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.  INTRODUCTION

This is the final report and recommendation of the FCC’s Advisory Committee on
Advanced Television Service. It was adopted by the Advisory éommiﬁw at its ninth and final
meeting, held in Washington, DC, on November 28, 1995.

This year is the 100th anniversary of radio broadcasting. Television is only half as old; it
was introduced in 1941 when the FCC adopted the current NTSC standard.' Subsequently, TV
was improved in 1953 when the Commission approved the NTSC color standard. Only a few
minor improvements (most notably, the addition of stereo audio in 1986) have been made in the
ensuing four decades. This report heralds the greatest advance in broadcast television technology
since its inception over fifty years ago. The possibilities for the future include dazzling pictures,
CD-quality sound, the flexibility for multiple programs and data streams, and interoperability
with alternative media and systems including computers.

In 1987, the FCC and Advisory Committee began to study the potentially great technical
improvements that might be possible with advanced television (“ATV™).? At the time, new
transmission systems were being developed for direct broadcasting satellite and other media. It

was not certain, however, whether a complete ATV system could work in 6 MHz over-the-air

-

: The NTSC standard, which is named after the National Television Systems
Committee which developed and modified it, is embodied in Part 73 of the Commission’s Rules,
See 47 C.F.R. § 73.682 (1994).

s The FCC defines ATV to “include any system that results in improved television
audio and video quality . . ..” Tentative Decision and Further Notice of Inquiry in MM Docket
No. 87-268, 3 F.C.C. Red 6520, 6521 note 1 (1988). High definition television (“HDTV™), a

subset of ATV, generally refers to systems that provide quality approaching that of 35 mm film.
Jd HDTV “has a resolution of approximately twice that of conventional television in both the

horizontal (H) and vertical (V) dimensions and a picture aspect ratio (HxV) of 16:9.” ATSC
Digital Television Standard at 5.
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channels. Now, eight years later, after countless public meetings involving hundreds of industry
volunteers and a rigorous program of testing and analysis condu'cted on seven prototype ATV
systems at three futuristic laboratories, the Advisory Committee on Advanced Television Service
herein recommends that the Federal Communications Commission adopt the “ATSC Digital
Television Standard” as the U.S. standard for ATV broadcasting.

This standard represents truly world-leading technology. It will allow American
television broadcasters and viewers to participate in the digital age and is equally available for
cable TV providers and subscribers. In addition, more than any other ATV system in the world,
the technology is interoperable with other imaging media and systems.

The present document has two principal sections. First, the Advisory Committee reports
on its history, progress and results, including the final tests on a prototype advanced television
system from a consortium of companies known as the Digital HDTV Grand Alliance. Second,

the Committee sets forth the details of its recommendation.

IL REPORT OF THE ADVISORY COMMITTEE

A. Purpose of the Committee

In early 1987, the Federal Communications Commission (“FCC” or “Commission”)
initiated a rule making proceeding on advanced television (“ATV™) service “to consider the
technical and public policy issues surrounding the use of advanced television technologies by

television broadcast licensees.”™ Later that year, and in order to assist the FCC “in gathering and

3 Notice of Inquiry in MM Docket No. 87-268, 2 F.C.C. Red 5125, 5126 (1987).




3
processing much of the necessary information™ on ATV.* the Commission established the
Advisory Committee on Advanced Television Service (“Advisory Committee” or “ACATS™).?
In its Charter, the Advisory Committee was given the broad mandate to “advise the

Federal Communications Commission on the facts and circumstances regarding advanced
television systems for Commission consideration of the technical and public policy issue[s].™
The Committee’s Charter also directed that

In the event that the Commission decides that adoption of some

form of advanced broadcast television is in the public interest the

Committee would also recommend policies, standards and

regulations that would facilitate the orderly and timely introduction

of advanced television services in the United States.”
The Advisory Committee’s work became more specifically directed on advising the FCCona
technical standard for ATV broadcasting when, in late 1990, it entered a Memorandum of

Understanding (“MOU") with the Commission and two ATV test laboratories.® This narrowed

focus was articulated by the Committee a few months later: “Ultimately, it is the Advisory

S ld

. Formation of Advisory Committee on Advanced Television Service and
Announcement of First Meeting, 52 Fed. Reg. 38523 (October 16, 1987). ACATS was formally
established under the provisions of the Federal Advisory Committee Act ("FAC A™), codified at 5
U.S.C. App. I (1988). The Committee has operated in ac'cordance with the provisions of the
FACA and GSA’s Federal Property Management Regulations. 41 C.F.R. § 101-6.10 (1994).

6 Id atp.38523. The Advisory Committee Charter is attached at Appendix A.
2 Id.
5 A copy of the MOU is attached at Appendix B. In accordance with the Charter,

the Committee on occasion also has received direction from the Chairman of the FCC.

—<_a
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Committee’s goal to agree on an ATV technical description that can be recommended to the FCC
for consideration as the next generation television transmission ;tandzilrd.”9

B. Committee Structure and Participants

The FCC appointed the twenty five members of the Advisory Committee and selected
Richard E. Wiley to be its Chairman. Described in the Charter as the “Parent Committee,” the
membership of this private-sector body was selected to achieve balanced representation from
among the broadcasting, cable, consumer electronics, satellite broadcasting, program production,
film, and telephone industries. At the time, these were the major industries thought to be
involved in advanced television. Due largely to the state of technology in 1987, the FCC did not
then perceive the computer industry as being significantly affected by ATV broadcasting.
However, subsequent technological advances, particularly the introduction of digital
\ransmission technology that enhances interoperability with computers and other media and
systems, generated significant interest within that industry. Thereafter, computer company
officials participated actively and effectively in ACATS activities. Additionally, the Chairman
of the FCC recently appointed two industry members to the Parent Committee to replace other
members who had ressiE’v“‘z‘il-Io

This Parent Committee has met roughly once per year since its inception and, as

enumerated below, has presented several interim reports to the Commission. The work of the

9 Fourth Interim Report of the Advisory Committee on Advanced Television
Service (“ACATS Fourth Interim Report”) at pp. 18-19 ({qprﬂ 1,1991). Obviously, the
Commission, not the Advisory Committee has the authority to establish a broadcasting standard.

See 47 U.S.C. § 303 (e), () (1988).

10 A current membership list of the Parent Committee is attached at Appendix C.

4#
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Advisory Committee, however, was achieved primarily by volunteers organized in various
groups under the Parent Committee. Part of this staff organizatilon was described in the Charter,
which listed the Planning, Systems, and Implementation Subcommittees. The Advisory
Committee also formed a “Special Panel” in early 1992," and a “Technical Subgroup” later that
year.'? Both of these bodies were comprised of leading technical experts and were structured
with constituent subgroups.” As with all Advisory Committee bodies, the leadership of these
groups was selected to balance the interests of the various affected industries.

By some estimates, over 1000 individuals have participated in the Advisory Committee’s
work during its eight year history. Participants have come from the broadcasting, cable,
consumer electronics, computer, program production, film, telephone, and other industries --
many of them recognized experts i1 their fields. Representatives of labor, academia, and public
interest groups also have taken part. Moreover, because all Committee meetings have been open

to the public, interested citizens and the press also have attended meetings of the Parent

Committee and its many subgroups.

To the great benefit of the Advisory Committee, members of the FCC’s staff often have

observed and participated in Commiftee meetings. The Commission’s guidance, expressed

formally in rule making proceedings and informally in myriad interactions with Advisory

Committee officials, has been invaluable to our work. However, the Committee has received no

1 Minutes, Advisory Committee Meeting p. 3 (March 24, 1992).
12 Letter, Richard E. Wiley to ATV System Proponents (August 21, 1992).

A list of the Advisory Committee staff structure is attached at Appendix D.

P e e e e T
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funding from the Commission or other government bodies. Its operating costs (¢.g., postage,
photocopying, and telephone) have been underwritten solely by ‘small donations from Committee
members.'*

C. Relationship with Other Bodies

Several organizations not directly part of the Advisory Committee were critical to its
mission and success. Key among these were the three laboratories that tested ATV hardware
from several system proponents including the Digital HDTV Grand Alliance. The largest of the
three was the Advanced Television Test Center (“ATTC"), a private, non-profit organization
established in 1988 and developed by American broadcasting and electronic industry entities.
Using over $15 million in contributions from its sponsors, and $7.5 million in fees from system
proponents, the ATTC - under the expert leadership of its President, Peter Fannon -- constructed
a state of the art radio frequency testing facility in Alexandria, Virginia, and conducted the
broadcasting laboratory-based tests for the Advisory Committee. Collocated with the ATTC was
the ATV facility of the Cable Laboratories, Inc. (“CableLabs”), a research and development
consortium of American cable television system operators. CableLabs carried out the cable
portions of the Committee’s lab and field testing programs. Finally, the Advanced Television

Evaluation Laboratory (“ATEL"), an Ottawa-based facility of Canada’s Department of

14 See Letter, Richard E. wiley to Advisory Committee Members (May 4, 1993).
Early in the Advisory Committee’s history, nine'teen members contril'auted $5,000 each, fora
cum of $95,000 and, in the summer of 1993, thirteen members oonmbl_lted' $3,000 each, 'for a
grand total of $1 34,000. Parent Committee memt?ers frorq small organizations or prov:dm_g
special services were not asked to contribute to this operating fund. A small balance remains.

—_#
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Communications managed by the Canadian Communications Research Centre, conducted
subjective tests using non-expert viewers from both Canada and .the United States.'

Another organization which made highly valuable contributions to the Advisory
Committee’s report was the Advanced Television Systems Committee (“ATSC”), a standards
organization formed in 1983 by the J oint Committee on Intersociety Cooperation cIcIe?)
With the approval of the FCC, the ATSC has done vital work in documenting the ATV
broadcasting standard recommended herein.!” The ATSC is ably chaired by James C.
McKinney, a member of the Advisory Committee.

D. Advisory Committee Accomplishments

Over its eight year history, and in the course of making numerous decisions, the Advisory
Committee produced thousands of public documents, among which are five Interim Reports to
the FCC, and ATV System Recommendation dated February 24, 1993, and a report to Congress
in 1989.

Given its primary mandate to advise the FCCona standard for ATV broadcasting, one of

the most critical early determinations was that the Committee would evaluate and recommend a

-

-~ [n addition, the Association for Maximum Service Television (“MSTV”) and the
Public Broadcasting Service (“PBS”) played key roles in the Advisory Committee’s field testing
process in Charlotte, North Carolina.

16 The JCIC itself was formed by the Electronic Industries Association, the Institute
of Electrical and Electronics Engineers, the National Association of Broadcasters, the National
Cable Television Association, and the Society of Motion Picture and Television Engineers.

\7 Memorandum Opinion and Order / Third Further Notice of Proposed Rule
Making in MM g7-268, 7 F.C.C. Red 6924, 6982-6983 (1992).

—__A
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system to the Commission only if it had been tested in hardware form.'® Thereafter, work was
focused on preparing for, conducting, and analyzing ATV hardware tests.

Initially, some 23 different concepts for an ATV broadcasting system were submitted to
the Committee. All of them employed analog video transmission techniques. Some proposals
were for enhanced definition television (“EDTV™) systems, which would augment, either within
the existing channel or with additional spectrum, the quality of NTSC broadcasts. Other entities
proposed so-called “simulcast” HDTV systems, which would operate on different channels and
in a manner unrelated to NTSC broadcasts. Through proponent mergers and attrition, the 23
proposals soon were reduced to a handful.

In 1990, the FCC made a key decision to “select a 'simulcast' high definition television
(HDTV) system -- that is, a system that employs design principles independent of the existing
NTSC technology for ATV service.”'* That same year, one of the remaining system proponents,
General Instrument Corporation, submitted a new proposal incorporating all-digital transmission.
Three of the other four remaining HDTV systems thereafter adopted this technological advance;
only NHK retained its original analog transmission design. Although the introduction of digital
eventually resulted in at least two years’ delay in the Advisory Committee schedule, the advance
was well worth the wait. Indeed, after much more time and money spent with analog ATV

proposals, both Japan and Europe now are pursuing digital solutions.

8 See Operating Procedures of the Con;mittee's Systems Subcommittee (app'roved
April 29, 1988): "[oln_ly candidate ATV SYStemS Wthh have been :educed to hardware will be
evaluated and tested by [Systems Subcommittee] Working Party 2.

19 Report and Order in MM Docket No. 87-268, 5 F.C.C. Red 5627 (adopted
August 24, 1990).
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From mid-1991 through the end of 1992, the one remaining EDTV system and all five
HDTV systems were subjected to an exacting program of labora;tory tests at the ATTC,
CableLabs, and ATEL.* As described above, these laboratories are designed to emulate the
broadcast and cable transmission environments, as well as the home viewing environment. The
test procedures were exhaustively developed by the Advisory Committee, with the objective of
determining which of the competing systems should be recommended to the FCC as the basis for
a new transmission standard. For a variety of reasons, not the least of which was the limited
availability of test equipment and space, the systems were tested serially rather than in head-to-
head comparisons, and video subjective testing was conducted by comparing pictures produced
by each system to a single studio reference picture rather than to each other.

There were innumerable tasks and countless meetings involved in preparing for and
conducting the test program. For example, detailed test plans, sometimes specific to the
particular system under test, had to be developed. Then, after testing procedures for the analog
systems had been developed, the Committee was required to redesign many of them with the
advent of digital transmission systems. Moreover, new pieces of hardware had to be constructed
solely for use in testing, and great care and precision was required to create video and audio test
sequences in order to make certain that the systems were completely tested.

All of these efforts took time. On some occasions, implementation errors in the proposed

ATV systems caused additional delays in testing. Further, considerable effort was invested in

20 At the request of its proponents, the Advisory Committee did not report or
consider the test results on the EDTV system. Letter, James E. Carnes to Richard E. Wiley
(March 2, 1992); Letter Richard E. Wiley to James E. Camnes (March 5, 1992).
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fashioning evaluation methods and criteria to allow the Advisory Committee to assess all of the
test results. These criteria included video/audio quality, interOpémbiﬁty, spectrum issues, and
cost issues.?’

Chaired by Dr. Robert Hopkins, the Special Panel convened for four days in early 1993 to
consider the test results. Under the rigorous technical criteria established by the Committee, the
four digital HDTV systems proved superior to the analog proposal which, accordingly, was
eliminated from further consideration. Although the Panel explicitly found that “digital HDTV
is achievable for the United States,”? it also concluded that each of the digital entries had
shortcomings that required further technical refinements. Indeed, in presentations at a November
1992 meeting of the Technical Subgroup formed for this purpose,” the remaining proponents had
suggested a number of significant improvements to their respective systems.

In February 1993, and based on the Special Panel Report, the Advisory Committee
offered the proponents two options: either undergo a second, expensive and time-consuming
lesting process or, alternatively, combine their efforts into a single ;'best of the best" (or so-called

“grand alliance”) system®*. There were three key advantages to the latter option: first, because

-

2 Letter, Richard E. Wiley to FCC Chairman Alfred C. Sikes (January 10, 1992).
This letter forwarded to the Commission the Advisory Committee’s proposed ATV System

Recommendation Process.

2 ATV System Recommendation at p. 1-1 (February 24, 1993).

23 Letters, Richard E. Wiley to Advisory Committee Members and ATV System
Proponents (August 21, 1992). The Technical Subgroup was co-chaired by Joseph A. Flaherty
of CBS and Irwin Dorros, formerly of Bellcore.

24 Press Release, FCC Advisory Committee on Advanced Television Service
(February 24, 1993). The Committee already was aware that such an alliance might be formed.
See Letter R;cha.rd E. Wiley to Advisory Committee Members (January 18, 1993).
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the systems were becoming more alike as their proponents learned from each other's technical
advances, the Advisory Committee's eventual task of selecting t;etween them was becoming
more problematic; second, the retesting process was certain to be expensive and time-consuming
for all concerned; and third, and most importantly, a single system -- encompassing the best
features of various proposals -- might lead to the development of a truly superior technology.
This option of combining the systems had been discussed by the Committee two years earlier.”

After many months of arduous business and technical negotiations, the proponents chose
the latter course. In late May, 1993, a consortium called the Digital HDTV Grand Alliance was
formed with a number of major American and European entities: AT&T, the David Samoff
Research Center, General Instrument, the Massachusetts Institute of Technology, North
American Philips, Thomson Consumer Electronics, and Zenith Electronics.*

At the time, the Advisory Committee made clear to the Grand Alliance members that they
should not present the Committee with an inflexible, technical Jfait accompli; the Committee's
work had been, and must remain, a public process.”’ Accordingly, the Committee directed the
Technical Subgroup to work with the Alliance, optimize its proposal, and generate agreement on

specifications for a prototype system.?® Thereafter, the Subgroup would supervise construction

o See ACATS Fourth Interim Report at p. 19 (April 1, 1991): “[I]n the unlikely

ent that each system proves to be inadequate, anew dmgn.could be composed of elements
\ei::-ln fri);a:l:me gifferent systems. If so, the Advisory Committee would encourage the
establishment of voluntary agreements among proponents to synthesize their designs.”

2% ACATS Press Release (May 24, 1993). Attached at Appendix E.
27 Letter, Richard E. Wiley to ATV System Proponents (May 11, 1993).

2 Letter, Richard E. Wiley to Advisory Committee Members (May 24, 1993).
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and testing of the system and, if all went well, the Advisory Committee would recommend it to
the Commission.

Six so-called "Expert Groups" were formed within the Technical Subgroup, each to focus
on selected aspects of the Grand Alliance proposal. After detailed discussions between these
Groups and the Alliance extending over many months, a modified and considerably enhanced
system proposal was developed. In October 1993 and February 1994, the Advisory Committee
approved for prototype construction all the elements of this proposal.”’

The Grand Alliance system was tested at the ATTC, CableLabs, and ATEL facilities
from March through August, 1995. The complete Alliance system also was evaluated in the
field, by PBS, MSTV, and CableLabs, at the Advisory Committee broadcasting facilities in
Charlotte, in July and August 19953 Detailed test reports were prepared by each organization.”'
Based on these reports, the Technical Subgroup prepared the Committee’s Final Technical
Report.”

In early 1995, the Chairman of the FCC asked the Advisory Committee to investigate

specific scanning formats for so-called standard definition television (“SDTV”).** Several

-

3 Press Releases, Advisory Committee on Advanced Television Service (October
21. 1993, and February 24, 1994).

3 Field tests on the Grand Alliance VSB modem alone already had shown it to
perform * significantly better” than NTSC. Press Release, Advisory Committee on Advanced

Television Service (September 19, 1994).

31 The test reports are attached at the Annex “Record of Test Results.”

1 Attached at Appendix F.

33 This term 18 used to signify a digital television system in which the quality is
uivalent to that of NTSC. ATSC Digital Television Standard at 8.

approximately €q
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months earlier, the Technical Subgroup had prepared a “White Paper,”** which described how
the Grand Alliance system could carry multiple streams of data ';hat, for example, could each be
an SDTV program. The Technical Subgroup considered the merits of various proposed SDTV
scanning formats and, on July 19, 1995, based on the recommendation of its Expert Group,
adopted two such formats for inclusion in the ATV standard.

E. Description of the Grand Alliance System

As indicated above, the Advisory Committee approved system specifications premised
on the ATV proposal from the Digital HDTV Grand Alliance. From these specifications,
which were also used by the Alliance to construct its prototype system, the ATSC Digital
Television Standard was derived.* In essence, the ATSC standard describes five subsystems:
scanning, video and audio compression, transport, and transmission.’

For scanning, the standard includes two HDTV formats: a 720 lines x 1280 pixels per
line format at 24, 30, and 60 frames per second progressively scanned, and a 1080 lines x

1920 pixels per line format at 24 and 30 frames per second progressively scanned and 60 fields

2 Attached at Appendix G.

35 See Report on SDTV Video Formats, Expert Group on Scanning Formats /
Compression at p. 1 (July 19, 1995). Attached at Appendix H.

36 ATV technological developments have occurred since the Grand Alliance
rototype System was designed and constructed, and “.flll continue to occur in the futurc It
i,ould'be appropriate to perform hardware demonstrations of such developments (including

SDTV) that are documented in the ATSC standard.

37 The Advisory Committee approved the Grand Alliance system specifications
CC adoption of the ATSC standard specifically taking into account a
luding the Nation’s future technological needs and the embedded

and industries (investments that the Committee beliveves

and herein recommend§ F
wide variety of issues, 1€
investments of American cqnsumers
should not be unduly diminished).
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per second interlaced scanned. Two SDTV formats also are described: 480 lines by 704
pixels per line in both 4:3 and 16:9 aspect ratios, and 480 lineé by 640 pixels per line in 4:3
aspect ratio. Each SDTV format offers progressive scanning modes.

This balance of scanning formats -- designed to accommodate the interests of various
industries operating within the Advisory Committee - was reached only after considerable
deliberation in the Advisory Committee’s subgroups. Proponents of various formats argued
vigorously for their respective positions but, ultimately, agreed on one point: that an over
1000-line 60 Hz progressive scanning format would be preferable. Unfortunately, this format
is not possible with current state-of-the-art compression technology. The Committee foresees,
however, that improvements in compression will allow the ATV standard to “migrate™ to
incorporate it in the coming years.”® The Committee also believes that including the interlace
scanned 1080-line, 60 Hz format will provide such a migration path.

For digital video compression, the Alliance system incorporates MPEG-2 parameters,
including "B-frames." Audio compression employs 5.1-channel Dolby AC-3 techniques. The
packetized data transport system incorporates features and services of MPEG-2 that are
applicable to ATV and provided for in the MPEG-2 transport layer. Finally, the transmission

subsystem is based on 8- and 16-VSB technology for broadcasting and cable, respectively.

38 The Information Technology Industry Council, an association of information
technology product and service providers, has endorsed this rapid migration approac'h in order to
"i}csl act;gi;:vc the maximum benefits to consumers.” Letter, Rhett Dawson, ITI President, to

Richard E. Wiley (October 31, 1995).
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F. Interoperability with Alternative Media and Systems

Since its inception, the Advisory Committee has emphas‘ized the need for U.S. ATV
broadcasting technology to be interoperable with alternative media, particularly cable television
systems. The Committee believes interoperability also takes on critical importance given the
future needs for high resolution digital imagery in American homes and the development of a
National Information Infrastructure (“NII””). Indeed, entertainment-based HDTV receivers will
introduce digital video transmissions into many residences. .

As noted above, interoperability was one of the selection criteria adopted by the
Committee. Over four years ago, the working party tasked to study interoperability was asked to
reexamine this issue following introduction of the digital HDTV systems. It developed
recommendations that led to agreement on so-called "headers and descriptors." This method of
data identification, combined with advanced data packetization techniques, acts as a kind of
translator to tell all digital devices what type of data is being transmitted.

The working party and an “interoperability review panel” also adopted a list of eleven
characteristics critical to interoperability.*® The Advisory Committee believes the Grand
Alliance system adequately addressés all of these factors. For example, compliance with the

MPEG-2 standard was emphasized by the Technical Subgroup and adopted by the Grand

3 The list of characteristics is attached at Appendix I. These “were based on the
d desires exhibited by alternative media advocates, not only for the delivery of terrestrial
e o but also for other delivery approaches and applications relating to

b;;asﬁf;gpr:om&ons, motion pictures, and imaging.” ATV System Recommendation at
C : ]

pp. 4-4, 4-5 (February 24, 1993).
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Alliance to increase international compatibility and, more importantly, interoperability among a
variety of digital devices. '

A critical aspect of the scanning format scheme, unanimously recommended by the
Technical Subgroup, is the availability of progressive scanning and square pixels. These
attributes are preferable for some -- particularly computer -- applications. However, interlaced
scanning also is important: it is a video data compression technique in which although only half
the amount of data is transmitted, the bulk of the video picture remains. In particular, the test
results on the Grand Alliance system demonstrate that there are advantages to both higher line
number interlaced, and lower line number progressive scanning formats, and that there is no
evidence in the Advisory Committee’s record that would justify dropping either format at this
time.

In all, the Advisory Committee believes that the Grand Alliance plan strikes the best
halance between various technical considerations and needs of different industries. Itisa
balance that has been endorsed by, among others, a subgroup of the Federal Government’s
Information Infrastructure Task Force, the 1994 NIST/ARPA Workshop on Advanced Digital
Video, and the Information Technology Industry Council. In this regard, it is noteworthy that all
other ATV broadcasting systems being developed in the world do not include any progressive
scanning format. The U.S. approach wisely incorporates the best of both scanning techniques.
G, Other Technologies

As required by the 1990 MOU with the FCC and test laboratories, the Advisory

Committee has reviewed
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new technical advancements in the state of the art, not already
provided by the ATV systems pre-certified by the Advisory
Committee, that appear to offer important benefits to the public
and are sufficiently concrete so as to be tested contemporaneously
with the pre-certified systems.*

In early 1992, the Advisory Committee found, based on a review of current technology,
that there were no new concepts "sufficiently concrete so as to be tested contemporaneously with
the pre-certified systems,” and that the five HDTV proponent systems then under consideration
represented the state of available technology.* Later that year, another meeting concluded that a
few recently-proposed systems were not sufficiently developed to be considered further by the
Advisory Committee. This assessment that was ratified by the Special Panel.* .

In 1994-95, at the request of an industry consortium eventually known as the COFDM-
Limited Liability Corporation (“COFDM-LLC”), the Committee reviewed a proposal for an
ATV modem that would operate using coded orthogonal frequency division multiplexing
(“*COFDM™) techniques.”’ The Technical Subgroup established a Certification Experts Group,
nd tasked it to review the COFDM-LLC proposal which, if it were shown to be “demonstrably
superior” to the VSB-based modem already approved as part of the Grand Alliance system,
would be recommended for further evaluation and testing by the Advisory Committee. The

Experts Group found, however, “based on the claimed benefits of COFDM techniques and,

0 MOU at p. 3. See Appendix B.

a Fifth Interim Report of the Advisory Committee on Advanced Television Service

(March 24, 1992).
Special Panel Document No. SP-019 (February 8, 1993).

42

Richard E. Wiley to Advisory Committee Members (February 18, 1994),

o Letters, 1, 1994, and September 15, 1994).

and to Michael J. Sherlock (April 2
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specifically, of the COFDM modem proposed by the COFDM-LLC, as well as the shortcomings
discussed [in the report]”, that “[t]he modem presented by the éOFDM-LLC is not ready for test
at this time,” and “[tJhe COFDM-LLC did not demonstrate the superiority of COFDM over VSB
for the majority of markets.”™*

H. Final Technical Report

As noted above, the Advisory Committee’s Technical Subgroup adopted a Final
Technical Report for the Advisory Committee on October 31, 1995.* Based on Advisory
Committee-approved specifications and thorough laboratory and field testing of the prototype
ATV system as designed and constructed by the Digital HDTV Grand Alliance, the Technical
Subgroup found that: (1) the Grand Alliance system meets the Committee’s performance
objectives and is better than any of the four original digital ATV systems; (2) the Grand Alliance
system is superior to any known alternative system; and (3) the ATSC Digital Television
Standard.* based on the Advisory Committee design specifications and Grand Alliance system,
fulfills the requirements for the U.S. ATV broadcasting standard. Thus, the Subgroup

recommended that the ATSC standard be adopted as the U.S. ATV broadcasting standard.

-

fication Experts Group at p. 4 (August 8, 1995). Attached at

rti
“ Report of the Ce be developed for use in Europe and Asia.

Appendix J. COFDM technology continues to

as Attached at Appendix F.
“ Attached at Appendix K.
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[II.  RECOMMENDATIONS OF THE ADVISORY COMMITTEE

The Advisory Committee hereby adopts the findings of the Technical Subgroup.
Specifically, the Grand Alliance system meets the Committee’s performance objectives and is
better than any of the four original digital ATV systems; the Grand Alliance system is superior to
any known alternative system; and the ATSC Digital Television Standard, based on the Advisory
Committee design specifications and Grand Alliance system, fulfills the requirements for the
U.S. ATV broadcasting standard.

Accordingly, the Advisory Committee on Advanced Television Service recommends that
the Federal Communications Commission adopt the ATSC Digital Television Standard as the
U.S. standard for ATV broadcasting.

Although this standard, in accordance with the limited mandate of the Advisory
Committee. is recommended for terrestrial ATV broadcasting, the Committee believes that it is
perable with other video delivery media and imaging systems, including cable

suitably intero

television, direct broadcast satellite, and computer systems. The extent to which various features

and applications of the standard are allowed or required to be applied to alternative media must

be left to the discretion of the FCC as part of its deliberations in the ongoing rulemaking

proceeding.

In addition, other ATV regulatory issues, including some previously addressed by the
Advisory Committee (.8 broadcasting allotment and assignment planning), are also being
Adwvi - A
rectly by the F CC. For example, the Committee worked at length on broadcasting

ues but, more recently, the FCC requested that the

addressed di

allotment and assignment planning 1ss
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Committee discontinue its efforts in deference to the rule making proceeding. Additionally, the
Technical Subgroup has recommended that the Commission require that receivers (and set-top
boxes designed to receive ATV broadcasts for display on NTSC sets) be able to receive

adequately all ATV formats. This issue now is being addressed in the FCC’s rule making.*’

IV. CONCLUDING REMARKS

The Advisory Committee is indebted to the hundreds of companies, entities, and
individuals which have been involved in this entire project. Their cooperative and productive
efforts have made a great contribution to the advancement of the video medium in this country
and the rest of the world. The Committee also is grateful for the continuous oversight, guidance
and support provided by the FCC, particularly the four Chairmen with which the Committee has
been honored to work, and the staffs of the Mass Media Bureau, Office of Engineering and

Technology, and Office of Plans and Policy.
Respectfully submitted,

FCC ADVISORY COMMITTEE ON
ADVANCED TELEVISION SERVICE

November 28, 1995

tice of Proposed Rule Making and Third Notice of Inquiry in

o ther No
Fourth Furthe 315, 60 Fed. Reg. 42,130 (August 15, 1995).
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FEDERAL COMMUNICATIOINS
COMMISSION

Formation of Advisory Commitiee on
Advanced Television Service and
. Announcement of First Meeting

The Federal Communications
Commission has established an
advisory committee to assist the
Commission in consicering the issues
surrounding the introduction of g
advanced television service in the
United States. The committee is
expected to advise the Commission on
the facts and circumstances regarding
advanced television systems and to
tecommend policies, standards, and
regulations that could accommodate the
orderly and timely introduction of
advanced television service. The charter
for the committee is attached.

The first meeting of the Advisory
Committee on Advanced Television
Service will be held on November 17,
1887, in the Commision Meeting Room.
Room 858, 1919 M Street. NW.,
Washington, D.C. The meeting will start
at 2:00 P.M. All interested parties are
invited to attend.

The agenda for the first meeting will
consist of:

1. FCC Chairman's Remarks:

2. Administrative Matters:

3. Committee Charter:

4. Committee Work Plun—
Schedule

Discussion and Approval:

5. Designation of Subsequent Meetings:
8. Concluding Remarks.

Any questions regarding this meeting
should be directed to Mr. William
Hassinger at (202) 832-8460 or Mr.
Victor Tawil at (202) 853-8162.

Charter for Advisory Committes on
Advanced Television Service

A. The Committee’s Official Designation

Advisory Committee on Advanced
Television Service

The Advisory Committee will have no
more than twenty-five members and will
function as a Parent Committee. These
members will be chosen by the
Commission so as to obtain diverse and
representative viewpoints. The
Advisory committee Chairman will
direct the activities of the Committee
and Subcommittees and will receive
guidance, advice and instructions from
the Chairman of the Federal
Communications Commission.

B. Name of Subsommittee(s) '

Three Subcommittees: Planning
Subcommittee, Systems Subcommittee.
Implementation Subcommilttee.

———
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Membership of Subcommittees will be
open o all interested parties.

C Committee’s Objectives and Scope of
its Activity
Parent Committee

Objective: The Committee will advise
the Federal communications
Commission on the facts and
ircumstances regarding advanced
televsion systems for Commission
consideration of the technical and public
poliey issue. In the event that the
Commission decides that adoption of
some form of advanced broadcast
television is in the public interest, the
Committee would also recommend
policies, standards and regulations that
would facilitate the orderly and timely
introduction of advanced television
services in the United States.

Scope of activity: All steps necessary
to assemble information, analyze
information. deliberate upon appropriate
policies and actions, and develop
recommendations regarding the
introduction of terrestrial advanced
television service. Includes technical,
economic, legal and regulatory issues.

Planning Subcommittee

Objective: To plan the attributes of
advanced television service in the
United States.

Scope of Activity: All steps necessary
to provide advice on desired features of
terrestrial advanced television service.

(a) Define the desirable
characteristics of advanced television
service; for example, In terms such as
picture quality, population served. costs
to broadcaster/consumer/
manufacturers, relationship to existing
broadcast service, relationship to non-
broadcast services.

(b) Review the technical planning
factors for the existing television service
and recommend planning factors for
advanced television service. including
consideration of factors such as
coverage area, quality of service,
frequency reuse criteria, receiver
quality, spectrum allocations.

Systems Subcommittee

Objective: To specify the
transmission/reception facilities
appropriate for providing advanced
television service in the United States.

Scope of Activity: All steps necessary
to provide advice on the parameters of
systems to provide terrestrial advanced
television service.

(&) Evaluate, on technical and
economic bases, advanced television
systems now under development for the
purpose of determining feasibility for
implementation in the United States.

(b) Recommend advanced television
system(s) now under developmeal a8
candidate(s) for implementation. or
specify the design of an appropriate
system.

{c) Advise on the appropriate
transmission/reception technicsal
standards and spectrum requirements
for the recommended system(s).

Implementation Subcommittee

Objective: To establish a scheme for
implementation of advanced television
servi. in the United States.

Scope of Activity: All steps necessary
to provide advice on policies,
regulations and standards for
implementation of terrestrial advanced
television service.

(a) Develop a transition scheme for
implementation of advanced television
service in the United States.

(b) Recommend appropriate FCC
policies and regulations to oversee
implementation of advanced television
service and develop guidelines for
industry activities.

D. Period of Time Necessary for the
Committee To Carry out its Purposes

An initial written report containing
recommendations of the Committee on
fundamental parameters and spectrum
requirements must be submitted by 8
months from the date of the first
meeling.

E. Official to Whom the Commilttee
Reports

: The Chairman of the Federal
Communication Commission.

F. Agency Responsible for Providing
Necessary Support for the Committee

The Federal Communications
Commission will furnish necessary
administrative support, including
facilities needed for conducting
meelings of the Committee.

G. Description of Duties for Which the
Committee is Responsible

The duties of the Committee and its
Subcommittees will be to assemble
information. to conduct deliberations
and to prepare and submit
recommendations appropriate 1o the

attainment of the objectives list
e bj sted under

H. Estimated Annual roti ]
Dollars and Person Ye(t)rpr: i ol

The estimated operati t
$10.000 for the FCC. E:tl:lsnm ;;:.oo-

years are 3.0 for the FCC and 25.0 for
non-government participants.

I. Estimated Number and Frequeacy
Cemmitiee Meelings

The Committee will meel three tine
per year or at such intervals as the
Committee decides. Subcommilioss in
expected to meet on a monthly basi
until completion of their tasks.

J. Commiltee’s Terminotion Dale
The Committee will terminate

September 30, 1989,

Federal Communications Commission

Willlam |. Tricarico,

Secretary.

[FR Doc. 87-24147 Flled 10-15-&7; &4

LN COOE §7T2-41-4
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The Federal Cammmnications Cammission ("FOC"), the Advisory
Camittee on Advanced Television Service ("Advisory Cammittee"),
and the ATV testing laboratories [the Advanced Television Test
Center, Inc. ("ATTC"), Cable Television Laboratories, Inc.
("Cablelabs") and the Canadian Conmmications Research Centre
("cRc") 1] are engaged in a collaborative effort to bring about the
implementation of advanced television ("ATV") service for the
American public.

Three years ago, the FCC in comjunction with industry,
launched a camprehensive plan to establish advanced television
service. 'meo:nnisai‘m’sprimrygoalinth.m;mmdi:gisto
ensure the development of a technically excellent ATV service that
will most efficiently meet the needs of terrestrial broadcasters,
receiver manufacturers, cable television operators and, most
important, consumers. As the Advisory Camittes enters the active
testirq;hu.otitlpmgrmfarmlmtm;mmm
systems, we cbserve that substantial progress has already been made
toward making the selection of a standard for advanced television
service. The efforts of the Advisory Camittee, the testing

1 this particular effort, CRC is joined by the
Canadian azlgukzsti.rq Corporation, the Canadian Department of
Camamications, Leitch Video Internaticnal and Telesat Canada.




laboratories, and other industry parties have significantly

advanced the Commission's ability to assess the merits of amw

technical designs. In addition, system designers have made l

advancements in developing new technical schemes for Cransmiceis.

ATV service.

The Commission has stated that it intends to complete actin i
on this project as promptly as possible. This cbjective is a |
considerable undertaking that POses a number of formidable
challenges. The FCC's stated intention is to select an ATV
standard by the second quarter of 1993. The Successful, on-time
accomplishment of all of the tasks of the ATV project will requin
hard work, dedication, and Cooperation on the part of all of this

|
involved. To this end, the undersigned parties agree to resolve |
|

any disagreements or contingencies that may arise in a prompt and
Cooperative manner.

In order to meet these challenges and accomplish our goals,
the Commission, the Advisory Committee, and the testing
laboratories will continue to work together to complete, in a
timely manner, the major tasks undertaken by each. This

memorandum of understan’ding describes the role and activities of

each of these Parties in this Process,.

Icg

The FCC, consistent with its policy-—mking and other

.‘.“--'b“. = -;‘\ - -
r?il_bon{'i@i%ft_ﬁi_eg,"_:'ﬁ_l;?‘cqmtnue tO review the Advisory Committee"
testing pi: e

£ 5 | Plan-'-' and procedures, including the Plans and procedures
for field testing. The

FCC will assist the Advisory Committee ol




tesﬁ.nglaburatoriesintlntestimp:m. This will include on-
siteob.ervusarﬂparticipantsarﬂparticipatimmthn'emert
viewer panel." The FCC will contribute, as feasible, staff and
mobile monitoring facilities for field testing. The FOC will also
take all necessary steps, including the development of anmalytic
tools,toprq:nmanallmtablearﬂ/ormigrmtplmfarmv
charmels. This will ensure that channels are available for ATV

service in a timely manner.

Advisory Committese

The Advisory Cammittee will continue to refine the testing
plans and procedures, including finalizing the data reporting
formats and developing the plans and procedures for field testing.
Through its oversight and direction, the Advisory Committee will
continue to work with ATTC, Cablelabs, and CRC to seek to carry ocut
the established procedures within the established deadlines. The
Advisory Comittee will also continue to wark with ATV system
proponents to ensure the timely delivery of systems for testing.
The Adviscory Comnittee will continue to maintain close coordination
ummmmmmummmw
and periodic meetings with the FOC Chairman.

The Adviscry Camittee will develcp a plan for reviewing new
technical advancements in the state of the art, not already
provided by the ATV systems pre-certified by the Advisary
committee, that appear to offer important benefits to the public
mmmtﬁcimtlycaautasoutohnwcammaﬂy
with the pre-certified systems. Accordingly, it will prepare a




report and recommendation to the Commission by early 13992, on |
whether any of these new developments should be tested and the
impact such additional testing would have on the test schedule.
Subject to the provisions of this memorandum of
understanding, the Advisory Committee will complete all of its

work and submit its final report to the Commission by Septembe:

30, 1992.

Iasting lLaboratoriass

ATTC and CableLabs will make all reasonable efforts to carry
out their laboratory testing activities (which do not include fiel
testing) consistent with the Plans and procedures established oy
the Advisory Committee and will coordinate with the CRC to seekt
ensure the continuity and integrity of the ATV testing prograa.
ATTC and CableLabs, in cooperation with the Advisory Committee
Chairman, will maintain fegular c -tact with the Commission and it
staff. Results of tests performed by ATTC and Cablelabs will b¢
provided to the Commission on a Prompt and regqular basis.

Consistent with the above, ATTC and CableLabs will seek to
énsure that testing of Proponents' systems certified for testin®
the Advisory Committee begins in A timely manner and is complet®

SO as to permit the Advisory Committee to deliver its final reper
to the FCC on time.

In summary, the €ssential intent of this agreement is to

ensure that the research and work Necessary for introducing ATV

service to the American public is developed in a cooperative and

efficient manner,

and is not intended to Create any obligations ¢




non-signatories or to alter in any way the obligations between ATTC

cﬂ&w&a. :

Sikes, Chairman Richard E. Wiley, Chairgan
FCC Advisory Committee

and Cablelabs.

i _
o) QMU i
Joel Chasgpdn, Chairman Richard R. Green, President
Advanced Television Test Cable Television
Center, Inc. Laboratories, Inc.

Date: ﬂounh_. lq,: 1940
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Advisory Committee on Advanced Television Service

Chairman
Richard E. Wiley, Wiley, Rein & Fielding

Members
Frank Biondi, Viacom International, Inc.
Joel Chaseman, Chaseman Enterprises International
Joseph Collins, American T.V. & Comm. Corp.
William Connolly
Martin Davis, Wellspring Associates, Inc.
Irwin Dorros
James C. Dowdle, Tribune Broadcasting Co.
Ervin S. Duggan, PBS
Joseph Flaherty, CBS, Inc.
Samuel Fuller, Digital Equipment Corporation
Stanley S. Hubbard, Hubbard Broadcasting
James Kennedy, Cox Enterprises
James C. McKinney, Advanced Television Systems Committee
Craig Mundie, Microsoft Corporation
Thomas S. Murphy, Capital Cities/ABC Inc.
Rupert Murdoch, Fox, Inc.
Jerry K. Pearlman, Zenith Electronics Corporation
F. Jack Pluckhahn, Quasar
Ward Quaal, The Ward L. Quaal Company
Richard D. Roberts, TeleCable Corporation
Burton Staniar, The Knoll Group
James Tietjen, SRI International
Laurence Tisch, CBS, Inc.
Robert Wright, NBC

Ex officio (non-voting) Members
Peter Bingham, Philips Laboratories
Wendell Bailey, National Cable Television Association

Henry L. Baumann, National Association of Broadcasters
Joseph Donahue, Thomson Consumer Electronics, Inc.
Brenda L. Fox, Dow, Lohnes & Albertson

Richard Friedland, General Instrument Corporation
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Advisory Committee Staff Structure

Parent Committee

Planning Subcommittee

PS/WP-1 Technology Attributes and Assessment
PS/WP-2 Testing and Evaluation Specifications

PS/WP-3 Spectrum Utilization and Alternatives
PS/WP-4 Alternative Media Technology and Broadcast Interface
PS/WP-5 Economic Factors and Market Penetration

PS/WP-6 Systems Subjective Assessment
PS/WP-7 Audience Research

PS/AG-1 Creative Issues

PS/AG-2 Consumer/Trade Issues

Systems Subcommittee

SS/WP-1 Systems Analysis

SS/WP-2 System Evaluation and Testing
SS/WP-3 Economic Assessment
SS/WP-4 System Standards

Implementation Subcommittee

IS/WP-1 Policy and Regulation
IS/WP-2 Transition Scenarios

Field Test Technical Oversight Committee

-

Special Panel

Technical Subgroup

Experts Group on Scanning Formats / Compression
Experts Group on Audio

Experts Group on Transport k.

Joint Experts Group on Interoperability

Experts Group on Transmission

Experts Group on Cost Factors

Experts Group on Certification
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Advisory Committee
on Advanced Television Service

FOR IMMEDIATE RELEASE: May 24, 1993

HDTYV "Grand Alliance" Proposal

Wil nside FCC Advi mmi
Washington, D.C, The Federal Communications Commission’s Advisory Committee on
Advanced Television Service (established by the Commission in 1987) will review a single
digital high definition television (HDTV) system proposed today by a "Grand Alliance" of
entities that, until now, had sponsored the four remaining competitive HDTV systems.
These entities (AT&T, the David Sarnoff Research Center, General Instrument,
Massachusetts Institute of Technology (MIT), North American Philips, Thomson Consumer

Electronics, and Zenith Electronics) today reached a business and technical agreement and

submitted to the Committee a merged system proposal.

The proposed system, if recommended by the Advisory Committee and adopted by
the FCC, could place the U.S. in the forefront of high definition video technology. An all-

digital standard, which would facilitate interoperability among broadcasting, cable,

computer, and telecommunicatiofns technologies, has worldwide potential.

Advisory Committee Chairman Richard E. Wiley, who had encouraged the complex

negotiations leading to the agreement, said " believe the Grand Alliance proposal, subject

to Advisory Committee and ultimate FCC approval, will help to conclude a process that has

fostered the development of highly advanced digital HDTV technology. The members of

the Alliance should be commended for their accomplishments." Wiley added that the

benefits of the Grand Alliance include development of a digital system incorporating the

R e




k

best elements of the four systems and acceleration of HDTV service implementation. Ty

FCC'’s Advisory Committee endorsed the Alliance concept at a meeting in February.
Important aspects of the Grand Alliance technical proposal submitted today inché: J|
the employment of progressive scan transmission (where entire picture frames are
transmitted sequentially) and the use of so-called "square pixels" (where the dots ona
television screen are arranged in equally spaced rows and columns). Both of these desi
aspects are important for the interoperability of HDTV with computers,
telecommunications, and other media and applications. Interlaced scan transmission (&
deployed in today’s TV systems) would also be accommodated in the initial deployment’
Specifically, the proponents agree that all large-screen HDTV receivers (34 inchess
diagonal and above) will incorporate a 60 frame per second 787.5 line or higher progress®
scan display mode. Progressive display would be optional initially for smaller screen
receivers. The proponents also concur that all transmission of film material will be in3
progressive scan format beginning immediately upon the commencement of HDTV semict

Finally, the Grand Alliance proponents unanimously endorse the objective of migrating ¥

standard to a high line number (i.e. thousand-line plus) progressive scan transmission, &

soon as feasible, and will work together to eliminate interlaced scanning format from th

transmission path in the future,

et : merged
aptive processing. Moreover, to promote System flexibility and extensibility, the merE

te i ioriti
system also will feature a prioritized, packetized data transport structure. Additionally, %

1 scan
Ml’rbeliemthatadigital i exclusively
g at a digita v:deobmadcaststandardthu ively utilizes progressive
transmission, ﬁ-omthcbeglnm.ng,lsmthcbcstintere.sts of the United States.

L

A



Grand Alliance entities agree to support the Alliance’s proposed HDTV compression
system in the International Standards Organization as the MPEG-2 HDTV profile.

Over the next few weeks, Advisory Committee participants will review the technical
merits of the Grand Alliance proposal, which includes procedures for deciding on a few
remaining component designs based on the results of specific tests. Various subgroups of
the Advisory Committee will work with the Grand Alliance members as their merged
system concept is finalized and, eventually, will oversee the testing of the completed system.
Based on the results of those tests, the Committee may recommend the system to the FCC

as the basis for a high definition television standard for our country. The FCC, of course,

has the ultimate authority to adopt transmission standards.




Appendix F.

Final Technical Report




FINAL TECHNICAL REPORT

Federal Communications Commission

mmittee on Advanced Television Service

October 31, 1995

Advisory Co




Final Technical Report 31 Oct 95
FINAL TECHNICAL REPORT
Table of Contents

LIST OF FIGURES i
LIST OF TABLES i
1. INTRODUCTION.....ccoorrssannnsns : o’ A
2. SCANNING FORMATS .....ccconienens b 1
2.1. Resolution 1
2.1.1. Static Luminance Resolution 2
2.1.2. Static Chrominance Resolution 2
2.1.3. Dynamic Luminance Resolution 3
2.1.4. Dynamic Chrominance Resolution 3
2.2. Format Conversion 4
3. COMPRESSION....ccovmssssinssranssssssssanssnansssnensssasiss 5
3.1. Video 5
3.2. Audio 9
312.1. Audio and Long Form Entertainment Tests 9
3.2.2. Dual Stream Audio 10
3.2.3. References 11
4. TRANSPORT ..cccvvannnnnns eebesassasasnnssunnns 11
4.1. Switching Between Compressed Data Streams 11
4.2. Header/Descriptor Robustness 11
4.3, Compression and Transport Layer Interoperability 1
4.3.1, Syntactic and Semantic Compliance of the ATV Bit Stream 11
4.3.2. Interoperability with ATM Nt_:tworks 11§

4.3.3. Multiple Ancillary Data Services
1.4. Audio/Video/Captioning Latency 1::
4.4.1. Absolute Latency :3

4.4.2. Relative Latencies
14
5. TRANSMISSION ..oconmsummsanssnssnsansanssssss®
i 14
5.1. Spectrum Utilization .
5.1.1. Introduction e
5.1.2. Accommodation Percentage =
5.1.3. Service Area o -
51.3.1. Service Area s ooy

5.1.3.2. Comparison with Four Original Digital Systems 17

5.1.4. Summary of Spectrum UﬁlizaﬁonFindmgs 18

e




. ical n
31 Oct 95 Final Technical Repo —

5.2. Transmission Robustness

5.2.1. Random RF Noise Performance I
5.2.2. Static Multipath

5.2.3. Flutter

5.2.4. Impulse Noise (Burst Error)
5.2.5. Discrete Frequency Interference
5.2.6. Co-channel Interference into ATV !
5.2.7. Co-channel Interference into NTSC
5.2.8. Adjacent-Channel Interference 3

5.2.9. Taboo Interference 1
5.2.10. Peak-to-Average Power »
5.2.11. Threshold Characteristics 4}
5.2.12, Cable Transmission 0
5.2.12.1. Composite Second Order 1
5.2.12.2. Composite Triple Beat 3
5.2.12.3. Phase Noise 3
5.2.12.4. Residual FM B
5.2.12.5. Fiber Optics B
5.2.12.6. Channel Change and Channel Acquisition U
5.2.12.7. Multiple Impairment — Second Order vs. Noise i1
5.2.12.8. Multiple Impairment — Third Order vs. Noise U
5.2.12.9. Multiple Impairment — Phase Noise vs. Noise 2}
5.2.12.10. Multiple Impairment — Residual FM vs. Noise %
5.2.12.11. Local Oscillator Instability %
5.2.12.12. Minimum Isolation between Receivers )
5.2.12.13. Effect of High Level Sweep ]
5.2.12.14. Hum Modulation 4]
3.2.13. Summary of Transmission Robustness Findings n
5.3. Field Test ]
e e T L . - L

List of Figures

Figure 3.1 Quality of the Digital HDTV Grand Alliance system and the four original digital

systems compared with the 1125 line studio quality reference. Y
Figure 3.2 Quality of the Digital HDTV G i :
with the 1125-line studio quality referer::: " an A A T !

service area of each *f“' station relative to the interference-
3djacent-channel conm.illts), HF uenlrio. co-channel and

— i —




Final Technical Report 31 Oct 95

List of Tables

Table 2.1 ATV system scanning formats, 1
Table 2.2 Target specifications for resolution. 2
Table 2.3 Resolution of the Digital HDTV Grand Alliance system. 3
Table 2.4 Scan conversion quality of the Digital HDTV Grand Alliance system. S
Table 3.1 Quality of the Digital HDTV Grand Alliance system measured by non-expert viewers. 5
Table 3.2 Quality of the Digital HDTV Grand Alliance system measured by expert observers. 8
Table 3.3 ATV subjective andio and long form entertainment tests. 10
Table 4.1 Interoperability and Packetization Target Specifications. 1
Table 4.2 Relative latencies of the Digital HDTV Grand Alliance system. 14
Table 5.1 System-specific planning factors for Grand Alliance prototype (D/U in dB). 15
Table 5.2 Aggregate population statistics for Grand Alliance prototype (VHF/UHF scenario, co-

channel, adjacent-channel, and taboo constraints). 16
Table 5.3 NTSC population statistics for Grand Alliance prototype (VHF/UHF scenario, co-

channel, adjacent-channel, and taboo constraints). 16
Table 5.4 Interference statistics for Grand Alliance prototype (VHF/UHF scenario, co-channel

and adjacent-channel constraints). 18
Table 5.5 Random RF noise performance of Grand Alliance prototype. 20
Table 5.6 Discrete frequency interference performance of the Grand Alliance prototype. 20
Table 5.7 Taboo interference performance of Grand Alliance prototype. 22
Table 5.8 Peak-to-average power for the Grand Alliance prototype. 22
Table 5.9 Cable television tests performed on the Grand Alliance prototype. 25
Table 5.10 High data rate cable television tests peﬁomed on the Grand Alliance prototype. 26




Final Technical Report ' 31 Oct 95

FINAL TECHNICAL REPORT

;A INTRODUCTION

- This is the final technical report of the Advisory Committee on Advanced Television
Service. It was prepared by the Advisory Committee’s Technical Subgroup, and is presented as

the pdm @pendix tq the Advisory Committee’s November 1995 final report to the Federal
Communications Commission.

Thls final tec!uncal report is primarily a report and analysis of extensive tests conducted by
the Advisory Committee on the ATV system proposed by the Digital HDTV Grand Alliance. It
also contains comparisons of the Grand Alliance system with the four original digital systems
previously tested by the Advisory Committee. Organized in accordance with the four principal
subsystems of the Grand Alliance system, this report addresses scanning formats, compression
(video and audio), transport, and transmission (spectrum utilization and transmission robustness).
Finally, and based on the information in this report, the conclusions of the Technical Subgroup are
presented for the Advisory Committee’s consideration.

2. SCANNING FORMATS

Scanning formats supported by the ATV system are shown in Table 2.1. In the table, 601
means 60 Hz interlaced scanning, 60P means 60 Hz progressive scanning, 30P means 30 Hz
progressive scanning, and 24P means 24 Hz progressive scanning. These rates can be the stated
integer value, or 1000/1001 times the integer value (e.g., 59.94 Hz). The Digital HDTV Grand
Alliance System prototype was designed before the 480-line formats were included in the ATV
system specification, and supports only the high definition ATV formats, i.e., the 1080 x 1920 and
720 x 1280 formats.

Table 2.1 ATV system scanning formats.

Vertical Lines | Horizontal Pixels | Aspect Ratio Picture Rate
1080 1920 16:9 601 30P | 24P
720 . 1280 16:9 60P | 30P | 24P
480 704 16:9 | 4:3 | 60I | 60P | 30P | 24P
480 640 4:3 || 601 | 60P | 30P | 24P
2.1. RESOLUTION

During testing, measurements were made to determine how the resolution of the Digital
HDTV Grand Alliance System compared with the target specifications. Had data been available
from the four original digital systems, target specifications would have COR RN I T
of the Best ” Data from the previous systems were not given in the Advisory Qo'mm{“ee’s “:;;0“
u dation,” however, because of apparent irregularities in the data.

ATV System Recommen o, n Expert Group, in order to establish target

Therefore, the Scanning Formats / Compresg.io : ; tary
specifications for resolution, assumed that an interlaced scanning sy§tem should deliver hmJt.!ng
vertical resolution equal to 65 % of the number of active scanning lines, and that a progressive

el P
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The Expert Group assumed that horizontal rmolmic,ﬂWMbe

limited to about 80 % of the number of active _samplcs because of ﬁlte]nng, and that lhe diagny
resolution would be the vector sum of the hpnzontal fmd vertical reso ut;on D)mmu: resoly
was assumed to be about 80 % of the static resolution. In the case of an mwlwed ‘
resolution under motion, the picture w?ll t?kc o(n the ch;:lm i

ssively scanned system with half the number of scanning lines (L., vertical resohtioy ¢
I;gc;%liebicoges 540P usgder motion). The chrominance resolution of the Grand Alliance Sy
because it is based on the MPEG-2 Main Profile, should be half the luminance resolution in b
the horizontal and vertical directions. These assumptions give nse 1o the_ target specificati
shown in Table 2.2. Note that all values are expressed as cycles per active picture height |
should be further noted that these target specifications were genct_"atcd on the assumption that e
video compression is transparent (i.e., the target specifications estimate the rcsolunon_ of the inpu
to the system and assume that there will be no measurable loss due to video compression)

scan system should deliver 90 %.

system, for vertical

Table 2.2 Target specifications for resolution.

1080 x 1920 720 x 1280
Horizontal | Vertical | Diagonal | Horizontal | Vertical | Diagonal
Static Luma (c/aph) 430 350 550 290 325 435
Static Chroma (c/aph) 215 175 275 145 160 215
Dynamic Luma (c/aph) 345 195* 395+ 230 260 345
Dynamic Chroma (c/aph) 170 95¢ 195* 115 130 170

* Because of error calculating dynamic vertical resolution with interlaced scanning, the following values
have been replaced: 195 replaced 280, 395 replaced 440, 95 replaced 140, and 195 replaced 220

Static resolution was measured using an electronic circular zone plate. Dynamic resolution
was measured using an electronic radial resolution pattern that was held stationary and rotated
0.5, 1.5, and 5.0 revolutions per minute.

‘Table 2.3 gives a summary of the measurements and the target specifications. Dynamic
resolution is shown only at the maximum rotation rate, 5.0 rpm. In all cases, the lowest dynamic
resolution was measured at this rotation rate. At lower rotation rates, the system met, of
exceeded, most target specifications. :

2441. Static Luminance Resolution

For the 10801 format, static luminance resolution exceeded the target specification for
both horizontal and vertical resolution, but missed the target for diagonal resolution by 2 %

~ For the 7_20P fomt, static luminance resolution exceeded the target specification for
horizontal resolution, but missed by 15 % for vertical resolution and 8 % for diagonal resolution

21.2. Static Chrominance Resolution

For the 10801 format, static chrominance resolution exceeded the target specification for

?;rzt?t?:;a: resolution, but missed the target by 20 % for vertical resolution and 5 % for diagonsl
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For the 720P format, static chrominance resoluti )
: : : ce resolution exceed
vertical, and diagonal resolution. olution ed the target for horizontal,

Table 2.3 Resolution of the Digital HDTV Grand Alliance system.
Target Specification | Measured Value | Comments

1080 x 1920 I o[BGl V| i
Static Resolution, Luma (c/aph) 430 | 350 | 550 | 460 [ 400 | 540 | SeeNote1l
Static Resolution , Chroma (c/aph) 215 | 175 | 275 | 250 | 140 | 260 | SeeNote2

Dynamic Resolution, 5.0 rpm, Luma (c/aph) 345 195 | 395 | 500 [ 200 | 540
Dynamic Resolution, 5.0 rpm, Chroma (c/aph) | 170 95 195 [ 135 | 100 | 135 | See Note 3

Target Specification | Measured Value | Comments

720 x 1280 H vV D H \4 D
Static Resolution, Luma (c/aph) 290 325 | 435 | 320 | 275 | 400 | See Note4
Static Resolution , Chroma (c/aph) 145 160 | 215 | 180 | 180 | 230

Dynamic Resolution, 5.0 rpm, Luma (c/aph) 230 | 260 | 345 [ 300 | 210 | 360 | SeeNotes
Dynamic Resolution, 5.0 rpm, Chroma (c/aph) | 115 | 130 | 170 [ 170 | 160 | 183

Note 1: The difference between the target specification and the measured value for diagonal resolution is
within the range of measurement error likely in the test procedure.

Note 2: To avoid smearing in horizontal motion, the Grand Alliance prototype employed field-based, rather
than frame-based, vertical chroma decimation. Target specifications for vertical and diagonal do not
account for this.

Note 3: To process material rotating at 5.0 rpm, coarse coefficient quantization is necessary, particularly in
chroma. Performance of horizontal resolution is better than specification at lower rotational velocities.

Note 4: The target specification for vertical resolution assumes a limiting vertical resolution of 90 % of the
number of scanning lines. This may be too optimistic an assumption. The specification for diagonal
resolution is partially derived from the vertical resolution.

Note 5: The target specification for vertical resolution is derived from that for static luminance resolution,
which may be too optimistic (see also Note 3).

2.1.3. Dynamic Luminance Resolution

For the 10801 format, the dynamic horizontal and diagonal luminance resolution, at all
rotation speeds, exceeded the target and did not vary. The vertical resolution exceeded the target
at all rotation speeds, although it did decrease at 5.0 rpm.

For the 720P format, the dynamic horizontal and diagonal resolutions, at all rotation
speeds, exceeded the target and did not vary. The vertical resolution exceeded the target at 0.5
rpm, but missed by 8 % at 1.5 rpm and by 19 % at 5.0 rpm.

2.1.4. Dynamic Chrominance Resolution
i 1 i lution exceeded the target at
For the 10801 format, the dynamic vertical chrominance reso -
all rotation speeds. The horizontal resolution exceeded the target at all rotation speeds except 5.0
rpm where it missed by 21 %. The diagonal resolution missed at all speeds by 18 % except for 5.0

rpm where it missed by 31 %.
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For the 720 format, dynamic chrominance resolution exceeded the target at all rotatipy

speeds.

2.2 FORMAT CONVERSION

Tests were run at ATEL to determine the quality lc_sss when a 10801 ‘signal is transmitteq
but displayed on a 720P monitor rather than a 10.801 monitor; and the qua.hq[' loss when a 720p
signal is transmitted, but displayed on a 10801 monitor rather than a 720P monitor. The sequences
that were selected for assessment were ones in which the expert _ qbsewer*_s were able to see
differences. Furthermore, on two of the motion sequences, a more critical portion of the sequence
was used for assessment than was used in the Quality, Basic Material test.

In the case of transmitted 10801 signals, tests were run using two still pictures and four
moving sequences. Of these six sequences, two are considered “‘basic material,” two are
considered “graphics,” and two are considered “noise and cuts.” A weighted average of the target
specification for this combination of sequences, when not using format conversion, is -0.77 grade
The target specification with format conversion is -1.0 grade. The average measured valye
without format conversion (i.e., 10801 was transmitted and displayed as 1080I) was -0.54 grade
The average measured value with format conversion (i.e, 10801 was transmitted and scan
converted in the receiver for display as 720P) was -0.58 grade. The average difference in quality
was 0.04 grade (i.e., scan converting for the 720P display showed a loss of quality of 0.04 grade
compared with the 1080I display).

In the case of transmitted 720P signals, tests were run using one still and six moving
sequences. Of these seven sequences, four are considered “basic material.” one is considered
“graphics”, and two are considered “noise and cuts.” A weighted average of the target
specification for this combination of sequences, when not using format conversion, is -0.6 grade
The target specification with format conversion is -1.0 grade. The average measured value
without format conversion (i.e., 720P was transmitted and displayed as 720P) was -0.51 grade
The average measured value with format conversion (i.e., 720P was transmitted and scan
converted in the receiver for display as 1080I) was -0.69 grade. The average difference in quality

was 0.18 grade (i.e., scan converting for the 10801 display showed a loss of quality of 0.18 grade
compared with the 720P display).

__In both cases, the target specification of less than 10 grade was met. The target
Specl_ﬁcatlon can be viewed in another way. For “basic material,” the target specification allowed
for wdeo_compression (without scan conversion) is 0.3 grade. The target specification for video
compression plus scan conversion is 1.0 grade. This means that 0.7 grade is allowed for quality
loss due to scan conversion. In the case of 720P transmission and scan conversion to 1080L the
average loss was 0.04 grade. In the case of 10801 transmission and scan conversion to 720P, the
average loss was 0.18 gra_de. In both cases, again, the target specification was met. The difference




Target Specification Measured Valu
| : ts
Quality, Receiver Conversion, -
720-lines transmission, < 0.7 Grade 1
e e below non-conversion -0.18 Grade
Quality, Receiver Conversion,
1080-lines transmission, < 0.7 Grade bel i
720-lines display U SINO, Slisgy

Note: Grade is the average over all Sequences tested in each category, not the maximum

3. COMPRESSION

31. VIiDEO

Video compression in the Digital HDTV Grand Alliance System is based on the MPEG-2
Main Profile. To determine the quality after video compression, twenty-six different sequences
were used to test the system. Table 3.1 is a summary of the results. All test categories were well
within the target specification. Recognizing that the target specifications were based on the “Best
of the Best” of the four original digital systems, the Grand Alliance System is clearly the superior
system in both the 10801 mode and the 720P mode.

Table 3.1 Quality of the Digital HDTV Grand
Alliance system measured by non-expert viewers.

Target Specification Measured Value Comments
1080 x 1920 | 720 x 1280
Quality, Basic Material < 0.3 Grade below reference | -0.12 Grade | -0.11 Grade
Quality, Noise & Cuts < 1.0 Grade below reference | -0.40 Grade | -0.50 Grade
Quality, Graphics & NII < 1.0 Grade below reference | -0.06 Grade | -0.04 Grade
Quality, 24 fps Film < (.25 Grade below reference | -0.04 Grade | -0.01 Grade

Note: Grade is the average over all sequences tested in each category, not the maximum

In the first round of testing, the DigiCipher system, across all sequences, was found to be
03 grade lower in quality than the reference (0.3 for stills and 0.3 for motion sequences), DSC-
HDTV was 0.9 grade lower in quality than the reference (0.5 for stills and 1.2 for motion
sequences), AD-HDTV was 0.3 grade lower in quality than the reference (0.3 for stills and .0.3 for
motion sequences), and CCDC was 1.0 grade lower in quality than the reference (0.5 for stills and

1.3 for motion sequences). |
i i all sequences, was 0.15
In the second round of testing, the Grand Alliance System, across al : :
grade lower in quality than the reference in both the 10801 mm.ie (0.0 for stills and 0.2 for motion
sequences) and the 720P mode (0.1 for stills and 0.2 for motion sequences). It should be noted

i i i first round and 16
! f testing, 10 image sequences were retained from the
e fny of which are more critical than those in the first round. The

new sequences were selected, m
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Grand Alliance System performed better than the systems from the first round, despite th

inclusion of the more critical sequences.

In detail, in the 10801 mode, nineteen of the twenty-six sequences were statisticaly
indistinguishable from the reference. For the seven sequences t.h‘at were suustmaﬂy significant, the
average quality loss was 0.4 grade. One sequence, M49 (Picnic with Ants), which consists of ;
central still image with noise encroaching from the sides, is known to be particularly stressful fyr
image compression algorithms. For that sequence, the quality loss was 0.75 grade. In the 720p
mode, twenty-one of the twenty-six sequences were statistically indistinguishable from the
reference. For the five sequences that were statistically significant, the average quality loss was
0.5 grade. Sequence M49 showed a quality loss of 1.3 grades.

Figure 3.1 shows the quality scores for the four original digital systems, and for the Grang
Alliance System in the 720P mode and in the 10801 mode. Only the sequences that were commop
in the two rounds of testing are included in the figure. A list of all sequences, with a bref
statement giving the attributes of each sequence, can be found in the subjective assessment
portion of the laboratory test report.
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The 10801 mode shows Improvemen : : » |
. t over th
round of testing; the 720P mode s er the interlaced scanning systems in the first

hows substantial improvement. The im i
. : provement in the 720P
mode has been attributed to two factors: 1) good performance of the Grand Alliance System in
the jzop mode, and 2) the use of less noisy source material for the six core camera originated
motion sequences.

- —x— GA10801

[+2 Grades] 40

[+1 Grade] 20

e e e i — — ——————— —— — ——— o T T —————— —— — — — — — — — — — . i, e, s, ]

Difference (System - Reference)

S1
ss
S6
s8
89
S14A
M1
M2
M4
M5
MéE
M10
M16A
M35
M36 -
M37
M38
M39
M40
M41
M44
M45
M46
M47
M48
M49

Figure 3.2 Quality of the Digital HDTV Grand Alliance system across all
sequences compared with the 1125-line studio quality reference.

A number of tests were conducted by the expert observers. A summary is shown with ?he
target specifications in Table 3.2. The expert observers found that the video qualit_y of the Digital
HDTV Grand Alliance System was clearly superior to that of any qf the previous proponent
systems, and they said that applies to all types of video tested .. StlH. images, motion sequences,
computer graphics, and film. They did observe some compression artifacts, but only on the most

difficult images. The level of compression artifacts, they said, was significantly lower than for any
previous system. The expert observers, like the non-expert viewers, found the quality of_ the
! des, to be excellent and superior to any of the previous

Grand Alliance System, in both mo } a
systems. They not:d that scene cut performance was much improved over the previous systems.

When noise was introduced into
at low noise levels. At the highest level o
image exhibited much better quality than was
the 720P source, a slight increase in 1mage

the 10801 source, no enhancement of the noise was found
f added noise, an increase in blockiness was seen, but the
observed at POU. When noise was introduced into
artifacts was found. At high levels, there was an
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increase in the blockiness of the image, but the image exhibited much better quality than v,

observed at POU.
Table 3.2 Quality of the Digital HDTV Grand
Alliance system measured by expert observers.
Target Specification Measured Value Comments
1080 x 1920 720 x 1280

Free Form Viewing As good as or better than the Better Better

best previous digital system
Quality, Scene Cuts As good as or better than the Better Better o

best previous digital system
Noise in Video Source [ As good as or better than the Better Better

best previous digital system
Video Coder Overload || As good as or better than the Better Better

best previous digital system
Motion Compensation | As good as or better than the Met expectations Met expectations
Overload best previous digital system
Quality, Video/ 2 (of 10) grades per Mb No degradation up | No degradation up
Auxiliary Data Tradeoff | below reference for film, to and including to and including

4 (of 10) for video 3 Mbps 3 Mbps
Concatenation Quality | As good as or better than the | Met expectations | Met expectations

best previous digital system

. The ?2QP mode_ showed no artifacts in tests for motion-compensated overload with
horizontal, vert!cal, or chagoqal motion up to 0.8 picture heights per second. The 1080 mode
show?d no amf'ac;ts for horizontal motion, but did show increasing quantization noise and
blockiness for vertical and diagonal motion.

_ Thc'*. Grand Alliance has commented that two factors may have contributed to this
difference in performance. First, the frame rate for 720P is greater than that for 10801 (60 frames
per secqnd rather than an effective 30 frames per second) and, in consequence, the time range
over which the search operates is greater for 720P. And, second, the spatial rangf:' of the search is

a fixed number of pixels for both formats and i ing i :
effective search range also is greater - i REIS S Spcing. 1§ oML T, e

capacityT::s e:_cg;lrli czlbts)ervers cc?nflucted tests to see how image quality deteriorated as channel
T re;t y transmutting auxiliary data. They found little or no increase in artifacts &
. e was mcreased to 3 Mbps. At 4 Mbps, the sequence M40 (Dream Team)

ear increase in the visibility of artifacts. The expert observers concluded that care must
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3.2.1. Audio and Long Form Entertainment Tests

_ Following the formation of the Grand Alliance in May 1993 it became necessary to select
specific subsystems to be incorporated into the complete HDTV transmission system to be tested
by the Advisory Committee. Choice of the audio subsystem was one of the first technical
decisions faced by the Grand Alliance. In July 1993 the Grand Alliance, in conjunction with the
Audio Experts Group, cc_'gducted a “Bake-Off” test of four audio codec configurations. The audio
systems tcsthi were Philips/MPEG-2 composite coding at 384 kbps, Dolby AC-3 composite
cod;ﬂg at 2_b{t rates, _384 kbps and 320 kbps, and MIT-AC independent coding at 580 kbps. No
staust_lcal dxsupcuon in audio quality was found among the systems for all but one of the test
matenial selecl:uons and the Philips/MPEG-2 performance was definitively worse than the other
codecs on this selection. Subsequent to testing, Philips claimed that a hardware implementation
ga? was llhe cause of this poor performance. The test results and analysis are contained in

eference 1.

The Grand Alliance selection of Dolby AC-3 at 384 kbps as the audio subsystem was
approved at the October 21, 1993 meeting of the Technical Subgroup. The Philips/MPEG-2
system was approved as the backup subsystem, subject to verification that the hardware
implementation repair made by Philips cured the problem found during the “Bake-Off” test. A
retest of the corrected Philips/MPEG-2 system in December 1993 confirmed that the problem had
been fixed, and that there were no statistical differences among the systems tested. The test results
are contained in Reference 2.

Subjective tests of an improved Dolby AC-3 audio compression encoder, as incorporated
into the Grand Alliance HDTV transmission system tested at the ATTC, were conducted at the
National Cable Television Association in Washington DC, May 8-18, 1995. The audio test
sequences were passed through the entire Grand Alliance system, from audio encoder, through
system multiplexing and transmission modulation, demodulation and demultiplexing, and finally
audio decoding. The primary goal of these tests was to verify that the audio coder used in the
Grand Alliance system was as good as or better than the coder tested in 1993.

The full report of the FCC ACATS SS/WP2 Audio Task Force is contained in Reference
3 but, in summary, it was concluded Ehat:

|. The audio quality of the fully integrated Grand Alliance coder is better than that of the
coder tested in 1993.

The audio quality of the Grand Alliance coder in the multi-channel mode was

indistinguishable from that of the source.

3. The audio quality of the Grand Alliance coder in the_ 5.1 mode with 2 c_hannel
reproduction, while it can be detected by some expert listeners on some audio test
material. is very nearly transparent (better than grade 4.5 on the 5 point impairment
scale).

4 The audio quality of th
transparent (better than gra

(]

e Grand Alliance coder in the 2 channel mode is very nearly
de 4.7 on the 5 point impairment scale).
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ertainment Tests were originally proposed by PS/WP6 (Subjective

The Long Form Ent ; '
Assessmenl:) to gerify that the system could successfully handle program lgngth z{udm "‘Pd video
HDTYV test materials. The test materials consist of two reels. The first reel is 50 minutes in lengrh

i i i i 1 iated stereo and mono audio. The secong

d contains a wide variety of video segments with associat d
?:el (c;::lllta.ins several segments from the film “Hunt for Red Octpber’ with 6 channel surroung.
sound audio and is 23 minutes in length. The Long Form Entertainment Tests were conducted iy

October 1995 and the results are contained in Reference 5.
Table 3.3 contains the results of the Audio and Long Form Entertainment Tests.

Table 3.3 ATV subjective audio and long form entertainment tests,

Target Specification Measured Value | Comments
ATV Multi-channel Audio Subjectively as good as or Better
better than the Grand Alliance/
Audio Experts Group tests
Long Form Entertainment Program || EO&C, no noticeable Met expectations
impairments

. b By 3 Dual Stream Audio

On February 3, 1992 the ATSC Executive Committee approved the release of document
T3/186 that offered guidance to industry on desirable features for digital audio and data services
associated with an Advanced Television service. Conformance with this document was
subsequently incorporated into the FCC ACATS selection criteria for the audio subsystem of the
proposed Grand Alliance HDTV system. One of the attributes recommended in T3/186 was the
capability to decode two audio bit streams simultaneously to allow visually impaired services,
voice-overs, multiple languages and other services to be combined with a main audio service in a
receiver. This dual stream audio capability requires two audio decoders in the receiver or at least
the ability of a single decoder to handle two independent bit streams simultaneously. The need for
all receivers to have dual stream audio capability was challenged and the Audio and Transport

E?erts Groups were requested to make a recommendation to the Technical Subgroup on the
subject.

On May 16, 1995 a joint open meeting of the Audio and Transport Experts Groups was
held to discuss and analyze the dual stream audio issue and a recommendation resulting from that
meeting, that dual stream audio should be optional, was made to the Technical Subgroup on May
18, 1995. The Technical Subgroup was unable to approve the recommendation at that meeting

and the Experts Groups were requested to produce a white pa :
i i er on dual dio that also
explained the rationale behind the recommendation. i oS o g

The paper was completed as a joint effort by members of the two Experts Groups and

presented to the Technical Subgroup by Jim Gaspar, Chair of t : %
July 1.9, 1995 meeting. The paper and the r par, of the Audio Experts Group, at :

— 10—
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4, TRANSPORT

A number of tests were Qerformed to examine the Grand Alliance prototype's ability to
perform ‘hf-' transport layer functions prescribed by the ATSC Digital Television Standard. The
target specifications list four tests as demonstrations, as shown in Table 4.1.

Table 4.1 Interoperability and Packetization Target Specifications.

Target Specification
Header/Descriptor Robustness De;mnstration only
Switching between Compressed Data Streams Demonstration only
Simulation of ATM Network Transmission Demonstration only
Transport Interoperability with Computer Networks Demonstration only

41. SWITCHING BETWEEN COMPRESSED DATA STREAMS

The Grand Alliance conducted a laboratory demonstration indicating the practicality of
decoding video from a bit stream created by concatenating various video elementary streams.
Within the range of test material prescribed for this demonstration, the test showed the feasibility

of switching between compressed data streams.

4.2 HEADER/DESCRIPTOR ROBUSTNESS

The Grand Alliance demonstrated that the prototype ATV receiver recovers from loss of
certain header information, as expected, with visible artifacts in the reconstructed video. For this
demonstration, slice headers and picture headers for I, P, and B-frames were ldeliberately
delivered in error. It was observed that for errors on I-frame headers, the wsnblg artxfacts coul.d
affect the entire group of pictures (GOP). For loss of a B-frame header, the subjective impact is
limited to that B-frame only. When a P-frame header is lost, the duration of visible artifacts lies
between the duration for loss of an I-frame header and a B-frame header.

43, COMPRESSION AND TRANSPORT LAYER INTEROPERABILITY
431, Syntactic and semantic Compliance of the ATV Bit Stream

1 i ding system was analyzed
A bit stream recorded at the output of the Grand Alliance enco :
through the use of software specially developed to check for WEG-Z and ATSC syntactic and
semantic compliance. Note that although a great number of bit stream elf:rnents were checked,
practical considcratidns prevented the tests from being absolutely exhaustive. As a result, these

=i
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i i i be completely compliant under )
did not ve that the Grand Alliance encoder would '

::Zs:lisng co?i?ﬁtionr;.fy For instance, coded bit streams were not tested for video formats other thap
720P at 59.94 Hz frame rate, and 10801 at 29.97 Hz frame rate.

A list of the specific bit stream elements tested is beyond the scope of this summary
report; however, for perspective, the following is a summary of the quantities of syntactic and
semantic elements tested:

e 66 elements of the MPEG-2 Systems Standard (ISO/IEC 13818-1)

e 14 elements of the ATSC Digital Television Standard, Annex C, “Service Multiplex
and Transport Systems Characteristics” (ATSC A/53)

e 34 elements of the MPEG-2 Video Standard (ISO/IEC 13818-2)

e 3 elements of the ATSC Digital Television Standard, Annex A, “Video Systems
Characteristics” (ATSC A/53)

Compliance violations were detected in the Program Association Table, the Program Map
Table, the Program Paradigm, in Descriptors, in PES Headers, and in Video Syntax Start Codes
All were considered minor syntactic or semantic violations, and correction of these violations
should be straightforward. These corrections, however, may be critical to receivers’ ability to
decode correctly ATV programs. The detected violations do not represent any impairment in
picture quality or transmission coverage, and thus did not affect any test results in these areas.

Any commercial encoding systems produced for the marketplace must be produced in full
compliance with the overall ATSC Standard.

4.3.2. Interoperability with ATM Networks

The goal of this series of tests was to demonstrate that a 19 Mbps ATV transport bit
stream can be interfaced to, and transported by, an Asynchronous Transfer Mode (ATM)
network. The tests were conducted at the Charlotte, North Carolina field test site utilizing fiber-
based ATM transport facilities provided by Bell South.

[{sing equipment provided by the Grand Alliance, ATV transport data stream packets
were split into ATM-sized payloads and then formed into ATM cells with appropriate ATM
headers and syntax. These were then transmitted via the ATM network, through a single ATM
switch, and returned to the field test site. Here they were converted back into ATV transport

packets. The ATM channel was selected for constant bit rate, which provides minimum timing
errors, or “jitter.” ;

The first of the three tests was designed to verify th i 1
- e basic connection to the ATM
network. A D-3 VTR provided 19 Mbps source data, in ATV transport stream format, but

consisting of pseudo-random data sequences. These w
channel with no bit errors detected. ere successfully passed through the ATM

The second of the tests utilized a D-3 VTR to feed into the ATM network a transport
stream consisting of compressed HDTV pictures and sound. The returned ATM signal was
reconverted to an ATV transport stream and fed to the Grand Alliance 8 VSB n;odl.ﬂator and
then broadcast via the channel 53 transmitter, and also transmitted via cable televisi lﬂm (in
the 16 VSB mode). Error-free reception was achieved at both broadcast and ;ﬁ:::.f;epmgs
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-Thf lttu ;(;Otis:ﬂ involvefi incre.asing the length of the ATM path to a total distance of
approximately r es, and increasing the number of ATM switches in the circuit to six. While
generally successful, at times ATM packet jitter exceeded the buffer capacity of the ATM

receiver, resulting in errors in the decoded picture that were different in appearance from those

caused by typical over-the-air impairments.

In summary, all three tests proved the feasibili i
. ty of carrying the ATV transport stream
over a public carrier’s fiber-based ATM network, but indicated that commercial equlzpment will

need to be designed to cope with packet jitter that arises in more complex ATM network
configurations.

433 Multiple Ancillary Data Services

In order to demonstrate, in a limited fashion, the ability of the Grand Alliance prototype
system to deliver multiple independent programs within a single 6 MHz RF channel, the system
was configured for this test to transmit simultaneously four data channels at bit rates as follows:
4738 Mbps, 5744 Mbps, 3.747 Mbps, and 4.717 Mbps. The transmission channel was
unimpaired, and a strong level signal (-28 dBm) was presented to the receiver. Each of the “sub-
channels” was selected, in turn, for output at the decoder, and each was received error-free.

44, AuDIO/VIDEO/CAPTIONING LATENCY

Because the signal processing in a digital television system has the potential to introduce
varying delays between the audio, video and closed-captioning data signals, tests were performed
on the Grand Alliance prototype system to measure these absolute and relative delays.

441, Absolute Latency

For the 10801 format, the absolute delay for video was 846 ms. For the 720P mode, the
absolute delay for video was 813 ms. These latencies may be of interest to future designers of
interactive television systems utilizing the Grand Alliance system, because these delays set the
lower bound for responsiveness of the system to a user request for a high definition video

sequence.

442, Relative Latencies

For the 10801 format, audio was found to lag the video by 9 - 13 ms, with variations over
this range depending upon the channel examined in the 5. 1-channe1 audio configuration. Such a
lag is not considered to be perceptible to viewers, except in cases of concatenated processing
through a series of ATV encoding systems, through which the audio lag would accumulate. The

Grand Alliance is encouraged to investigate whether this relative delay in audio content can be
reduced through encoding system design changes.

For the 720P format, audio was found to lead the vidgo b}r 2?6 - _40 ms, -varying by chann. el
in the 5 1-channel audio configuration. Such a lead in auc}lo timing 1S nearing the: percepub}e
threshold. but can be expected to be corrected via a relatively inexpensive delay in the audio

signal at the appropriate point in the ATV encoding system.

ioni ioni as found to lead the video by
As to captioning, for the 10801 format, captioning W 0 le
17-33 ms (that :2 by one or two fields), depending upon whether the captioning was presented

T [ o
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to the encoder on Field One or Field Two. Correction of this lead can be expected 1o s
relatively simple matter for future encoder designs. .
For the 720P format, captioning latency essentially matched the video latency, leading e

video by only 1 ms. | oy
Target specifications and measured values for relative latencies are given in Table 42

Table 4.2 Relative latencies of the Digital HDTV Grand Alliance system,

Target Specification Measured Value Comments
1080 x 1920 | 720 x 1280

Video-Audio Relative Latency <15 ms 10.3 ms 384 ms | SeeNote|
Video-Captioning Relative Latency < 100 ms 33 ms 1 ms

Note 1: Relative timing of video and audio is fully programmable. In the prototype system, timing was
not optimized for the 720P mode.

5. TRANSMISSION
5.1. SPECTRUM UTILIZATION
5.1.1. Introduction
The Advisory Committee on Advanced Television Service considered two cntena for
spectrum utilization — accommodation percentage and service area. “Accommodation

percentage” specifies the fraction of existing NTSC television stations that could be assigned an
ATV channel. “Service area” refers to the interference-limited coverage area of new ATV
stations. The methodology for calculating the results of the analyses of these criteria was
described in Chapter 8 of the “ATV System Recommendation” adopted by the Advisory
Committee on February 24, 1993.

5.1.2 Accommodation Percentage

. Allotment studies were undertaken based on the results of laboratory testing of the Grand
Alhapce prototype ATV system. Foy terrestrial broadcasting, an allotment/assignment plan that
provides a second channel for each television licensee, construction permit holder, and
construction permit' applicant was developed. In the plan, an attempt was made to match the new
ATY coverage with the existing coverage of the companion NTSC station Approximate
realization of that objective was achieved through reducing ATV coverage of some stations and

allowing new interference to the Coverage areas of some NT :
: SC f the
interference tradeoffs is detailed in the following section I

5.1.3. Service Area
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from laboratory testing of the Grand Alli
: Alliance prototype. Of particul i
interference to NTSC from an upper adjacent-channel ER; openfﬁm v notesis;the-maierof

Table 5.1 System-specific planning factors for Grand Alliance prototype (D/U in dB).

Ta._rget Specification Measured Value Comments
Carrier-To-Noise < 15.6 dB +15.19 dB
Co-Channel Target Specification Measured Value Comments
ATV-into-NTSC < 36.5 dB +34.44 dB
NTSC-into-ATV < 3.5 dB +1.81 dB
ATV-into-ATV < 16.6 dB +15.27 dB
Adjacent-Channel ang_g Specification Measured Value Comments
Lower ATV-into-NTSC < '=14.5"d8 -17.43 dB
Upper ATV-into-NTSC < =12.5 dB =11.85 dB See Note 1
Lower NTSC-into-ATV < ~3%3:5 a8 ~47.73 dB
Upper NTSC-into-ATV < -43.0 dB -48.71 dB
Lower ATV-into-ATV < -37.5 dB -41.98 dB
Upper ATV-into-ATV < -37.5 dB -43.17 dB

Note 1: Target specification is based on video interference which was met during testing (-17.00 dB). During
testing, it was discovered that audio interference occurs before video interference; the measured value
shown in this table is based on audio interference.

In the 1993 testing of the original systems, and in the 1994 comparative testing of the 8
VSB and 32 QAM transmission subsystems (called the bake-off), consideration was given only to
video interference. In the 1995 testing of the Grand Alliance prototype, interference from ATV
into BTSC stereo and the second audio program (SAP) channel were tested also. In a substantial
number of the twenty-four NTSC receivers used in the ATTC testing program, audio was found
to degrade before video when the interfering signal was ATV in the upper adjacent-channel. The
threshold for video performance degradation to CCIR Grade 3 was found to be at a desired-to-
undesired (D/U) ratio of -17.00 dB for the median receiver. The threshold for audio performance
degradation to CCIR Grade 3 for the median receiver was found to be at a D/U ratio of -11.95
dB ' Since the D/U ratio for audio is greater than the D/U ratio for video (i.e., audio degraded
before video), in the instance of upper adjacent-channel ATV-into-NTSC interference, the audio
ratio was used in service and interference determinations. In all other interference considerations,

video degraded before audio, therefore video D/U ratios were used.

51.2.1.  Service Area Evaluation
pulation analyses are summarized in Table 5.2 and Table

. e area and po i
Natiamwic coverts the same as that used for the bake-off analysis. The

53. In this analysis, the data base is

degradation 10 CCIR Grade 3 was found to be at a D/U ratio of -7.95 dB for

o sh s grasiommnes lm-foﬂmmm-10.95 dB for thirty percent of the receivers. For further information, see the

twenty percent of the receivers, and at -10
coverage analysis report of the Transmission Expert Group.

R —TTT
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VHE/UHF scenario is assumed, and co-channel, adjacent-channel, and taboo constraints are ugyg

: . . .
ATV performance, based on the prototype testing, was esscnnal!y equivalent” to the performan
predicted on the basis of the bake-off test results, and substantially better than the four origy

digital systems. Areas and populations served are greater and interference is less.

Table 5.2 Aggregate population statistics for Grand Alliance prototype
(VHF/UHF scenario, co-channel, adjacent-channel, and taboo constraints),
Based on Based on

Median Video Median Audio
2,912.03 M 2,912.03 M

Aggregate Population Statistics

Total population for ATV and NTSC coverage areas
NTSC population lost due to NTSC interference 301.30 M 301.30 M
NTSC population lost due to ATV interference 93.2 M 118.36 M
ATV population lost due to NTSC and ATV interference 73.07 M 73.07 M
38.45 M 38.45 M

ATV population lost due to AT V-only interference

Table 5.3 NTSC population statistics for Grand Alliance prototype
(VHF/UHF scenario, co-channel, adjacent-channel, and taboo constraints).

Population loss relative to | NTSC stations with added lation loss due to ATV
population in coverage area | Based on Median Video Based on Median Audio
No Interference 60.9 % 57.6 &
Qi 50N 24.7 &% 24.4 &
5-10 % 519§ 6.1 &
0 =15'% 2.8 % 3.6 §
157=20"'% 1.8 & 2.1 %
201= 1250 % 1.3 % 1.5°%
25 -~ 30 % 0.5 & Y. 18
30 — 35 % 0.7 % 0.3 §
> 35 % 2.8 2.9 &

~ Interference to NTSC audio from the upper adjacent-channel ATV had to be present
during the bake-oﬁ: tes..tmg, but audio effects were not tested, concentration was on video. A
reasonable assumption is that, had audio effects been considered in the bake-off tests, coverage

;nzal ysis based on upper adjacent audio would have yielded similar results to those shown in Table

t’Il‘lhe nun;bers ente{ed in the table for “population” are the product of the number of viewers and
: i]?i number of stations they potenn_aily receive. This accounts for a total “population” of almost 3
: o;:. The table shows' that the biggest “lost” Population is potential NTSC viewership already
oflt ecause of NTSC'mterference; this population statistic describes the situation as it exisis
today and f‘orm_s a baseline. Compared with this number, the effects on existing NTSC of adding &
new ATV service are small. The ruggedness of the new ATV service is appargent also because s

* Based on upper adjacent video,

— 16 —
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“lost” population is smaller than the present “lost” population with NTSC. These results indicate

that the loss of population coverage d i : o
transition to ATV is completed. age due to interference will be significantly decreased after the

513.2.  Comparison with Four Original Digital Systems

Figure 5.1 and Table 5.4 have been i

are an . provided to allow comparisons to the 1993 testing of

the four ondgxqal d:gltal systems. Rpsults of the previous tests are included in the “ATV Syste?n

gec:%mon. Tl}e comp_uter mnput for this analysis is based on the 1993 data base, assumes
e : scenario, considers only co-channel and adjacent-channel interfering sources, and

Ees ho::dupper adjacent-channel ATV-into-NTSC D/U ratio of -17.00 dB, which is the video
eshold. :

~——— GA Prototype —— — - DigiCipher - DSC-HDTV --=-~- ~AD-HDTV :vomrice _cene

VHF/UHF Scenario - Service Area of ATV Station Related to Service Area of its NTSC Companion
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Figure 5.1 Interference-limited service area of each ATV station relative to

the interference-limited service area of its companion NTSC station

(VHF/UHF scenario, co-channel and adjacent-channel constraints).

Figure 5.1 depicts the interference-limited service area of each ATV station, during the
transition period, relative to the interference-limited service area of its companion NTSC station
under the VHF/UHF scenario, taking into account co-channel and adjacent-channel constraints.
The graph shows the Grand Alliance prototype, as a solid line, alon-g with the four original digital
systems. In the graph, the 1,657 current NTSC stations are placed in order of decreasing ATV to
NTSC service area ratio. Examination of the graph for the Grand Alliance prototype reveals that
11% (183) of the ATV stations under this scenario would have an ATV service area at least

20 % larger than their companion NTSC service area, and 98.85 % (1,638) would have an ATV
service area at least 80 % of their companion NTSC service area. The total ATV interference-
limited service area for all 1,657 stations is 39.7 million square kilometers. It is clear from this

o T
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graph that the performance of the Digital HDTV Grand Alliance System exceeds that of any of

the four original digital systems. | ~e

Table 5.4 shows the interference statistics tb'r the VHFI'L_'I-!]T' scenario, taking I.m account
co-channel and adjacent-channel constraints. During the uaﬁmnon t1::!!'104:1. ‘8'2,3 % of ATV
stations would receive no interference. This would rise to 89.1 % after e transition penod ends
Also during the transition period, 0.4 % of the AW stations would rece1:e° interference in more
than 35 % of their noise-limited coverage area. This yvo.uld decrease to_O... _/o‘after the transitio
period ends. The total interference area created mt?un the ATV no:se-!ln?lted coverage ares
during the transition period is 0.41 million square kilometers. Of the existing _NTSC stations,
63.8 % would not receive any new interference because of the ATV service, wh.xle 2.2 % would
receive new interference in more than 35 % of their Grade B area. The total new interference into

NTSC created under this plan is 1.15 million square kilometers.

Table 5.4 Interference statistics for Grand Alliance prototype
(VHF/UHF scenario, co-channel and adjacent-channel constraints).

Interference Area ATV Stations with Interference NTSC Stations with
Compared to Added Interference
Coverage Area During Transition | After Transition Due to ATV
No Interference 82.3 8 89.1 % 63.8 %
)= e 10T % 6.6 % 20.7 &
5= 10"% 3.0 8 1.8 § 5.4 &
10 =15 3 13558 0.9 & 2.8 %
35-= 120 % 0.6 % 0.5 % 2.2 %
20 = 25 % Usf o 0.3 % 1.4 &
25 - 30 % 0.3 & 0.3 & 1.0 §
30 = 35 % 0.3 & 0.3'% 0.5 %
> 35 % 0.4 & 0.2 % 2.2 %
5.1.4. Summary of Spectrum Utilization Findings

~ Based on this analysis, the Advisory Committee finds that the Grand Alliance system s
superior to all of the previously analyzed proponent systems in utilization of spectrum.

5.2. TRANSMISSION ROBUSTNESS

This §ecﬁon identifies the various tests of transmission performance. For each test, the
purpose and importance of the test and the test methodology is summarized A brief statement of

the_ results is givex? also for each test, with emphasis on comparison of performance of this Grand
Alliance system with the previous proponent systems.

§21. Random RF Noise Performance

visible is called the Threshold of Visibility (TOV),

— 18 —
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For the Grand Alliance system, the C/N at TOV was 15.19 dB.

_ As expected and designed into the
mpairments change from just barely visib]
worsening of the C/N.

system, the threshold is very sharp. Visible image
e to destructive of the picture within ~ 1 dB of

A similar measure can be made on the recovered audi ibili
: o data (Thresh
the Grand Alliance system, the C/N at TOA was 14.92 dB. o eshold of Audibility). For

As expected, the video and audio fail approxi i i0 measuring
. : : pproximately together, with audio m as
slightly more robust against RF noise. Audio does not fail before video.

Performance m the'presence of RF noise impairment is superior to the first round systems
and meets target specifications, See Table 5.5.

5.2.2. Static Multipath

Tolerance of single and multiple static echoes was measured. The delay of the echoes
tested ranged from -1.8 microseconds (i.e., a leading echo) to +18 microseconds (a lagging echo).
Multiple echoes were tested in ensembles of 5 echoes at various amplitudes within these ranges.
In general, the Grand Alliance system’s performance was comparable to the best of the first round
systems. There were no specific target specifications for these parameters.

Also measured was the tolerance of combinations of random noise and multipath and
combinations of co-channel NTSC and multipath. The random noise or co-channel impairments
were added to the ensembles of 5 echoes. There was no target specification for the combination
of co-channel plus noise, since this performance was not measured in first round testing.
Performance of the Grand Alliance system is judged acceptable and in line with expectations.

There was a specific target specification for random noise plus multipath. It is stated in
terms of the difference between the TOV point measured with random noise alone and the TOV
measured with both random noise and multipath; multipath levels are held constant and the level
of random noise is varied until TOV is reached. It is judged that the Grand Alliance system met
the requirements of the target specification, based on averaging the performances of all the
ensembles. See Table 5.5. (In all of the multipath ensembles except one, performance comfortably
surpassed the requirements of the specification; the one exception was worse than target by 0.14

dB) 7
Table 5.5 Random RF noise performance of Grand Alliance prototype.
Target Specification Measured Value Comments
Threshold Characteristics for Random < 15.6 dB 15.19 dB
Noise - Video
& . d
Threshold Characteristics for Random < 15.6 dB 14.92 dB
Nom - Audlo - - -
Threshold Characteristics for Random Audio usable at or Audio did not fail
Noise (Audio + Video) beyond video POU before video
Random Noise in Presence of Multipath <35dB 2.42 (£1.22) dB
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5.2.3. Flutter |

Flutter is time-varying or dynamic multipath. This performance at_tnt:mc was tested i
both ensembles of ghosts and with single ghosts at various rates of “motion” from 0,05 Hy ¢, <
Hz. This testing was more extensive than in the first round. Where comparable data exXist, the

Grand Alliance system shows improved performance.

5.24. Impulse Noise (Burst Error)

Both over the air and cable reception suffer interference_ from bursts_ or impulses of noge
The ability to deliver corrected data in the presence of bursts of interference is important

The 8 VSB Grand Alliance system performed better than the target specification by
withstanding a 169 s burst at a repetition rate of 10 Hz. The second part of the test specified ;
time duration for the pulse as a percentage of the threshold pulse width, and not the width
specified in the target values, so a comparison with the target value is not possible. See Table 59

The 16 VSB Grand Alliance system was able to withstand a 120 us burst at a repetition
rate of 10 Hz which almost met the target value of 129 us at 10 Hz. See Table 5.10

5.2.5. Discrete Frequency Interference

The intent of this test is to probe for sensitivity of the digital signal to particular interfering
frequencies, such as could be encountered from RF signals other than broadcast television
Discrete frequency interference tolerance was tested both from tones within the desired ATV
channel and from tones in adjacent channels.

The Grand Alliance system performed better than the target specifications. See Table 56

Table 5.6 Discrete frequency interference performance of the Grand Alliance prototype.

Target Specification Measured Value Comments
Discmfrequenciﬁ(zs) < -39.5 dB adj. ch. | -48.5 (£3.5) dB
< 12.75 dB in band 11.1 (£2.0) dB
5.2.6. Co-channel Interference into ATV

Tests measured both ATV-into-ATV and NTSC-into-ATV co-channel interference, &

both moderate and weak power levels. The Grand Alliance system performed better than targe
specifications on all of these tests. See Table 5.1.

5.2.7. Co-channel Interference into NTSC

The test measured ATV-into-NTSC co-channel interference at moderate and weak power

levels. The Grand Alli . .
See Table 5.1 ‘an ol performed better than tar get specifications on all of these tests

5.2.8. Adjacent-Channel Interference
Upper and lower adj cent-channel interference were both tested, and tests were performed

in both directions, i.e, ATV-into-NTSC :
moderate, and weak power lovels and NTSC-into-ATV. Tests were performed at strong

— 20 —
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With regard to ATV-into
desired power exceeded perfo
threshold of visibility exceede
conditions.

-ATV-t&sts, the threshold of visibility at weak and moderate
dn:t:rrmce in the first round tests. At strong desired power, the
that level of interference expected to occur under real-world

The Grand Alliance system performed better than target specifications on all NTSC-into-

ATV tests and on lower adjacent-channel ATV-into-NTSC. With regard to upper adjacent-

channel video interference ATV-into-NTSC, the tests found a “color stripe” artifact in the NTSC

video at all NTSC power levels. Analysis shows that it is caused by the ATV pilot carrier
frequency “beatl‘r'lg"' with the NTSC color subcarrier. Analysis also suggests that another
‘luminance beat,” hidden during the testing by the color beat, would be present, caused by the
ATV pilot carrier beating with the NTSC visual carrier. Finally, during these tests, some NTSC
receivers showed loss of color and other picture artifacts.

The analysis fshows. that use of precision carrier offset between the ATV pilot and the
NTSC color subcarrier will eliminate visibility of both artifacts. The loss of color and other
artifacts, however, would not be affected by carrier offset.

Given the above, also examined carefully were the effects of upper adjacent-channel ATV-
into-NTSC interference on the BTSC stereo signal and on the SAP channel. Results show that the
stereo and SAP signals are more sensitive to upper adjacent-channel interference than is the video.
Assuming the use of offset to eliminate the video beat artifacts, coverage was computed based on
the interference levels measured for the stereo and SAP channels. Nevertheless, the system met
target specifications, because those targets were based on video performance. See Table 5.1.

5.2.9. Taboo Interference

Tests were performed at all the significant traditional UHF taboo channels. The Grand
Alliance system performed better than target specifications an all taboos except N+2, ATV-into-
NTSC. It missed that target by about 0.6 dB. The taboo performance of the Grand Alliance

system is judged acceptable. See Table 5.7.

5.2.10. Peak-to-Average Power
The ratio of peak-to-average power, with 99.9 % probability was measured as 5.9 dB,
which was lower (i.e., better) than target specification. See Table 5.8.

5.2.11. Threshold Characteristics

Thresholds against impairments are |
correction. The Grand Alliance system exhibit
above in individual test summaries.

generally sharp for digital systems with error
ed the expected sharp thresholds, as discussed

5212 Cable Transmission

52121. Composite Second Order ' ‘ g

Composite second order (CSO) impairment arises from the ch_stoEon charactensfl‘:lccs:.s(;)f
active elements in a cable television system. System performance in he prese:inct;e?'cce'wer
impairment is a function of the spectral characteristics of the modulation scheme an

front end design. The ability to withstand high levels of CSO is desirable.

—21—




Final Technical Report

31 Oct 95 %

Table 5.7 Taboo interference performance of Grand Alliance prototype.

Target Specification | Measured Value Comments
N-2 Taboo A/N < —-23.5 dB -23.73 dB
N+2 Taboo A/N < -28.5 dB -27.93 dB See Note 1
N+4 Taboo A/N < —=22.5 dB -24.96 dB
N+14 Taboo A/N < =32.5 dB -33.38 dB
N+15 Taboo A/N < =22.5 dB -30.58 dB
N-8 Taboo A/N < =25.5 dB -31.62 dB
N+8 Taboo A/N < -36.5 dB -43.22 dB
N-2 Taboo N/A =3 dB -62.45 dB
N-2 Taboo A/A < =53 dB -60.52 dB
N+2 Taboo N/A < =53 dB -59.86 dB
N+2 Taboo A/A < =53 dB -59.13 dB
N-3 Taboo N/A < =53 dB < -61.79 dB
N-3 Taboo A/A < =53 dB < -60.61 dB
N+3 Taboo N/A <. =53 dB < -62.49 dB
N+3 Taboo A/A <. =53 dB < -61.53 dB

Note 1: Target specification missed by less than 0.6 dB. This is judged acceptable.

Table 5.8 Peak-to-average power for the Grand Alliance prototype.

Target Specification | Measured Value | Comments
| Peak/Average Power (99.9% probability) < 6.95 dB 5.9 dB

The 8 VSB Grand Alliance system had a measured carrier-to-interference level of 27 dB
which is slightly poorer than the target value of < 25 dB, however, as NTSC pictures start
exhibiting interference in the 50 dB range, it is unlikely the 8 VSB system would have to operate
in a mid-20’s carrier-to-interference environment. See Table 5.9.

The 16 VSB Grand Alliance system had a measured carrier-to-interference level of 35 dB
which meets the target value of < 38 dB. See Table 5.10.

-

5.2.12.2. Composite Triple Beat
Composite triple beat (CTB) impairment also arises from the distortion characteristics of

zfct%v_e elements ir! a cal?le television system. Along with random noise, it is one of the primary
limiting cha.ractegsuost in cal_:ule System transmission performance. System performance in the
presence of CTB impairment is a function of the spectral characteristics of the modulation scheme

and the receiver front-end design. The ability to withstand high levels of CTB is desirable.

exhibitin_g tlns interi:ercncg in thfe 50 dB range, it is unlikely the 8 VSB system would have to
operate in a high-30’s carrier-to-interference environment. See Table 5.9

—_22 —
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The 16 VSB Grand Alliance
system had 3 X
which meets the target specification of < 49 4B ;er: ?ra:ﬂf; fli?}l‘ner-to-mterference SSaos 41 A

5212.3. Phase Noise

o DOMS4. & (RNIn b stability of oscillators used in the transmission chain to

generate or translate the frequency of the tr it @ ‘ '
ohase noise is desirable. ismitted signal. The ability to withstand high levels of

The 8 VSB Grand Alliance system had a measur i : :
: ed carrier-to-phase n
which was better than the target specification of < 81 dB. See Table 5_3 SIS TR0 OF 76768

‘ The 16 VSB Grand Alliance system had a measured carrier-to-phase noise ratio of 82 dB
which was better than the target specification of < 87 dB. See Table 5.10.

52124. Residual FM

Residual f_requengy modulation is another form of deviation in oscillators used in
frequency conversion equipment. The ability to withstand high levels of residual FM is desirable.

The 8 VSB Grand Alliance system had a threshold residual FM of 9 kHz which was better
than the target specification of > 6.5 kHz. See Table 5.9. '

The 16 VSB Grand Alliance system had a threshold residual FM of 7 kHz which was
better than the target specification of > 4 kHz. See Table 5.10.

5212.5. Fiber Optics

Cable systems are increasingly introducing amplitude modulated fiber optic links to reduce
amplifier cascades and improve system reliability. The lasers will clip if over-modulated resulting
in distortion in the channels.

The 8 VSB Grand Alliance system reached threshold BER with a laser modulation level of
78 % which was better than the target value of 4.5 %, however, the number of carriers available
10 modulate the laser was lower than the number used to set the target and a direct comparison is
not possible. See Table 5.9 '

The 16 VSB Grand Alliance system reached threshold BER with a laser modulation level
of 7.3 % which was better than the target value of 4 %; however, the number of carriers av:ailab%e
to modulate the laser was lower than the number used to set the target and a direct comparison 1s

not possible. See Table 5.10.

52126, Channel Change and Channel Acquisition

med to rapid channel change capability, and an ATV
stration is to be avoided. Channel change
acquisition and bit stream synchronigation; and bit
cture display and presentation of audio.

Current television viewers are accusto
service must emulate this feature closely if consumer fru
time is a function of two processes: carrer

stream decompression through recognizable pi midieh
m exhibited an average channel acquisition time of 0.7

Table 5.9.

The 8 VSB Grand Alliance syste e
seconds which just met the target value for acquisition. See
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The 16 VSB Grand Alliance system, with an average acquisition time of 1.1 seconds,
slower than the target value of 0.7 seconds. See Table 5.10.

5.2.12.7. Muitiple Impairment — Second Order vs. Noise
1 ot ific i ' t is normally reduced if

The ability of digital systems to handle a spec1ﬁc' impairmen ed if
second impairment is present. Noise and second order distortion trade-off was determined by
decreasing the amount of noise necessary to reach threshold when the amount of second order
distortion was decreased a specified amount.

The level of second order interference was reduced 6 dB before !he_noise'-ouly threshold
was reached on the 8 VSB Grand Alliance system. With the second order mgomon 3 dB below
the threshold value, the amount of noise necessary to reach ‘zhreshold was within 0.5 dB of the
noise threshold. The system was better than the random noise target value of < 156 dB. Se
Table 5.9.

The 16 VSB Grand Alliance system traded-off between noise and distortion until the
distortion was reduced 15 dB below its threshold value. With the second order distortion 3 dB
below its threshold value, noise was 3 dB from its threshold value. The system was slightly below
the random noise threshold target value of 28.85 dB with a threshold of 29.1 dB. This was due to
the lower tuner input level compared to the previous tests. See Table 5.10

5.2.12.8. Multiple Impairment — Third Order vs. Noise

The trade-off between noise and composite third order distortion was determined by
reducing the level of the third order distortion in specified steps and determining the noise
necessary to reach threshold.

The noise-only threshold was reached on the 8 VSB Grand Alliance system when the third
order distortion was reduced 3 dB.

The 16 VSB Grand Alliance system reached the noise threshold level when the third order
distortion was reduced 6 dB below its threshold value. With the third order distortion 3 dB below
its threshold value, noise was 0.4 dB from its threshold value.

5.2.12.9. Multiple Impairment — Phase Noise vs. Noise

”I"he relatiox?ship between phase noise and random noise was determined by reducing the
phase noise below its threshold level in specified steps and determining the level of random noise
necessary to reach threshold at those levels.

The 8 VSB Grand Alliance system reached the noise threshold when the phase noise was

reduced 15 dB below its threshold level. The system was within 2 dB of i ' Id with
the phase noise reduced 3 dB below threshold. X Hs Noles o

The 16 VSB system reached the noise threshold when the phase noise was reduced 9 d8

?;rlo:l llt; threshold and was within 1 dB of threshold with the phase noise reduced 3 dB below
€snoida.

= =/ T
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Table 5.9 Cable televisio
nt 2
ests performed on the Grand Alliance prototype.

Tﬁt Specification easure
Composite Second Order Distortion <25dB = 77 SYaue ooty
Composite Triple Beat Distortion <37dR 39.; i See :I[Ote i

_ 2 ee Note

Phalw Noise <81dB 783 dB
Residual F\i > 6.5 kHz 9.2kHz
Fiber Optic Tests >45% 78%
Channel Change / Channel Acquisition <0.7s 0.7s
Threshold Characteristics for Random <156 ‘
g .6dB 15.0dB
Local Oscillator Instability > +89 kHz > +100 kHz
Dynamic Multipath - Acquisition Time <0.75s
in the Presence of Multipath and Noise Te i
Burst Error Correction > 169 us @ 10 Hz 180 us @ 10 Hz

>105kHz@20ps | 240Hz@ 118pus | See Note 3

Note 1: The measured value m.issodlhc!argctspaci.ﬁcaﬁonbyZ dB, but there is more than 20 dB margin

with typical operating conditions. This is judged acceptable.
Note 2: Test included more severe multipath conditions than anticipated when target specification was set.
Note 3: The test was different from the target specification.

Table 5.10 High data rate cable television tests performed on the Grand Alliance prototype.

Ta:gel Specification Measured Value Comments
Composite Second Order Distortion <38dB 354 dB
Composite Triple Beat Distortion <49 dB 47.2dB
Phase Noise <87dB 81.8dB
Residual FM > 4.0 kHz 7.0 kHz
Fiber Optic Tests >4.0% 73 %
Channel Change / Channel Acquisition <0.7s 1.1s See Note 1
Threshold Characteristics for Random <28.85dB 29.1dB See Note 2
Noise - Data
Local Oscillator Instability 4 > +89 kHz > +100 kHz
Dynamic Multipath - Acquisition Time <0.75s 12s See Note 3
in the Presence of Multipath and Noise
Burst Error Correction > 129 ps @ 10 Hz 120 pus @ 10 Hz See Note 4
> 1.45]{]{2_@20].1.5 480 Hz @ 68 ps See Note 5

Note 1: Measured value reflects prototype hard

was for identical acquisition performance in i
Note 2- Measured value missed target specification by 0.25 dB. This is judged acceptable.
Note 3 Test included more severe multipath conditions than anu.c:%:afed when target
specification by 7.5 %. This is judged acceptable.

Note 4: Measured value missed target

Note §° The test was different from the target specification.

ware anomaly, not a system characteristic. Intended design
both 8 VSB and 16 VSB modes.

specification was set.
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5.2.12.10. Multiple Impairment — Residual FM vs. Noise

The residual FM vs. random noise relationship was determined by reducing the residua)
FM in specified steps and determining the amount of noise necessary to reach threshold at thyg,
FM levels.

The 8 VSB Grand Alliance system did not reach the noise threshold when the residua] py
was reduced to 25 % (2.2 kHz) of its threshold level.

i 1 ‘hen the residual FM
The 16 VSB Grand Alliance system reached the noise threshold w -
reduced to 25 % (1.5 kHz) of its threshold value. At 75 % of the FM threshold value, the nojge
was within 0.4 dB of the threshold value for noise only. (16 VSB performed better than 8 VS j,

this regard.)
5.2.12.11. Local Oscillator Instability

Variations in received frequencies are of concern to both broadcasters and cable
operators. A consumer receiver must be able to identify and acquire signals that are offset from
the nominal frequency assignment.

Both the 8 VSB and 16 VSB Grand Alliance systems were better than the target value
pull-in range of > +89 kHz. See Table 5.9 and Table 5.10.

5.2.12.12. Minimum Isolation between Receivers

Changing channels on one TV set connected to the same splitter as a second TV set may
change the frequency response of the signal fed to the second set. The equalizer in the second set
must respond quickly to minimize errors. The minimum isolation was defined as the highest level
of ghost that could be switched in and out without causing errors in the data

The 8 VSB Grand Alliance system was able to tolerate a 17 dB down ghost without
producing any errors. There is no target value.

The 16 VSB Grand Alliance System was able to tolerate a 28 dB down ghost without
producing any errors. There is no target value.

5.2.12.13. Effect of High Level Sweep

' Summation Sweep systems used on cable systems to determine frequency response come
in two general types, a high level sweep and a lower level “bursty” system

The 8 V_SB Grand Alliance system exhibited periodic data errors with the high level sweep
and no errors with the “bursty” type system.

The 16 VSB Grand Alliance system exhibited periodic data errors with the high level
sweep and no errors with the lower level “bursty” sweep system.

There is no target specification for swee st : .
interference in NTSC Giciires P systems. The high level sweep system causes

5.2.12.14. Hum Modulation

Faulty amplifi . ] ‘ ‘
ﬁ'equencies.ty PANler power supplies can amplitude modulate RF signals at power line

— 26 —
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he 8 V :
16 \T'SCB s sfeBmemlll Alliance system reached threshold with 6.7 % hum modulation while
the y reached threshold at 6 % modulation. There is no target value for hum

modulation, but these values are well A
TS aicirs well above the modulation level that would result in visible hum

5213.  Summary of Transmission Robustness Findings

The performance of the Grand Alliance system in laboratory testing has met the
:@Wﬂons defined by the target specifications. In the few instances where individual test results
did not meet the target values stated for that particular test, the deviations were minor and do not
have any significant effect on image quality or spectrum utilization

5.3, FIELD TEST

Field testing was performed under both terrestrial broadcasting and cable conditions.

For terrestrial broadcasting, the complete system was tested at a set of sites selected for
their difficult reception conditions, as measured in an earlier field test of the modem subsystem
(documented in SS/WP2-1354). In those earlier modem-only tests, a bit error rate (BER) of
3x10° was selected as the criterion for the threshold of visibility (TOV) of video impairments.
Full system testing, including subjective observation of pictures and sound, verified the reliability
of that value of BER. Because the locations for full system testing were a selected and difficult
sub-set of the complete group of test locations, they are not a representative sample. The full
system testing, however, verified the utility of the data taken on the full set of locations. The sites
for full system testing included 10 sites in homes where tests were performed both within the
residence using a set-top antenna, and outdoors, adjacent to the residence, using a mast-mounted

antenna

Complete system field testing began on July 25, 1995 and was completed on August 23.
The tests were conducted using the same facilities near Charlotte, North Carolina, as employed in
modem-only tests. As before, the NTSC transmitted peak visual effective radiated powers (ERP)
on channels 6 and 53 were one-tenth of the maximum allowed by FCC rules, and the average
ATV ERP was approximately one-sixteenth (12 dB below) of the NTSC peak visual ERP.

Tests of the complete system showed, as also indicated by the earlier quem subsystem
testing, that satisfactory digital HDTYV reception is available more wic_lelgf than satisfactory_ @ﬂog
NTSC reception. Even where objective measurements of Blf:R indicate the prpbabmty of
momentary impairment of the signal, subjective observation of picture and sound fails to detect
impairment

An objective measurement that should permit reliable prediction.of satisfactory HDTV
service at UHF is field strength; subjective assessu}ent qf video and audio correlated very well
with field strength in channel 53 tests. That correlation did not hold at cha'nnel 6 because sa?:lﬁe
size and impulse interference effects prevented a proper channel 6 aqaiymh:d{kt d?m¥edt“:0 t(:e th:
seven sites, with signal strength at or below that which laporatory testing g in mca hang
ik of DTV s, was spetivl saistictoy sy, e, S 1S 00, S

where the sign _ .
::i 2;21:3::::&;2;&%%'}’? service. The 28 sites with moderate or strong signal strength

all had subjectively satisfactory HDTV service.
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In brief, terrestrial transmission testing of the complete system supports the conclugipy
that HDTV service will be available where NTSC service is presently available, and i, gy

instances where NTSC service is unacceptable.

The complete system, with both 8 VSB and 16 VSB rnodul.am:mT was tested also ig cgy
environments in Charlotte, including existing cable systems and fiber optic links. T“‘_’ of 16 Vs
were the more stringent. The 16 VSB receiver worked at all locations where the deliversd Signg
met FCC specifications, and at many sites where it did not. Some systems were tested

frequencies beyond their maximum design frequency, resulting in less than FCC-speci
conditions. Also, strong in-band beats were observed on some systems that affected bho the

NTSC and HDTV signals. The 16 VSB receiver continued to operate in these situations until the
carrier-to-noise threshold was reached.

6. CONCLUSIONS

Based on Advisory Committee approved specifications, and thorough laboratory and fiel
testing of the prototype ATV system as designed and constructed by the Digital HDTV Grad

Alliance, the Technical Subgroup finds the following:

I. the Grand Alliance system meets the Committee’s performance objectives and is better
than any of the four original digital ATV systems:

2. the Grand Alliance system is superior to any known alternative system; and

3. the 'ATS.C Digital Television Standard, based on the Advisory Committee design
specifications and Grand Alliance system, fulfills the requirements for the US. ATV
broadcasting standard.

Accordingly, the Technical Subgroup recommends that the ATSC Standard be adopted as
the U.S. ATV broadcasting standard.
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Execviive Summary

The FCC Advisory Committee on Advanced Television Service (ACATS) Technical

Subgroup vl:as approvi:d the specifications for the Grand Alliance Advanced Television
System. While the efforts of ACATS have been centered on high definition television (wide

écmen. t'lugh r‘?s‘_)lutlon ). the television industry recognizes other potential benefits inherent
in a flexible digital broadcast television system.

The Grand Alliance system utilizes a layered digital system architecture. This approach
coupled with a flexible, packetized transport and a standardized approach to video
compression provide the ability to support transmission of multiple services.

The transport layer provides the ability to multiplex and demulitiplex multiple program and
data services.

The utilization of MPEG-2 for video compression provides the features required to support
additional program formats such as wide screen and 4x3 aspect ratio at various resolutions.
These features include the ability to specify sampling structure, picture aspect ratio, input
format and information to support pan and scan. MPEG-2 also provides the ability to
dynamically allocate the number of bits per service which is essential for multiple service

transmussion.

Utilization of the Grand Alliance System for multiple service transmission can be supported
by a variety of consumer products including digital HDTYV, wide screen and standard

definition receivers. Set-top adapters are also possible.
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1. Introduction

The efforts of the FCC Advisory Committee on Advanced Television Service (ACATS)
have been centered around high definition television (HDTV). HDTV will provide wide
screen, high resolution images coupled with high quality sound. Many orgamizations and
individuals now recognize the potential power inherent in a digital broadcast television
system and there is significant interest in the use of the Grand Alliance system for
distribution of a variety of services in addition to HDTV. This might include such things a
transmission of multiple 4x3 aspect ratio or wide screen programs with resolution
equivalent or better than the current analog NTSC system. Utilization of the GA system for
transmission of data and other services has also been contemplated.

This paper will describe the flexibility of the Grand Alliance System 10 provide multiple
services and provide some examples of how these services could be implemented. It will
also describe some of the consumer devices likely to be needed to implement these new

services.
2. rview of the Grand Alliance svste

The Grand Alliance system utilizes a layered digital system architecture with
headers/descriptors to provide flexible operating characteristics. The layers of the GA
system are: picture, sound, compression, transport and transmission.

The picture layer consists of raw pixel data, organized as pixels. scan lines and frames. The
GA system supports multiple formats and frame rates.

The compression layer transforms the raw video and audio samples into a coded bit stream
that can be executed by the receiver to recreate the picture and sound. The video
compression syntax conforms to the ISO-MPEG MPEG-2 video standard, at a nominal
data rate of approximately 18.9 Mbps. The Dolby AC-3 audio compression is used in the
GA system to provide 5.1 channel surround-sound at a nominal rate of 384 kbps.

The GA transport layer provides the means for dynamic allocation of video, audio and
auxiliary data.




The transmussion lay ial bi
layer modulates a serial bit stream into a signal that can be transmitted

ov.ra 6 MHz televisi e
ision channel. The transmission system is based on a treflis-coded 8

vestigial sideband (VSB) modulation i
g technique for terrestrial b 1
used for cable television applications. i b

The_GIA system design is based on the ISO layer architecture which inherently provides
flexibility and interoperability. The following sections of this paper will describe the
capability of the GA system for transmission of multiple services.

31 Vi $S1 /S

Multiple service transmission will not impose any significant technical difficulty on the GA
video compression system. The assumption here is that the information generated by each
individual service will not exceed the specification of the GA system. The specific

specifications for multiple service transmission is examined against the GA and MPEG-2
specifications.

[nput source

The GA system supports two main format variations, with different numbers of lines per
frame. These two formats have 720 active lines and 1080 active lines per frame. For multiple
service transmission, the input sources could be the composite (SMPTE 170M) and
component (SMPTE 253) analog NTSC signals, digital parallel and serial NTSC signals.
MPEG-2 specification provide,the mechanism to indicate the video format by use of a three-
bit integer indicating the representation of the picture prior to coding. The eight video
formats specified are component (000), PAL (001), NTSC (010), SECAM (011), MAC
(100), unspecified video format (101), reserved (110 & 111).

Sampling structure

In the MPEG-2 specification the sampling size is specified in the sequence header as
horizontal/vertical_size_value and horizontal/vertical-size. The horizontal/vertical_size_value

is the width/height of the displayable part of the luminance component of pictures in
ts of horizontal/vertical_size. The

samples and forms the 12 least significant bi




ze is a 14-bit unsigned integer, the 12 least significant bits are defineg
2 most significant bits are defined in
e sampling structure can be

horizontal/vertical_si
in horizontal/ vertical_size_value, the

horizontal/vertical_size_extension. For multiple service th

specified based on the standards mentioned in the section of input source.

Colorimetry

The SMPTE 274M is one of the input formats specified by the GA system. The SMPTE
274M which underlies the HDTV 1920 x 1080 format allows for the use of SMPTE 240M
colorimetry as an interim measure while specifying ultimate use of ITU-R Recommendation
709. It is desirable for multiple service to have identical colorimetry as specified in the GA
system. In the MPEG-2 specification a flag called color_description can be setto "1" o
indicate the presence of color_primaries, transfer_characteristics and matnx_coefficients in
the bitstream. Both SMPTE 240M and ITU-R Recommendation 709 colormetry parameters
can be specified by the color_primaries, transfer_characteristics and matrx_coe fficients.

Picture aspect ratio

In MPEG-2, the picture aspect ratio information is defined by a four-bit integer. The
aspect ratio information is provided by means of aspect_ratio_information in the sequence
header and (optional) display_horizontal/vertical_size in the sequence_display_extension.
The aspect_ratio_information either specifies the "sample aspect ratio” (SAR) of the
reconstructed frame or alternatively it gives the “display aspect ratio” (DAR). If

sequence_diaplay_extension is not present the sample aspect ratio may be calculated &
follows:

horizontal_size
SAR = DAR x

vertical_size

In this case horizontal_size and vertical_size are constrained by the SAR of the source and
the DAR selected.

If sequence_display_extension is present, the sample aspect ratio may be calculated as
follows: 3




display_horizontal_size

SAR = DAR x

display_vertical_size

Examples of appropriate values for signals sampled in accordance with ITU-R Rec. 601 for
525-line format are 704 (display_horizontal_size) and 480 (display_vertical_size).

For muluple service transmission both 16x9 and 4x3 aspect ratios can be used. The GA

system, since it is based on the MPEG-2 specification, is capable of supporting both aspect
ratios.

nan

Since the aspect ratio of the input source may differ from that of the display, pan and scan is
an essential feature. Pan and scan information is supported within the GA video syntax.
This information is transmitted as an extension within the picture layer syntax. The MPEG-
2 video syntax does communicate certain display parameters for use in reconstructing the
video. A display window within the encoded raster may be defined as a window on a large
area display device. In the case of pan and scan position of the window representing the
displayed region of a large picture can be specified on a field-by-field basis. It is specified
in the picture display extension. A typical use of the pan-scan window is to describe the 4:3
aspect ratio rectangle within a 16x9 video sequence.

¥ ~odi, m ite vid

Decoding NTSC before transmission and recording to NTSC after transmission of
composite source signals in contribution and distribution requires a precise reconstruction
of the carrier amplitude and phase reference signal. The MPEG-2 specification provides the
capability that the input format can be indicated in the sequence header using the

video_format bits. Reconstruction of the carrier signal is possible by using the carrier

parameters such as field_sequence, sub_carrier, burst_amplitude and sub_carrier phase that

are enabled by setting the compositc,display__ﬂag in the picture header.
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Picture quality

Within the total data stream supported by the GA compression system the picture quality
depends on the number of services multiplexed. Picture quality is defined by the bit raee
used. Provision for high picture quality is made by high bit rate limuts relating 10 a cenain
level in a particular profile. The level specifies the spatial resolution and determines the
maximum data rate it can support. For multiple service applications, high, main and low
levels defined by the MPEG-2 can be used to provide services with different picture quality,
The profile defines the picture quality in terms of coding latency, resolution and scalability
The levels that can be used to support multiple services are simple profile, main profile and

scalable profile.

In the GA system specification chrominance band quality is specified as 4:2:0 (half as many
samples in the horizontal and vertical directions). Selectable color primanies are specified by
the MPEG-2. The chrominance can be sampled in one of three formats: the 4:2:0, 4222
(half as many samples in the honzontal direction only) and 4:4:4 (identical samples as

luminance signal). However, the 4:4:4 chrominance is currently not supported in any
profile.

rat ntrol

It is essential that the number of transmitted bits per service can be dynamically allocated.
Certain program services may contain more information and demand more bits to be
allocated for required quality while others may need less. The data rate control can be
implemented in two ways, which are both supported by the MPEG-2 specification. A
bit_rate description is transmitted with the Sequence Header Code.

For constant bit rate (CBR) coding, the number of transmitted bits per service is constant 00
the channel. Since the encoder output rate generally varies depending on the picture content.

the constant rate is regulated by buffering. In this mode. picture quality may vary depending
on its content. gl

The ott?er mode is known as variable bit rate (VBR) coding, in which case the number of
transnu.ttcd bits per service may vary on the channel under some constriction. VBR is meant
to provide constant quality coding. VBR can be used in con junction with statistical
multiplexing for multiple service to achieve coding efficiency.




ym

A low coding delay may be desirable for some services, such as live interview and call-in

programs. Low coding delay mode can be obtained by setting the low_delay flag in the
Sequence Header code.

The total encoding and decoding delay can be kept low by not using B-pictures. This

eliminates frame reordering delay. A low buffer occupancy for both encoder and decoder is

needed for low delay. By using intra update (progressive refresh) on the basis of one or
more slices per frame instead of intra frames this can be accommodated.

Examples of video compression models for multiple service

.

Based on the MPEG-2 specification two video compression models are discussed in this
section. They are MPEG-2 MP@ML and SP@ML.

In the MPEG-2 specification. profiles and levels provide a means of defining the syntax and
semantics. A profile is a defined sub-set of the entire bit stream syntax. The profile can be
defined by the profile identification. A level is a defined set of constraints imposed on
parameters in the bit stream. For a given profile, the same syntax set is supported regardless
of level. Decoders defined for a specified compliance point (profile and level) shall be
capable of accommodating images encoded at lower-order compliance points.

The MP@ML stands for a main profile at main level. The specification for this model
includes: 1. P and B-frames, 4:2:0 chrominance sampling, frame rate of 30/29.9 Hz,
maximum active horizontal pixels of 720 and vertical lines of 480 with maximum data rate
of 15 Mbps. It is believed that this model is sufficient to provide high picture quality for
multiple service. GA decoders are capable of decoding a MP@ML bit stream.

The second model, SP@ML, is a simple profile with main level. The difference between

SP@ML and MP@ML is that SP@ML provides lower coding delay than that o
MP@ML. By not using B-frames in SP@ML frame reordering delay can be reduced (0

frame delay for the field-based. 1 frame delay for the frame-based).

7
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3.2 Audio compression system

The audio compression system in the GA system is the Dolby AC-3 multiple-channel audio
compression system. It can support up to six audio channels for every video channel. The
AC-3 syntax support bit rates ranging from 32 kbps to 640 kbps per individual AC-3
elementary stream. An AC-3 elementary stream may COnvey many types of audio services,
The major service types are main service and associated service. Under the GA system
specification receivers shall support the decoding of main audio services at bit rates up to
and including 384 kbps, and support the decoding of the combination of a main service and

a single associated service with a combined maximum bit rate of 512 kbps.

For multiple services, the total number of audio channels can be determined by the number
of video services and the number of audio channels associated with each video service. The
total audio data rate in a multiple service data stream is determined by not only the total
number of audio channels, but also the audio quality associated with each service.

audi mpression nm r multipl rvi

To estimate the audio data rate needed for multiple services a potential model is presented:
Assume that a total of four video channels are transmitted in the GA data stream and four
audio channels are associated with each video service. For each video channel four audio
channels are further defined as main service and associated service with 2-channel each. The
main service could be a stereo pair. The associated service could be a second audio
program (SAP) and a descriptive video service (DVS). In this example both the maximum
data rate and minimum data rate constrained by the AC-3 specification are used for each
category. With these assumptions the total audio data rate can be calculated as follows:

* Maximum data rate case:
Total audio data rate =4 x (2 x 256 + 2 x 192) = 3.584 Mbps
* Minimum data rate case:

Total audio datarate =4 x (2 x 128 + 2 x 96) = 1.792 Mbps
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3.3 Transport system

The GA transport system is based on the MPEG-2 transport system specification. MPEG-2
transport system compatibility implies that a GA transport bit stream may handle other
MPEG-2 applications. The GA transport system provides three major functions:
packetization, multiplexing and synchronization.

X ngth tri rt stream

In the GA transport system the MPEG-2 transport stream approach is utilized. Transport
streams have advantages for environments where errors and data loss events are likely.
Furthermore, the transport stream combines one or more programs with one or more
independent time bases into a single stream. In the GA transport stream each packet is
transmitted in a fixed length with transport header preceded. The fixed length packetization
offers a great deal of flexibility when attempting to multiplex multiple service dataon a
single bit stream.

- ettt

By using fixed length packets complete flexibility to allocate channel capacity for multiple |
video, audio and auxiliary data services can be obtained. The use of a packet id (PID) in the

packet header as a means of bit stream identification makes it possible to have a mix of

multiple video. audio and auxiliary data services. The entire channel capacity could also be

used in bursts for data delivery.

Packet identificati :

Packet identification (PID) is essential for multiple service transmission in the GA transport
system. It provides the mechanism for multiplexing and demultiplexing bit streams by
enabling identification of pac kets belonging to a particular elementary or control bit stream.

The MPEG-2 transport system is designed to multiplex a set of programs into a single data
ir associated elementary video, audio and data

stream. These programs, along with the
pecific information (PSI) tables. These tables

streams. are identified by the program s
9
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rovide the structure for the management of the programs within the transport stream, thys
enabling a decoder to extract, re-assemble. and display individual programs selected by
users. All specific information in the tables is treated as private data and left for broadcasters

P

and other service providers to sort out among themselves.

Multiplexing

The GA multiplexing approach can be defined as a combination of multiplexing at two
different layers. In the first layer a program transport stream 1is formed by multiplexing one
or more elementary bit streams such as video, audio and data. In the second layer the
program transport streams are combined (using asynchronous packet multiplexing) to form
the overall system. The second layer is called the system multiplex which is the key for the
transmission of multiple services. Multiplexing of multiple services within a single bit
stream is achieved before the modulator in the transmitter. Demultiplexing takes place after
the demodulator in the receiver.

in rogram transport multiplex

In this layer a transport stream is formed by multiplexing individual packetized elementary
bit streams sharing a common time-base and a control bit stream that describes the program.
Elementary PID defines a coded video, coded audio or other coded bit stream by indicating
the type of data stored in the packet payload. Individual programs in a multiple service
transmission data stream can be extracted by identifying assigned PIDs. Elementary PID is
stored in the link header. The program_map_table which is one of the tables defined by the
PSI in the transport stream provides the mappings between program numbers and the
elementary streams that comprjse them.

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 stream.

System multiplex

In Ih-e GA transport system, multiple services can be achieved by use of the system
multiplex. In addition to the transport bit streams (with the corresponding PIDs) that define

10
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the individual programs, a system level control bit stream with PID = 0 is defined. This bit
stream carries the program_association_tabl.. that maps program identities to their program
transport streams. The program_association_table enables demultiplexing of programs by
decoders. The program identity is represented by a number in the
program_association_table. The map indicates the program_map_PID of the bit stream
containing the program_map_table for a program. As a table specified by the PSI layer, the
program_association_table is transmitted as the payload of the bit stream.

The process of identifying a program and its contents takes place in two stages. In the first
stage the PID of the bit stream carrying the program_map_table for the program is
identified by using the program_association_table in the PID = 0 bit stream. In the second
stage the PIDs of the elementary bit streams that make up the program from the appropriate
program_map_table are obtained. Once the process is completed the filters at a
demultiplexer can be set to receive the transport bit streams that correspond to the program
of interest.

A .

Statistical multiplexing is an efficient mechanism to provide higher quality and more
consistent video relative to a fixed bandwidth system when bits can be dynamically allocated
among the video streams, The benefit of statistical multiplexing depends on the number of
video programs sharing the bit stream and the picture content associated with each
individual programs. The benefit of statistical multiplexing increases as the number of

multiplexed programs are increased.

The data rate control mechanism in the video compression layer makes the implementation
of statistical multiplexing possible. Various configurations can be implemented for different

applications. For example, by using limited statistical multiplexing the bit rate of any

designated program video stream cannot fall below a programmable threshold and the rest

of the bit rate budget can be shared with other video streams.

g multiple elementary streams is accomplished with Presentation
ams. Decoding of N elementary streams is
treams tO a common master time base rather

Synchronization amon
Time Stamps (PTS) in the Transport stre
synchronized by adjusting the decoding of s
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than by adjusting the decoding of one stream to match that of another. The master time base
may be one of the N decoders’ clocks, the data source's clock, or it may be some external

clock.

Synchronization of a decoding system with a channel is achieved through the use of the
Program Clock Reference (PCR) in the Transport Stream. Since each program may have its
own time base, there are separate PCR fields for each program in a transport stream

containing multiple programs.

Access control

Implementation of a conditional access system is supported by the transport syntax with
bits defined in the packet header. In the MPEG-2 specification conditional access is defined
by conditional_access_table as part of the PSI. The conditional_access_table provides the
association between one or more conditional access systems, their entitlement management
message (EMM) streams and any special parameters associated with them. The
functionality is flexible and complete in the sense of supporting all transmission aspects of
applicable key encryption and descrambling approaches that may be used. Conditional
access can be exercised on a elementary stream by stream basis, including the ability to
selectively scramble bit streams in a program if desired.

les of tran t models for multipl Vi

In this section two examples are studied to examine the capability of the GA transport
system for multiple service transmission.

1. 4-channel service example

This model is configured with 4 independent NTSC like program channels. Each video
program has four audio channels. The following block diagram illustrates the multiplexing
and demultiplexing of transport bit streams. It should be noted that the layered approach to
define the multiplexing function does not necessarily imply that program and system
multiplexing must be implemented in separate stages. Program and system level
multiplexing can be implemented within a single multiplexer stage.

12




r; R TR T . i

For this example the video data rate for each service can be estimated based on the total
informz Jon data rate supported by the GA system. Assumed that the total information data
rate supported by the GA system is 19 Mbps. As discussed earlier with the example in the
audio compression, the total audio data rate ranges between 3.584 to 1.792 Mbps. The

higher rate provides better audio quality. Therefore, the video data rate for each program is
about 4 Mbps.

PID 1
Elementary stream | (video)
PID 2
Elementary stream 2 (audio-1)
_ PID 3 Transport
Elementary stream 3 (audio-2)
PID 4
Elementary stream 4 (audio-3) 5
PID 5 multiplexer
Elementary stream 5 (audio-4) —P
PID 6 -
Elementary stream map — Transport bitstream |

(muxed program-1)
° ( | system

Transport bitstream 2
' (muxed program-2)

[program_map_tablc)

| 2 multiplexer
Transport bitstream 3 bsiéstem
(muxed program-3) ream
2 Transport bitstream 4
(muxed pro 4)
T
Program stream map PID=0

( program_associalion_table}

4-channel multiplex model
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Dump other transport

packets
——P video
audio-|
audio-2
System —p audio-3
2 —{ PID=0 | _gpProgram | audi
bitstream map_PID WD
Program_map_table ‘
. Obtain PIDs
Program_assdciation_table for elementary
bit streams
Obtain program_map_PID ?
(PID of bitstream containing < Program
the program_map_table) identity

4-channel demultiplexing model

2. 2-wide screen + data service model

This example illustrates a service which provides two wide-screen NTSC programs with 4
audio channels per video program. In addition, a high speed synchronous data channel
which is independent of video program service is provided for each video service. The
potential applications of data service could be graphics, data and text.

Assume that the data rate of the high speed data channel is 1.5 Mbps (T1 rate) and total
audio data rate is between 1.792 to 0.896 Mbps (same assumption made as the example in
the section of audio compression), the video data rate for each wide-screen NTSC channel is
about 7 Mbps. It should be noted that at this video data rate the subjective picture quality
of wide-screen NTSC has not been evaluated by the authors of this paper.

14
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3.4 Transmission system

Since the multiplexed multiple service data stream will be c'onsuained within the GA total
data rate, it is believed that multiple service transmission will not impact the GA
transmission system. However, the threshold of visibility (TOV) for multiple service
transmission might in fact be improved from that of a single HDTV service. For instance,
transmission errors might hit one of the programs and not be seen on others. Also, ina
multiplexed multiple service data stream, errors will be spread into different program
packets and the subjective impact on each program might be less severe than in a single
HDTYV service. However, this possible improvement is not likely to be significant enough
to effect any spectrum planning issues.

3 Umer receiver issues

The transmission of multiple services will require the development of a variety of consumer
devices. With the MPEG-2 transport architecture new elementary bit streams could be
handled at the transport layer without hardware modifications, by assigning new packet IDs
at the transmitter and filtering out these new PIDs in the bit stream at the receiver. The
functionality of receiving multiple service could be either implemented with receivers or set-
top adaptors.

at lig} er decoder

The receiver designed for multiple service transmission should be capable of extracting the
selected video stream along with associated audio and data streams. The use of packet ID
(PID) in the header as a means of bit stream identification makes the extraction possible.

The control bit stream contains the program_map_table that describes the elementary stream
map.

jver tionali,

Some receiver functions should be considered SO as 1o ensure that programs transmitted via
the GA system can be correctly processed and presented. A receiver can be defined as either

a HDTV receiver or a digital receiver with conventional display. The following are some
issues to be considered for consumer receivers.
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- Aspect ratio

As mentioned earlier, programs with 43 and 16:9 aspect ratios may be co-existent
Receivers should be capable of detecting aspect ratio b

y reading the extension of the picture
layer header.

- Pan and scan

For different program and display aspect ratios, the pan and scan function should be
executed automatically or selected manually based on user's choices. Receivers should
perform the conversion to allow a 4:3 monitor to give a full-screen display of a selected
portion of a 16:9 coded picture with correct aspect ratio.

- Colonimetry

By detecting the sequence display extension such as color_primaries,
transfer_characteristics and matrix_coefficients, receivers should be capable of
converung/processing colorimetry for proper display.

- Display

By detecting the sequence header, receivers should be capable of reconstructing the video
format, field/frame rate, color field identification, colorimetry and etc. A HDTV receiver
should be able to decode the GA HDTV signal as well as any lower MPEG-2 profile/level.
A digital receiver with conventional display should be able to receive and process any
MPEG-2 compliant service. This receiver should decode and downconvert HDTV data

streams for display.
- Closed captioning
Receivers should be capable of detecting and displaying high speed HDTV closcd

captioning data. For set-top adaptors the high speed data should be converted so that it can
be displayed as on screen display (OSD) or inserted on line 21 for display.

- Graphics and data

The receiver function of handling graphics and displaying data and text should be
considered for data or graphic related services. Interface with other devices such as

17
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computers can be provided by receivers so that data could be transmutted, displayed, storeg
and manipulated. Separate ATV modem cards for computers could also be developed.

- Digital and analog VCR recording

Along with the development of digital consumer VCRs a baseband serial digital interface for
digital recording is necessary. The interface may exchange transport streams (packets) with
a digital VCR. To provide conventional analog VCR recording, an interface is needed so that
an analog baseband signal can be connected to a conventional VCR.

|
gy - e w
Digital NTSC — HDTV |—# Digital bit stream for recording .
(8-VSB) | ¢
NTSC — receiver —§» Digital data
ﬁﬁ_\P}ng)v = — Multi-channel audio |
—® Analog baseband video for recording

Functional Diagram of HDTV Receiver

et- d rs

The large existing NTSC TV set population provides a consumer market for set-top
adaptors. A set-top adaptor should perform the functions of demodulation, demultiplex,

program data streams extraction and display format conversion. The output of the adaptor
should interface with existing NTSC TV sets.




r

GA HDTV
(8-VSB)
Digital NTSC — Digiia} o= VESG L S
(8-VSB) p| receiver .
NTSC Setotr ® Digital bit stream for recording
: -top
?Qi‘g};{ o adaptor @ Digital data

Functional Diagram of Digital Receiver/Set-top Adaptor
4. Conclusions
The Grand Alliance system utilizes a flexible transport structurc along with an

internationally recognized standard approach to video compression (MPEG-2). The
transport layer provides the ability to multiplex and demulitiplex multiple program and data

Services.

The utilization of MPEG-2 for video compression provides the features required to support
additional program formats such as wide screen and 4x3 aspect ratio at various resolutions.
These features include the ability to specify sampling structure, picture aspect ratio, input
format and information to support pan and scan. MPEG-2 also provides the ability to
dynamically allocate the number of bits per service which is essential for multiple service

transmission.

These attributes in conjunction with the inherent benefits of digital transmission can provide

some new benefits and opportunities for broadcasters and viewers.
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Expert Group on Scanning Formats / Compression
Report on SDTV Video Formats

SUMMARY

In a meeting conducted by the Expert Grou i 1

p on Scanning Formats / Compression and
f:icpdcd bg more than l:ll:'lﬁjirdp«:r.*'»fms, a consensus was reached by the participants l11-:‘111&“ the
Advisory Commuttee should recommend the following SDTV fi
I e et R g ormats to the FCC to accompany

Recommended SDTV Video Formats

Active Lines | Horizontal Pixels | Picture Aspect Ratio Picture Rate
480 704 4:3 16:9 601 | 60P | 30P | 24P
480 640 4:3 60I | 60P | 30P | 24P
BACKGROUND

At the Technical Subgroup meeting on May 18, 1995 ATSC was asked to document the
following SDTV video formats:

Active Horizontal Picture Picture
Lines _Pixels Aspect Ratio — . Rate. -
480 704 43 & 169 601, 30P, 24P
480 640 433 601, 30P, 24P
360 480/ 640 4:3/16:9 60P, 30P, 24P
240 320 : 4:3 30P, 24P

ATSC began its documentation of the formats, but found that a number of people were
concerned that sufficient discussion had not been conducted on the issue. Subsequently, Advisory
Committee Chairman Wiley asked the Expert Group on Scanning Formats / Compression to
conduct a full and open discussion on the SDTV formats that the Advisory Committee should
recommend to the FCC to accompany the HDTV formats in the ATV standard. A review was
scheduled for July 13 (and, if necessary, July 14) and widely advertised.
he meeting. Twelve persons made formal presentations. A

Over S0 persons attended t sent
om the presentations. In summary, the combination of the

variety of positions were evident fr
positions stated were that:

The two 480-line formats should be combined into one format.

A picture rate of 60P should be added to the two 480-line fo-rmats.

The picture rate of 601 should be deleted from the two 480-line formats.

The picture rate of 601 should be retained in the two 480-line formats.
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The 480-line format with 16:9 aspect ratio should have square pixels.

The 360-line format should be deleted.

The 360-line format should be retained.

The 240-line format should be deleted.

The 240-line format should be retained.

10. The pixel formats should be stated as ranges, not fixed numbers.

11. The picture aspect ratio of 2:1 should be added.
12. The picture rates of 36P and 72P should be added, or should replace 30P, 60P, and 601

L

A discussion was conducted on the various points, examining each point to determine
where consensus could be reached. The participants did reach consensus on points 2 (a picture
rate of 60P should be added to the two 480-line formats), 6 (the 360-line format should be
deleted) and 8 (the 240-line format should be deleted). Four persons indicated that they did not

agree with the consensus.
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Interoperability Characteristics

[From the ATV System Recommendation, pp. 4-4, 4-5 (February 24, 1993)]

PS/WP4 identified a number of characteristics that contribute significantly to
Interoperability, Scope of Services and Features, and Extensibility. These were based
on needs and desires exhibited by alternative media advocates, not only for the delivery
of terrestrial broadcast television programming, but also for other delivery approaches
and applications relating to computing, communications, motion pictures, and imaging.
In relative order of importance, these characteristics are:

‘ An all-digital implementation based on a layered architecture model;

The use of universal headers and descriptors (as agreed by an industry standards
group, for example, SMPTE);

Transmission of the signal in progressive scan format;

Use of a flexible, packet data transport structure,;

Viewer transparent channel re-allocation (limited picture and sound while most of
the channel capacity is devoted to data transmission for conditional access

addressing or other purposes);

Ability to implement lower-performance, low-cost ATV receivers (comparable
price/performance options to current NTSC receivers);

Ability to implement a low-cost ATV consumer VCR;

tation that will allow improvements and

System architecture and implemen - ments
extensions to be incorporated as technology advances while maintaining backward

compatibility;
Square pixels, or at least the option to select square pixel presentation;

Compatibility with relevant international standards, or commitments to this
objective; and
Easily-implementable and user-accessible "still/motion multi-window

transmission. "
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Chairman’s Repo
port Certification Experts Group

July 20, 1995 Meeting

Toe Cc(:n(i)[écali"n Experts Group (CEG) met on July 20, 1995 to review the presentation
of the COFDM-6 proposal by the COFDM-LLC (COFDM:-Limited Liability
Corporation). The CEG had been formed by the Chairman of the Advisory Committee

as part ot an effort to deterl:nine whether the proposed system was “demonstrably
superior” to the Grand Alliance 8-VSB modem already under test.

The proposed modem had been described in an earlier mailing to the CEG, and the CEG
had responded with an extensive list of questions 10 days prior to the meeting. The
majority ol questions had focused on several key areas of concern. Those were the

following:

L. Receiver oscillator (and system) phase noise sensitivity.

2 Peak-to-average power ratio.

8 C_hannel linearity requirements (transmitter linearity and receiver A/D converter
bit requirement).

4. Dynamic ghost rejection. :

o ATV 1o NTSC interference concerns related to the deployment of single

frequency networks (SFNs).

The COFDM-LLC's response to some of the simpler questions for clarification of the
system definition were relatively clear and concise. Unfortunately, the response to most
of the five critical questions above was either not available or the system proposed for
test had critical problems in the particular area. A brief summary follows.

1. The original document submitted proposed a -105 dBc (@10 kHz) spec on
oscillator stability. The proposal did not clarify whether this was a specification
of the receiver oscillator or the entire system. If the requirement was for the
receiver only, it would represent a requirement for a 30 to 40 dB improvement
over the tuners planned for VSB. If the requirement represented a system
specification, then the phase jitter that could be allotted to the receiver would be
even less. When questioned about this issue, the COFDM-LLC did not have a
direct answer. Eventually, they allowed that in test at the CRC, the system failed
at -85 dBc with a high C/N ratio. The CEG panel concluded that the original
-105 dBc spec was a reasonable system spec for threshold C/N, since less than 20
dB of margin in phase noise would represent a compromise of the data eye at 64
QAM. The COFDM-LLC pointed to a recent paper by ‘I:homson that proposed a
technique to achieve phase noise performance. m this region. The system
proposed for test, however, achieved the requisite performfmce by inclusion of a
laboratory type HP frequency synthesizer for the local oscillator. [t was noted
that such oscillators had been included in earlier proposals certified by SS/WP1
for test. It was also noted that the Grand Alliance VSB system does not require

such an oscillator.

to-average power ratio, the COFDM-LLC

o was 2 or 3 dB higher than VSB, and also that the
liminary testing by CRC was between .5 and
VSB system. In the view of the CEG, this

J

[n response to questions about peak-
indicated that the expecte.d rati
C/N threshold measured in very pre
1 dB poorer than the Current
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translated to a potential coverage impact for a single transmitter installation of 2
to 4 dB depending on the actual back-off requirements of a real transmitter

relative to the peak-to-average ratio.

A number of questions were asked regarding the requirements for both
transmitter linearity, and receiver dynamic range (focused on the number of bits
required in the A/D). The most useful response was that the prototype system
used a 12 bit A/D. A chart was presented showing curves for an undefined
COFDM system with a “large number of carriers” Whether the chart was
generated for a 4 PSK, 16 QAM, or 64 QAM system was not clear. The
COFDM-LLC had no quantitative data related directly to the COFDM-6 proposal
to show the tradeoff between the number of effective bits in the receiver A/D and
the C/N threshold. The CEG concluded that with the data presented, a minimum
of 10 useful bits would be required to avoid a performance impact. The typical
accuracy reduction of 2+ bits at high signal frequencies for off-the-shelf video
A/D converters was pointed out, and the COFDM-LLC was asked to explain how
the required A/D could be built cost-effectively. The response pointed to the
above mentioned chart with the possibility that 8 effective bits might be enough.
No quantitative connection to COFDM-6 or direct answer to the A/D cost issue
was offered.

During the course of questioning, it was learned that the COFDM-6 prototype had

an 8 to 10 second acquisition time, and 6 dB reduction in d/u ratio for even

slowly moving ghosts (.05 Hz). After some intense questioning, the COFDM-

LLC explained the nature of the acquisition and tracking system in the prototype.

[t was pointed out that for the system to meet the COFDM claim (and SFN

requirement) of O dB d/u ratio, in a practical sense, it would have to achieve 0 dB

for at least reasonably moving ghosts. It was further pointed out that the reason

for this requirement is that, in the real world, the vast majority of ghosts are

dynamic virtually all the time. The CEG concluded that to expect test results for

the system that would indicate successful SEN deployment in a real world of non-

static ghosts, signal acquisition would need to be several times faster, and signal

tracking would need to be approximately 2 orders of magnitude faster.

_In the questions prior to the meeting, the CEG’s concern with ATV to NTSC

interference was highlighted with a request for examples of COFDM and SFN
deployment in several diverse markets. The COFDM-LLC presented a |
reasonably extensive example of coverage improvement for a single station in the
Los Angeles market using one or two regional transmitters in addition to the main
Mt. Wilson transmitter. Unfortunately, the presentation did not address several
key issues that were highlighted in the advance questions.

a. ’.I‘he presentatfon was made with no reference to any of the other many
stations and services originating on Mt. Wilson, and the primary concern

with SFN deployment is the opportunity for ATV to NTSC interference
by the remote ATV transmitters.
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b. In the example given, the remote transmitters were fed by microwave.

[n pfraclif:e. microwave spectrum would likely not be available for all the
stations in the LA market. The cost of fiber optic feeds was not analyzed.

¢. The example given did not address how the allocation plan would be
affected by the deployment of multiple synchronous transmitters, since the
example involved the use of a second transmitter to cover the Mojave
desert, where the next potentially interfering channel allocations are in Las
Vegas. The CEG had specifically proposed the example of New York
City, where many of the expected problems with SFN deployment would
surface. Some of those unaddressed issues were as follows:

Lack of tower site availability for peripheral transmitters.
Allocation impact in an already short-spaced area.
Increased ATV to NTSC interference from peripheral transmitters

Potential inadequacy of 64 us guard interval in flat terrain with
multiple transmitters

The members of the CEG had expected that after a year of investigation, the COFDM-
LLC would provide much more depth of explanation as to the details of deployment of
both COFDM and SFNs, since most of the potential difficulties had been identified in the
Technical Subgroup by early 1994.

At the end of the meeting, based on the claimed benefits of COFDM techniques and,
specifically, of the COFDM modem proposed by the COFDM_~LLC. as well as the
shortcomings discussed above, the members of the CEG unanimously agreed on the two
following statements:

“The modem presented by the COFDM-LLC is not ready for test at this time”

“The COFDM-LLC did not demonstrate the superiority of COFDM over VSB for
the majority of markets.”

Subsequent to the above unanimous conclusions, the COFDM-LLC requ;feqda‘:juunher
hearing approximately one week later. The meu?bers of the CEG \::;e u;a é:lin : wyeek A1
polled to determine their sense of whether sufﬁc_lent ch.:mge E:oul.d e ﬂ[:a G
affect the outcome. The responses varied from “Very little h}cellhood ?:[ s
make any difference” to “The same problems that were 1dennﬁefi a Xeatrh :nnear ok

are still t;cre“. None of the CEG members fel} that a second review 121181 e
would change the CEG's conclusion. Accordingly, the CEG unanimously

certify for test the COFDM-6 system proposed by the COFDM-LLC.
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ATSC DIGITAL TELEVISION STANDARD

FOREWORD

This Standard was prepared by the Advanced Televisio mmittee
Technology Group on Distribution (T3). The document was apl;rso)\r/ﬂ;lnll:sy(t;h?e metnbexEsAng'I(‘:?z
on February 23, 1995 for submission by letter ballot to the membership of the full ATSC as an
| ATSC Standard. The document was approved by the Members of the ATSC on April 12
1995. Changes to Annex A, to include standard definition video formats, were approved by thé
members of T3 on August 4, 1995 and by the Members of the ATSC on September 15, 1995.

This .Standa_rd con&sts of a cover document which provides background information
and an overview of the digital television system defined by the Standard. The system consists of
various subsystems that are described in the annexes.

| 1. SCOPE & DOCUMENTATION STRUCTURE

1.1 Scope

The Digital Television Standard describes the system characteristics of the U. S.
‘ advanced television (ATV) system. The document and its normative annexes provide detailed
specification of the parameters of the system including the video encoder input scanning
| formats and the pre-processing and compression parameters of the video encoder, the audio
encoder input signal format and the pre-processing and compression parameters of the audio
encoder, the service multiplex and transport layer characteristics and normative specifications,

and the VSB RF/Transmission subsystem.

| 1.2 Documentation structure

| The documentation of the Digital Television Standard consists of this document which

‘ provides a general system overview, a list of reference documents, and sections relating to the
system as a whole. The system is modular in concept and the specifications for each of the

| modules are provided in the appropriate annex.

2. REFERENCES

Normative references may be found in each normative Anncx_ The Dlgntal Teievis@on
Standard is based on the ISO/IEC MPEG-2 Video Standard, the Digital Audio Compression
(AC-3) Standard, and the ISO/IEC MPEG-2 Systems Standard. Those references are listed

NOTE: The user’s attention is called to the po
of an invention covered by patent rights. By public
1o the validity of this claim, or of any patent rights
however, filed a statement of willingness to grant a lict
nondiscriminatory terms and conditions 10 applicants desiring

obtained from the publisher.

lication of this standard, no position is taken with respect
in connection therewith. The patent holder has,
license under these rights on reasonable and
to obtain such a license. Details may be
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here for the convenience of the reader. In addition, a guide to the use of the Digital Television
Standard is listed.

ATSC Standard A/52 (1995), Digital Audio Compression (AC-3).

ATSC Document A/54 (1995), Guide to the Use of the ATSC Digital Television Standard

ISO/IEC IS 13818-1, International Standard (1994), MPEG-2 Systems.
ISO/IEC IS 13818-2, International Standard (1994), MPEG-2 Video.

3. DEFINITIONS

3.1 Definitions

With respect to definition of terms, abbreviations and units, the practice of the Institute
of Electrical and Electronics Engineers (IEEE) as outlined in the Institute’s published standards
shall be used. Where an abbreviation is not covered by IEEE practice, or industry practice
differs from IEEE practice, then the abbreviation in question will be described in Section 3.4 of
this document. Many of the definitions included therein are derived from definitions adopted by
MPEG.

3.2 Compliance notation

As used in this document, “shall” or “will” denotes a mandatory provision of the
standard. “Should” denotes a provision that is recommended but not mandatory. “May”
denotes a feature whose presence does not preclude compliance, that may or may not be
present at the option of the implementor.

3.3 Treatment of syntactic elements

This document contains symbolic references to syntactic elements used in the
al:ld:io, video, and transport coding subsystems. These references are typographically
distinguished by the use of a different font (e. 8., restricted), may contain the underscore
character (e.g., sequence_end_code) and may consist of character strings that are not English
words (e.g., dynmg).

-

3.4 Terms employed

For the purposes of the Digital Television Standard, the following definition of
terms apply:
ACATS: Advisory Committee on Advanced Television Service.
access unit: A coded representation of a presentation unit. In the case of audio, an access
unit is the coded representation of an audio frame. In the case of video, an access unit
fnciudgs all the coded data for a pictm:e, and any stuffing that follows it, up to but not
including the start of the next access unit. If a picture is not preceded by a group_start_code

OT @ sequence_header_code, the access unit begins with a the picture start code. If a picture
is preceded by a group_start_code and/or a sequence_header_code, the access unit begins with

e

D
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the first byte of the first of these start codes. If it is the last picture preceding a

sequence_end_code in the bit stream all bytes between the last b i
’ _ yte of the coded
the sequence_end_code (including the sequence_end_code) belong to the access un.itl.ncmre &

A/D: Analog to digital converter.
AES: Audio Engineering Society.

anchor frame: A video frame that is used for prediction. I-frames and P-frames are
generally used as anchor frames, but B-frames are never anchor frames.

ANSI: American National Standards Institute.

Asynchronous Transfer Mode (ATM): A digital signal protocol for efficient transport
of both constant-rate and bursty information in broadband digital networks. The ATM

digital stream consists of fixed-length packets called “cells,” each containing 53 8-bit
bytes—a 5-byte header and a 48-byte information payload. :

ATEL: Advanced Television Evaluation Laboratory.
ATM: See asynchronous transfer mode.

ATTC: Advanced Television Test Center.

ATV: The U. S. advanced television system.

bidirectional pictures or B-pictures or B-frames: Pictures that use both future and past
pictures as a reference. This technique is termed bidirectional prediction. B-pictures
provide the most compression. B-pictures do not propagate coding errors as they are
never used as a reference.

bit rate: The rate at which the compressed bit stream is delivered from the channel to the
mput of a decoder.

block: A block is an 8-by-8 array of pel values or DCT .coefficients representing
luminance or chrominance information.

bps: Bits per second

byte-aligned: A bit in a coded bit stream is byte-aligned if its position is a multiple of 8-
bits from the first bit in the stream.

CDTV: See conventional definition television.

channel: A digital medium that stores or transports a digital television stream.

coded representation: A data element as represented in its encoded form.

compression: Reduction in the number of bits used to represent an item of data.
Operation where the bit rate is constant from start to finish of the

constant bit rate:
compressed bit stream

conventional definition television ‘(CD
NTSC television system as defined in ITU-R e
definition television and 1ITU-R Recommendation 1125.

. This term is used to signify the analog
m Recommendation 470. See also standard
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CRC: The cyclic redundancy check to verify the correctness of the data.
D-frame: Frame coded according to an MPEG-1 mode which uses DC coefficients only.

data element: An item of data as represented before encoding and after decoding
DCT: See discrete cosine transform.
decoded stream: The decoded reconstruction of a compressed bit stream.

decoder: An embodiment of a decoding process.

decoding (process): The process defined in the Digital Television Standard that reads an
input coded bit stream and outputs decoded pictures or audio samples.

decoding time-stamp (DTS): A field that may be present in a PES packet header that
indicates the time that an access unit is decoded in the system target decoder.

digital storage Imedia (DSM): A digital storage or transmission device or system.

discrete cosine transform: A mathematical transform that can be perfectly undone and
which is useful in image compression.

DSM-CC: Digital storage media command and control.
DSM: Digital storage media.

DTS: See decoding time-stamp.

DVCR: Digital video cassette recorder

ECM: See entitlement control message.

editing: A process by which one or more compressed bit streams are manipulated to
produce a new compressed bit stream. Conforming edited bit streams are understood to
meet the requirements defined in the Digital Television Standard.

elementary stream (ES): A generic term for one of the coded video, coded audio or
ot.her coded bit streams. One elementary stream is carried in a sequence of PES packets
with one and only one stream_id.

elementary stream clock reference (ESCR): A time stamp in the PES Stream from
which decoders of PES streams may derive timing,

EMM: See entitlement management message.
encoder: An embodiment of an encoding process.

encoding (prqcess): A process that reads a stream of input pictures or audio samples and
produces a valid coded bit stream as defined in the Digital Television Standard.

entitlement control message (ECM): Entitlement control messages are private

cond_itiona.l access information which specify control words and possibly other stream-
specific, scrambling, and/or control parameters,
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entitlement management message (EMM): Entitlement management messages are

private conditional access information which specify the authorization level 1
| or the services
of specific decoders. They may be addressed to single decoders or groups of decoders.

entropy coding: Variable length lossless coding of the digital : :
reduce redundancy. ding gital representation of a signal to

entry poi_nF:l Rgfers to a point in a coded bit stream after which a decoder can become
! properly initialized and commence syntactically correct decoding. The first transmitted

picture z_aﬁer an entry point is either an I-picture or a P-picture. If the first transmitted

picture is not an I-picture, the decoder may produce one or more pictures during

acquisition.

ES: See elementary stream.

ESCR: See elementary stream clock reference.

event: An event is defined as a collection of elementary streams with a common time base,
‘ an associated start time, and an associated end time.

field: For an interlaced video signal, a “field” is the assembly of alternate lines of a frame.
Therefore, an interlaced frame is composed of two fields, a top field and a bottom field.

forbidden: This term, when used in clauses defining the coded bit stream, indicates that
the value shall never be used. This is usually to avoid emulation of start codes.

FPLL: Frequency and phase locked loop.

‘ frame: A frame contains lines of spatial information of a video signal. For progressive

video, these lines contain samples starting from one time instant and continuing through
successive lines to the bottom of the frame. For interlaced video a frame consists of two
fields, a top field and a bottom field. One of these fields will commence one field later than

the other.

‘ GOP: See group of pictures,
Group of pictures (GOP): A group of pictures consists of one or more pictures in
sequence.
HDTV: See high definition television.
high definition television (HDTV): High definition television has a resolution of

approximately twice that of conventional television in both the horizontal (H) and vertical

(V) dimensions and a picture aspect ratio (HxV) of 16:9. ITU'-R Recorpmejndaﬁfm !1215
further defines “HDTV quality” as the delivery of a television picture which is subjectively

identical with the interlaced HDTV studio standard.

high level: A range of allowed picture parameters defined by the MPE
specification which corresponds to high definition television.

of source coding that uses codes of different lengths to
elihood of occurrence.

G-2 video coding

Huffman coding: A type :
represent symbols which have unequal lik

IEC: International Electrotechnical Commission.

-
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intra-coded pictures or I-pictures or I-frames: P1c§ures {hat are coded using
information present only in the picture itself and not dependmg' on information from other
pictures. I-pictures provide a mechanism for random access into the compressed video
data. I-pictures employ transform coding of the pel blocks and provide only moderate

compression.

ISO: International Organization for Standardization.

ITU: International Telecommunication Union.

JEC: Joint Engineering Committee of EIA and NCTA.

layer: One of the levels in the data hierarchy of the video and system specification.
level: A range of allowed picture parameters and combinations of picture parameters.

macroblock: In the advanced television system a macroblock consists of four blocks of
luminance and one each Cr and Cb block.

main level: A range of allowed picture parameters defined by the MPEG-2 video coding
specification with maximum resolution equivalent to ITU-R Recommendation 601.

main profile: A subset of the syntax of the MPEG-2 video coding specification that is
expected to be supported over a large range of applications.

Mbps: 1,000,000 bits per second.

motion vector: A pair of numbers which represent the vertical and horizontal
displacement of a region of a reference picture for prediction.

MP@HL: Main profile at high level.
MP@ML: Main profile at main level.

MPEG: Refers to standards developed by the ISO/IEC JTC1/SC29 WGI 1, Moving
Picture Experts Group. MPEG may also refer to the Group.

MPE.G-I: Refers to ISO/IEC standards 11172-1 (Systems), 11172-2 (Video), 11172-3
(Audio), 11172-4 (Compliance Testing), and 11172-5 (Technical Report).

MPE_G-z: Refers to ISO/IEC standards 13818-1 (Systems), 13818-2 (Video), 13818-3
(Audio), 13818-4 (Compliance).

pack: A pack consists of a pack header followed by zero or more packets. It is a layer in
the system coding syntax. -

pac:et data: Contiguous bytes of data from an elementary data stream present in the
packet.

packet i(!entif_ier (PID): A unique integer value used to associate elementary streams of a
program in a single or multi-program transport stream.

packet: A packet consists of a header followed by a number of conti
_ ous bytes from an
elementary data stream. It is a layer in the system coding syntax. . -
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padding: A methpd to adjust the average length of an audio frame in time to the duration
of the corresponding PCM samples, by continuously adding a slot to the audio frame.

payload: Payload refers to the bytes which follow the header byte in a packet. For
example, the payload of a transport stream packet includes the PES_packet_header and its
PES_packet_data_bytes Or pointer_field and PSI sections, or private data. A PES_packet_payload

however, consists only of PES_packet_data_bytes. The transport stream packet header and
adaptation fields are not payload.

PCR: See program clock reference.
pel: See pixel

PES packet header: The leading fields in a PES packet up to but not including the
PES_packet_data_byte fields where the stream is not a padding stream. In the case of a
padding stream, the PES packet header is defined as the leading fields in a PES packet up
to but not including the padding_byte fields.

PES packet: The data structure used to carry elementary stream data. It consists of a
packet header followed by PES packet payload.

PES Stream: A PES stream consists of PES packets, all of whose payloads consist of data
from a single elementary stream, and all of which have the same stream_id.

PES: An abbreviation for packetized elementary stream.

picture: Source, coded or reconstructed image data. A source or reconstructed picture
consists of three rectangular matrices representing the luminance and two chrominance

signals
PID: See packet identifier

pixel: “Picture element” or “pel.” A pixel is a digital sample of the color intensity values
of a picture at a single point.

predicted pictures or P-pictures or P-frames: Pictures that are coded with respect to
the nearest previous | or P-picture. This technique is termed forward prediction.
P-pictures provide more compression than I-pictures and' serve as a reference for future
P-pictures or B-pictures. P-pictures can propagate coding .err-ors.when P-pictures (or
B-pictures) are predicted from prior P-pictures where the prediction is flawed.

may be present in a PES packet header that

presentation time-stamp (PTS): A field that
d in the system target decoder.

indicates the time that a presentation unit is presente

presentation unit (PU): A decoded audio access unit or a decoded picture.

profile: A defined subset of the syntax specified in the MPEG-2 video coding
specification )
program clock reference (PCR): A time stamp in the transport stream from which
decoder timing is derived.

program element: A generc term for one of the elementary streams Of other data

streams that may be included in the program.

allier
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program specific information (PSI): PSI consists of normative data ‘which 1S n
for the demultiplexing of transport streams and the successful regeneration of programs.

: i i lements. Program elements may be
rogram: A program is a collection of program e .
::Iementa.ry streams. Program elements need not have any defined time base; those that do
have a common time base and are intended for synchronized presentation.

PSI: See program specific information.

PTS: See presentation time-stamp.

PU: See presentation unit.

quantizer: A processing step which intentionally reduces the precision of DCT
coefficients

random access: The process of beginning to read and decode the coded bit stream at an
arbitrary point.

reserved: This term, when used in clauses defining the coded bit stream, indicates that the
value. may be used in the future for Digital Television Standard extensions. Unless
otherwise specified within this Standard, all reserved bits shall be set to “1”.

SCR: See system clock reference.

scrambling: The alteration of the characteristics of a video, audio or coded data stream in
order to prevent unauthorized reception of the information in a clear form. This alteration
is a specified process under the control of a conditional access system.

SDTV: See standard definition television.

slice: A series of consecutive macroblocks.

SMPTE: Society of Motion Picture and Television Engineers.

source stream: A single, non-multiplexed stream of samples before compression coding.

splicing: The concatenation performed on the system level or two different elementary
streams. It is understood that the resulting stream must conform totally to the Digital
Television Standard.

standard definition television (SDTV): This term is used to signify a digital television
system in which the quality is approximately equivalent to that of NTSC. This equivalent
quality may be achieved from pictures sourced at the 4:2:2 level of ITU-R
Recommendation 601 and subjected to processing as part of the bit rate compression. The
resuit§ should be such that when judged across a representative sample of program
material, subjective equivalence with NTSC is achieved. Also called standard digital
television. See also conventional definition television and ITU-R Recommendation 1125.

start codes: 32-bit codes embedded in the coded bit stream that are unique. They are used

for several.purposes including identifying some of the layers in the coding syntax. Start
codes consist of a 24 bit prefix (0x000001) and an 8 bit stream_id.
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STD input buffer: A first-in, first-out buffer at the i
€ mput of a syst
storage of compressed data from elementary streams be?ore decosgii;.m S ey

STD: See system target decoder.

still pictpre: A ched sull picture consists of a video seql.xence containing exactly one
coded picture which is intra-coded. This picture has an associated PTS and the

presematiop time of _succeeding pictures, if any, is later than that of the still picture by at
least two picture periods.

s_vs‘teml cloc!& reference (SCR): A time stamp in the program stream from which decoder
timing 1s derived.

system l?eader: The system header is a data structure that carres information
summanzing the system characteristics of the Digital Television Standard multiplexed bit
stream.

system target decoder (STD): A hypothetical reference model of a decoding process
used to describe the semantics of the Digital Television Standard multiplexed bit stream.

time-stamp: A term that indicates the time of a specific action such as the arrival of a byte
or the presentation of a presentation unit.

TOV: Threshold of visibility.

Transport Stream packet header: The leading fields in a Transport Stream packet up to
and including the continuity_counter field.

variable bit rate: Operation where the bit rate varies with time during the decoding of a
compressed bit stream.

VBV: See video buffering verifier.

Video buffering verifier (VBV): A hypothetical decoder that is conceptually connected
to the output of an encoder. Its purpose is to provide a constraint on the variability of the

data rate that an encoder can produce.

video sequence: A video sequence is represented by a sequence header, one or more
groups of pictures, and an end_of_sequence code in the data stream.

8 VSB: Vestigial sideband modufation with 8 discrete amplitude levels.

16 VSB: Vestigial sideband modulation with 16 discrete amplitude levels.
3.5 Symbols, abbreviations, and mathematical operators

35.1 Introduction

The symbols, abbr
Digital Television Standard are those adopted for us
similar to those used in the “C” programming language.
truncation and rounding are specifically defined.

1ati 1 describe the
eviations, and mathematical operators used to
e in describing MPEG-2 and are

However, integer division with

The bitwise operators are defined
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assuming two’s-complement representation of integers. Numbering and counting loops
generally begin from 0.

3.5.2 Arithmetic operators

+ Addition.

- Subtraction (as a binary operator) or negation (as a unary operator).
++ Increment.

-- Decrement.

* or x Multiplication.

& Power.

/ Integer division with truncation of the result toward 0. For example, 7/4 and -
7/-4 are truncated to 1 and -7/4 and 7/-4 are truncated to -1.

I Integer division with rounding to the nearest integer. Half-integer values are
rounded away from O unless otherwise specified. For example 3//2 is rounded
to 2, and -3//2 is rounded to -2.

DIV Integer division with truncation of the result towards -co.
% Modulus operator. Defined only for positive numbers.
Sign()  Sign(x) =1 x>0

0 X ==1{)

-1 x<0

NINT () Nearest integer operator. Returns the nearest integer value to the real-valued
argument. Half-integer values are rounded away from 0.

sin Sine.

cos Cosine.

exp Exponential.

v Square root. '
logyo Logarithm to base ten.
loge Logarithm to base e.

3.5.3 Logical operators
| Logical OR.
&& Logical AND.
! Logical NOT.

— 10 —
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3.5.4 Relational operators

> Greater than.

v

Greater than or equal to.

Less than

Al

1A

Less than or equal to.

= Equal to

= Not equal to

max [,...,] The maximum value in the argument list.

min [,..,] The minimum value in the argument list.

3.5.5 Bitwise operators

& AND

OR.
>> Shift nght with sign extension.
<< Shift left with 0 fill

3156 Assignment

= Assignment operator.

3.5.7 Mnemonics
The following mnemonics are defined to describe the different data types used in

the coded bit stream
Bit string, left bit first, where “left” is the order in which bit

bsibf
strings are written in the Standard. Bit strings are written
as a string of 1s and Os within single quote marks, e.gd.
4000 0001’. Blanks within a bit string are for ease of
_ reading and have no significance.
uimsbf Unsigned integer, most significant bit first.

The byte order of multi-byte words is most significant byte first.

35.8 Constants
T 3.14159265359...

e 2.71828182845...
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3.5.9 Method of describing bit stream syntax

Each data item in the coded bit stream described below is in bold type. It is
described by its name, its length in bits, and a mnemonic for its type and order of

transmission.

The action caused by a decoded data element in a bit stream depem_is on the value
of that data element and on data elements previously decoded. The decoding of the data
elements and definition of the state variables used in their decoding are described in the
clauses containing the semantic description of the syntax. The following constructs are

used to express the conditions when data elements are present, and are in normal type.

Note this syntax uses the “C” code convention that a variable or expression
evaluating to a non-zero value is equivalent to a condition that is true.

while ( condition ) {
data_element

}

do {
data_element

while ( condition )

if ( condition) {
data_element

}

else {
data_element

}

for (i = Oji<n;i++) {
data_element

If the condition is true, then the group of data elements
occurs next in the data stream. This repeats until the
condition is not true.

The data element always occurs at least once. The data
element is repeated until the condition is not true.

If the condition is true, then the first group of data
elements occurs next in the data stream.

If the condition is not true, then the second group of data
elements occurs next in the data stream.

The group of data elements occurs n times. Conditional
constructs within the group of data elements may depend
on the value of the loop control variable i, which is set to
zero for the first occurrence, incremented to 1 for the
second occurrence, and so forth,

As noted, the group of data elements may contain nested conditional constructs.
For compactness, the {} are omitted when only one data element follows.

data_element [ ]
data_element [n]
data_element [m][n]
data_element [1][m][n]

data_element [m..n]

Decoders must include a means to look fo
stream) in order to begin decoding correctly,

data_element [ ] is an array of data. The number of data
elements is indicated by the context.

data_element [n] is the n+1th element of an array of
data.

data_element [m][n] is the m+1,n+1 th element of a two-
dimensional array of data.

data_element [I][m][n] is the 1+1,m+1,n+1 th element of a
three-dimensional array of data.

data_element [m..n] is the inclusive range of bits
between bit m and bit n in the data_element.

L) o A

D —

r start codes and sync bytes (transport
and to identify errors, erasures or insertions

4——‘»
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not standardized.

3.5.9.1 Definition of bytealigned function

The function bytealigned( ) returns 1 if th ition i
) s ! € current position is on a byte ary;
that is, the next bit in the bit stream is the first bt ina byte.pOtherwise?t re'cual bms Obound ’
3.5.9.2 Definition of nextbits function

T}]e ﬁiﬂc‘tif-‘-‘ﬂ nextbits( ) permits comparison of a bit string with the next bits to be
decoded in the bit stream.

3.5.9.3 Definition of next_start_code function

The next_start_code( ) function removes any zero bit and zero byte stuffing and
locates the next start code.

This function checks whether the current position is byte-aligned. If it is not, 0
stuffing bits are present. After that any number of 0 bytes may be present before the start-
code. Therefore start-codes are always byte-aligned and may be preceded by any number
of 0 stuffing bits

Table 3.1 Next Start Code

Syntax No. of bits Mnemonic
next_start_code( ) {
while ( 'bytealigned( ) )
zero_bit 1 ‘0’
while (nextbits( )!='0000 0000 0000 0000 0000 0001')
zero_byte 8 ‘00000000’
)

4. BACKGROUND

-

4.1 Advanced Television Systems Committee (ATSC)

The Advanced Television Systems Committee, chaired by James C McKinne_y, was
formed by the member organizations of the Joint Committee on lntequmety COOYMOH
(CIC)’ for the purpose of exploring the need for and, where appropriate, to coordinate
development of the documentation of Advanced Television Systems. Documentation is
understood to include voluntary technical standards, recommended practices, and engineering

guidelines

i : iati Institute of
Electronic Industries Association (EIA), the
National Association of Broadcasters (NAB), the

The JCIC is presently composed of: the
the Society of Motion Picture and Television

Electrical and Electronics Engineers (IEEE), the
National Cable Television Association (NCTA), and

Eagineers (SMPTE)

—_ 13 —
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Proposed documentation may be developed by the ATSC, by. member Ofsﬂl_limﬁons of
the JCIC, or by existing standards committees. The ATSC was established recognizing that the
prompt, efficient and effective development of a coordinat'ed set of national standards is
essential to the future development of domestic television services.

On June 5, 1992 ATSC provided information to the Federal Communications
Commission (FCC) outlining proposed industry actions to fully document the advanced
television system standard. The FCC has recognized the importance of prompt disclosure of
the system technical specifications to the mass production of advanced television system
professional and consumer equipment in a timely fashion. The FCC has further noted its
appreciation of the diligence with which the ATSC and the other groups participating in the
standardization are pursuing these matters.’

Supporting this activity, the ATSC Executive Committee requested that the T3/S1
Specialist Group on Macro Systems Approach meet and suggest which portions of an
advanced television system broadcasting standard might require action by the FCC and which
portions should be voluntary.

Subsequently, T3/S1 held meetings and developed recommendations in two areas:

1. Principles upon which documentation of the advanced television system should
be based; and

2. A list of characteristics of an advanced television system that should be
documented.

The list tentatively identified the industry group(s) that would provide the
documentation information and the document where the information would likely appear.

The recommendations developed by the T3/S1 Specialist Group were modified by T3
to accommodate information and knowledge about advanced television systems developed in
the period since June 1992. Some of the modifications to the recommendations ensued from
the formation of the Grand Alliance. The modified guidelines were approved at the March 31,
1994 meeting of the T3 Technology Group on Distribution and are described in Section 4.5.

4.2 Advisory Committee on Advanced Television Service (ACATS)

A.“Petition for Notice of Inquiry” was filed with the FCC on February 21, 1987 by 58
broadcasting organizations and companies requesting that the Commission initiate a proceeding
to explore the issues arising from the introduction of advanced television technologies and their
possible impact on the television broadcasting service. At that time, it was generally believed
that H':gh' Definition Television (HDTV) could not be broadcast using 6 MHz terrestrial
broadcasting channels. The broadcasting organizations were concerned that the alternative

media would be able to deliver HDTV to the viewing public placing terrestrial broadcasting at
a severe disadvantage.

? FCC 92-438, MM Docket No. 87-268, “Memorandum Opini i '
38, ; 8, on and Order/Third Report and Order/Third
Further Notice of Proposed Rule Making,” Adopted: September 17, 1992, pp. 59-60.

s il
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Charter by the FCC was:

“The Com_mittee will advise the Federal Communications Commission on the
facts' and circumstances regarding advanced television systems for Commission
consnd;rapon of technical and public policy issues. In the event that the
Com_n?;sston decides that adoption of some form of advanced broadcast
telelwsxon is in the public interest, the Committee would also recommend
policies, standards and regulations that would facilitate the orderly and timely
introduction of advanced television services in the United States.”

The Advisory Committee established a series of subgroups to study the various issues
concerning services, technical parameters, and testing mechanisms required to establish an
Advanced television system standard. The Advisory Committee also established a system
evaluation, test and analysis process that began with over twenty proposed systems, reducing
them to four final systems for consideration.

43 Digital HOTV Grand Alliance (Grand Alliance)

On May 24, 1993 the three groups that had developed the four final digital systems
agreed to produce a single, best-of-the best system to propose as the standard. The three
groups (AT&T and Zenith Electronics Corporation; General Instrument Corporation and the
Massachusetts Institute of Technology; and Philips Consumer Electronics, Thomson Consumer
Electronics, and the David Samoff Research Center) have been working together as the
“Digital HDTV Grand Alliance.” The system described in this Standard is based on the Digital

HDTV Grand Alliance proposal to the Advisory Committee.

44 Organization for documenting the Digital Television Standard

The ATSC Executive Committee assigned the work of documenting the advanced
television system standards to T3 specialist groups dividing the work into five areas of interest:
Video ('lml'uding input signal format and source coding), Audi_o (including input signal fop:nat
ad source coding), Transport (including data multiplex af]d channel = coding),
RF/Transmission, (including the modulation mbgﬂem) and Recewerthc;hmc; ci
steen isting of the chairs of the five specialist groups, !
Ch;-lu;ngotf:o T";"“::: ;:irzn a?nong the ATSC, the FCC, and ACATS was established to

wordinate the development of the documents. The members of the steering committee and
&reas of interest were as follows:

Stanley Baron T3 chair
Jules Cohen T3 vice-chair
Bnan James T3 vice-chair

—15—
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Larry Pearlstein T3/S6 (Video systems characteristics), chair

Graham S. Stubbs  T3/S7 (Audio systems characteristics), chair

Bemard J, Lechner T3/S8 (Service multiplex and transport systems characteristics), chair
Lynn D. Claudy T3/S9 (RF/Transmission systems characteristics), chair

Wermner F. Wedam  T3/S10 (Receiver characteristics), chair

Robert M. Rast Grand Alliance facilitator

Robert Hopkins ATSC

Robert M. Bromery FCC Office of Engineering and Technology

Gordon Godfrey =~ FCC Mass Media Bureau

Paul E. Misener ACATS

4.5 Principles for documenting the Digital Television Standard
T3 adopted the following principles for documenting the advanced television system

standard:

1.

D ——

The Grand Alliance was recognized as the principal supplier of information for
documenting the advanced television system, supported by the ATSC and
others. Other organizations seen as suppliers of information: EIA, FCC, IEEE,
MPEG, NCTA, and SMPTE.

The Grand Alliance was encouraged to begin drafting the essential elements of
system details as soon as possible to avoid delays in producing the advanced
television system documentation.

. FCC requirements for the advanced television system standard were to be

obtained as soon as possible.

Complete functional system details (permitting those skilled in the art to
construct a working system) were to be made publicly available.

Protection of any intellectual property made public must be by patent or
copyright as appropriate.

The ad\_fanced television system documentation shall include the necessary
system information such that audio and video encoders may be manufactured
to deliver the system’s full demonstrated performance quality.

The advanced television system documentation shall point to existing
standards, recommended practices or guideline documents. These documents
shall be referenced in one of two ways as deemed appropriate for the
application. In the first instance, a specific revision shall be specified where
review of changes to the referenced document is required before changes might
pe incorporated into the advanced television system document. The second
instance references the document without specificity to revision and allows any
changes to the referenced documents to be automatically incorporated.

—_16 —
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8. System specifications shall explain how future, compatible improvements may
be achieved.

9. As ongoing improvements take place in the advanced television system,
manufacturers of encoders and decoders should coordinate their efforts to
insure compatibility.

10. The advanced television system standard must support backward compatibility
of future improvements with all generations of advanced television system
receivers and inherently support production of low cost receivers (not
withstanding that cost reduction through reduced performance quality may also
be used to achieve inexpensive products).

I1. The advanced television system standard should not foreclose flexibility in
implementing advanced television system receivers at different price and
performance levels.

I2. The advanced television system standard should not foreclose flexibility in
implementing program services or in data stream modification or insertion of
data packets by down-stream (local) service providers.

13. The advanced television system documentation shall address interoperability
with non-broadcast delivery systems including cable.

14 The advanced television system standard shall identify critical system
parameters and shall provide information as to the range of acceptable values,
the method of measurement, and the location in the system where measurement

takes place.
5. SYSTEM OVERVIEW

5.1 Objectives , |
: . : E—— it

The Digital Television Standard describes a system design transmit | uality
video and audiogl and ancillary data over a single 6 MHz channel_. The system can deliver ;dll\ﬁ)ly
about 19 Mbps of throughput in a 6 MHz terrestrial bn?adcastmg channel a.nd aboy; 3 2:
of throughput in a 6 MHz cable télevision channel. This means that encoding a video sEIu;
whose resolution can be as high as five times that of conventional telewmgn (NT Sg;ﬁo tﬁ:
requin ' i To achieve this bit rate r on,

it rate reduction by a factor of 50 or -hlgher. : re

Munesisadbcf;gazdrto be efficient in utilizing available channel capacity by exploiting complex

video and audio compression technology.

The objective is to maximize the information passed'throqgh thesdataeng;;ha?;l bng
minimizing the amount of data required to represent the.wde% dm:ffesomeg; B
sssociated audio. The objective is to represent the video, wfdifihaeﬂ B e
bits as possible while preserving the level of quality rt',w:mrfﬂl?lb ; 4 i T

ransmi i stems descri ' ;
wﬁwﬁmggfmq:mggd Cab;:‘(;gpl?::tsiyons, the object:ive'is that the video, audio, and
service nnﬁuplm*'mspon subsystems be useful in other applications.
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5.2 System block diagram

i i i is shown in Figure 5.1. This
A basic block diagram representation of the system is gure |
representation is based on one adopted by the International .T'eleoommums:auon U,.Jl?n,
Radiocommunication Sector (ITU-R), Task Group 11/3 (Digital Terrestrial Tele»_mon
Broadcasting). According to this model, the digital television system can be seen to consist of
three subsystems.

1. Source coding and compression,
2. Service multiplex and transport, and

3. RF/Transmission.

5 T — [ RF M ransmission System

< | 8

T i

Figure 5.1. ITU-R digital terrestrial television broadcasting model.

“Source coding and compression” refers to the bit rate reduction methods, also known
as data compression, appropriate for application to the video, audio, and ancillary digital data
streams. The term “ancillary data” includes control data, conditional access control data, and
data associated with the program audio and video services, such as closed captioning.
“Ancillary data” can also refer to independent program services. The purpose of the coder is to
minimize the number of bits needed to represent the audio and video information The digital
television system employs the MPEG-2 video stream syntax for the coding of video and the
Digital Audio Compression (AC-3) Standard for the coding of audio.

“Service rr?ulﬁplex _a.nd transport” refers to the means of dividing the digital data stream
into “packets” of information, the means of uniquely identifying each packet or packet type,

R -R Document TG11/3-2, “Outline of Work for Task

Group 11/3, Digital Terrestrial Television
Broadcasting,” June 30, 1992, &

e
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and the appropr_iate methods of multiplexing video data stream packets, audio data stream
packets, and a_mcﬂ]ary dat_g stream packets into a single data stream In developing the transport
m mterqpmpmg among digital media, such as terrestrial broadcasting, cable
distribution, satellite distribution, recording media, and computer interfaces, was a pri
considemti_on‘ "I‘he digital television system employs the MPEG-2 transport stream sym::?:
the packfuzzuon and multiplexing of video, audio, and data signals for digital broadcasting
systems The MPEG-2 transport stream syntax was developed for applications where channel
bandwidth or recording media capacity is limited and the requirement for an efficient transport
mechanism is paramount. It was designed also to facilitate interoperability with the ATM
transport mechanism.

“RF/Transmission” refers to channel coding and modulation. The channel coder takes
the data bit stream and adds additional information that can be used by the receiver to
reconstruct the data from the received signal which, due to transmission impairments, may not
accurately represent the transmitted signal. The modulation (or physical layer) uses the digital
data stream information to modulate the transmitted signal. The modulation subsystem offers
two modes: a terrestrial broadcast mode (8 VSB), and a high data rate mode (16 VSB).

Figure 5.2 illustrates a high level view of encoding equipment. This view is not
mtended to be complete, but is used to illustrate the relationship of various clock
frequencies within the encoder. There are two domains within the encoder where a set of
frequencies are related, the source coding domain and the channel coding domain.

'z e Program Clock
I Reference
33_'}' program_clock_reference_base

Fqeny v " program_diock_reference_extension
Dwvider

f FEC and fsrrn RF Out
Transport ™ vse
Encoder sync = yoduator [
Insertion

Figure 5.2. High level view of encoding equipment.

The source coding domain, represented schematically by the video, audio and

i i i based on a 27 MHz clock
transport encoders, uses a family of frequencies vyhlch are cloc
(f7vitz). This clock is used to generate a 42-bit sample of the frequency which is

‘ Chairman, ITU-R Task Group 11/3, “Report of the Second Meeting of ITU-R Task Group 11/3, Geneva,
October 13-19, 1993," January 5, 1994, p. 40.
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partitioned into two parts defined by the MPEG-2 specification. These are the 33-bit
program_clock_reference_base and the 9-bit program_ciock_refer?nce_extension. The former is
equivalent to a sample of a 90 kHz clock which is locked in frequegcy to the 27 MHz
clock, and is used by the audio and video source encoders when enchmg the pfesemaﬁon
time stamp (PTs) and the decode time stamp (DTS). The audio and video samph:_:g clocks,
fy and fy respectively, must be frequency-locked to the 27 MHz clock. This can be
expressed as the requirement that there exist two pairs of integers, (na, my) and (ny, my),

such that:

j;:("") x 27MHz

Ma

and

~= ( n\-) x 27MH:z
my.

The channel coding domain is represented by the FEC/Sync Insertion subsystem
and the VSB modulator. The relevant frequencies in this domain are the VSB symbol
frequency (fym)and the frequency of the transport stream (frp) which is the frequency of
transmission of the encoded transport stream. These two frequencies must be locked,
having the relation:

(188)(312)
= 2 X | il s § e
S 208,rk313,f'

The signals in the two domains are not required to be frequency-locked to each
other, and in many implementations will operate asynchronously. In such systems, the
frequency drift can necessitate the occasional insertion or deletion of a NULL packet from
within the transport stream, thereby accommodating the frequency disparity.

The annexes that follow consider the characteristics of the subsystems necessary to
accommodate the services envisioned.

— 20—
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ANNEX A
(Normative)
VIDEO SYSTEMS CHARACTERISTICS
1. SCOPE

This Annex describes the characteristics of the video subsystem of the Digital

Television SFandard. The input formats and bit stream characteristics are described in
separate sections.

2. REFERENCES

2.1 Normative references

The following documents contain provisions which, through reference in this text,
constitute provisions of this standard. At the time of publication, the editions indicated
were valid. All standards are subject to revision, and parties to agreement based on this
standard are encouraged to investigate the possibility of applying the most recent editions
of the documents listed below.

ISO/IEC IS 13818-1, International Standard (1994), MPEG-2 Systems.
ISOMEC IS 13818-2, International Standard (1994), MPEG-2 Video.

2.2 Informative references
SMPTE 274M (1995), Standard for television, 1920 x 1080 Scanning and Interface.

SMPTE S17.392 (1995), Proposed Standard for television, 1280 x 720 Scanning and
Interface

ITU-R BT 601-4 (1994), Encoding parameters of digital television for studios.

3. COMPLIANCE NOTATION

As used in this document, “shall” or “will” denotes a mandatory provision“of thff
standard. “Should” denotes a provision that is recommendf:d but not mandatory. Ma;;;
denotes a feature whose presence does not preclude compliance, that may or may not be

present at the option of the implementor.

4. POSSIBLE VIDEO INPUTS

While not required by this stan_dard, ther
standards, shown in Table 1, that define video format

specified by this standard

e are certain television production
s that relate to compression formats

N ————.......
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Table 1 Standardized Video Input Formats

Video standard Active lines Active samples/ line
SMPTE 274M 1080 1920

SMPTE S17.392 720 1280

ITU-R BT.601-4 483 720

The compression formats may be derived from one or more appropriate video
input formats. It may be anticipated that additional video production standards will be
developed in the future that extend the number of possible input formats.

5. SOURCE CODING SPECIFICATION

The ATV video compression algorithm shall conform to the Main Profile syntax of
ISO/IEC 13818-2. The allowable parameters shall be bounded by the upper limits
specified for the Main Profile at High Level.' Additionally, ATV bit streams shall meet the
constraints and specifications described in Sections 5.1 and 5.2.

5.1 Constraints with respect to ISO/IEC 13818-2 Main Profile

The following tables list the allowed values for each of the ISO/IEC 13818-2
syntactic elements which are restricted beyond the limits imposed by MP@HL.

In these tables conventional numbers denote decimal values. numbers preceded by
Ox are to be interpreted as hexadecimal values and numbers within single quotes (e.g,
*10010100’) are to be interpreted as a string of binary digits.

5.1.1 Sequence header constraints

Table 2 identifies parameters in the sequence header of a bit stream that shall be
constrained by the video subsystem and lists the allowed values for each.

Table 2 Sequence Header Constraints

Sequence header syntactic element Allowed value
horizontal_size_value see Table 3
vertical_size_value see Table 3
aspect_ratio_information see Table 3
frame_rate_code see Table 3
bit_rate_value (< 19.4 Mbps) < 48500
bit_rate_value (< 38.8 Mbps) < 97000
vbv_buffer_size_value < 488

! See ISO/IEC 13818-2, Section 8 for more information regarding profiles and levels
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5.1.2 Compression format constraints

Table 3 lists the allowed compression formats.

Table 3 Compression Format Constraints

vertical_size_ | horizontal_size_ | aspect_ratio_ | frame_rate_ | progressive
Vl]l.i:_ value information code sequence B
1080° 1920 1,3 1,245 1
4,5 0
720 1280 13 1,2,45,7,8 1
12,4578 1
480 704 23 4,5 0
640 1,2 1,245,738 1
4,5 0

Legend for MPEG-2 coded values in Table 3
aspect_ratio_information 1 = square samples 2 = 4:3 display aspect ratio
frame_rate_code 1= 23976 Hz 2=24Hz 4=2997Hz 5=30Hz
progressive_sequence 0 = interlaced scan 1 = progressive scan

3 = 16:9 display aspect ratio
7=5994Hz 8=60Hz

5.1.3 Sequence extension constraints

Table 4 identifies parameters in the sequence extension part of a bit stream that
shall be constrained by the video subsystem and lists the allowed values for each. A
sequence_extension structure is required to be present after every sequence_header structure.

Table 4 Sequence Extension Constraints

Sequence extension syntactic element Allowed values
progressive_sequence see Table 3
praflIe_and_level_indicaﬂon see Note
chroma_format ‘or’
horizontal_size_extension ‘00’
vertical_size_extension ‘00"
bit_rate_extension ‘0000 0000 0000’
vbv_buffer_size_extension 0000 0000”
frame_rate_extension_n ‘00’
frame_rate_extension_d ‘0000 0°

Note: The profile_and_level_indication field shall indicate the lowest profile and

level defined in ISO/IEC 13818-2, Section 8, that is consistent with the
parameters of the video elementary stream.

? Note that 1088 lines are actually coded in order to satisfy the MPEG-2 requirement that the coded

vertical size be a multiple of 16 (progressive scan) or 32 (interlaced scan).

—_—123 —
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5.1.4 Sequence display extension constraints

Table 5 identifies parameters in the sequence display extension part of a bit stream
that shall be constrained by the video subsystem and lists the allowed values for each

Table 5 Sequence Display Extension Constraints

Sequence display extension syntactic element Allowed values
000’

video_format

The preferred and default values for color_primaries, transfer_characteristics, and
matrix_coefficients are defined to be SMPTE 274M® (value 0x01 in all three cases). While all
values described by MPEG-2 are allowed in the transmitted bit stream, it is noted that
SMPTE 170M values (0x06 in all three cases) will be the most likely alternate in common

use.

5.1.5 Picture header constraints

In all cases other than when vbv_delay has the value OXFFFF. the value of vbv_delay
shall be constrained as follows:

vbv_delay < 45000

5.2 Bit stream specifications beyond MPEG-2

This section covers the extension and user data part of the video syntax. These
data are inserted at the sequence, GOP, and picture level. The syntax used for the insertion
of closed captioning in picture user data is described *

5.2.1 Picture extension and user data syntax

Table 6 describes the syntax used for picture extension and user data.

Table 6 Picture Extension and User Data Syntax

No. of bits Mnemonic

extension_and_user_data( 2 ) {

while ( ( nextbits( ) == extension_start_code ) Il
( nextbits() == user_data_start_code ) ) {

if ( nextbits()== extension_start_code )
extension_data( 2 )

if (nextbits() == user_data_start_code)
user_data(2)

* At some point in the future, the color -
. 7 gamut may be extended by allowi :
defining the transfer characteristics for negative RGB values. 7 A7OWing ncgative values of RGB and

‘Inordartadeoodetheuserdata,thedecodershouldpmpeﬂym

identifier at the PSI stream level (sce ISO/IEC 13818- 1) gnize the 32-bit ATSC registration

g
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5.2.2 Picture user data syntax
Table 7 describes the picture user data syntax.

Table 7 Picture User Data Syntax’®

user_data_start_code 5
_ bsibf

5.2.3 Picture user data semantics
user_data_start_code — This is set to 0x0000 01B2.

ATSC_identifier — This is a 32 bit code that indicates that the video user data conforms to
this specification. The value ATSC_identifier shall be 0x4741 3934.

user_data_type_code — The 8-bit code is set to 0x03.

‘swmummmmwwmmmmﬁﬁmmmelsom 13818-2 standard.

i e




-

Digital Television Standard (Annex A) 16 Sep 95

ATSC

process_em_data_flag — This flag is set to indicate whether it is necessary to process the
em_data. If it is set to 1, the em_data has to be parsed and its meaning has to be processed.

When it is set to 0, the em_data can be discarded.

process_cc_data_flag — This flag is set to indicate whether it is necessary to process the
cc_data, If it is set to 1, the cc_data has to be parsed and its meaning has to be processed.

When it is set to 0, the cc_data can be discarded.

additional_data_flag — This flag is set to 1 to indicate the presence of additional user data.

cc_count — This 5-bit integer indicates the number of closed caption constructs following
this field. It can have values 0 through 31. The value of cc_count shall be set according to
the frame rate and coded picture structure (field or frame) such that a fixed bandwidth of
9600 bits per second is maintained for the closed caption payload data. Sixteen (16) bits of
closed caption payload data are carried in each pair of the fields cc_data_1 and cc_data 2.

em_data — Eight bits for representing emergency message.”

cc_valid — This flag is set to ‘1’ to indicate that the two closed caption data bytes that
follow are valid. If set to ‘0’ the two data bytes are invalid.

cc_type — Denotes the type of the two closed caption data bytes that follow.”
cc_data_1 — The first byte of a closed caption data pair.

cc_data_2 — The second byte of a closed caption data pair.

additional_user_data — Any further demand for picture user data could be met by defining
this part of the bit stream.

¢ Syntax and semantics to be specified by EIA.
" EIA, Recommended Practice Jor Advanced Television Closed C. aptioning, draft, July 1, 1994
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ANNEX B

(Normative)
AUDIO SYSTEMS CHARACTERISTICS

1. SCOPE

This Annex describes the audio system characteristics and normative specifications
of the Digital Television Standard.

2. NORMATIVE REFERENCES

The following documents contain provisions which in whole or part, through
reference in this text, constitute provisions of this standard. At the time of publication, the
editions indicated were valid. All standards are subject to revision and amendment, and
parties to agreement based on this standard are encouraged to investigate the possibility of
applying the most recent editions of the documents listed below.

ATSC Standard A/52 (1995), Digital Audio Compression (AC-3).

AES 3-1992 (ANSI S$4.40-1992), AES Recommended Practice for digital audio
engineering — Serial transmission format for two-channel linearly represented digital
audio data

ANSI S1.4-1983, Specification for Sound Level Meters.
[EC 651 (1979), Sound Level Meters.
[EC 804 (1985), Amendment 1 (1989) Integrating/Averaging Sound Level Meters.

3. COMPLIANCE NOTATION

As used in this document, “shall” or “will " denotes a mandatory provision of the
standard. “Should” denotes a provision that is recommended but not mandatory. “May”
denotes a feature whose presence does not preclude compliance, that may or may not be
present at the option of the implementor.

4. SYSTEM OVERVIEW !
i i ises the audio
As illustrated in Figure I, the audio subsystgm 'compns
encoding/decoding function and resides between the au_dlo mputs/outguts thand Ee
transport subsystem. The audio encoder(s) is (are) re-sponmble for genera:.img die au u(:
elementary stream(s) which are encoded representations gf the basebagi autho m;:ﬁ ;
signals. At the receiver, the audio subsystem is responsible for decoding the au

elementary stream(s) back into baseband audio.
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5.1 Constraints

5. SPECIFICATION

This Section forms the normative specification of the audio system. The audio
compression system conforms with the Digital Audio Compression (AC-3) Standard,
subject to the constraints outlined in this Section.

with respect to ATSC Standard A/52

Figure 1. Audio subsystem in the digital television system.

The digital television audio coding system is based on the Digital Audio
Compression (AC-3) Standard specified in the body of ATSC Doc. A/52 (the annexes are
not included). Constraints on the system ‘are shown in Table 1 which shows permitted
values of certain syntactical elements. These constraints are described in Sections 5.2 -

D — e

54,
Table 1 Audio Constraints
AC-3 syntactical Comment Allowed value
element
fscog Indicates samplmg rate ‘00" (indicates 48 kHz)
frmsizecod Mam.az_ldlo service or associated audio service | < ‘011100° (indicates < 384 kbps)
containing all necessary program elements
frmsizecod Single channel associated service containin * * (indi
_ ga | <°‘010000 8k
| rmsatom (indicates < 128 kbps)
frmsn;ecod Two c.hannel dialogue associated service < '010100° (indicates < 192 kbps)
(frmsizecod) Con%bm’ed bit rate of a main and an associated (total < 512 kbps)
service intended to be simultaneously decoded
acmod Indicates number of channels > ‘001’
= | S
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52 Sampling frequency

The system conveys digital audio sam
pled at a frequency of 48
27 MHz system clock. The 48 kHz audio sampling clocke'ql; deffged as: i Y8

8} 48 kHz audio sample rate = ( 2 <1125 ) x ( 27 MHz system clock )

A If iamalog signal inputs are employed, the A/D converters should sample at 48 kHz.
If digital inputs are emplo}red, the input sampling rate shall be 48 kHz, or the audio
encoder shall contain sampling rate converters which convert the sampling rate to 48 kHz.

5.3 Bitrate

A main audio service, or an associated audio service which is a complete service
(containing all necessary program elements) shall be encoded at a bit rate less than or
equal to 384 kbps. A single channel associated service containing a single program
eement shall be encoded at a bit rate less than or equal to 128 kbps. A two channel
sssociated service containing only dialogue shall be encoded at a bit rate less than or equal
10 192 kbps. The combined bit rate of a main service and an associated service which are
ntended 1o be decoded simultaneously shall be less than or equal to 512 kbps.

54 Audio coding modes

Audio services shall be encoded using any of the audio coding modes specified in
A/52. with the exception of the 1+1 mode. The value of acmod in the AC-3 bit stream shall
have a value in the range of 1-7, with the value O prohibited.

5.5 Dialogue level

The value of the diainorm parameter in the AC-3 elementary bit stream shall indicate
the level of average spoken dialogue within the encoded audio program. Dialogue level
may be measured by means of an “A” weighted integrated measurement (LAeg)-
(Receivers use the value of dialnorm to adjust the reproduced audio level so as to normalize

the dialogue level.)

5.6 Dynamic range compression

Each encoded audio block may contain a dynamic range control word gdynrng)
which is used by decoders (by default) to alter the level of the reproduced audio. 'Etée
control words allow the decoded signal level to be in_creased or decreased bg up to rf:d 01.-
In general, elementary streams may have dynamic range control w:lr S tLnsed X
modified without affecting the encoded audio. When 1t 1S necessary to alter the dynami

range of audio programs which are broadcast, the dynamic range control word should be

used
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6. MAIN AND ASSOCIATED SERVICES

6.1 Overview _

An AC-3 elementary stream contains the encoded .representatjon of a single audio
service. Multiple audio services are provided by lmulﬂpig eleme_ntary streams. Each
elementary stream is conveyed by the transport multiplex with a unique PID. There are a
number of audio service types which may (individually) be coded mto_each elementary
stream. Each AC-3 elementary stream is tagged as to its service type using the bsmod bit
field. There are two types of main service and six type; of gssoaated service. Each
associated service may be tagged (in the AC-3 audio descriptor in the transport PSI data)
as being associated with one or more main audio services. Each AC-3 elementary stream
may also be tagged with a language code.

Associated services may contain complete program mixes, or may contain only a
single program element. Associated services which are complete mixes may be decoded
and used as is. They are identified by the full_sve bit in the AC-3 descriptor (see A/52,
Annex A). Associated services which contain only a single program element are intended
to be combined with the program elements from a main audio service.

This Section specifies the meaning and use of each type of service. In general, a
complete audio program (what is presented to the listener over the set of loudspeakers)
may consist of a main audio service, an associated audio service which is a complete mix,
or a main audio service combined with an associated audio service. The capability to
simultaneously decode one main service and one associated service is required in order to
form a complete audio program in certain service combinations described in this Section
This capability may not exist in some receivers.

6.2 Summary of service types
The audio service types are listed in Table 2.

Table 2 Audio Service Types

bsmod Type of service

000 (0) | Main audio service: complete main (CM)
001 (1) | Main audio service: music and effects (ME)
010 (2) | Associated service: visually impaired (V)
011 (3) | Associated service: hearing impaired (HI)
100 (4) | Associated service: dialogue (D)

101 (5) | Associated service: commentary (C)

110 (6) | Associated service: emergency (E)

111 (7) | Associated service- voice-over (VO)

6.3 Complete main audio service (CM)

The CM type of main audio service contains a .
. ; bigs complete audio program (complete
with dialogue, music, and effects). This is the type of audio service ﬁonnally (prow!:ied.
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The CM service may contain from 1 to 5.1 audio chann i
¢ els. The CM service may be further
enhanced by means of the VI, HI, C, E, or VO associated services described below. Audio

n multiple languages may be provided by supplyi ) ( :
different language. y supplying mﬂlfllple CM services, each in a

6.4 Main audio service, music and effects (ME)

The ME type of main audio service contains the music and effects of an audio
program, but not the dialogue for the program. The ME service may contain from 1 to 5.1
a_udlo channels. The primary program dialogue is missing and (if any exists) is supplied by
simultaneously encoding a D associated service. Multiple D associated services in different
languages may be associated with a single ME service.

6.5 Visually impaired (VI)

The VI associated service typically contains a narrative description of the visual
program content. In this case, the VI service shall be a single audio channel. The
simultaneous reproduction of both the VI associated service and the CM main audio
service allows the visually impaired user to enjoy the main multi-channel audio program,
as well as to follow (by ear) the on-screen activity.

The dynamic range control signal in this type of VI service is intended to be used
by the audio decoder to modify the level of the main audio program. Thus the level of the
main audio service will be under the control of the VI service provider, and the provider
may signal the decoder (by altering the dynamic range control words embedded in the VI
audio elementary stream) to reduce the level of the main audio service by up to 24 dB in
order to assure that the narrative description is intelligible.

Besides providing the VI service as a single narrative channel, the VI service may
be provided as a complete program mix containing music, effects, dialogue, and the
narration. In this case, the service may be coded using any number of channels (up to 5.1),
and the dynamic range control signal applies only to this service. The fact that the service
is a complete mix shall be indicated in the AC-3 descriptor (see A/52, Annex A).

6.6 Hearing impaired (Hl)

The HI associated service typically contains only :
reproduced simultaneously with the CM service. In this case, the HI service shall be a

single audio channel. This dialogue may have been processed for improved intelligibilit;tv by
hearing impaired listeners. Simultaneous reproduction of both the CM and HI services
allows the hearing impaired listener to hear a mix of the CM and HI services in order to

emphasize the dialogue while still providing some music and effects.

Besides providing the HI service as a sing}g dialogue channel, thed}gi :lemce :;lati
be provided as a complete program mix containing music, effects, an ;)f;eber @
enhanced intelligibility. In this case, the service may be coded hl.;il!i)g ?n?gicatedinthe
channels (up to 5.1). The fact that the service is a complete mix s e

AC-3 descriptor (see A/52, Annex A).

nly dialogue which is intended to be

—31—
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6.7 Dialogue (D)

The D associated service contains program dialogue intended for use with an ME
main audio service. The language of the D service is indicated in the AC-3 bit stream, and
in the audio descriptor. A complete audio program is formed by simultaneously decoding
the D service and the ME service and mixing the D service into the center channel of the
ME main service (with which it is associated).

If the ME main audio service contains more than two audio channels, the D service
shall be monophonic (1/0 mode). If the main audio service contains two channels, the D
service may also contain two channels (2/0 mode). In this case, a complete audio program
is formed by simultaneously decoding the D service and the ME service, mixing the left
channel of the ME service with the left channel of the D service, and mixing the right
channel of the ME service with the right channel of the D service. The result will be a two
channel stereo signal containing music, effects, and dialogue.

Audio in multiple languages may be provided by supplying multiple D services
(each in a different language) along with a single ME service. This is more efficient than
providing multiple CM services, but, in the case of more than two audio channels in the
ME service, requires that dialogue be restricted to the center channel.

Some receivers may not have the capability to simultaneously decode an ME and a
D service.

6.8 Commentary (C)

The commentary associated service is similar to the D service, except that instead
of conveying essential program dialogue, the C service conveys optional program
commentary. The C service may be a single audio channel containing only the commentary
content. In this case, simultaneous reproduction of a C service and a CM service will
allow the listener to hear the added program commentary.

The dynamic range control signal in the single channel C service is intended to be
used by the audio decoder to modify the level of the main audio program. Thus the level
of the main audio service will be under the control of the C service provider, and the
provider may signal the decoder (by altering the dynamic range control words embedded

in t];le C audio elementary stream) to reduce the level of the main audio service by up to 24
dB in order to assure that the commentary is intelligible. -

Besides providing the C service as a single commentary channel, the C service may
be provided as a complete program mix containing music, effects, dialogue, and the
commentary. In this case the service may be provided using any number of channels (up to

5.1). The fact that the service is a complete mix shall be indi : :
(see A/52, Annex A). e indicated in the AC-3 descriptor

6.9 Emergency (E)

Ll The E associated service is i_nte.r.lded to allow the insertion of emergency or high
priority announcements. The E service is always a single audio channel. An E service is
given priority in transport and in audio decoding. Whenever the E service is present, it will

— 32 —
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be de_livered to the audio decoder. Whenever the audio decoder receives an E
associated service, it will stop reproducing any main service being received and :Jyxﬁe
reproduce the E service out of the center channel (or left and right channels if a centes;
1oud§pcgker does not exits). The E service may also be used for non-emergency
applications. It may be used whenever the broadcaster wishes to force all decoders to quit
reproducing the main audio program and reproduce a higher priority single audio channel.

6.10 Voice-over (V0)

The VO associated service is a single channel service intended to be reproduced
along with the main audio service in the receiver. It allows typical voice-overs to be added
to an already encoded audio elementary stream without requiring the audio to be decoded
back to baseband and then re-encoded. It is always a single audio channel. It has second
priority (only the E service has higher priority). It is intended to be simultaneously
decoded and mixed into the center channel of the main audio service. The dynamic range
control signal in the VO service is intended to be used by the audio decoder to modify the
level of the main audio program. Thus the level of the main audio service may be
controlled by the broadcaster, and the broadcaster may signal the decoder (by altering the
dynamic range control words embedded in the VO audio elementary stream) to reduce the
level of the main audio service by up to 24 dB during the voice-over.

Some receivers may not have the capability to simultaneously decode and
reproduce a voice-over service along with a program audio service.

7. AUDIO ENCODER INTERFACES

7.1 Audio encoder input characteristics

Audio signals which are input to the digital television system may Pe in analog or
digital form. Audio signals should have any DC offset removed before bgmg encoded. If
the audio encoder does not include a DC blocking high pass filter, the i'l‘l.ldlo s;gnals should
be high pass filtered before being applied to the encoder. In general, input signals shou!d
be quantized to at least 16-bit resolution. The audio compression syst‘ern can convey augm
signals with up to 24-bit resolution. Physical interfaces for the audio inputs to the enco ;r
may be defined as voluntary industry standards by the AES, SMPTE, or other standards

organizations

7.2 Audio encoder output characteristics

utput of the audio encoder is an elementary stream which is

: S i ible that systems will be
formed into PES packets within the transport subsystem. It mtflf::l place m‘st);ﬁn the audio

: , : io PES packets .
implemented wherein the formation of audio 11d be PES packets. Physical
encoder. In this case, the output(s) of the i soofe Wop::lckets) mg}’ be defined as

' d/or PES
interfaces for these outputs (elementary streams af kets
voluntary industry standards by SMPTE or other standards organizations.

Conceptually, the o
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ANNEX C

(Normative)

SERVICE MULTIPLEX AND TRANSPORT SYSTEMS CHARACTERISTICS

1. SCOPE
This Annex describes the transport layer charactenstics and normative
specifications of the Digital Television Standard.

2. NORMATIVE REFERENCES

The following documents contain provisions which in whole or in part, through
reference in this text, constitute provisions of this Standard. At the time of publication, the
editions indicated were valid. All standards are subject to revision and amendment, and
parties to agreements based on this Standard are encouraged to investigate the possibility
of applying the most recent editions of the documents listed below.

ATSC Standard A/52 (1995), Digital Audio Compression (AC-3).

ISO/IEC IS 13818-1, International Standard (1994), MPEG-2 Systems.
ISO/IEC IS 13818-2, International Standard (1994), MPEG-2 Video.

ISO/IEC CD 13818-4, MPEG Committee Draft (1994), MPEG-2 Compliance.

The normative reference for the Program Guide will be the standard developed
from ATSC document T3/S8-050, “Program Guide for Digital Television”,

The normative reference for System Information will be the standard developed
from ATSC document T3/S8-079, “System Information for Digital Television”.

3. COMPLIANCE NOTATION

As used in this document, “shall” or “will” denotes a mandatory provision of the
standard. “Should” denotes a prevision that is recommended but not mandatory. “May”

denotes a feature whose presence does not preclude compliance, that may or may not be
present at the option of the implementor.

4. SYSTEM OVERVIEW

The transport format and protocol for the Digi isi i
: gital Television Standard is a
compatible subset of the MPEG-2 Systems specification defined in ISO/TEC 13818-1. Itis

based on a fixed-length packet transport stream approach which has been defined and
optimized for digital television delivery applications.

As illustrated in Figure 1, the transport
(e.g., audio or video) encoding and decoding
The encoder’s transport subsystem is respo

ﬁmc_:tion resides between the application
funcuons and the transmission subsystem.
nsible for formatting the coded elementary

il
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streams and multiplexing the differen
: id D t components issi
receiver, it is responsible for recoveﬁn;g the efef;ntgfltgggz?eaf;: tr;ms o i 'A't 5
application decoders and for the corresponding error signaling. The ua?lgptc?; slsgms(:ual
; system

also incorporates other higher prot ionali
receiver protocol layer functionality related to synchronization of the
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Figure 1. Sample organization of functionality in a
transmitter-receiver pair for a single program.

The overall system multiplexing approach can be thought of as a combination of
multiplexing at two different layers. In the first layer, single program transport bit streams
are formed by multiplexing transport packets from one or more Packetized Elementary
Stream (PES) sources. In the second layer, many single program transport bit streams are
combined to form a system of programs. The Program Specific Information (PSI) streams
contain the information relating to the identification of programs and the components of

each program.
Not shown explicitly in Figure 1, but essential to the practical implementation of

this Standard, is a control system that manages the transfer and process'u'lg of the
elementary streams from the application encoders. The rules followed by this con_trol
system are not a part of this Standard but must be established as recommended practices

by the users of the Standard. The con

trol system implementation shall adhere to the
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requirements of the MPEG-2 transport system as specified in ISO/IEC 13818-1 with the
additional constraints specified in this Standard. These constraints may go beyond the

constraints imposed by the application encoders.

5. SPECIFICATION

This Section constitutes the normative specification for the transport system of the
Digital Television Standard. The syntax and semantics of the spegiﬁca_tjon conform to
ISO/IEC 13818-1 subject to the constraints and conditions specified in this Standard. This
Section of the Standard describes the coding constraints that apply to the use of the
MPEG-2 systems specification in the digital television system.

5.1 MPEG-2 Systems standard

The transport system is based on the transport stream definition of the MPEG-2
Systems standard as specified in ISO/IEC 13818-1.

5.1.1 Video T-STD

The video T-STD is specified in Section 2.4.2.3 of ISO/IEC 13818-1 and follows
the constraints for the level encoded in the video elementary stream.

5.1.2 Audio T-STD
The audio T-STD is specified in Section 3.6 of Annex A of ATSC Standard A/52.

5.2 Registration descriptor

This Standard uses the registration descriptor described in Section 2.6.8 of

ISO/IEC 13818-1 to identify the contents of programs and elementary streams to
decoding equipment.

5.2.1 Program identifier

) ) Prpgrams WI}iCh conform to this specification will be identified by the 32-bit
identifier in the section of the Frogram Map Table (PMT) detailed in Section 2.4.4 8 of

ISO/IEC 13818-1. The identifier will be coded according to Section 2.6.8, and shall have
a value of 0x4741 3934, '

5.2.2 Audio elementary stream identifier

i bA:ld:io etii;mef_ltal;yh streams thi‘c;l;] conform to this specification will be identified by
~OIt 1dentinier n the section of the Program Map Tab iled i ‘
2.4.4.8 of ISO/IEC 13818-1. The identifier will be coded gucerrn on o) it Section

will be coded i 29
shall have a value of 0x4143 2D33, according to Section 2.6.8, and
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5.3 The program paradigm

The program paradigm specifies the method that shall b 1
: e used for allocating thi

values of tl_le ?acket Identifier (PID) field of the transport packet header in a systex%latiz
manner, Within one transport multiplex, television programs that follow the program
paradigm are asmg_ned a program number ranging from 1 to 255. The binary value of the
program number is used to form byq through bs of the PID. Programs adhering to the
paradigm shall have by equal to ‘0’. Programs not adhering to the paradigm shall have b1z
equal to ‘1°.

We further define:

® base_PID = program number << 4

where program number refers to each program within one transport multiplex and
corresponds to the 16-bit program_number identified in PAT and PMT.

The bg through b3 of the PID are assigned according to Table 1.
The paradigm to identify the transport bit streams containing certain elements of
the program is defined in Table 1.

Table 1 PID Assignment for the Constituent Elementary Streams of a Program

Name PID Definition Description
PMT_PID base_PID+0x0000 | PID for the bit stream containing the program_map_table for the
program.
Video_PID base_PID+0x0001 | PID for the bit stream containing the video for the program.
PCR_PID base_PID+0x0001 | Implies the video bit stream also carries the PCR values for the
program

Audio_PID base_PID+0x0004 | PID for the bit stream containing the primary audio for the
program. The primary audio shall be a complete main audio
service (CM) as defined by ATSC Standard A/52 and shall
contain the complete primary audio of the program including all
required voice-overs and emergency messages.

Data_PID base_PID+0x000A | PID for the bit stream containing the data for the program.

The program_map_table must be decoded to obtain the PIDs for services not defined
by the paradigm but included within the program (such as a second data-channel).
According to the program paradigm, every 16th PID is a PMT_PID and may be assigned to a
program. If a PMT_PID is assigned to a program by the program paradigm, the next 15 PIDs
after that PMT PID are reserved for elements of that program and shall not be otherwise

assigned

5.4 Constraints on PSI|
The program constituents for all programs, including television programs that

i i hat do not follow the
follow the program paradigm and other programs or services t :
program paridiirm, ar‘: described in the Psi. There are the following constraints on the PSI

information:
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e Only one program is described in a PSI transport bit stream corresponding to a
particular PMT_PID value. A transport bit stream containing a program_map_table
shall not be used to transmit any other kind of PSi table (identified by a

different table_id).

e The maximum spacing between occurrences of a program_map_table containing
television program information shall be 400 ms.

e The program numbers are associated with the corresponding PMT_PIDs in the
PIDO0 Program Association Table. The maximum spacing between occurrences
of section 0 of the program_association_table is 100 ms.

e The video elementary stream section shall contain the Data stream alignment
descriptor described in Section 2.6.10 of ISO/IEC 13818-1. The alignment_type
field shown in Table 2-47 of ISO/IEC 13818-1 shall be 0x02.

e Adaptation headers shall not occur in transport packets of the PMT_PID for
purposes other than for signaling with the discontinuity_indictor that the
version_number (Section 2.4.4.5 of ISO/IEC 13818-1) may be discontinuous.

e Adaptation headers shall not occur in transport packets of the PAT_PID for
purposes other than for signaling with the discontinuity_indicator that the
version_number (Section 2.4.4.5 of ISO/IEC 13818-1) may be discontinuous.

5.5 PES constraints

Packetized Elementary Stream syntax and semantics shall be used to encapsulate
the audio and video elementary stream information. The Packetized Elementary Stream
syntax is used to convey the Presentation Time-Stamp (PTS) and Decoding Time-Stamp
(DTs) information required for decoding audio and video information with synchronism.
This Section describes the coding constraints for this system layer.

Within the PES packet header, the following restrictions apply:

® PES_scrambling_control shall be coded as ‘00’

® ESCR_flag shall be codFd as ‘0’

® ES_rate_flag shall be coded as ‘0’.

® PES_CRC_flag shall be coded as ‘0’

Within the PES packet extension, the following restrictions apply.
® PES_private_data_flag shall be coded as ‘0’

® pack_header_field_flag shall be coded as 0’

® program_packet_sequence_counter_flag shall be coded as ‘0.
P-STD_buffer_flag shall be coded as ‘0’
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551 Video PES constraints

Each PES packf_.'t sh'al! begin with a video access unit, as defined in Section 2.1.1 of
ISOEC 13818-1, which is aligned with the PES packet header. The first byte of a PES
packet payl_o'ad shall be the first byte of a video access unit. Each PES header shall contain
aPTS. Additionally, it shall contain a DTS as appropriate. For terrestrial broadcast, thenPEs
packet shall not contain more than one coded video frame, and shall be void of video

picture data only when transmitted in conjunction with the discontinuity_indicator to signal
that the continuity_counter may be discontinuous.

Within the PES packet header, the following restrictions apply:
e The PES_packet_length shall be coded as “0x0000’.

e data_alignment_indicator shall be coded as “1°.

§.5.2 Audio PES constraints

The audio decoder may be capable of simultaneously decoding more than one
elementary stream containing different program elements, and then combining the program
elements into a complete program. In this case, the audio decoder may sequentially decode
audio frames (or audio blocks) from each elementary stream and do the combining (mixing
together) on a frame or (block) basis. In order to have the audio from the two elementary
streams reproduced in exact sample synchronism, it is necessary for the original audio
elementary stream encoders to have encoded the two audio program elements frame
synchronously; i.e., if audio program 1 has sample 0 of frame n at time t0, then audio
program 2 should also have frame n beginning with its sample 0 at the identical time t0. If
the encoding is done frame synchronously, then matching audio frames should have

identical values of PTS.

If PES packets from two audio services that are to be decoded simultaneously
contain identical values of PTS then the corresponding encoded audio frames contained in
the PES packets should be presented to the audio decoder for simultaneous synchronous
decoding. If the PTs values do not match (indicating that the audio encoding was not
frame synchronous) then the audio frames which are closest in time may be presented to

the audio decoder for simultaneous decoding. In this case the two services may be
reproduced out of sync by as much as 1/2 of a frame time (which is often satisfactory, e.g.,

a voice-over does not require precise timing).
The value of stream_id for AC-3 shall be 1011 1101 (private_stream_1).

5.6 Services and features
5.6.1 Program guide

5.6.1.1 Master program guide PID

At the option of broadcasters, an interactive pro
transmitted in the transport stream. If present, the master pr

gram guide database may be
ogram guide data stream shall

— 39 —
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i |FFD. This PID shall be reserved exclusively for the program
;izm-srpl;rt:c:o;alfi g?ﬁde shall be formatted according to the structure and syntax
described in the standard developed from ATSC document T3/S8-050, “Program Guide
for Digital Television”. The program guide database allows a receiver to build an on-
screen grid of program information and contains control information to facilitate

navigation.

5.6.1.2 Program guide STD model

Each program guide bit stream shall adhere to an STD model that can be described
by an MPEG smoothing buffer descriptor (Section 2.6.30 in ISO/IEC 13818-1) with the
following constraints:

e sb_leak_rate shall be 250 (indicating a leak rate of 100,000 bps)
e sb_size shall be 1024 (indicating a smoothing buffer size of 1024 bytes)

Note that the smoothing buffer descriptor is referred to here to describe the STD
model for the program guide, and does not imply that a smoothing buffer descriptor for
the program guide is to be included in the PMT.

5.6.2 System information

§.6.2.1 System information PID

At the option of broadcasters, certain system information may be transmitted in the
transport stream. If present, the system information data stream shall be transported in PID
Ox1FFC. This PID shall be reserved exclusively for the system information. The system
information shall be formatted according to the structure and syntax described in the
standard developed from ATSC document T3/S8-079, “System Information for Digital
Television”. Constraints applying to specific transmission media are given in that standard.

5.6.2.2 System information STD model

The system information bit stream shall adhere to an STD model that can be

described by an MPEG smoothing buffer descriptor (Section 2.6.30 in ISO/IEC 13818-1)
with the following constraints:

® sb_leak rate shall be 50 (indicating a leak rate of 20,000 bps)

sb_size shall be 1024 (indicating a smoothing buffer size of 1024 bytes)

Note that the smoothing buffer descriptor is referred to here to describe the STD

model for the system ix_]forp]ation, and does not imply that a smoothing buffer descriptor
for the system information is to be included in the PMT. -
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5.6.3 Specification of private data services

Private data provides a means to add new ancillary services to the basic digital

| ;elevjsion service specified in this standard. Private data is supported in two bit stream
H ocations. ‘

1. Private data can be transmitted within the adaptation header of transport
packets (Sections 2.4.3.4 and 2.4.3.5 of ISO/IEC 13818-1).

‘ 2. Private data can be transmitted as a separate transport stream with its own
PID. The contents can be identified as being ATSC private by using the

private_data_indicator_descriptor (Section 2.6.29 of ISO/IEC 13818-1) within the
| PMT.

| In either case, it is necessary that the standards which specify the characteristics of
such private_streams be consistent with the Digital Television Standard. Standards for
private_streams shall precisely specify the semantics of the transmitted syntax as described in
Sections 5.6.3.1 and 5.6.3.1.1.

5.6.3.1 Verification model

The standard shall be specified in terms of a verification model by defining the

characteristics of the transmitted syntax and an idealized decoder. In ISO/IEC 13818-1

' and 13818-2, this 1s accomplished by using the T-STD and VBV models, respectively. The

elements required for specification by this Standard are described in the following
Sections.

5.6.3.1.1 Syntax and semantics

The syntax and semantics of the transmitted bit stream that implements the
ancillary service shall be completely and unambiguously specified. The decoding process
shall also be completely and unambiguously specified. ‘

5.6.3.1.2 Ancillary service target decoder (ASTD)

An idealized decoder model must be precisely defined for the service. Figure 2
introduces a concrete model for pedagogic purposes. It is modeled after the T-STD.

The salient features of the model are the size of the transport demultiplexing buffer
(TB), the minimum transfer rate out of the transport dgqml?iplex buffer (Rleak), the
required System buffering (BSsys), and optionally the partitioning of BSgys between the
smoothing portion and the decoder portion. The _decodmg process, represented as the
| decoding times T_decode(i), must be completely specllﬁed. The behavior pf the BSgys buffer
must be completely modeled with respect to its input process and its _output process.

Certain parameters of the service such as bit rate, etc., should also be specified.

5.6.3.2 Stream type and PMT descriptors

A new ancillary service shall be described as a program or elementary stream

through documented Program Specific Information.

—_—4]1 —
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— > 1o other

elementary stream decoders
Transport
Stream BS,,
TB
Rieak T_decode(i)

1
|
|
|

BSsmm Bsdtc

Figure 2. Ancillary service target decoder.

5.6.3.2.1 Stream type

Several identifiers that are part of the transport section of the Digital Television
Standard may be used to identify either the signal or constituent parts thereof, however,
the fundamental identifier is the User Private stream type. The stream_type codes shall be
unambiguously assigned within the range 0x80 to OxAF. 0x81 has already been assigned
within the Digital Television Standard (see Section 5.7.1).

5.6.3.2.2 PMT descriptors

The Ancillary Service specification shall include all pertinent descriptors that are
found within the Program Map Table. Specifically, it is recommended that either the
private_stream_identifier or the registration_descriptor, or both, be included. Although this is not
required for a stream with a unique stream_type code within this Standard. it will enhance
interoperability in the case where the stream is stored outside this Standard, or transmitted
in some other network that has its own set of stream_type codes.

5.7 Assignment of identifiers

Ip this Secti_on, those Identifiers and codes which shall have a fixed value are
summarized. These include PES Stream IDs and Descriptors. Stream_type codes from 0x80
to OxAF shall be reserved for assignment as needed within the Digital Television Standard.

Descriptor_tag codes from 0x40 to OxAF shall be reserved for assi st sadad within
the Digital Television Standard. goment as needed Wi

5.7.1 Stream type
The AC-3 audio stream_type shall have the value Ox81.

=D
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5.7.2 Descriptors

5.7.2.1 AC-3 audio descriptor

In the digital television system the AC-3 audio descriptor shall be included in the

TS_program_map_section. The syntax is given in Table 2 of Annex A of ATSC Standard
A/52. There are the following constraints on the AC-3 audio descriptor:

* The value of the descriptor_tag shall be 0x81.
e [ftextien exists, it shall have a value of ‘0x00’.

5.7.2.2 Program smoothing buffer descriptor.

The Program Map Table of each program shall contain a smoothing buffer
descriptor pertaining to that program in accordance with Section 2.6.30 of ISO/IEC
13818-1. During the continuous existence of a program, the value of the elements of the
smoothing buffer descriptor shall not change.

The fields of the smoothing buffer descriptor shall meet the following constraints:

e The field sb_leak_rate shall be allowed to range up to the maximum transport
rates specified in Section 7.2.

e The field sb_size shall have a value less than or equal to 2048. The size of the
smoothing buffer is thus = 2048 bytes.

5.8 Extensions to the MPEG-2 Systems specification
This Section covers extensions to the MPEG-2 Systems specification.

5.8.1 Scrambling control
The scrambling control field within the packet header allows all states to exist in
the digital television system as defined in Table 2.

Table 2 Transport Scrambling Control Field

transport_ Function
scrambling
control
( ket payload not scrambled :
ON: ﬁ scra;’::l;lcd, state may be used as a flag for private use defined by the service provider.
10 packet payload scrambled with “even” key
11 packet payload scrambled with “odd” key

which the transport_scrambling_control field does not
for the duration of the program, must camy a
2.6.16 of ISO/IEC 13818-1.

Elementary Streams for
exclusively have the value of ‘00_
CA_descriptor in accordance with Section
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The implementation of a digital television delivery system that employs cqnditioual
access will require the specification of additional data streams and system constraints.

6. FEATURES OF 13818-1 NOT SUPPORTED BY THIS STANDARD

The transport definition is based on the MPEG-2 Systems _standa_rd, ISO/!EC
13818-1: however, it does not implement all parts of the standard. This Section describes
those elements which are omitted from this Standard.

6.1 Program streams

This Standard does not include those portions of ISO/IEC 13818..1 a::.(‘..I Annex A
of ATSC Standard A/52 which pertain exclusively to Program Stream specifications.

6.2 Still pictures

This Standard does not include those portions of ISO/IEC 13818-1 Transport
Stream specification which pertain to the Still Picture model.

7. TRANSPORT ENCODER INTERFACES AND BIT RATES

7.1 Transport encoder input characteristics

The MPEG-2 Systems standard specifies the inputs to the transport system as
MPEG-2 elementary streams. It is also possible that systems will be implemented wherein
the process of forming PES packets takes place within the video, audio or other data
encoders. In such cases, the inputs to the Transport system would be PES packets
Physical interfaces for these inputs (elementary streams and/or PES packets) may be
defined as voluntary industry standards by SMPTE or other standardizing organizations.

7.2 Transport output characteristics

Conceptually, the output from the transport system is a continuous MPEG-2
transport stream as defined in this Annex at a constant rate of T, Mbps when transmitted
in an 8 VSB system and 2T, wher transmitted in a 16 VSB system where:

188)(312)( 684
R T
208/\313/\ 286/ * ¢ 1939... Mbps

and

(684)
—|x45
286

All transport streams conforming to this Standard shall conform to the ISO/IEC
13818-1 model.

¥_4_4
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Details of the interface for this output, including its physical characteristics, may be

or other standardizing organizations.

defined as a voluntary industry standard by SMPTE ,
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ANNEX D

(Normative)

RF/TRANSMISSION SYSTEMS CHARACTERISTICS

1. SCOPE

This Annex describes the characteristics of the RF/Transmission subsystem, which
is referred to as the VSB subsystem, of the Digital Television Standard. The VSB
subsystem offers two modes: a terrestrial broadcast mode (8 VSB), and a high data rate
mode (16 VSB). These are described in separate sections of this document.

2. NORMATIVE REFERENCES

There are no Normative References.

3. COMPLIANCE NOTATION

As used in this document, “shall” or “will” denotes a mandatory provision of the
standard. “Should” denotes a provision that is recommended but not mandatory. “May”
denotes a feature whose presence does not preclude compliance, that may or may not be
present at the option of the implementor.

4. TRANSMISSION CHARACTERISTICS FOR TERRESTRIAL BROADCAST

4.1 Overview

The terrestrial broadcast mode (known as 8 VSB) will support a payload data rate
of 19.28... Mbps in a 6 MHz channel. A functional block diagram of a representative 8
VSB terrestrial broadcast transmitter is shown in Figure 1. The input to the transmission
subsystem from the transport subsystem is a 19.39... Mbps serial data stream comprised of
188-byte MPEG-compatible data packets (including a sync byte and 187 bytes of data
which represent a payload data rdte of 19.28... Mbps).

The incoming data is randomized and then processed for forward error correction
(FEC) in the form of Reed-Solomon (RS) coding (20 RS parity bytes are added to each
packet), 1/6 data field interleaving and 2/3 rate trellis coding. The randomization and FEC
processes are not applied to the sync byte of the transport packet, which is represented in
transmission by a Data Segment Sync signal as described below. Following randomization and

fomaro_:l error correction processing, the data packets are formatted into Data Frames for
transmission and Data Segment Sync and Data Field Sync are added.

Figure 2 shows how the data are organized for transmission. Each Data Frame consists
of two Data Fields, each containing 313 Data Segments. The first Data Segment of each Data
Field is a unique _synchroniz:ing signal (Data Field Sync) and includes the training sequence used
by the equalizer in the receiver. The remaining 312 Data Segments each carry the equivalent of

e

\
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the data from one 188-byte transport packet plus its associated FEC overhead. The actual data
in each Data Segment comes from several transport packets because of data interleaving. Each
Data Segment consists of 832 symbols. The first 4 symbols are transmitted in binary form and
provide segment synchronization. This Data Segment Sync signal also represents the sync byte
of the 188-byte MPEG-compatible transport packet. The remaining 828 symbols of each Data
Segment carry data equivalent to the remaining 187 bytes of a transport packet and its
associated FEC overhead. These 828 symbols are transmitted as 8-level signals and therefore
carry three bits per symbol. Thus, 828 x 3 = 2484 bits of data are carried in each Data
Segment, which exactly matches the requirement to send a protected transport packet:

|
|

|

—J olomon : i
Reed- Data | Lanl RF

Data Trellis Pilat P | wvss
nter- ] U

Randomizer 1 SO [™ teaver [ ™| Encoder [ MUX 151 insertion (81 Fiter r Modulator (™ Gonvertr
I
: |

Segment Sync 2

Field Sync

Figure 1. VSB transmitter.

P 4 |¢——— 828 Symbols —————>|

ry Field Sync #1 £y
. 242
N3 |y Data + FEC :
Segments g ms
i
L]
n
t
- ¥
X #2
1E s Field Sync o
y
n
c
313 Data + FEC 242
Segments I

j¢————— 1 Segment _
=773us

Figure 2. VSB data frame.
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ATSC

187 data bytes + 20 RS parity bytes = 207 bytes

207 bytes x 8 bits/byte = 1656 bits . _
2/3 rate trellis coding requires 3/2 x 1656 bits = 2484 bits.

The exact symbol rate is given by equation 1 below:
(1) S.(MHz)=4.5/286x 684 =10.76... MHz

The frequency of a Data Segment is given in equation 2 below:
(@ fug=S:/832=1294..X 10° Data Segments/s.

The Data Frame rate is given by equation (3) below:
() fiume = /626 = 20.66 ... frames/s.

The symbol rate S. and the transport rate T, (see Section 7.2 of Annex C) shall be
locked to each other in frequency.

The 8-level symbols combined with the binary Data Segment Sync and Data Field Sync
signals shall be used to suppressed-carrier modulate a single carrier. Before transmission,
however, most of the lower sideband shall be removed. The resulting spectrum is flat, except
for the band edges where a nominal square root raised cosine response results in 620 kHz
transition regions. The nominal VSB transmission spectrum is shown in Figure 3.

At the suppressed-carrier frequency, 310 kHz from the lower band edge, a small
pilot shall be added to the signal.

1 -
S o [ I
0 4 Pilot
Suppr'esslecl
Carrier

31— e 5.38 MHz I
le

i ol
[ 6.0 MHz *

—_—— —

-

Figure 3. VSB channel occupancy (nominal).
4.2 Channel error protection and synchronization

4.21 Prioritization

All payload data shall be carried with the same priority.

4.2.2 Data randomizer
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random bin;ry sequence (PRBS) which is initialized at the beginning of the Data Field
Thg PRBS is generated in a 16-bit shift register that has 9 feedback taps. Eight of the shif;
register outputs are selected as the fixed randomizing byte, where each bit from this byte is

used to individually XOR the corresponding input data bi :
to MSB ... LSB to LSB. ponding input data bit. The data bits are XORed MSB

The randomizer generator polynomial is as follows:
Guo=X"+X"+X2+ X"+ X"+ X5+ X* +X + 1

: The initialization (pre-load) to F180 hex (load to 1) occurs during the Data Segment
Sync interval prior to the first Data Segment.

The randomizer generator polynomial and initialization is shown in Figure 4.

Generator Polynominal G (16) = XS+ X134 X124 X1+ X7+ X0+ X3+ X +1
The initalization (pre load) occurs during the field sync interval

Initalization to F180 hex (Load to 1)
X186 X15 X14 X13 X9 X8

The generator is shifted with the Byte Clock and one 8 bit Byte
of data is extracted per cycle.

Figure 4. Randomizer polynomial.

4.2.3 Reed-Solomon encoder
The RS code used in the VSB transmission subsystem shall be a t =10 (207,187)

code. The RS data block size is 187 bytes, with 20 RS parity bytes added for error
correction. A total RS block size of 207 bytes is transmitted per Data Segment.

In creating bytes from the serial bit stream, the MSB shall be the ﬁrst serial bit.
The 20 RS parity bytes shall be sent at the end of the Data Segment. The parity generator
polynomial and the primitive field generator polynomial are shown in Figure 5.

4.2.4 Interleaving

The interleaver employed in '
segment (intersegment) convolutional byte interleaver. In
of about 1/6 of a data field (4 ms deep). Only data

the VSB transmission system shall be a 52 data
terleaving is provided to a depth
bytes shall be interleaved. The
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——

interleaver shall be synchronized to the first data by.te of _the data field. Intrasegment
interleaving is also performed for the benefit of the trellis coding process.

The convolutional interleaver is shown in Figure 6.

=211 G T LR S EEE S :
[Tex+at) = 2+ x50 X5% X% X9 X X o X T X XX Syl M S A
i=0

- y 5 » . . [ § 1] » '
- x’:mzx‘:'.euxt:mx':sx‘:u:x‘ia&:{':ax‘:m.(::iaxllnsox:ux'-ux s1e7XozaX o228 X o108 X o121 X a1 X208 Xatry

Connect for first (k] Bytes
Open for last (N-k) Bytes

Faa
- 2 — =1 3 3 ’\ 5 '\ Cate w—
i 6 o o i i
ST - SFSTOB 9 15m...
—C
]
@ Mod(258) add vo fistd clements (Bytes) K=107 Data Priss | . _,-ﬁ A
® N gy A fa RN Canmeet A for firsl (k) Bytes

Cannect ¥ for jast (N-k) Bytes

!'D! Slore ene element (Byte)

Primitive Field Generater Polynomial (Galois Field)
G(258)= X+ X'+X+X = 1

MRS S

Each shift of the generalor produces a fleld element

Figure 5. Reed-Solomon (207,187) t=10 parity generator polynomial.

3
s I S
From 3 M To
Reed-Solomon } I [ I I l ]
Encoder . Pre-Coder and
. Trellis Encoder
51 £ (B-2)M
= o s
LI T T T e

M=4, B=52, N=208, R-S Block =207, BXM=N

Figure 6. Convolutional interleaver (byte shift register illustration).

4.2.5 Trellis coding

output bits using a I/2 rate convoluti

The 8 VSB transmission sub-system shall
. ; R employ a 2/3 rate (R=2/3) trellis code
(with one unencoded bit which is precoded). That i, one input bit i(s encc-:c)ied into two

onal code while the other input bit is precoded. The

— 50 —
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signaling waveform used with the trellis code is an 8-level (3 bit) one-dimensional

const::jlation. The transmitted signal is referred to as 8 VSB. A 4-state trellis encoder shall
be used.

Trellis code intrasegment interleaving shall be used. This uses twelve identical trellis
encoders and precoders operating on interleaved data symbols. The code interleaving is
accomplished by encoding symbols (0, 12, 24, 36 ...) as one group, symbols (1, 13, 25, 37, ...)
as a second group, symbols (2, 14, 26, 38, ...) as a third group, and so on for a total of 12
groups.

In creating senal bits from parallel bytes, the MSB shall be sent out first: (7, 6, 5, 4, 3,
2, 1, 0). The MSB is precoded (7, 5, 3, 1) and the LSB is feedback convolutional encoded (6,
4, 2, 0). Standard 4-state optimal Ungerboeck codes shall be used for the encoding. The trellis
code utilizes the 4-state feedback encoder shown in Figure 7. Also shown is the precoder and
the symbol mapper. The trellis code and precoder intrasegment interleaver is shown in Figure 8
which feeds the mapper shown in Figure 7. Referring to Figure 8, data bytes are fed from the
byte interleaver to the trellis coder and precoder, and they are processed as whole bytes by
each of the twelve encoders. Each byte produces four symbols from a single encoder.

Interference Filter

Pre-coder Trellis Encoder 8-Level Symbol Mapper
¥s z,’ MAP
Z,2,Z, | R
000 -7
001 -5 R
010 S L — |
Y 2 011 -1
X ! gt 100 | +1
2; 101 +3
D p(+»{ D » 110 +5
111 +7

(D = 12 Symbols Delay)

Figure 7. 8 VSB trellis encoder, precoder, and symbol mapper.

The output multiplexer shown in Figure 8 shall advance by four symbols on e;c;l
segment boundary. However, the state of the trellis em?oder shall not be advanced.l’i‘hfz =
co;mng out of the multiplexer shall follow normal ordering from encoder 0 throughls rma;
first segment of the frame, but onthesecondsegrnenttheO{derchangwand s;gnbo :a(.:r(;eders
from encoders 4 through 11, and then 0 through 3. The third segment reads oiee;z o
through 11 and then O through 7. This three-segment pattern shall repeat thtxl;ough;st g2
Segments of the frame. Table 1 shows the interleaving sequence for the

Segments of the frame.

After the Data Segment Sync is inserted, the ordering of the data symbols is such
that symbols from each encoder occur at a spacing of twelve symbols.

—_—5]1 —
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Trellis
Encoder &
Pre-Coder
" Trellis
Trellis I Encoded
Encoder & and
Pre-Coder Pre-Coded
Interleaved # Data
Data Trellis out to
In Encoder & Mapper
\
/< = N_‘
s Treliis /
Encoder &
Pre-Coder
#10
Trellis
Encoder &
Pre-Coder
#1
Figure 8. Trellis code interleaver.
Table 1 Interleaving Sequence
Segment Block 0 Block 1 Block 68
0 DO SDTIOD2 Wb R0 DT D2 i D1A v LBOVIRSERE... DI
1 D4 D5 D6 .. D3 D4 D5 D6 .. D3 .. | D4 DS D6 .. D3
2 D8 D9 D10.. D7 D8 D9 D10 .. D7 w1 18 DA o DY

A complete conversion of parallel bytes to serial bits needs 828 bytes to produce
6624 bits. Data symbols are created from 2 bits sent in MSB order, so a complete
conversion operation yields 3312 data symbols, which corresponds to 4 segments of 828
data symbols. 3312 data symbols divided by 12 trellis encoders gives 276 symbols per

trellis encoder. 276 symbols divided by 4 symbols per byte gives 69 bytes per trellis
encoder.

The conver‘sion starts with the first segment of the field and proceeds with groups
of 4 segments until the end of the field. 312 segments per field divided by 4 gives 78
conversion operations per field. -

During segment sync the input to 4 encoders is skipped and the encoders cycle

with ;10 input. The input is held until the next multiplex cycle and then fed to the correct
encoder.

Table 2 details the byte to symbol conversion
the trellis encoders. Segment 0 is the first segm
12 segments; segments 5 through 11 are not sho

and the associated multiplexing of
ent of the field. The pattern repeats every

— 352 —
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Table 2 Byte to Symbol Conversion, Multiplexing of Trellis Encoders
Segment 0 Segment 1 S

Symbol | Trellis | Byte | Bits Treﬁes%u Bits Trdligml!::tzmu m?:igmn::t;m Tre?lii_gnnzt;m
0 O 1 0 /76] 4 [208]54] 8 |412[32] o0 [616]1,0] 4 |828|76
1 | 1 |16 5 209|154 9 |413]|32 1 617 1,0} 5.--| 82976
2 2 2 |76 6 |210]|54]| 10 | 414 32| 2 |[618]1,0 6 |830|76
3 3 3 |76 7 |211]|54] 11 |415 32] 3 |619]|1,0

4 4 4 |76] 8 |212(54] o0 |416[32] 4 [620]10

5 5 3176 9 213154 1 |417[32] 5 |621|1,0

6 6 6 176] 10 |214)|54| 2 |418[32] 6 |622]10

7 7 17 176] 11 |215|54] 3 [419]32] 7 [623]10

8 8 8 |76 0 [204]|54| 4 [408(32] 8 |612]1,0

Y 9 9 176] 1 [205]|54] 5 |409(32] 9 |613]1,0

10 10 | 10 |76] 2 [206|54] 6 |410(32] 10 [614]|10

11 11 11 | 7,6 3 207154 7 |411)3,2] 11 |[615]|1,0

12 0 0 |54 4 208 | 3,2 8 [412|1,0] 0 |624|76

13 1 1 |54 5 12091321 9 1413|10] 1 (625]|76

19 7 7 1541 11.]215)3.21,0.3  |419] 1:01. 7.)631]76

20 8 8 |54 0 |204(32] 4 |408|10] 8 [632]|76

21 9 9 |54] 1 |205|32] 5 |[409[10] 9 |633|76

22 10 | 10]54] 2 [206|32] 6 |410]|10] 10 |634|7,6

23 11 11 |54 3 207 13,2 7 1433 100 11 [:6351 76

24 0 0 |32] 4 |208|1,0] 8 [420(76] 0O |624|54

25 1 B P 5 |209(10] 9 |421|76 1 |625]|5.4

31 7 7 1321 11 |215|10] 3 |427]|76

32 8 83 132 0 [204]|10] 4 |[428)|76

i3 9 9 13,2 1 2051 1,0 5 |429]|7.6

34 10 10 | 3,2 2 |206(1,0] 6 |430|76

35 11 11.)-3:4 3 120711007 || 43176

36 0 0o |[10] 4 |216|76] 8 |420]|54

37 ] 1 |10l 5 [217]76] 9 |421|54

47 11 11 | 1,0 3 22717.6

48 0o | 12]76] 4 |216|54

49 ] 13|76] 5 |217|54

95 11 | 2310

9 0 | 24|76

97 1 25 |76

767 11 |191|1,0

768 0 |192]|7.6

769 1 193 17,6
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Segment 0 Segment 1 Segment 2 Segment 3 Segment 4
Symbol | Trellis | Byte | Bits | Trellis| Byte | Bits | Trellis | Byte | Bits | Trellis| Byte | Bits | Trellis| Byte | Bits

815 | 11 |203|1,0] 3 [419]76 623 |54 11 [827]32
816 | 0 |204|7.6] 4 |408[54 612|3.2| o.|816[10
817 | 1 [205|7.6] 5 |409]54 613[32] 1 [817]10

oleol

82:7 i.l 215[7.6] 3 |419]|54] 7 |623]3,2] 11 |827]10

4.2.6 Data segment sync

The encoded trellis data shall be passed through a multiplexer that inserts the
various synchronization signals (Data Segment Sync and Data Field Sync).

A two-level (binary) 4-symbol Data Segment Sync shall be inserted into the 8-level
digital data stream at the beginning of each Data Segment. (The MPEG sync byte shall be
replaced by Data Segment Sync.) The Data Segment Sync embedded in random data is
illustrated in Figure 9.

A complete segment shall consist of 832 symbols: 4 symbols for Data Segment
Sync, and 828 data plus parity symbols. The Data Segment Sync is binary (2-level). The
same sync pattern occurs regularly at 77.3 ps intervals, and is the only signal repeating at
this rate. Unlike the data, the four symbols for Data Segment Sync are not Reed-Solomon
or trellis encoded, nor are they interleaved. The Data Segment Sync pattern shall be a
1001 pattern, as shown in Figure 9.

Dats Data
Segment Data + FEC Seqment
+7 SYNC 1eu SYNC
+5 = s f -
" o ;j =
+1 S
4 /N s
3 | 74 B o
5 | fiinf -
7 . S 3 —
+ D —
Levels Before| 4 322?1'?;“0“ 4
Pilot Addition| Symbols ’ ytes
(Pilot=1.25) Symbots
= Data Segment
832 Symbols -
208 Bytes

Figure 9. 8 VSB data segment.

4.2.7 Data field sync

_ The data are not only divided into Data Segments, but also into Data Fields, each
consisting of 313 segments. Each Data Field (24.2 ms) shall start with one completé Data
Seament.of.Data Field Sync, as ghown in Figure 10. Each symbol represents one bit of
data (2-level). The 832 symbols in this segment are efined below. Refer to Figure 10

T
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Precode®
l.‘_ |
oF 832 Symbols >
5 |
W 3 l__
L | P T
o —SF 13 PN511 PNG3 | PNG3 | PN63 | VSB | Reserved ||
e i) Mode ==
5 I ]
A m——] SO
? 12 |
ol
Loveis Before 4 1 63 .
Pt Addiion Symbos Foad-ctE 2 63 63 | 24 104
) ym- | Sym- | Sym- [Sym-|  Symbol
(Piot=1.25) bols | bols | bols bflll i
* For trellis coded terrestrial 8 VSB the last 12 ymbaols of the previ segment
are duplicated in the last 12 reserved symbols of the field syne.
Figure 10. VSB data field sync.
4271 Sync

This corresponds to Data Segment Sync and is defined as 1001.

4.2.7.2 PN511

This pseudo-random sequence is defined as X° + X’ + X° + X* + X’ + X + 1 with a
pre-load value of 010000000. The sequence is:

0000 0001 O111 1111 1100 1010 1010 1110 0110 0110 1000 1000 1001 1110 0001 1101
0111 1101 0011 0101 0011 1011 0011 1010 0100 0101 1000 1111 0010 0001 0100 0111
1100 1111 0101 0001 0100 1100 0011 0001 0000 0100 0011 1111 0000 0101 0100 0000
1100 1111 1110 1110 1010 1001 0110 0110 0011 0111 0111 1011 0100 1010 0100 1110

0111 0001 0111 0100 0011 0100 1111 1011 0001 0101 1011 1100 1101 1010 1110 1101
1001 0110 1101 1100 1001 0010 1110 0011 1001 0111 1010 0011 0101 1000 0100 1101
1111 0001 0010 1011 1100 0110 0101 0000 1000 1100 0001 1110 1111 1101 0110 1010
1100 1001 1001 0001 1101 1100 0010 1101 0000 0110 1100 0000 1001 0000 0001 110

4.2.7.3 PN63
This pseudo-random sequence is repeated three times. It is defined as X6 + X + 1 with
a pre-load value of 100111. The middle PN63 is inverted on every other Data Field Sync. The
sequence is:
1110 0100 1011 0111 0110 0110 1010 11l
The generators for the PN63 and PNS511 sequences are shown in Figure 11.

1 1100 0001 0000 1100 0101 0011 1101 000
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X or
IIIIIIH 'W‘"

Shift

63 PN Sequence, X5X+1
Preload 100111

Xor X or Xor X or Xor
[oo{* oo Po o T+ o [ 0 o 0 o 0 o] @ Froutpue
Shift
511 PN Sequence,
XOEXTHXEH XA X3+ X+1

Preload 010000000

Figure 11. Field sync PN sequence generators.

4.2.7.4 VSB mode

These 24 bits determine the VSB mode for the data in the frame. The first two bytes
are reserved. The suggested fill pattern is 0000 1111 0000 1111. The next byte is defined as:

PABCPABC

where P is the even parity bit, the MSB of the byte, and A B, C are the actual mode bits

PABC
0000 Reserved
1001 Reserved

1010 Reserved
0011 Reserved
1100 16VSB
0101 8VSB*
0110 Reserved
1111 Reserved

* In the 8 VSB mode, the preceding bits are defined as -
0OO0OO0OPABCPABCI1111

4.2.7.5 Reserved

The last 104 bits shall be reserved space. It is suggested that this be filled with a

continuation of the PN63 sequence. In the 8 VSB mode, 92 bits are ed foll bv the
12 symbol definition below. reserved followed by
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4.2.7.6 Precode

In the 8 VSB mode, the last 12 symbols of th
symbols of the previous segment. ¥ ¢ segment shall correspond to the last 12

All sequences are pre-loaded before the beginning of the Data Field Sync.

Like the_ Data Segment Sync, the Data Field Sync is not Reed-Solomon or trellis
encoded, nor is it interleaved.

4.3 Modulation

4.3.1 Bit-to-symbol mapping

Figure 7 shows the mapping of the outputs of the trellis decoder to the nominal
signal levels of (-7, -5, -3, -1, 1, 3,5, 7). As shown in Figure 9, the nominal levels of Data
Segment Sync and Data Field Sync are -5 and +5. The value of 1.25 is added to all these
nominal levels after the bit-to-symbol mapping function for the purpose of creating a small
pilot carrier

4.3.2 Pilot addition

A small in-phase pilot shall be added to the data signal. The frequency of the pilot
shall be the same as the suppressed-carrier frequency as shown in Figure 3. This may be
generated in the following manner. A small (digital) DC level (1.25) shall be added to
every symbol (data and sync) of the digital baseband data plus sync signal (+1, 43, +5,+7).
The power of the pilot shall be 11.3 dB below the average data signal power.

4.3.3 8 VSB modulation method

The VSB modulator receives the 10.76 Msymbols/s, 8-level trellis encoded
composite data signal (pilot and sync added). The ATV system performance is bgsed ona
linear phase raised cosine Nyquist filter response in the concatenat-ed transmitter and
receiver, as shown in Figure 12. The system filter response is essentially _ﬂat across the
entire band, except for the transition regions at each end of the ba.ud.. Nomqaally, the roll-
off in the transmitter shall have the response of a linear phase root raised cosine filter.

5. TRANSMISSION CHARACTERISTICS FOR HIGH DATA RATE MODE

5.1 Overview -

The high data rate mode trades off transmission robustness (28.3 dB sc;gml-t?
noise threshold) for payload data rate (38.57 Mbps). I_Vlost parts of _the ggb Sata r:nc:
mode VSB system are identical or similar to the terrestrial system. A pllot,_II ata t;fﬂ;i o
Sync, and Data Field Sync are all used to provide robust operation. The pilot in 2
data rate mode also is 11.3 dB below the data signal power. The symbol, seijlent,hea;s
field signals and rates are all the same, allowing elther.recefver to lock' up ondjﬁzrznce i
transmitted signal. Also, the data frame definitions are identical. The primary
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the number of transmitted levels (8 versus 16) and the use of trellis coding and NTSC
interference rejection filtering in the terrestrial system.
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Figure 12. Nominal VSB system channel response
(linear phase raised cosine Nyquist filter).

The RF spectrum of the high data rate modem transmitter looks identical to the
terrestrial system, as illustrated in Figure 3. Figure 13 illustrates a typical data segment, where
the number of data levels is seen to be 16 due to the doubled data rate. Each portion of 828
data symbols represents 187 data bytes and 20 Reed-Solomon bytes followed by a second
group of 187 data bytes and 20 Reed-Solomon bytes (before convolutional interleaving).
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Figure 13. 16 VSB data segment.

Figure 14 shows the block diagram of the transmitter. It is identical to the

terrestrial VSB system except the trellis coding shall be repl i :
converts data to multi-level symbols. See Figure 15, placed with a mapper which

— 58 —
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Figure 14. 16 VSB transmitter.
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Figure 15. 16 VSB mapper.
5.2 Channel error protection and synchronization

5.2.1 Prioritization
See Section 4.2.1. .

§.2.2 Data randomizer
See Section 4.2.2.

5.2.3 Reed-Solomon encoder

See Section 4.2.3.

5.2.4 Interleaving

The interleaver shall be a 26 data
interleaver. Interleaving is provided to a depth o
Only data bytes shall be interleaved.

segment inter-segment convolutional byte
£ about 1/12 of a data field (2 ms deep).
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5.2.5 Data segment sync
See Section 4.2.6.

5.2.6 Data field sync
See Section 4.2.7.

5.3 Modulation

5.3.1 Bit-to-symbol mapping

Figure 15 shows the mapping of the outputs of the interleaver to the nominal
signal levels (-15, -13, -11, ..., 11, 13, 15). As shown in Figure 13, the nominal levels of
Data Segment Sync and Data Field Sync are -9 and +9. The value of 2.5 is added to all
these nominal levels after the bit-to-symbol mapping for the purpose of creating a small
pilot carrier.

5.3.2 Pilot addition

A small in-phase pilot shall be added to the data signal. The frequency of the pilot
shall be the same as the suppressed-carrier frequency as shown in Figure 3. This may be
generated in the following manner. A small (digital) DC level (2.5) shall be added to every

symbol (data and sync) of the digital baseband data plus sync signal (+l, +3, +5, +7, +9,

+11, +13, +15). The power of the pilot shall be 11.3 dB below the average data signal
power.

5.3.3 16 VSB modulation method

The modulation method shall be identical to that in Section 4. except the number
of transmitted levels shall be 16 instead of 8.
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ANNEX E
(Informative) _
RECEIVER CHARACTERISTICS
1. SCOPE

‘ This informative Annex provides material to help readers understand and
implement the normative portions of the Digital Television Standard. The normative
clauses of the Standard do not specify the design of a receiver. Instead, they specify the

transmitted bit stream and RF signal with a thoroughness sufficient to permit the design of
a receiver.

Although the normative portions of the Standard are written in the traditional way
— by specifying the signal format, not the receiver — the ATSC believes that the
introductory phase of this new Standard can be made more orderly by listing some
receiver design considerations in this informative Annex. Service providers need assurance
that their programs will be correctly processed in all receivers, and receiver manufacturers
need assurance that their receivers will function properly with all broadcasts.

This Annex also contains references to existing (both voluntary and mandatory)
standards for television receivers and notes work in progress on voluntary industry
standards being developed at this time.

2. REFERENCES TO EXISTING OR EMERGING STANDARDS
47 CFR Part 15, FCC Rules.
EIA 1S-132, EIA Interim Standard for Channelization of Cable Television.

EIA 1S-23, EIA Interim Standard for RF Interface Specification for Television Receiving
Devices and Cable Television Systems.

EIA 1S-105, EIA Interim Standard for a Decoder Interface Specification for Television
Receiving Devices and Cable Television Decoders.

3. COMPLIANCE NOTATION

Compliance with mandatory or voluntary standards fxnd recoqmendeQ practlcES
for digital television receivers can be inferred only from previous experience W:lth'NTSA,;
Actual standards for digital television receivers have not been developed at this tm:.:x
used in this document “appropriate” means that the exisung mlgs lfor NTSC whic ge
referenced contain most elements of future rules for digital television. Furthermore, the

rules may be expanded to cover digital television.

=
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4. STATUS OF RECEIVER STANDARDIZATION ACTIVITIES

4.1 Tuner performance

The FCC Rules under 47 CFR Part 15 which are applicable to conventional
television receivers are expected to be appropriate for digital television receivers.

4.1.1 Noise figure

The 10 dB noise figure used as a planning factor has been reviewed considering
the needs of digital television reception and has been found appropriate.

4.1.2 Channelization plan for broadcast and cable

The cable channelization plan specified in the FCC Rules under 47 CFR Part 15
which are applicable to conventional television receivers are expected to be appropriate
for digital television receivers. Broadcast channelization is specified in the FCC Rules
under 47 CFR Part 73.

4.1.3 Direct pickup

The FCC Rules under 47 CFR Part 15 which are applicable to conventional
television receivers may be appropriate for digital television receivers, as well
Performance characteristics for reception of digital signals, whether standard or high
definition, have not been developed by the industry. It is expected that direct pickup of a
given level will have less effect on digital signals than on NTSC.

4.2 Transport

Significant work for identification of multiple programs within a single digital
television channel has not taken place in the industry. It is recommended that a digital
television receiver provide appropriate features to assist users in the selection of the
desired video program service, if multiple video programs within one channel are offered.

4.3 Decoder interface .

The FCC Rules which are to be adopted for a decoder interface on NTSC receiver
advertised as “cable-ready” or “cable-compatible” are expected to be appropriate for
digital television receivers. Much work has been done on this interface standard (IS-105)
by the Joint Engineering Committee of EIA and NCTA. Although that interface standard
is not intended to apply to digital television receivers, it will almost certainly provide a

basis for a decoder interface standard applicable to them.
4.4 Digital data interface

Work on a digital data interface is being performed by the EIA’s R-4.1
subcommittee on ATV Receiver Interfaces. R-4.1 intends to define a baseband serial
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igital interface so that devices may exchange packetiz .
CR i ed data, for example, w
VCR is connected to a digital television receiverp : g pleyswhents dighal

It is recommended that manufacturers of digi isi i ishi
_ A . _ gital television receivers wishing to
include a digital data interface give consideration to the interface developed by R4.1.

4.5 Conditional access interface

' T‘he National Renewable Security System (NRSS) Subcommittee of the Joint
Engineering Committee of EIA and NCTA has the responsibility to develop a standard for
a plug-in security module. The NRSS standard may be applied in either a standard
definition or high definition environment.

It is recommended that manufacturers of digital television receivers wishing to
include a conditional access interface give consideration to the NRSS standard developed
by the JEC

4.6 Closed captioning

Closed captioning for television is covered by the FCC Rules under 47 CFR Part
15 which are presently applied to conventional television receivers. These rules are
expected to be appropriate for digital television receivers.

Work on defining the technical standard for closed captioning for the digital
television system is being performed by the EIA’s R-4.3 subcommittee.

5. RECEIVER FUNCTIONALITY

5.1 Video

It is recommended that a digital television receiver be capable of appropdgt-ely
decoding and displaying the video scanning formats defined in the _Dlgltal Television
Standard and described in Table 3 “Compression Format Constraints” in Annex A of this

Standard

5.2 Audio
It is recommended that a digital television receiver be caPable of selectiqg and
decoding any audio service described in Section 6 of {\nnex B of this Standard, subject t0
the bit rate constraints in Section 5.3 of Annex B of this Standard. :
It is recommended that a digital television receiver be c‘apaple of nf)rma!mng auzo
levels based on the value of the syntactical element dialnorm which is contained in the audio

elementary stream. |
tal television receiver be capable of altering

It is recommended that a digt \ i
reproduced audio levels based on the value of the syntactical element dynmg which 13

contained in the audio elementary stream.

— 63 —
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It is recommended that a digital television receiver provide appropriate features to
assist users in the selection of program related audio services.

— 64 —
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