent as four lev-
els: 0, 1, 2, and 3.  This brings the bandwidth down
by a factor of two, to 5 MHz.  This process implies
that the receiver will have to distinguish between
four carrier levels rather than two, with a conse-
quent need for a 6 dB better carrier–to–noise ratio
to prevent bit errors.

Somewhat surprisingly, the carrier–to–noise per-
formance of such a system can be improved by us-
ing even more levels.  Successive versions used
six, then eight levels in the system that has been
tested at the ATTC.  The system works because, al-
though there are more levels, the system selects the
four which are furthest apart from the eight that are
available, in a dynamic, bit–pattern–dependent
fashion.  When this process is depicted graphically
in a flow diagram, it has the appearance of a garden
trellis, hence the name of the system – trellis cod-
ing.

Table 1
Principal parameters of

the Grand Alliance
system.
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In trellis coding, the transmitted signal is pre–
coded so that only certain paths through the trellis
are valid; others represent errors which can be cor-
rected by deducing the most likely path from the
received data.  A low–level pilot signal is sent at
the edge of the channel to help with carrier recov-
ery.

The other transmission technique tested by the
Grand Alliance is the quadrature amplitude modu-
lation system proposed originally by General
Instrument.  It has much in common with the
NTSC method of encoding I and Q colour informa-
tion on the 3.58–MHz colour subcarrier.  Con-
ceptually, the 20 Mbit/s bit–stream is divided into
two bit–streams of 10 Mbit/s each, giving a base-
band bandwidth of 5 MHz for each bit–stream.
This is further reduced, to 2.5 Mbit/s, by using
four–level coding in the same manner as for VSB.

These two four–level bit–streams are carried as
double–sideband modulation on two carriers in
quadrature, at the television channel frequency.

When viewed on a transmission signal analyser,
the signal described so far would produce 16 dots
– four in each quadrant.  Each dot then represents
a four–bit data group.  In fact, in the system pro-
posed for the Grand Alliance, 32 vectors (dots) are
generated so that trellis coding can be used in a
manner similar to VSB, permitting the selection of
16 vectors out of the 32 available, in a data–depen-
dent fashion, to achieve better noise performance.

In order to reduce interference from co–channel
NTSC signals, comb filtering is used at the receiv-
er to put notches at the interfering carrier and
colour subcarrier frequencies.  Pre–coding is used
at the transmitter to compensate for the distortion
caused by this processing.

The 8–VSB and 32–QAM modulations would
both be very susceptible to multipath problems if
a channel equalizer were not included in the
receiver.  This equalizer works very much like a
ghost canceller.  The incoming signal is passed
through a multi–tap digital delay and signals with
appropriate delays are used to cancel the multi-
path.  Communications engineers think of this as
a channel equalizer, while television engineers
think of it as a ghost canceller.

The support of the dual scanning rates and the use
of the MPEG–2 compression and transport sys-
tems enhance the ability of the system to inter–
operate with other media such as computers, and is
expected to enhance compatibility with the US

National Information Infrastructure as that initia-
tive unfolds in the future.  Moreover, on the basis
of studies by the consumer equipment industry, it
is estimated that this additional flexibility will in-
crease the cost of consumer HDTV receivers and
video recorders by only 2 to 5%.

4. The way ahead

The present schedule calls for the 8–VSB trans-
mission sub–system field test to take place as from
11 April 1994, and the construction of the proto-
type system and the integration of the various sub–
systems will continue through the summer and
autumn.  Laboratory and expert viewing tests of
the complete prototype system is scheduled to start
at the ATTC in November 1994, followed by non–
expert psychophysical tests at the ATEL in Canada
in mid–December.

All the test results are scheduled to be completed
by 31 March 1995, leading to a recommendation
by the Adviosory Committee to the FCC by the end
of April 1995.  Thus, assuming there is no major
change in the programme, it should be possible for
the FCC to select a digital advanced television
standard and a table of frequency allocations by the
end of 1995 – some 2 1/2 years behind the original
7 1/2–year schedule.

How secure is this new schedule?

Naturally, no one is sure.

However, during the last seven years the Advisory
Committee has worked 21 system proposals down
to five, then to four, and now one.  It has seen the
replacement of early analogue proposals with
today’s all–digital proposal, and has seen the
United States come from last place to first place in
the World competition for advanced television and
HDTV.  Europe is now pursuing an all–digital ap-
proach similar to that of the Grand Alliance, and
Japan is debating the future of its analogue MUSE
HDTV system – a system which must be aban-
doned sooner or later.

The Grand Alliance prototype system is under
construction and will undergo final laboratory and
field testing this autumn.  The end of the process
is in sight.

Nevertheless, there is still much work to be done.
There have been several new developments over
the life of this project.  Some of these develop-
ments, like the digital technology and the
MPEG–2 compression and transport systems,



35EBU Technical Review Summer 1994
Flaherty

have been incorporated into the HDTV system
while others have not.

In 1993, the development in Europe of the
COFDM transmission system has led the Advisory
Committee Technical Sub–group and the broad-
casters to investigate the potential value of
COFDM for the American HDTV service. Unfor-
tunately, COFDM hardware for the 6–MHz chan-
nel environment is not yet available for test and
cannot be available for 16 to 18 months.  More-
over, the costs of system construction, laboratory
testing and field testing will be very significant
and, at the present time, such funds are not avail-
able.

These facts notwithstanding, the study is going
forward, and a prototype COFDM system may be
budgeted and built for testing as an alternative
transmission scheme to the 8–VSB system.

In any case, when the FCC decision is made, the
growth of digital  television and HDTV in the con-
sumer market will depend not only on the avail-
ability and cost of HDTV receivers, and on the
quantity of HDTV programmes, but, most of all,
on the rate of conversion of the local television sta-
tions to the digital domain.

The digital era is here, and broadcasters must emi-
grate from analogue NTSC to digital transmission
or become an analogue island in an all–digital sea.

America’s “Information Super Highway” will
have no analogue lanes.  All the services on this
highway, and on similar “information highways”
around the world, will be digital services.

In America, cable, fibre, and DBS operators have
no technical or regulatory impediments to pursu-
ing all–digital HDTV and multi–channel digital
programme services.  They can move into the digi-
tal domain whenever the market for these services
unfolds.

On the contrary, terrestrial broadcasters cannot
move from their soon–to–be–obsolete analogue
NTSC service to a competitive all–digital service
without a second simulcast “transition” channel!

That second channel is the digital HDTV channel.
With this  second channel, and only with this se-
cond channel, the terrestrial broadcaster will be
able to move to, and compete in, this new all–digi-
tal television market.

In short, the second digital HDTV channel is the
key to terrestrial broadcasting’s survival!

If broadcasters do not embrace this opportunity to
improve their television service via digital
technology and HDTV, they could find themselves
permanently relegated to a less–than–competitive
position vis–a–vis DBS, cable, fibre, and home
video services.

Unthinkable as it seems today, the present 525 and
625–line analogue television services around the
world will give way to the new digital era and to
HDTV.  DBS, cable, and home video and interna-
tional competition will see to that.

Digital technology will permit terrestrial broad-
casters to operate on the “information highways”,
to introduce interactive services, and to transmit
data to the home as well as to “closed user groups”.

The digital receiver will be an intelligent terminal
with a large data storage capacity which can be
used to download large amounts of programme–
related and non–programme–related interactive
information. Additionally, those receivers con-
nected to wired circuits on the “information high-
way” will have a two–way capability; together,
these facilities will allow broadcasters to compete
in the interactive marketplace with other informa-
tion providers.

If American broadcasters do not seize the hour and
embrace this opportunity to move into digital tele-
vision and HDTV, they could lose the second chan-
nel and their only gateway into the digital world.

In a similar situation, General Sarnoff, then the
President of the RCA, in closing his briefing to the
NBC affiliates on the emergence of television at
their annual convention in Atlantic City on 13 Sep-
tember, 1947, said:

Therefore, may I leave you with this final thought:
I am not here to urge you to enter the field of televi-
sion beyond the point where you yourselves think
it is good business for you to do so or to propose
that  you plunge all at one time.  Rather, I would
suggest that you reflect carefully and thoughtfully
upon the possible ultimate effects of television
upon your established radio business if you do
nothing, and of the great opportunities for your
present and future business if you do the right
thing!


