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Preface

This report, adopted by the Advisory Committee on Advanced Televison Service on February
24, 1993, is based on the efforts of hundreds of firms and individuds involved in this project to bring
advanced televison service to the American public. Asaresult of the Advisory Committee process,
under the leadership of the Federad Communications Commission, it has become gpparent that digital
HDTV saviceis achievable for the United States. Indeed, the four digita systems developed under this

process lead the world in this technology.

The Advisory Committee wishes to thank al those persons who have played arolein drafting
this report and especidly wishes to thank the members of the Specid Panel for their extraordinary effort

in completing the report.

Respectfully submitted,

FCC ADVISORY COMMITTEE ON
ADVANCED TELEVISION SERVICE

Tl g

Richard E. Wiley, Chairman
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1. EXECUTIVE SUMMARY

This document represents the work conducted to date under the auspices of the Advisory Committee
on Advanced Television Service, which was formed in 1987 to advise the Federa Communications
Commission on various agpects of advanced televison. Through the efforts of hundreds of Advisory
Committee participants, particularly those groups which have proposed systems for the Committee’s
congderation, extraordinary achievementsin advanced television have been redlized in avery short
period. As aresult of the Advisory Committee process, under the Commission’s leadership, it has
become gpparent that digital high definition television serviceis achievable for the United States.

Tedting and data andys's recently were completed on five high definition televison sysems. Previoudly,
inits Fifth Interim Report to the FCC, the Advisory Committee approved a set of ten “ Selection
Criterid’ for use in analyzing the performance of the systems tested. The criteria are grouped into three
generd categories. gpectrum utilization, economics, and technology. In the same report, the Advisory
Committee created a Specid Panel that would use these criteria to evauate the performance of tested
ATV sysems.

The Specid Panel met on February 8 - 11, 1993, to consider these matters and to pass a report to the
Parent Committee for its congderation. The resulting findings, the bases of which are st forth in
Chapter 14 of this document, are asfollows:

SPECTRUM UTILIZATION

1. The andys's conducted by the Advisory Committee clearly demongtrates that a substantial
difference exigts in spectrum utilization performance between Narrow-MUSE and the four al-
digital systems. The differences among the four digita systems generdly are far less pronounced,
however. Based on thisandysis, it would appear that Narron-MUSE will not proveto bea
suitable terrestrial broadcasting ATV system for the United States.

2. The Specid Panel notes that many system proponents have proposed improvements to their
systemsin the area of spectrum utilization. The Speciad Pand finds that the system
improvements, primarily those identified by its Technica Subgroup as reedy for implementation
in time for teting, may lead to improvements in spectrum utilization and should be subjected to
testing as soon as possible.

3. The Specid Pand finds that the degree of interference from ATV into NTSC, asreflected in the
test results and the PSY\WP3 report, is recognized as an area of concern in certain markets. The
Specid Pand finds that the issue of ATV into NTSC interference, including interference to
BTSC audio, should be addressed in the remaining stages of the systemn selection process,
including the examination of refined alotment/assignment techniques, the study of possble
beneficid effects of system improvements, and the congderation of any mitigations which might
be achieved by trangtiona implementation policies.
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ECONOMICS

1.

No sgnificant cost differences among the five proponent systems, either in costs to consumers
or to broadcasters, are evident. Thus, based on cost done, thereis no basisto discriminate
among systems. However, the additiona benefits offered to broadcasters and others by the
digita systems were noted as sgnificant.

TECHNOLOGY

1.

Asareault of the testing process, the Advisory Committee is confident that a digita terrestrid
advanced tdevison system can provide excdlent picture and sound qudlity. All of the system
proponents have proposed refinements that are likely to enhance the audio and video quaity
beyond that measured in the testing process.

A vaiety of tranamission formats was evauated. The transmission robustness andysis
conducted by the Advisory Committee clearly revedsthat an dl-digital approach isboth
feasble and desirable. All of the system proponents have proposed refinements that are likely to
enhance robustness beyond that measured in the testing process.

Andl-digita system approach isimportant to the scope of ATV services and features and in the
aress of extenshility and interoperability. All four digita proponents have committed to aflexible
packetized data trangport structure and universal headers/ descriptors; design and
implementation are subject to verification. Progressive-scan/ square-pixe tranamisson is
consdered beneficid to creating synergy between terrestrid ATV and nationd information
inititives. Aswell, scalability at the transmission data stream would permit trade-offsin
“bandwidth on demand” network environments.

RECOMMENDATIONS

While al the proponents produced advanced televison systems, the Specia Pandl notes that
there are mgor advantages in the performance of digitd HDTV systemsin the United States
environment and recommends that no further consideration be given to andog-based systems.
The proponents of dl four digitl HDTV sysems— DigiCipher, DSC-HDTV, AD-HDTV, and
CCDC — have provided practicd digitd HDTV sysems that lead the world in this technology.
Because dl four sysemswould benefit sgnificantly from further development, the Specid Pand
does not recommend any one of these systems for adoption as a United States terrestrial ATV
transmission standard &t this time. Rather, the Specid Pand recommends that these four findist
proponents be authorized to implement their improvements as submitted to the Advisory
Committee and approved by the Specid Panel’s Technical Subgroup.

The Specid Panel further recommends that the approved system improvements be ready for
testing not later than March 15, 1993, and that these improvements be laboratory and fidd
tested as expeditioudy as possible. The results of the supplementa tests, dong with the aready
planned field tests, would provide the necessary additiond data needed to sdlect asingle digital
systemn for recommendation as a United Statesterrestrid ATV tranamission standard.
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2. INTRODUCTION

The Advisory Committee on Advanced Television Service was empaneled by the Federd
Communications Commission in 1987 to develop information that would assist the FCC in establishing
an advanced tdevison (“ATV”) standard for the United States.! The objective given to the Advisory
Committee in its Charter by the FCC was.

The Committee will advise the Federd Communications Commission on the facts and
circumstances regarding advanced televison systems for Commission consideration of
technical and public policy issues. In the event that the Commission decides that
adoption of some form of advanced broadcast televison isin the public interest, the
Committee would aso recommend policies, sandards and regulations that would
facilitate the orderly and timely introduction of advanced televison servicesin the United
States.

Thisreport isthe Advisory Committee SATV System Recommendation to the FCC.

The United States is on the verge of establishing anew technica standard for television broadcagting, a
gtandard that will last many yearsif we have done our work well. Our current standard has stood the
test of time — the United States monochrome television standard was adopted by the FCC in 1941; in
1953 it was modified by the FCC to add color. That standard is still in use and will be for a number of
years. In both of these cases, an industry committee developed the technica standards which were then
adopted by the FCC. It seemsfitting that this historical information be noted in this report — it can be
found in Chapter 3.

Chapter 3 dso gives background information on the work of the Advisory Committee. Key findings of
the Advisory Committee in its five interim reports are listed.

The substantive work of the Advisory Committee has been performed by three subcommittees:
Panning, Systems, and Implementation. The subcommittees were organized into the following sub-

groups.

! The Advisory Committee on Advanced Television Serviceis chaired by Richard E. Wiley. Other members of the
Advisory Committee at the time of the adoption of thisreport are Frank Biondi, Joel Chaseman, Bruce Christensen,
Joseph Collins, William Connolly, Martin Davis, James Dowdle, Craig . Fields, Stanley S. Hubbard, Donald F.
Johnstone, James Kennedy, James C. McKinney, Rupert Murdock, Thomas S. Murphy, Jerry K. Pearlman, F. Jack
Pluckhan, Ward Quaal, Richard D. Roberts, Burton Staniar, Laurence Tisch, Robert Wright, and subcommittee chairs
Joseph Flaherty, Irwin Dorros, and James Tietjen. Ex officio members are one representative each from the State
Department and NTIA, John Abel, Wendell Bailey, Henry L. Baumann, Tyrone Brown, Brenda Fox, George
Vradenburg 111, Margita White, Joseph Donahue, Robert Graves, Keiichi Kubota, Jae S. Lim, and Donald Rumsfeld.
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Panning Subcommittee
PS/WP1 - Technology Attributes and Assessment
PS/WP2 - Testing and Evauation Specifications
PS/WP3 - Spectrum Utilizetion and Alternatives
PS/WP4 - Alternative Media Technology and Broadcast Interface
PS/WP5 - Economic Factors and Market Penetration
PS/WP6 - Systems Subjective Assessment
PS/WP7 - Audience Research
PS/AGL - Cresative |ssues
PS/AG2 - Consumer/Trade Issues

Systems Subcommittee
SS/WP1 - Sygems Andyss
SS/WP2 - System Evauation and Tegting
SS/WP3 - Economic Assessment
SS/WP4 - System Standards

Implementation Subcommittee
IS'WP1 - Policy and Regulation
IS'WP2 - Trangtion Scenarios

The work of the Planning Subcommittee is summarized in Chapter 4 of this report. The work of the
Systems Subcommittee is summarized in Chapter 5. The work of the Implementation Subcommittee is
summarized in Chapter 6.

The Advisory Committee, in itsfifth interim report, approved a procedure for recommending an ATV
system. The first step in the processis the determination of the “ Selection Criteria” The Sdection
Criteria condtitute the key issues that must be examined in order to recommend an ATV system. Alsoin
the fifth interim report, the Advisory Committee agreed to alist of ten Sdlection Criteria. The Sdlection
Criteria are separated into three areas. These areas and the ten criteriaare:

Spectrum Utilization Criteria
— SaviceArea
—  Accommodeation Percentage

Economics Criteria
— Cost to Broadcasters
— Cod to Alternative Media
— Codt to Consumers

Technology Criteria
— Audio/Video Qudity
—  Transmisson Robustness
—  Scope of Services and Features
—  Bxtenghility
—  Interoperability Congderations



ATV SYSTEM RECOMMENDATION Page 2-3

Chapter 7 of this report elaborates on these ten issues, defining them and explaining how proposed
systems were measured againgt the ten criteria. Chapter 8 givestechnical details that are necessary for
understanding the reported test results on individual proposed systems.

The second step in the recommendation process is the anadysis of the proposed systems according to
the Sdlection Criteria. In the subsequent five chapters, each of the proposed five systemsis examined
according to these criteria. The test information for the examinations came from laboratory testing at the
Advanced Tdevison Test Center, Inc. (ATTC), the Cable Television Laboratories, Inc. (Cablelabs),
and the Advanced Televison Evauation Laboratory (ATEL). Test datawas andyzed by the Planning
Subcommittee Working Party 3 (Spectrum Utilization Criteria) and the Systems Subcommittee Working
Party 4 (Audio/Video Quality and Transmission Robustness). Other subgtantive information for the
examinations came from the Planning Subcommittee Working Party 4 (Scope of Services and Features,
Extensbility, and Interoperability Consderations) and the Systems Subcommittee Working Party 3
(Economics Criteria). Information related to improvements which could be made to each of the
proposed systems was provided by the Technical Sub-Group of the Speciad Pandl. The system
examinations, in the order of testing, can be found in the following chapters:

Chapter 9 Narrow-MUSE

Chapter 10  DigiCipher

Chapter 11  Digitd Spectrum Compatible HDTV
Chapter 12 Advanced Digitd HDTV

Chapter 13~ Channd Compatible DigiCipher

Other steps in the recommendation process are the comparison of proposed systems, the determination
of asuperior system, and the recommendation of a system. The Advisory Committee, in gpproving the
fifth interim report, gppointed a Specid Pand to make athorough technica analys's and comparison of
the ATV proponent systems and assist the Advisory Commiittee in preparing its system
recommendation. The analyses and comparisons made by the Special Pandl? appear in Chapter 14 of
this report. In Chapter 14, systems are always listed in the order of testing if no distinction was made in
performance. ATV systems that were found to perform in a superior manner are identified in Chapter

*The Special Panel was chaired by Dr. Robert Hopkins. The Vice-Chair was Alex D. Felker. Other members of the
Specia Panel were Wendell Bailey, Birney D. Dayton, Irwin Dorros, Richard Ducey, Joseph Flaherty, James Gaspar,
Branko J. Gerovac, Reggie Gilliam, George Hanover, Dale Hatfield, Edward D. Horowitz, Charles Jackson, Bronwen
Jones, Renville H. McMann Jr., Robert Niles, Mark Richer, Robert Sanderson, Rupert Stow, Richard J. Stumpf, Craig
Tanner, Victor Tawil, Laurence J. Thorpe, and George Vradenburg I11. Ex officio participants were the Chairman of
the Advisory Committee (Richard E. Wiley), FCC Mass Media Bureau (Roy Stewart), FCC Office of Engineering and
Technology (Thomas Stanley), NTIA (TomSugrue), Department of State (Richard Beaird), Canadian Liaison
(Kenneth Davies), Mexican Liaison (Victor Rojas), ATTC (Peter Fannon), Cablelabs (Brian James), ATEL (Paul
Hearty), Field Test Technical Oversight Committee (Howard Miller), System-Specific Task Force (John Henderson),
Narrow-MUSE proponent (Keiichi Kubota), DigiCipher proponent (Robert Rast), DSC-HDTV proponent (Wayne
Luplow), AD-HDTV proponent (Glenn Reitmeier), and CCDC proponent (Jae Lim).
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14 dong with an explanation supporting that finding. Findly, the recommendations made by the Specid
Pand appear in Chapter 14.

Chapter 15 outlines future work, including field testing and documentation of the recommended ATV
system. A glossary, the ATEL comparative report, and the System- Specific Task Force comparative
report gppear a the end. There are a number of appendices to this report, some of which are rather
lengthy. They are available separately.
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3. BACKGROUND AND HISTORY

The United States began a proceeding in 1987 which will lead eventudly to anew televison
broadcasting standard. It will be the third American televison broadcasting standard. In this Chapter, all
three processes are reviewed. For the Monochrome Television Standard and the Color Televison
Standard, the full process can be reviewed. For the Advanced Teevison Service, the everts that led to
the formation of the Advisory Committee on Advanced Television Service and key findings from the five
interim reports of the Advisory Committee are reviewed.

3.1 MONOCHROME TELEVISION STANDARD®

Inthe late 1930's, as televison was nearing the point of commercidization, the members of the FCC
ingsted that the standards for television, as well asfor other services, be set only when the industry was
in substantial agreement on the form the standards should take. The FCC had aready decided that the
channel bandwidth for televison would be 6 MHz. The Chairman of the FCC was James Lawrence
Fly.

The concept of the Nationa Televison System Committee (NTSC) arose in a meeting between
Chairman Fly and Dr. W.R.G. Baker, a Generd Electric executive and director of engineering of the
Radio Manufacturers Association (RMA). The NTSC was formed as a private sector organization and
placed under the sponsorship of the RMA. The deliberations were open to al members of the industry
that were technicaly qudified to participate whether or not they were members of the RMA.

The origina record of the NTSC was 11 volumes totaling approximately 2,000 pages. The first meeting
was hed July 31, 1940. The final meeting was held March 8, 1941. Dr. Baker served as Chairman of
the NTSC. The work of the NTSC was organized into nine panels.

A progress report was presented to the FCC on January 27, 1941. The members of the FCC were
satisfied that substantia agreement had been obtained on dl parts of the standard except for two points
— the specification of 441 scanning lines per frame and amplitude modulation for the synchronization
ggnds.

At itsfind meeting on March 8, 1941 the NTSC agreed to specify 525 scanning lines per frame and

rewrote the portion of the standard concerning synchronization to permit also the use of frequency
modulation.

The find report of the NTSC was delivered to the FCC on March 20, 1941 recommending adoption of
the NTSC standard. The only opposition given to the standard at that time was put forward by the
DuMont Laboratories which urged that a variable number of lines and frames per second should be

! All the information in this section has been taken from Television Standards and Practice (Selected Papers from the
Proceedings of the National Television System Committee and Its Panels), edited by Donald G. Fink, McGraw-Hill
Book Company Inc., NY, 1943,
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used. Effective April 30, 1941 the FCC officialy adopted the standard and ruled that commercia
television broadcasting based on the standard would be permitted on and after July 1, 1941.

Key dements of the standard were the use of a6 MHz RF channd with the picture carrier 1.25 MHz
above the bottom of the channdl, the sound carrier 4.5 MHz above the picture carrier, VSB modulation
of the picture carrier with negative modulation and preservation of the DC component, frequency
modulation of the sound carrier, 525 scanning lines per frame with 2:1 interlace, 30 frames or 60 fidds
per second, and 4:3 aspect ratio.

3.2 COLOR TELEVISION STANDARD?

The first NTSC was formed to perform a service specifically requested by the FCC and its advent was
welcomed by the FCC. When the second NTSC was formed, a much less favorable situation existed.
A non-compatible color system was approved by the FCC in 1950 againgt the advice of agreat
majority of the industry’ s technical experts. Because of the controversy, Dr. Baker reectivated the
NTSC in January 1950.

The pand dructure was reorganized around the particular problems of color televison. The membership
was greatly expanded. The work of the second NTSC was contained in 18 volumes of about 4,100
pages. Dr. Baker served as Chairman. The work of the second NTSC was divided among 8 panels.

Progress by several companies on color televison research was rapid. Because of the rapid progress,
on November 20, 1950 the activity of the eight pandls was temporarily suspended and an Ad Hoc
Committee was gppointed to recommend a future course of action. The Ad Hoc Committee reported
on April 19, 1951. Its recommendations were accepted and the second NTSC was reorganized into
ten new panels. The first meeting of the reorganized NTSC was held June 18, 1951. By July 1953,
when the Committee gpproved the find draft of the color sgnal specifications, dl traces of the earlier
controversy had disgppeared and the industry was able to present atruly united front.

The color standard was adopted by the NTSC on July 21, 1953 and transmitted to the FCC the
following day. Demonstrations were performed for the FCC on October 15, 1953. On December 17,
1953 the FCC approved the color standard. Color service was authorized after January 22, 1954. The
second NTSC was officialy disbanded on February 4, 1954.

Only afew changes were made to the monochrome standard to include color. Of the key ements
noted above for the monochrome standard, only the frame/field rate changed and that was by the ratio
of 1000/1001.2 A modulated subcarrier containing the color information was added. The color burst
was added to the synchronizing waveform. Some signa tolerances were made tighter.

2 All theinformation in this section has been taken from Color Television Standards (Selected Papers and Records of
the National Television System Committee), edited by Donald G. Fink, McGraw-Hill Book Company Inc., NY, 1955.

% The color subcarrier was specified to be 1/2 an odd multiple (455) of the horizontal frequency to minimize the
visibility of the subcarrier in the picture. To minimize beats between the sound carrier and the color subcarrier, the
(continued...)
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3.3 ADVANCED TELEVISION SERVICE

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
arisng from the introduction of advanced television technologies and their possible impact on the
televison broadcagting service. At that time, it was generdly bdieved that High Definition Television
(HDTV) could not be broadcast usng 6 MHz terrestria broadcasting channdls. The broadcasting
organizations were concerned that the dternative mediawould be able to ddiver HDTV to the viewing
public placing terrestria broadcasting at a severe disadvantage.

The FCC agreed that this was a subject of utmost importance and initiated a proceeding (MM Docket
No. 87-268) to consder the technical and public policy issues of ATV. On November 17, 1987 the
FCC formed the Advisory Committee on Advanced Televison Service. The Advisory Committee has
filed five interim reports with the FCC. Key findings in those reports are summarized in this section.

3.3.1 First Interim Report, June 16, 1988

Thefirg interim report was based primarily on the work of the Planning Subcommittee. The report
noted that proposds to implement improvements in the existing NTSC televison standard ranged from
smply enhancing the current sandard al the way to HDTV. The spectrum requirements for these
proposals fdl into three categories: 6 MHz, 9 MHz, and 12 MHz. Advocates of a 12 MHz gpproach
suggested using two channelsin one of two ways: 1) an existing NTSC-compatible channd
supplemented by a6 MHz augmentation channd (either contiguous or nortcontiguous), or 2) an exiging
NT SC-compatible channd, unchanged, and a separate 6 MHz channel containing an independent non-
NTSC-compatible HDTV signdl. It was pointed out that both of these methods would be “compatible’
in the sense that exigting televison receivers could continue to be serviced by an NTSC sgnd.

Just as rapid progress was seen by the second NTSC, rapid progress was seen by the Advisory
Committee. In the first interim report, it was stated: “Based on current bandwidth compression
techniques, it gppearsthat full HDTV will require grester spectrum than 6 MHz” The report went on to
say: “The Advisory Committee believes that efforts should be focused on establishing, at least ultimatdly,
an HDTV gandard for terrestrial broadcasting.” The report dso stated: “One advantage to
[smulcagting], it should be noted, isthat a some point in the future — after the NTSC standard and
NTSC-equipped receivers are retired — part of the spectrum being utilized might be reemployed for
other uses” On the basis of preliminary engineering studies, the Advisory Committee stated that it

sound carrier was specified to be 1/2 an even multiple of the horizontal frequency. To ensure compatibility with
monochrome receivers, the sound carrier remained the same as it was for monochrome, 4.5 MHz. For monochrome,
the ratio of the sound carrier to the horizontal frequency was close to, but not precisely, 286. For color, it was set
precisely to 286. Asaresult, the horizontal frequency was changed slightly and thus the vertical frequency was
changed slightly. Thisgaveriseto NTSC'sinfamous vertical frequency of 59.94 Hz, or 1000/1001 times 60 Hz.
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believed that sufficient spectrum capacity in the current TV dlocations might be available to dlow al
exiging sations to provide ATV through ether an augmentation or Smulcast approach.

3.3.2 Second Interim Report, April 26, 1989

The Advisory Committee suggested its life be extended from November 1989 to November 1991. It
aso suggested that the FCC should be in a position to establish asingle terrestrid ATV standard
sometimein 1992,

The Advisory Committee noted that work was ongoing in defining tests to be performed on proponent
systems. An issue was raised relating to subjective tests and whether source materia required for testing
should be produced in only one format and transcoded into the formats used by different sysemsto be
tested, or whether source materia should be produced in all required formats.

The Advisory Committee aso sought guidance from the FCC on the minimum number of audio channels
that an ATV system would be expected to provide.

3.3.3 Third Interim Report, March 21, 1990

In the third interim report, it was noted that subjective assessment material would soon be shot. The
Advisory Committee gpproved the test plans and agreed that complete systems, including audio, would
be required for testing. It was also agreed that proposed systems must be pre-certified by SS'WPL by
June 1, 1990.

Because it was a deadline, the date of June 1, 1990 became quite significant. It is noteworthy that the
firg dl-digitd proposal was submitted shortly before June 1, 1990.

Other items mentioned in the third interim report were that the psychophysica tests of advanced
television systems would be conducted in Canada; that the Planning Subcommittee, through its Working
Party 3, would undertake the development of preliminary ATV channd dlotment plans and assignment
options, and that the Advisory Committee was not in a position to fund testing of consumer reactionsto
various aspects of ATV adthough PSWP7 efforts to find other financing sources for such research
projects was endorsed.

3.34 Fourth Interim Report, April 1, 1991

The Advisory Committee noted that there had been changesin proponents and proposed systems.
Mogt sgnificant was that there were four dl-digital proposals. It was reported that testing of proponent
systerns would begin in the near future; changes had been required in the test procedures because of the
introduction of al-digita systems. It was reported aso that the System Standards Working Party had
defined a process for recommending an ATV system and that PS'WP3 was working toward the god of
providing essentialy dl existing broadcasters with a smulcast channel whose coverage characteristics
are equivalent to NTSC service.

Thefourth interim report stated: “ Ultimately, it isthe Advisory Committeg sgod to agreeon an ATV
technica description that can be recommended to the FCC for consideration as the next generation
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televison tranamission standard. It is anticipated that the Committee will find that one of the ATV
proponent systems best fulfills this description. However, in the unlikely event that each system proves
to be inadequate, a new design could be composed of elements drawn from the different systems. If so,
the Advisory Committee would encourage the establishment of voluntary agreements among proponents
to synthesize their designs.”

3.35 Fifth Interim Report, March 24, 1992

It was noted that there were five proponent systems, al smulcast, one andlog and four dl-digitd. The
Planning Subcommittee reported that it had recongtituted its Working Party 4 to study issues related to
harmonizing an ATV broadcast transmission standard with other advanced imaging and trangmission
schemes that will be used in other television and non-broadcast applications.

The Systems Subcommittee reported that its Working Party 2 had devel oped procedures for field
testing an ATV system. It was noted that the intent of the Advisory Committeeisto field test only the
system recommended to the FCC by the Advisory Committee based on the laboratory tests (or,
possbly, a“winning” system and a* runner-up”). It was reported that Charlotte, North Carolina, had
been sdlected as the Site for the field tests and that FCC staff had concurred in this Site selection. The
Advisory Committee established afield test technica oversght committee.

It was reported that the Systems Subcommittee Working Party 4 had devel oped a process for
recommending an ATV system and had agreed to alist of ten Sdection Criteria It was also reported
that Working Party 4 would draft the bulk of the“ATV System Recommendation” report. The draft
report would be completed by a Specia Panel, composed of knowledgeable and experienced Advisory
Committee participants not affiliated with any system proponent, who would make a thorough technica
andysis and comparison of the ATV proponent systems and assist the Advisory Committee in preparing
its systern recommendation to the FCC.

A review of current technology progress showed that there were no new concepts “ sufficiently concrete
S0 as to be tested contemporaneoudy with the pre-certified systems.” The Advisory Committee stated
that it believed that the five HDTV proponent systems then under consideration represented the state-
of-available-technology.

The Advisory Committee noted that it was formed to counsel the FCC and proffer arecommendation
on the best available ATV system. It said that other organizations are better suited to develop a
completely specified technical standard. It also said it was the Committee’ s understanding that relevant
discussions were underway among standards organizations and that an appropriate organi zation would
volunteer to conduct this important assgnmen.
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4. CONTRIBUTIONS FROM THE PLANNING
SUBCOMMITTEE

The Planning Subcommittee had the following Objective and Scope of Activity:

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

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 s/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.

The Planning Subcommittee was Chaired by Joseph A. Flaherty. The Vice Chairswere Wendell Balley
and Margita White.

The work of the Planning Subcommittee was divided among seven working parties and two advisory
groups. The work of these groupsiis described in the following sections.

4.1 PS/WP1 - WORKING PARTY ON TECHNOLOGY ATTRIBUTES AND
ASSESSMENT

The primary respongbility of PS'WP1 was to congtruct a framework for the investigation of advanced
televison services for the United States. This framework was to provide the other working parties with
adructure upon which they would fulfill their individual assgnments. PS'WPL, therefore, was required
to complete its work early in the process, meeting occasiondly theresfter to respond to specific
questions raised by the other working parties.

The scope or statement of work and objectives of PSWP1 were adopted at the first meeting of the
working party on 12 January 1988. The scope stated:

This Working Party will define the desirable attributes of terrestrial transmission
systems for ATV.

The statement of objectives stated:

The objective of the Working Party shall be to determine the desirable technical
characteristics of ATV systems and to arrange and present thisinformationin a
form useful to the Planning Subcommittee and its Working Party. The Working
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Party will also work with and advise the Subjective Assessment and the Testing
and Evaluation Working Parties on areas of particular interest for detailed
examination. It will not be an objective of this Working Party to characterize or
select any given system for recommendation to the Advisory Committee on
Advanced Television Service for possible implementation.

Themgor contribution of the working party was an Attributes/'Systems Matrix defining the attributes of
an advanced televison system that must be considered in selecting aterrestrid transmission advanced
televison sarvice. The attributes matrix with explanatory notesisfound as Annex | of the PS'WPL1 find
report.

The working party met severd times with PSWP2 (Working Party on Testing and Evauation
Specifications) in order to ensure that PS'WP2 was correctly interpreting the Attributes/Systems Matrix
while defining ther test plan.

The working party was Chaired by Renville H. McMann. The Vice Chairs were Stanley Baron,
Thomas Kédller, and Robert Niles. Forty-nine individuas participated in one or more of the mestings.

4.2 PS/WP2 - WORKING PARTY ON TESTING AND EVALUATION
SPECIFICATIONS

PS/WP2 was charged with the development of objective test specificationsfor the ATV system
attributes identified by PS/WPL and to develop a draft schedule for the actud testing and evauation of
proposed ATV systems to be performed by the Systems Subcommittee.

PSWP2 identified two types of testing which were subsequently adopted by the Advisory Committee:
Laboratory Testing to compare proponent system performance.
Field Testing to permit further investigation after [aboratory tests are completed.

The completed conceptual test plan was forwarded to the Chairman of SSYWP2 on March 18, 1989.
Necessary revisons since then were incorporated in the PS/WP2 final report as were documents
created by the working party or submitted to it.

The working party was Chaired by Richard Green. The Vice Chairs were Edward Miller, Steve
Flanagan, and William F. Schreiber.

4.3 PS/WP3 - WORKING PARTY ON SPECTRUM UTILIZATION AND
ALTERNATIVES

PS'WP3 was given the responsbility for carrying out studies on the availability of spectrum to support
various dternatives and systems for advanced television service.

To accomplish its mission, the working party divided its work into three fundamentd parts. Thefirs part
dedlt with the dternative of accommodeating ATV within exising VHF and/or UHF televison
adlocations. The second part dedt with the issues surrounding the dternative of accommodating ATV in
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the region of the spectrum above 1 GHz. The third and fina part dedlt with the possible impact of ATV
on the spectrum utilization of various broadcast support and non-broadcast services.

With regard to the first part, the working party first developed and andyzed a series of spectrum
scenarios reflecting various combinations of spectrum requirements. These early studies determined that
exiging dlotments could be fully accommodated with additiond ATV channes only if the minimum co-
channdl spacing was on the order of 160 kilometers (100 miles) and if there were no adjacent or taboo
channd restrictions. The working party then developed (a) non-system- specific planning factors and (b)
the methodology and computer mode to permit the analyses of the service areas to be expected from
each of the proposed ATV formats and the computation of further accommodation results.

Data specific to each of the proponent systems were then obtained from the testing |aboratories,
combined with the non-system-specific planning factors, and anayzed using the methodol ogy/computer
program noted above. These analyses produced the required accommodation and service area
predictions which, in turn, provided e ements necessary for the comparison of the five ATV smulcast
systems.

With regard to the second part of its assigned responsibility, the working party largely suspended its
investigation of the feagbility of accommodating ATV above 1 GHz when the Commission essentialy
ruled againgt such an dternative. With regard to the third part of its assigned responsibility, the working
party carried out an extensive series of studies relating to theimpact of ATV on spectrum requirements
for the Broadcast Auxiliary Services (BAS). The working party concluded that it would be unlikely that
compression techniques and fiber optic systems were feasible replacements for added BAS spectrum
requirements for ATV transmission systems. It continued to urge the Commission to consider the
dlocation of additiona spectrum for such purposes lest the advent of ATV systems be impeded.

The working party was Chaired by Dde Hetfidd. The Vice Chairs were William Borman, Jules Cohen,
and Donald Jansky.

4.4 PS/WP4 - WORKING PARTY ON ALTERNATIVE MEDIA TECHNOLOGY
AND BROADCAST INTERFACE

The objective of PS'WP4 was to sudy and make recommendations regarding the relationship of
terrestrid advanced television systems to aternative media, gpplications and standards. It was aso the
objective to investigate approaches for growth paths to the future while, at the same time, to support
timely decisonson an ATV broadcast system with increased performance qudity for the end user.
PS/WP4 addressed issues related to interoperability, scaability, extenghility, and more generdly,
openness. Representatives of the broadcast television, cable television, program production, motion
picture, computer, telecommunications, and imaging indugtries were active in this working party.

During 1991, PS'WP4 developed definitions of key terms such asinteroperability, scaability and
extensbility. Based upon aworld becoming more complex and richer in dternatives (media,
transmission/digtribution, presentations), the working party developed the concept of image data,
defined as the digita equivaent of the video information induding image, sound and auxiliary data
components.
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Once SS'WP4 established the ten sdlection criteria, PS/WP4 adjusted its focus to concentrate on the
three criteria that related to aternative media: Interoperability, Scope of Services and Feetures, and
Extenghility.

An assessment of the five proponent systems in reference to the above three criteria was made by
PS'WP4. The working party developed alayered architectural model* for ATV to ad in evaluating the
proponent systems aong with gpplications and performance questions on these criteria. Participants of
PS'WP4 employed atechnica consultant, StellaCom, Inc., to assst in thisandyss. The assessments
were based upon information supplied by each of the proponentsin (1) published form, (2) response to
specific PS'WP4 questions, and (3) athree-day Interoperability Review involving the proponents and a
specid Interoperability Review Board (convened specificaly for evaluation of the proponent systems
relative to the three criteria and conducted in September 1992). The Review Board consisted of experts
across abroad array of rdevant disciplines. The salected experts had no relaionship to any of the
system proponents. Results of the Review Board evaluation weighed heavily in the PS'WP4 conclusions
and recommendations.

PS'WPA4 identified a number of characterigtics that contribute significantly to Interoperability, Scope of
Services and Features, and Extengbility. These were based on needs and desires exhibited by
dternative media advocates, not only for the ddivery of terrestriad broadcast television programming,
but also for other ddlivery approaches and gpplications reating to computing, communications, motion
pictures, and imaging. In relative order of importance, these characteristics are:

An dl-digita implementation based on alayered architecture modd;

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

Transmisson of the Sgnd in progressve scan formd;
Use of aflexible, packet data transport structure;

Viewer transparent channd re-alocation (limited picture and sound while most of the channd
capacity is devoted to data transmission for conditiona 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 alow-cost ATV consumer VCR,;

System architecture and implementation that will alow improvements and extensons to be
incorporated as technology advances while maintaining backward comptibility;

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

! Similar to the Open Systems Interconnect (OSI) mode! for data communications devel oped by the International
Organization for Standardization (1SO).
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Compatibility with rdlevant internationa standards, or commitment to this objective; and
Easly-implementable and user-accessble “ ill/motion multi-window transmisson.”
Specific recommendations regarding these characterigtics are included in the PS\WPA4 final report.

The PSWP4 Working Group on Satellite Testing was formed to study the compatibility of the
terrestrid ATV systems with satellite transmission for broadcasting and direct-to-home gpplications.

The working group based its eval uation on paper studies using proponent information supplied in
response to a questionnaire and “ Reference Link Modds” which the working group developed.

Conclusions were reached on the compatibility of ATV systems with Fixed Satellite Service (FSS) and
Broadcagting Satdllite Service (BSS) satdllite ddivery, and commercidly available uplink and downlink
earth station equipmen.

Conclusions aso were reached on ddivery of ATV programming to smal aperture home satdllite
antennas. Interference from adjacent satellites and from terrestriad Fixed Service microwave operations
at C-band proved to be important issues.

Theworking group aso concluded that some form of Automatic Tranamitter Identification System
(ATIS) isdedrable.

The working party was Chaired by Edward D. Horowitz. The Vice Chairs were Virgil Conanan, Paull
Heinerscheid, Paul Resch, and Robert L. Sanderson.

4.5 PS/WP5 - WORKING PARTY ON ECONOMIC FACTORS AND MARKET
PENETRATION

The primary task of PS'WP5 was to develop a projection of the rate of growth of the market
penetration of high definition equipment in television households.

Over the life of PSWPS, four such projections were developed, each changing as new or refined
assumptions were made, and as the supporting technology matured. As a starting point, the historic
growth in market penetration achieved by other consumer electronic products was studied to determine
whether it might be andogous to the growth of ATV.

Later work of PS'WP5 led to arefined projection of market penetration. It was based on an
assessment of the perceived incrementa vaue to the consumer of ATV compared with the present
televison service. High and low perceived vaues were projected since no comprehensive audience
research program was possible for lack of funding.

Smilaly, ahigh and low range of consumer equipment prices were devel oped, because no definitive
prices had yet been established, pending the selection of atransmission standard.

The discretionary income of the consumer applied to the purchase of current video serviceswas
assumed to be the source of funding for HDTV purchases, becoming available over a period of years.
Thisfunding level corresponded to a high perceived value by the consumer. A lesser fund for the
purchase of equipment was assumed in the event that the perceived vadue of HDTV was much lower.
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With these projections in hand, the number of units of HDTV equipment which could be purchased was
caculated for each of the ten years following the selection of atransmission standard by the FCC. In
this way the growth in the number of HDTV households having one or more of the potentid HDTV
delivery services of broadcast, cable, home video, or DBS, could be plotted.

Y ear O istaken to be the year in which the FCC sdlects a transmission standard, issues a Report and
Order, and publishes a table of spectrum alotments for which television stations may gpply for specific
channd assgnment. A conservative estimate is that 5 percent market penetration will be reached by
Year 5, and 37 percent by Year 10. The more optimistic projection is that 8 percent market penetration
will be reached by Year 5, and 56 percent by Year 10.

Theworking party was initidly Chaired by Michagl Tyler and later by Rupert Stow. The Vice Chairs
were Nancy Kowalski, Bruce Owen, and Charles Steinberg.

4.6 PS/WP6 - WORKING PARTY ON SYSTEMS SUBJECTIVE
ASSESSMENT

PS'WP6 was established to conduct the planning for subjective evaluations of unimpaired video quaity
aswdl asthe effect of impairments and interferences. PS'WP6 had among its members a number of
expertsin both psychophysics (experimenta or sensory psychology and subjective testing) and socia
science (audience research and measurement). It became clear during the first interim period that the
two disciplines had fundamentdly different testing interests. Eventualy, the Planning Subcommittee
formed a new working party, PS'WP?7, to handle separately planning for audience research. The first
interim report of PS'WP6, however, was issued in June 1988 (before the establishment of PS\WP7)
and contained the research proposals of both groups. After the formation of PS\WP7, PS/\WP6 was
free to focus on subjective assessments of basic qudity, impairments and interferences.

During thisfirst period of work genera subjective test methods and procedures (pair comparisons)
were agreed, dong with viewing conditions (set-up of the viewing studio and displays). Four Drafting
Parties were active: Test Materid, Noise Weighting, Ghost Cancellation and Psychophysics.

By the end of the second period of work in February 1989, a grest ded of detail had been added to the
subjective test design for video, and a psychoacoustic test design had been added. A liaison with
Canada had been established and an effort begun to consider running the non-expert subjective testsin
Ottawa, based on an offer by the Communi cations Research Centre of the Canadian Department of
Communications.

Going into the third interim period, the primary unresolved problem was how to produce the multiple-
format test materias required. At issue was whether to transcode from the 1125-interlace format, for
which production equipment was readily available, or to conduct a multi-standard shoot with a
collection of one-of-a-kind cameras which scanned directly into the other formats. The test materid
selections were intended to provide identical picture content for each format in order that they
themsalves would not cause differences among system evauations. The five formats required were:
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1) 1125/60/2:1

2) 1050/59.94/2:1

3) 787.5/59.94/1:1

4) 525/59.94/1:1

5) 525/59.94/2:1 (NTSC)

While NHK and Sony had designed and constructed a “transconverter” to convert 1125/60 materia to
severd other formats, trandation to the 787.5- progressive format had not been provided. Planning of
subjective test material image content, as well as characterization testing of production equipment, was
the dominant area of work for the third interim period. Eventualy, a multi-format production was
selected.

During the third period of work, progress was made on production of gill test materid. Photographs
were taken by the NASA Lewis Research Center, and the resulting images scanned to a computer-
based format by the Eastman Kodak Corporation.

Two new test concepts were devel oped that proved to be of significance— Experts Observation and
Commentary (EO& C) and Range Recording Only (RRO). EO& C dlowed observations to be read into
the test record by the expert viewer pandls when unusua conditions were noted, or where full subjective
measurements were not possible or needed. RRO signified a plan to make recordings of certain
impairments over a gpecific range, with a decison to be made later regarding the need for afull
subjective assessment of these tapes by panels of non-expert viewers.

A previous decision that adirect-view CRT should be used for testing was reversed, and ATTC was
asked to identify a multi-scan projection display.

At the end of the third work period, PS'WP6 focused closely on the production of test materials. By the
end of the fourth interim period, the test materids for <till and motion segments had been compl eted.
The il test materid was delivered to the ATTC in September 1990. The motion test materid was
produced during early 1991. Additional material was produced for the use of the proponents in their
development efforts. For avariety of reasons, the additional material was produced in 1125 interlace,
1050 interlace, and 525 progressive formats, but not in 787.5 progressive format. A number of film
Seguences were transferred to the various formats with egquipment provided by Zenith Electronics
Corporation. Eventually, a series of computer-rendered graphics still and motion sequences were dso
produced by AT& T Bell Labs and incorporated into the final series of test materids.

By the end of the fifth interim period, January 1992, the tests were underway and expert viewers were
successfully being recruited from among those certified by a PS'WP6 sub-group.

At its July 1991 mesting, the working party agreed that an additiona hour of Long-Form subjective test
material would need to be produced for verification of the system sdlection after conclusion of the
laboratory tests.

Theworking party was initialy Chaired by Bronwen Jones, later by Craig Tanner, and findly by James
Gagpar. The Vice Chairs were Jerrold Glasser and William Rubens. Craig Tanner and Bronwen Jones
aso served as Vice Chairs.
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4.7 PS/WP7 - WORKING PARTY ON AUDIENCE RESEARCH

PS'WP7 was charged with defining, planning and executing research operations which would lead to an
understanding of viewers preferencesin the fidld of advanced televison programs viewed from the
home. The scope of thiswork included: the type of programs most appreciated in ATV the types of
viewers who most gppreciate ATV programs; the willingness of viewers who most gppreciate ATV
programs to pay apremium for ATV display equipment; the willingness of viewersto pay a premium for
ATV sarvicesin the home; and the attributes of ATV most appreciated by viewers. PS\WP7 was
essentialy formed to provide a marketing input into the whole ATV standard setting process.

The plan of PSWP7' swork included but was not limited to: the types of programs to be used;
sampling; the types of audience variables to be measured; the number and type of locdities in which the
tests would be conducted; the viewing conditions; and the types of displays to be used.

PS'WP7' s main charge was to develop and then execute a research plan for investigating audience
responsesto ATV service. After a comprehensive process of defining research objectives, four studies
were designed and Requests for Proposals (RFPs) issued to the research communities. More than
twenty proposals were received. The four study designswere: Study | (“TV Store Study”) — produce
demand curvesfor HDTV, IDTV and NTSC; Study |1 (* Technica Study”) — assess viewers
reactions to and vauation of various technica atributes of ATV; Study I11 (“In-Depth Study”) —
evauate long-term exposure viewer evauations of ATV programming; and Study IV (“Advanced TV
Study”) — investigate the contribution of other TV enhancementsto ATV demand. Study 111 was not
recommended for action by PS'WP7 due to lack of available funding. The remaining studies were
estimated to cost between $725,000 and $875,000, based on the responses to the RFP.

PS/'WP7 attempted to secure financia support for its research program, once it was found acceptable
to the Advisory Committee. In addition, PS'WP7 was asked to seek synergies between its research
program and that of SSWP2, which was dso involved in atesting program. PS'\WP7 concluded that
the god's, objectives and methodologies of SSWP2 were sufficiently digtinct from those of PS/\WP7
that no synergies existed. Financia support was sought from government, industry, ATV proponents,
and other private sources. No support was available. PS'WP7 was dso asked to investigate a letter
box study, possibly in association with the Advanced Televison Test Center. When the ATTC decided
to cancd its plans to conduct such a study, PS'WP7 concluded that such a study was not a productive
use of resources.

While PS/\WP7 was able to develop a comprehensive planned research program to investigate
consumer reactions to advanced televison systems, the research was not executed due to lack of
funding. Without such support, PS'WP7’ s role in the standard setting process was constrained to
service in an advisory capacity. PSWPY issued three reports, the second of which set forth a detailed
research plan for investigating audience reactionsto ATV.

The working party was Chaired by Richard V. Ducey. The Vice Chairs were Bruce Huber and
Howard Miller.
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4.8 PS/AG1 - ADVISORY GROUP ON CREATIVE ISSUES

PSAG1 set out to assess and report on the views of the creative community in relationship to the
development and implementation of aterrestriad ATV tranamission system in the United States. The
membership of the advisory group was drawn from the creative community and included producers,
directors, writers, representatives of magjor studios, and industrid relations representatives.

The work of the advisory group was completed during the period covered by the first two interim
reports of the Advisory Committee. Views expressed by the advisory group included the following
points:
The sdected ATV transmission system should reproduce the highest quaity televison image and
sound possible, while maintaining the artigtic integrity of the creetors works.

The ATV system should provide an image qudlity equd to that of 35 mm film.
The ATV system should reproduce sound quaity equa to that available on compact discs.

The ATV system should enable creators to preserve the artigtic integrity of works originated in
other formats.

PS/AGL1 dso emphasized the importance of achieving a single world-wide standard for program
production and program exchange. Some of the points were:

To maintain its leadership the U.S. program producing community must continue to provide
programs characterized by the highest possible image and sound quality, and advocate
advanced technology that best serves program production and ddlivery to the public.

It isessential that any program production standard adopted for use in the United States
provide program producers with the highest possible picture and sound qudlity to offset the
quality degradation inherent in post- production processing, and in down-converson to televison
transmission formats.

It isimportant that the program production standard used in the U.S. should lend itsdlf easly to
successful conversonsto al exigting formatsincluding NTSC, PAL, SECAM, and 35 mm film.

The advisory group was Chaired by James Hindman. The Vice Chairs were Topper Carew, Glen
Larson, and Leavitt Pope.

4.9 PS/AG2 - ADVISORY GROUP ON CONSUMER/TRADE ISSUES

In considering consumer issues, PSYAG2 devoted specid attention to the importance of retaining the
diverdty of programming and loca programming. The advisory group concluded thet if ATV sarvice
were to degrade NTSC picture qudity, the introduction of ATV terrestrid broadcasting would be
difficult to justify. On the other hand, consumer interests might suffer if ATV terresirid broadcasting
were to lag substantidly behind ATV service on VCRs or cable.

Inits study of trade issues, the advisory group observed that TV sat manufacturing for the U.S. conssts
of the output of a single mgor Americanowned company and a number of foreign-owned companies.
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While many TV receivers are assembled in the U.S., many of the components are imported from
offshore sources. Nevertheless, the group believed that an opportunity may exist to establish domestic
manufacturing of receiversfor ATV service. If the development of ATV is successful, it could provide
the stimulus for areviva of the U.S. consumer dectronics industry which, unlike other U.S. eectronics
indugtries, has suffered lagging output and declining employment.

PS/AG2 completed its work at the time the Advisory Committee issued its second interim report. The
last task of the advisory group was the drafting of the Advisory Committee’s Report on ATV Servicein
response to arequest for information on “the potential impact of dternative ATV policy Sirategies on
the U.S. economy” by Representative Markey, Chairman of the House Subcommittee on
Telecommunications and Finance.

The report drew upon studies conducted by the EIA, the AEA, and the NTIA. The current role of
consumer eectronicsin the U.S. economy was presented, together with some conjectures of the
potentia impact of ATV sarvice on the consumer eectronics industry. Finaly, policy options for the
U.S. were discussed.

The advisory group was Chaired by Robert Crandal. The Vice Chairs were John Barry, Danidl L.
Jaffe, and Henry Rivera
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5. CONTRIBUTIONS FROM THE SYSTEMS
SUBCOMMITTEE

The Systems Subcommittee had the following Objective and Scope of Activity:

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

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

(a) 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 development as
candidate(s) for implementation, or specify the design of an appropriate
system.

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

The Systems Subcommittee was Chaired by Irwin Dorros. The Vice Chairs were Tyrone Brown and
John Abdl.

The work of the Systems Subcommittee was divided among four working parties. The work of these
groups is described in the following sections.

5.1 SS/WP1 - WORKING PARTY ON SYSTEMS ANALYSIS

SS'WP1 was assgned the task of anayzing proponent systems and further identifying and certifying
those systems with sufficient technical merit to be recommended for test by the ATTC. The working
party evaluated thirty-three proposas from twenty organizations and three consortia. Twenty-five
submissions were system proposals of varying levels of completeness. Four proposas were limited to
video compression techniques. Three proposas were audio only and one was a concept for a very high
resolution video camera. In addition, severd other organizations expressed interest in providing audio
submissions. Four of the system proposdas were for digitd systems. A fifth digital proposd for a partidly
complete digital system was submitted. The remaining sysems were largely anadog. Many used digita
processing techniques on otherwise andog systems.

Since SS'WPY's charter was to evaluate and recommend complete systems, the audio-only proponents
were referred to the system proponents as possible customers. The submissions that involved video
compression only were evaduated for unique ideas. Of the system proposals, Sx were certified for test
by the ATTC. Thesewere ACTV and AD-HDTV from the ATRC, Narrow-MUSE from NHK,
DigiCipher and CCDC from the ATVA, and DSC-HDTV from ZenitVAT&T.
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To provide arigorous forum where the large number of proposed systems could be compared and
evauated on level ground, SSWPL initiated the concept of long meetings wherein each proponent had
severd hours for presentation and response to questions. This process proved effective in weeding out
the proposals that were not workable and those that were not sufficiently developed to proceed. Almost
al of the dropouts were ultimately voluntary after rigorous question and answer sessons shed light on
the limitations or incompleteness of specific proposas.

Oncethelikely candidates were identified, a technica subgroup, known asthe Analysis Task Force,
was initiated. The task force included representatives for the systems being consdered for find
certification as well as experts with both sgnd processing and transmission backgrounds. The task force
generated the find system analysis reports which, after gpprova by SSWP1, were submitted to
SS'WP2 and the ATTC to use as aguiddinein system testing.

The working party was Chaired by Birney Dayton. The Vice Chairs were Carl Eilers, John Swanson,
and David Kettler.

5.2 SS/WP2 - WORKING PARTY ON SYSTEM EVALUATION AND
TESTING

SSWP2 was established to conduct tests of proposed systems and provide information to help the
Advisory Committee in its recommendations to the FCC. The working party’ s charter was as follows:

This group shall evaluate and test various ATV distribution systems based on
guidelines devel oped by the Planning Subcommittee. Extensive subjective and
objective testing shall be conducted.

SS'WP2 devel oped extensive test procedures to be used to evauate the performance of the ATV
systems. These test procedures included the Test Management Plan, Objective and Transmission Tests,
Cable Television Transmission Tests, Video Subjective Tests, Audio Subjective Tests, System- Specific
Tedts, Digita- Specific Tests, and Field Tests.

The Test Management Plan set forth the policies and procedures to conduct tests of ATV systems and
to provide guidance for the laboratories, proponents, and the Advisory Committee. The Objective and
Transmisson Tests procedures included tests of image qudity, audio performance, and terrestria
transmission. The Cable Televison Transmission Tests were developed to test the performance of ATV
systems in the cable televison environment. The Video Subjective Tests were developed to evauate
basic qudity and to establish the threshold of vighility of impairments, the point where the impairments
render the signa unusable, and some steps in between. The Audio Subjective Tests were devel oped to
evauate basc qudity and the effects of transmisson imparments. The System- Specific Tests and
Digitd- Specific Tests were developed to test specific areas of interest not addressed by the generd test
plans. The Fidld Tests were developed to verify the performance and operability of the selected
system(s) under real world conditions, and to point out flaws not uncovered through laboratory testing.

Laboratory tests of ATV transmission systems began on July 12, 1991 and were completed on
November 12, 1992. Testing was planned under the aegis of the Advisory Committee, and conducted
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in cooperation with three laboratories (Advanced Televison Test Center, Cable Television
L aboratories, and the Advanced Teevision Evaluation Laboratory)." Systems were tested in the
following order? ACTV, Narrow-MUSE, DigiCipher, DSC-HDTV, AD-HDTV and CCDC.

A sysemvdigita- specific testing group was established by SS'WP2 to carry out system-specific and
digita-specific tests on each ATV system during the proponent’ stest dot at ATTC. The group
produced areport of test results for each ATV system which, after review and comment by the
proponent, was included in the published Record of Test Results.

Theworking party was initialy Chaired by Benjamin Crutchfield and later by Mark Richer. The Vice
Chairs were Wadlt Ciciora, Joel Engdl, and George Hanover.

5.2.1 Advanced Television Test Center (ATTC)

The Advanced Televison Test Center (dso see Glossary) is a private, norprofit organization
established in 1988 and developed by the televison broadcasting and other industry organizations to
test advanced television (ATV) transmission systems seeking to become the new North American
broadcast standard.

In 1987, with the creation by the FCC of its al-industry Advisory Committee, the televison broadcast
industry offered to provide the meansto test the various ATV proposas. Agreements were concluded
between ATTC and CableLabsin 1990, and between ATTC and ATEL in 1991, whichled to a
cooperative testing program using test plans and test materias devel oped and approved by the
Advisory Committee.

Working with the ATV system devel opers as these test plans evolved, a special-purpose laboratory
was designed by ATTC to address the combination of requirements foreseen from some eight different
ATV sysems, dl then involving analog tranamission schemes (save one hybrid andog-digitd
submission). By the fal of 1990, laboratory construction was completed, most specia-built equipment
was delivered, proof-of-performance testing was started, and the test plans were largely completed. In
November 1990, the newly invented ATTC/Tektronix Format Convertor successfully passed its proof-
of- performance and prototype acceptance tests. The number of ATV systems reserving dots for testing
had become six; testing was scheduled to begin April 12, 1991.

While one proponent had proposed an al-digital system in June 1990, by February 1991, four out of
the five HDTV systems had been resubmitted as dl-digita schemes. After review of these changesin
March and April by the Advisory Committee, the start date for testing was moved to July 12, 1991, in
order to permit modificationsin ATTC systems and procedures to accommodate the amended test

! The direct costs of testing at all three laboratories totaled some $26.5 million. Of thisamount, $2.2 million came from
test fees paid by the proponents (including both regular fees and additional amounts for certain retests); the
remaining $24.3 million was funded by the sponsors of the respective laboratories.

% These test dates include testing of the ACTV system; those test results are not included in this report.
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plans, and to conduct a partid “dry run” of the final test procedures. While testing did begin as
scheduled, further test plan changes were agpproved in January 1992 — based on more detailed
information about the digitd systems— and these changes were implemented by ATTC in February
1992, jugt intime for use a the end of the test dot of the first of the four digita systems. Testing was
completed on the fina system on October 21, 1992.

The testing conducted at ATTC spanned some eight weeks per system (gpproximately seven weeks on
broadcast-related and system specific tests, and one week on cable- specific tests). During this period,
video and audio tapes were made, as specified in the approved test plans. These tapes were used by
ATEL (for video subjective tests) and, under contract to ATTC, by the Westinghouse Science and
Technology Center (for audio subjective tests). In addition, before each system’ s testing began, about
one week was devoted to ATV system-laboratory “interface” checks and “dry-runs’ of some tests.

Thetesting at ATTC involved nearly 200 expert viewers. It dso involved — in set-up, testing, and
reviews — some 75 representatives from the ATV system proponents, aswell asthe 21 regular staff
and consultants to ATTC. The comprehensive report on each system is some 700-850 pages,
compiling the results from the three laboratories, as well as comments from the proponents. There are
also some 700 redls and cassettes of digital HDTV and NTSC video tape, plus more cassettes of digital
audio tape, which captured the performance of the systems under test.

5.2.2 Cable Television Laboratories Inc. (CableLabs)

Cable Televison Laboratories, Inc. (also see Glossary) is aresearch and development consortium of
cable televison system operators representing more than 85% of the cable subscribersin the United
States and 60% of Canadian cable subscribers. Cablelabs was founded in May 1988 to ensure the
proper development and crestion of technologica initiatives for the cable tlevison indudtry.

Cablelabs responded to acdl from the Advisory Committee for a qualified laboratory to carry out the
cable portion of the Advisory Committee’ stests. The offer, in part, was to obtain necessary equipment
to undertake the cable portion of the tests and, with industry input, to assst the Advisory Committeein
developing test procedures, analyzing test results, and providing input to the Advisory Committee to
assig in the selection of the best possible advanced television standard. Cablelabs subsequently offered
to undertake the cable portion of the field tests, including development of test procedures and andysis
of the test results.

Over aperiod of ayear and a half, Cablelabs produced the cable portion of the test plans, designed
and ingtalled the cable television test bed and associated computer operating system and reviewed the
test procedures. Cablelabs commenced its tests on the first system on August 19, 1991 and completed
tests of the final system on September 25, 1992. At the completion of the tests, reports were prepared,
reviewed and commented on by the proponents, and submitted to the Advisory Committee for anayss.

5.2.3 Advanced Television Evaluation Laboratory (ATEL)

The Advanced Televison Evauation Laboratory (dso see Glossary) isafacility of the Department of
Communications, Government of Canada. Managed by the Communications Research Centre, ATEL
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was established to provide the specia facilities needed to display pre-recorded video test materids
under the rigoroudy controlled viewing conditions needed for sengtive and reproducible tests of
advanced and conventiona television systems.

In 1989, in response to acall from the Advisory Committee for quaified laboratories to carry out its
advanced televison test program, ATEL offered to undertake the video subjective test program. The
substance of the offer was to conduct, according to the methods approved by the Advisory Committee,
video subjective tests of ATV systems using pre-recorded digital videotapes prepared by ATTC and
Cablelabs to evauate video qudity and the performances of systemsin smulated terrestrid and cable
broadcast environments. This offer was accepted by the Advisory Committee in 1990.

After its offer was accepted, ATEL engaged in a 17-month period of preparation. Thisinvolved the
preparation of facilities, the development of technical, operating, and scientific procedures, and afull dry
run of the Advisory Committee’ s video subjective test procedures. The latter involved the production of
test materids, examinaion of a satdlite-based ATV system in asmulated satdllite link, and conduct of
formal subjective tests. The dry-run exercise was completed successfully, verifying ATEL’ s technicdl,
operating, and scientific procedures as well as the methods adopted by the Advisory Committee. At the
sametime, ATEL was active in the Advisory Committee, contributing to the development and
production of video test materials and to the development and refinement of test methods.

ATEL was ready to begin testing in August 1991. Following a short delay experienced by its partner
laboratories, ATEL began itstests of the first system on September 4, 1991. ATEL completed tests of
the fina system on November 12, 1992. In the period from November 1992 to January 1993, ATEL
completed its analyses of the data collected and findized its reports to the Advisory Committee.

At the request of PS'WP-3, ATEL (in collaboration with ATTC) aso carried out tests of Co-Channd
Interference from NTSC to NTSC. These tests, which provided basdine data for PS'WP-3's analyses
of ATV Service Areaand Accommodation Percentage, were completed in July 1992.

Preparatory exercises, tests, and analyses and reports of the data involved about 36 months of
continuous effort. More than 2,000 non-expert observers were used and more than 125,000
measurements were made.

5.3 SS/WP3 - WORKING PARTY ON ECONOMIC ASSESSMENT

SS'WP3 was assigned responsibility to make a comparative economic assessment between all
contending ATV proponents and to establish technical viability of their sysems.

The firgt phase of the work attempted a broad look at how the ATV systems would impact the
terrestrid broadcasting system (at the local station level and, at the other extreme, the network); cable
systems, satellite and fiber ddlivery systems; and the consumer’ s home receiver. Separate speciaist
groups were set up to examine al of these dternative media. Models were devel oped for both the
terrestrial broadcast plant and atypical cable system. Spreadsheets were structured to alow tota plant
cogis to be computed once dl ATV equipments were identified and priced. During this phase,
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considerable preparatory work was accomplished in terms of refined, detailed, system block diagrams
and flexible spreadshests.

The second phase of the work was initiated by the presentations of CBS and PBS to SS/WP3 on the
sequentia phasing scenario of broadcasters converson to ATV. Thisinput spurred attention to
developing a system block diagram that would spesk to the first phase of conversion of the local dtation
— namdly, network pass through and local commercid insertion. SSWP3 began aworking liaison with
ISWP2 on ATV Trangtion Scenarios. SS'WP3 was dready collaborating with PS'WP5 on Economic
Factors and Market Penetration to seek suitable growth models — both for the broadcaster and for the
home receiver. It was agreed that an early “trangitional” phase loca broadcast ation would suffice to
expose comparative cost anadysis of the various ATV proposas.

The third phase began in early 1992 when the five ATV proponents began regular attendance at
SS'WP3 mestings, and, more important, they began to submit substantive technica information on their
systems. The primary focus was on cost to consumers and cost to broadcasters. A specidist group
mobilized multinationa televison recaiver manufacturers to assgn manufacturing costing expertsto the
effort on cost to consumers. A highly detailed block diagram of an ATV receiver was developed by this
group and an accompanying matrix was structured showing details of each ATV proponent’s version of
the receiver. The ATV proponents actively participated in a procedure which assigned costs to every
element of these recaivers. From this, total manufacturing costs were caculated using a computer
modd.

On the transmission side a different gpproach to the cost analysis was taken. Two specialist groups, one
on ATV antennas and transmitters, and a second on ATV encoders and modulators were formed. The
first worked directly with dl of the ATV proponents and with manufacturers of antennas and
transmitters. The second speciaist group was made up of seven professional broadcast equipment
manufacturers who independently cost andyzed each of the ATV modulators and encoders (based
upon an agreed-to “information package’ provided by each ATV proponent).

Theworking party was Chaired by Larry Thorpe. The Vice Chairs were the late William B. Loveless,
Tdmadge Bdl, Shdlie Rosser, and Richard Grefe.

5.4 SS/WP4 - WORKING PARTY ON SYSTEM STANDARDS

Inits charter, SS'WP4 was charged with recommending standards for the transmission of ATV. It was
agreed that documentation of the standard would not be the responsibility of the working party or the
Advisory Committee. Furthermore, the working party anticipated its recommendations would be based
on information supplied by other working parties in the Advisory Committee,

The primary agenda item at the first severa meetings of SSWP4 was discussion of the process that the
working party would use to recommend a standard. V oting methods were considered but abandoned
because of the difficulty in determining which persons or organizations would participate in avote. The
working party consstently concluded that consensus was the best method to select arecommended
standard. The working party agreed on a process which could be used to lead to consensus. The first
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step in that process was the determination of the “ selection criteria” SS'WP4 originated that list which
was subsequently approved by the Advisory Committee.

Asthetime for testing proponent systems approached, the emphasis turned toward analysis of the test
data. A task force of SS'WP4 worked with the test |aboratories to determine the format for reporting
test results. The test data were divided into two categories, spectrum dataand al other data. The
working party asked PSWP3 to perform the analysis on the spectrum data for SSWP4. SS\WP4
retained respongbility for the andlysis of the balance of the data.

SS'WP4 was given respongbility for organizing and drafting the find report of the Advisory Committee.
The working party agreed to an outline for the report and drafted the portion defining the “ selection
criteria’ before the first test data were available.

Once test data became available, the primary emphasis of SS'WP4 was to review and summarize the
test datafor each system. Thiswork was performed by atask force in SSWP4 and by PSWP3. The
results were integrated into the find report by another task force in SS'WP4 and approved by the full

working party.

Other information for the find report was supplied by other working parties of the Advisory Committee,
Thisinformation was edited and integrated into the final report and approved by the full working party.

At the time of itsfifth interim report, the Advisory Committee agreed to gppoint a*“ Specia Pand” which
would take the results of the analyses of the individua proponent systems in the find report and
formulate recommendations for the Advisory Committee’ s consideration. Concerns had been expressed
that the widely varying attendance witnessed in SS\WP4, along with the possibility that many of the
experts may have a conflict of interest, would make it difficult to arrive at a consensus on
recommendations in the working party. The Specia Pand membership included “Advisory Committee
daff leeders and other knowledgesble Advisory Committee members who were not affiliated with any
system proponent.”®

The respongibility of drafting the fina report chapter titled “ Comparisons and Recommendations’” was
assigned to the Specia Pand. The balance of this report remained the responsbility of SSWPA4.

The working party was Chaired by Robert Hopkins. The Vice Chairs were Hugo Gaggioni, Bruce
Sdran, and Louis Williamson.

® Fifth Interim Report of the Advisory Committee on Advanced Television Service, March 24, 1992, page 17.
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6. CONTRIBUTIONS FROM THE IMPLEMENTATION
SUBCOMMITTEE

The Implementation Subcommittee had the following Objective and Scope of Activity:

Objective: To establish a scheme for implementation of advanced television
service in the United Sates.

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.

The Co-Chairs of the Implementation Subcommittee were James J. Tietjen and George Vradenburg I11.
The Vice Chairs were Brenda Fox and Henry L. Baumann.

The work of the Implementation Subcommittee was divided between two working parties. The work of
these groups is described in the following sections.

6.1 IS/IWP1 - WORKING PARTY ON POLICY AND REGULATION

|SWPL attracted a diverse group of participants, including representatives of broadcast, cable,
manufacturing, legd, policy, and regulatory interests. Although an obvious benefit to the discusson of
policy issues, this diversty of interests at times made achieving consensus on particular issues difficult.
ISWPL served as a useful forum for outlining the particular issues to be debated so that those issues
could be more clearly presented to the Advisory Committee and to the Commission by the participating
organizations. FCC gaff dso regularly and actively participated in the group’s mesetings. ISWPL
adopted and submitted severd policy recommendations to the Implementation Subcommittee.

Early discussions centered around defining the best role for this particular working party. The myriad of
issues relevant to this subject area (policy and regulation) often indicated the need to establish separate
“subgroups’ to examine particular issues in depth. For example, subgroups were established to examine
the FCC'srole in setting standards and the importance of the Ashbacker® doctrineto HDTV
alotment/assgnment methodol ogy.

|S'WPL adopted and submitted recommendations to the Implementation Subcommittee including thet:
(1) the FCC has legd authority to pick asingle ATV standard for terrestrid broadcagting, (2) given

! Ashbacker Radio Corp. v. FCC, 326 U.S. 327 (1945).
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current knowledge, the choice of asingle terrestrid broadcasting ATV standard would benefit the
public, and (3) the FCC should announce its willingness to adopt a sSingle broadcast standard. ISWPL
drafted the IS'WP1 Report on Transmission Standards for ATV investigating these issuesin some
depth. IS'WP1 adopted two papers on the standards i ssue — one on standards choice by the FCC,
and the other on incorporation of proprietary technology into ATV standards.

A specia subgroup was established to examine the issue of assgnment of spectrum. ISWPL generated
adraft report on spectrum assgnment options that discussed arguments relating to auctions, the
comparative process, lotteries, and “flexible assgnment” gpproaches. The report, |S/'WP1 Report on
Spectrum Assgnment Options, aso included a section on non-commercia reservations and
assgnments.

Asthe importance of smulcasting became apparent, it was decided to draft a pgper on the definition of
and options for “smulcasting” policies. The group preliminarily concluded that a flexible definition of
“dmulcast” would probably best serve the public interest. Later in the process, as the issue garnered
increasing attention, ISYWP1 attempted to develop a paper presenting the practica policy and lega
implications of different smulcasting policy options, but consensus could not be reached. The group dso
discussed options for a Smulcasting timetable, ancillary uses of ATV spectrum, and broadcaster
flexibility.

A subgroup, established to explore a comparative piece on standards and intellectua property,
generated areport on Proprietary Standards in Advanced Television

IS'WPL dso spent a sgnificant amount of time discussing gpproaches to reducing the cost and delay of
ATV implementation. A draft paper on reducing cost and delay of ATV implementation was prepared
and circulated to the group.

The working party contributed significantly to the policy development process, especidly as aforum for
discusson among representatives of organizations participating in the Advisory Committee and FCC
gaff on important and complex issues.

The working party was Chaired by Charles Jackson. The Vice Chairswere Baryn S. Futa, Henry
Gdler, and Gregory M. Schmict.

6.2 IS/IWP2 - WORKING PARTY ON TRANSITION SCENARIOS

|S'WP2 was congtituted to develop transition scenarios for the conversion to Advanced Televison. In
doing so, it sought to develop scenarios for each of the indusiry segments involved in the trangtion, to
identify any potentid differences in the implementations of the proposed systems, to identify potentia
problems in the implementation of ATV, and to respond to specific inquiries made by its parent
Implementation Subcommittee.

The trangtion scenarios are presented as PERT and Gantt charts (together with underlying assumptions)
developed by industry segment experts serving on the working party or enlisted for the task. Supporting
information and answers to other implementation questions were sought by direct communications and
by surveys from proponents and affected industry segments.
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The scenarios identify the mgjor work stepsinvolved in ATV implementation and represent the shortest
times in which motivated participants can be expected to implement ATV. They do not purport to show
what participants will actually do in practice because, for example, IS'WP2 did not impose or account
for financid or resource limitations or attempt to judge mativation.

The working party found that, in generd, the time required to implement ATV is goproximately the same
for dl industry sectors and for al proposed systems. IS'WP2 found thet, in principle and subject to the
limitations outlined below, sations can implement ATV within the FCC's six-year window.

Theworking party examined the critical path to implementation and identified key, potentidly limiting
tasks. Firgt and foremost among these is the disclosure of, and agreement on full technica details of the
selected system, which will underlie design and manufacture of integrated circuits and equipment for
encoding, tranamitting, receiving, and decoding ATV signds by parties other than the proponent. A
second key item is development time for professiona broadcast equipment to support severd of the
scenarios. |SWP2 assumed availability within one year following the Commission’s adoption of an
ATV standard. Third, consumer product manufacturers pointed out that agreement on a standard
consumer VCR format isan additiond initiating event for that product and needs to be expedited.

A didgribution standard is needed for effective interoperability among the diverse organizations within the
affected indugtries. In addition, confirmation of the operationa assumptions and techniquesis required
prior to alarge-scale industry commitment.

IS'WP2 found and reported a potentialy serious shortage in industry capacity to erect and reinforce
towers and indall antennas. ISWP2 surveys indicate that, depending on the exact power requirements
of systems, between one-third and one-haf of televison sations will require new towers. All will need
new antennas.

|S'WP2 identified the need for new towersin high population centers as criticd to the ddivery of ATV
to the largest proportion of the U.S. population. The working party established study groupsin maor
metropolitan aress.

Expert input and a survey of al consumer manufacturersindicate that ATV receivers can be generaly
available in the marketplace 2- 3 years following the Commission’ s adoption of an ATV standard.
Transmitters and antennas will be available within the necessary time frame.

The working party conducted a survey that indicates software producers and users are generdly in
agreement that sufficient ATV software will be available by the timeit is needed.

A digtributed gpproach to transmission (multiple sites sharing the same frequency) has been suggested.
Such an gpproach may dleviate the physica limitations encountered by some stations in achieving a
angle, full power, full coverage indalation. ISWP2 identified key issues that must be investigated
before theimplications of distributed transmission can be understood.

Specific recommendations are included in the ISWP2 fina report.

The Co-Chairs of the working party were J. Peter Bingham and Craig Tanner. The Vice Chairswere
Edward J. Cdlahan, S. Merrill Weiss, and Danid R. Wells,
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7. SELECTION CRITERIA

7.1 INTRODUCTION

The Sdection Criteria congtitute the key issues that must be examined in order to recommend an ATV
system. Each of the proposed systems was measured againgt the Sdlection Criteriaand compared with
one another in these key areas to determine the best system. The ten selection criteriafdl into three
categories: Spectrum Utilization (Service Area and Accommodation Percentage), Economics (Cost to
Broadcasters, Alternative Media, and Consumers), and Technology (Audio/Video Qudity,
Transmission Robustness, Scope of Services and Features, Extensibility, and Interoperability
Congderations). Where gpplicable, target vaues of the Sdection Criteria have been developed to
represent the level of performance aspired to in an advanced television system.

7.2 SPECTRUM UTILIZATION CRITERIA

7.2.1 Background

In September 1988, the FCC concluded that the public interest would be served best by the
introduction of ATV ina“smulcast” mode.* That is, each broadcaster would be assigned a second
channd for the exclusive purpose of broadcasting an ATV sgnd, while continuing to broadcast NTSC
on the previoudy assgned channd. The Commission concluded further that ATV would have to be
accommodated in the spectrum currently allocated to the VHF and UHF broadcast service:?

7.2.1.1 Station Spacing

For NTSC dlotment purposes, the United States is divided into three zones. Zone | isthe relatively high
population density northeastern part of the country. Zone 11, an area with unusual propageation
conditions, includes al of Florida, southern Georgia, and a band skirting the Gulf of Mexico. Zonell is
the balance of the country.

In any spectrum dlotment plan, co-channd spacing is by far the principa determinant of the number of
dlotments that can be accommodated in any area. The FCC Rules specify the minimum co-channel
gpacing for the NTSC sarvice as shown in Figure 7- 1.

Minimum firg adjacent-channd spacings for dl zones are 95.7 kilometers (59.5 miles) for VHF stations
and 87.7 kilometers (54.5 miles) for UHF gtations.

! Tentative Decision and Further Notice of Inquiry, MM Docket No. 87-268, adopted and released September 1, 1988,
FCC 88-288, 3 FCC Rcd 6520 (1988).

%1bid.
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Channels2-13 Channels 14 - 69
Zone (km / miles) (km / miles)
I 272.7 /| 169.5 248.6 |/ 154.5
Il 304.9 / 189.5 280.8 / 174.5
11 353.2 / 219.5 329.0 / 204.5

Figure 7-1. Minimum co-channel separation distance for the NTSC service.

Published ATV dlotment studies by the FCC and others have assumed uniform spacing requirements
throughout the United States without regard to zones. The expectation is that no separation
differentiation is likely to be made on the basis of population dengty, but some alowance may be
appropriate for the Gulf of Mexico and Southern Cdlifornia Coasta regions where propagation
phenomena suggest different treatment than for the balance of the country.

7.2.1.2 Taboos

In addition to the foregoing restrictions on NTSC alotment spacings, so-called “taboo” redtrictions are
placed on alotments in the UHF portion of the television broadcast spectrum. The taboo redtrictions are
designed, principdly, to avoid interference to UHF television reception that might occur due to receiver
tuner characteristics.

To permit ATV broadcasting by every authorized television broadcaster, a second channel must be
provided to each broadcaster from within the presently alocated broadcast spectrum. This requires that
the ATV system adopted be able to operate at closer co-channd spacings than its NTSC counterpart.
Such closer spacings apply to both the ATV/NTSC and ATV/ATV combinations. Since the grestest
portion, if not al, of the ATV accommodation must come from the UHF band, the system must be
relatively immune to taboo restrictions and able to operate in an adjacent-channd Stuation where
stations are closely spaced.

7.2.1.3 Spectrum Allotment/Assignment

Studies made by the Commission staff and others have shown that minimum co-channd spacing on the
order of 160 kilometers (100 miles) between ATV and NTSC dationsis required if full, or nearly full,
accommodation of authorized broadcasters is to be achieved. Furthermore, ATV stations should be
capable of being operated at or near the Sites of adjacent-channe NTSC or ATV dations without
taboo redtrictions and without unacceptable interference being caused or received. Allotment studies
indicate that minimum ATV-to-ATV separation need not be asregtrictive as ATV-to-NTSC
separaion. In any plan, whether NTSC or ATV, very few alotments are required to be at the minimum
gpacing. Therefore, the degree of interference experienced with stations spaced at minimum distance is
rare. Nevertheless, the ATV service must be regarded as interference-limited rather than noise-limited.
Contrary to the often held belief that the NTSC service areais defined by the Grade B contour,
subgtantid interference from co-channel and adjacent- channd gationsis encountered within the Grade
B contour of most NTSC stations. That interferenceis found particularly in the case of VHF gationsin
Zonel.
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The principd dlotment/assgnment criteria applied herein are: the achievement of full accommodation of
al NTSC authorized facilities with a companion ATV assgnment, and the provision of ATV sarvicein
al areas currently receiving NTSC service. The gpplication of these twin criteriais believed to provide
the best basis for comparison of the systems offered by proponents. The procedureis intended to be
used for systern comparison; it is not intended to yield the best alotment/assgnment plan for the United
States. After an ATV system is selected, the planning factors specific to that system, and the full
capability of the computer program, should be used to produce an dlotment/assignment table aimed at
achieving the two criteria specified above, but tempered by optimization of ATV service and holding
interference to NTSC service to the minimum achievable. At the start of the “trangtion period” (defined
as that period during which both ATV and NTSC will be broadcast), and to alesser degree as years
pass, NTSC will be the primary service for televison viewers.

A further congderation dictating the need for an ultimate alotment/assgnment table different from that
used herein for system comparisons, relates to the effective radiated power assumed for some ATV
gations. For the system comparison objective herein, the effective radiated power for each ATV facility
was st to produce the same distance to the noise-limited ATV coverage contour as the distance to the
companion NTSC station’s Grade B contour. Since the antenna height of the ATV dtations was
assumed to be the same as that of the companion NTSC station, the resulting effective radiated power
assumed in instances where VHF gtations are operating with relatively low antennas, can be too gresat
from the standpoint of available equipment. Particularly in the case of digitd systems, the need to
maintain linearity during trangent peaks places a requirement on the ATV operator to employ a
transmitter capable of achieving pesk power levels subgtantialy in excess of the average power used in
service and interference sudies. Consequently, the implementation of some ATV stations may include
lower power levels or greater antenna heights than used in the spectrum studies.

Equating NTSC-into-NTSC interference and ATV-into-NTSC interference presents a somewhat
difficult, but not impossible, task. The difficulty arises from the difference in gppearance of the two types
of interference. In the case of NTSC-into-NTSC interference, the presence of the strong carrier in the
undesired signal produces “beats’ with the carrier of the desired signa. Those beats are manifested by
unwanted lines in the desired image. The lines are likdly to drift through the picture at a rate dependent
on the frequency difference between the desired and undesired visud carriers. In the ATV-into-NTSC
case, beat patterns are not likely to be present but, particularly for digital systems, interference is more
likely to be manifested by an increase of noise (“snow”) in the picture.

Despite the disparity in appearance of the two types of interference, they can be compared subjectively.
Degrees of objectionability can be assgned by viewers to interference phenomena. By employing a
numerical grading system, or even a descriptive grading system, the degree of ATV-into-NTSC
interference can be equated to the same degree of NTSC-into-NTSC interference for afixed NTSC
desired-to-undesired ratio.

Allotment/assgnment plans were first developed to compare the spectrum performance among the
various systems. Plans included use of the entire VHF/UHF TV broadcast spectrum and for only the
UHF portion of that spectrum. To achieve full accommodation for dl 1,657 gationsin the data base, a
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minimum co-channd spacing of 155 kilometers was used. The dlotment plan was then adjusted for
optimum assgnments using co-channd and adjacent-channe |aboratory results for each of the systems.
The optimization conssted of attempting to provide ATV sarvicein at least dl locations where the
companion NTSC station provided service, without violating an assumed ATV/NTSC adjacent-channd
separation regtriction of 10-80 kilometers. No further consideration of interference was given in the
assignment of an ATV dation from available dlotments. Power levels for the ATV dations were
selected to provide noise-limited coverage equd to the Grade B coverage of the companion NTSC
dations. Transmitting locations and antenna heights were assumed to be identica to the companion
NTSC dations.

7.21.4 Interference and Picture Quality

Being interference-limited, specid consideration must be givento ATV system design to produce a
system that minimizes interference to the NTSC service and, in turn, isrdatively immune to interference
from that service. In particular, this minimization of interference is effected by limiting the energy
transmitted in those portions of the 6 MHz televison channd wherein the NTSC sgnd is most sendtive
to interference. In the case of interference received by the ATV system, atrade-off exists between
image (and sound) qudity and interference potentia. Digital systems reserve some portion of
transmission capacity for error correction and concealment. As more channd capacity is reserved for
error correction and conced ment, the less channel capacity will be available for improved image and
sound qudity.

7.2.2 Service Area

7221 Definition

The service areaof aNTSC televison station is defined as the area within the station’s Grade B contour
reduced by the interference within that contour. For an ATV dation, service areais defined as that area
contained within the station’ s noise-limited contour reduced by the interference within that contour.

The service area of the new ATV sgna expressed as a percentage of the existing NTSC service areg,
isasfollows

ATV service area
NTSC service area

X 100%

Coverage arealis not the same as service area. The coverage area of aNTSC television station is
defined as the area within the sation’s Grade B contour without regard to interference from other
televison stations which may be present. For an ATV dation, coverage areais defined as the area
contained within the station’ s noise-limited contour without regard to interference which may be present.

7.2.2.2 Method of Determination

A modd developed by PS'WP3, and implemented by a computer program funded by broadcasters,
permitsthe rapid andlysis of coverage and service provided by NTSC and ATV systems for individua
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gations and, globdly, for the entire United States. The planning factor vaues used in the modd are
based on PS'WP3 andyses, including those of |aboratory datafrom ATTC and ATEL. NTSC
coverage and service area determinations consider the actua locations, power and height data for the
exiding inventory of authorized NTSC television facilities. ATV coverage and service area caculations
assume locations and heights identica to those of the companion NTSC dations, and power sufficient to
achieve distances to the noise-limited coverage contours equd to the distances to the NTSC companion
gations Grade B contours.

7.2.2.3 Target Value

Comparableto NTSC.

7.2.3 Accommodation Percentage
7.2.3.1 Definition

The percentage of existing NTSC dations that can be accommodated with an additional Smulcast ATV
channd (independent of the resulting service area).

7.2.3.2 Method of Determination

The number of existing NTSC dations that can be accommodated with an additiond smulcast ATV
channd is determined by a computer program. The result is dependent, particularly, on the minimum
permissible co-channel spacing, but possibly affected aso by other restrictions, such as required
adjacent-channd spacing. System characteristics measured in the laboratory were employed asthe
determinant. Using the method of Section 7.2.2.2, the power/height limitation for the ATV dationis
determined. The dlotment/assgnment plan is developed for 100% accommodation with the god of
providing ATV service comparable to current NTSC service. The power/height data permit the
cdculation of coverage and service provided by the ATV facilities. Thisinformation, and the alotments
derived from the computer program, permit relating either single station or globd serviceto
accommodation percentage.

7.2.3.3 Target Value
100% of currently authorized full service stations and pending applications for full service dations. It is
desirable to accommodete dl noncommercia vacant alotments.

7.3 ECONOMICS CRITERIA

7.3.1 Background

Initially, akey issue for broadcasters and cable operators would be the cost to “pass’ programming. A
key issue for consumers would be the cost of arecelver and aVCR after five years of production.

It isdifficult to establish target vaues for cost issues. Furthermore, cot is afunction of market
conditions and production volume. In the case of consumer equipment, the cost of current top-of-the-
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line NTSC projection receivers and top-of-the-line VCRs may be noted for reference only, but not as
target values.

7.3.2 Cost to Broadcasters

In implementing ATV, broadcasters will incur costs of new studio equipment such as ATV encoders
and monitors, router/switchers and video recorders, new transmission equipment such asATV
broadcast transmitters, ATV antennas, transmission lines and studio-to-tranamitter links, and possibly
other new equipment.

Differencesin the proponent ATV systems may result in cost differencesin professona broadcast
equipment and/or studio/station equipment configurations. These variaions are andyzed and identified,
asan dement inthe ATV selection process.

7.3.2.1 Definition
The equipment cost for abroadcast station to deliver asmulcast terrestrid ATV signdl.

A “trangtiond” station was defined as one that provided the ability to “ pass through” the signads of a
network or syndicated program source with essentialy the same production valuesin the program
integration as today. The trangtiond station also was to have the ability to upgrade easly to more
extensve ATV operations and to higher levels of performance as dictated by audience growth and
dation finances.

A “minima” gtation was defined as one that provided the ability to “pass through” the Ssgndsof a
network or syndicated program source with compromises made in its capabilitiesin order to reduce
cogts to aminimum. The minimal station would not bear the costs associated with providing for future
upgrades and might require replacement if an upgrade were needed.

7.3.2.2 Method of Determination

Broadcast station equipment configurations are andyzed to determine cost variations due to differences
in ATV proponent systems. Costs to broadcasters are based on atranstiona televison station — this
being a generic Sation representative of one offering an early ATV sarvice. A minima ATV modd was
developed aso to dlow an estimate of what would condtitute a“ bare minimum” investment by alocd
broadcaster.

Broadcasters are expected to convert to ATV in phases, asfollows:

Network pass-through
Loca commercid insartion
Locd program origination
Loca program playback
Full ATV operation
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The investment required to implement the first two phases above is taken to be an estimate of the cost
to broadcasters for implementing ATV . Based on block diagrams of typica broadcast station
configurations, the equipment needed to implement these two phases may include:

Satellite receiver

ATV routing and switching equipment
ATV videotape recorder

NTSC upconverter

ATV encoder

ATV receiver for off-air monitor
Studio-to-trangmitter link (STL)
ATV tranamitter and antenna

ATV encoder costs are estimated for an initial production run during the 1994-95 time frame. Encoder
cost estimates are developed from the amount and speed of memory, count of gates, and other eements
of eectronic design, based on information supplied by each proponent.

Other equipment costs depend on the signd format and data rate (i.e., whether the signa is compressed
or not) a various pointsin the broadcast plant. Block diagrams of the broadcast station plant are used
in this analysis to estimate total station codts.

7.3.3 Cost to Alternative Media

7.33.1 Definition

The equipment cost for a cable system operator, or other dternative service provider, to deliver an
ATV sgnd.

7.3.3.2 Method of Determination

Cable system equipment configurations are andyzed to determine cost variations due to differencesin
ATV proponent systems.

7.3.4 Costto Consumers

7.34.1 Definition
The cost of manufacturing consumer ATV recelvers.

7.3.4.2 Method of Determination

Based on analysis by SS'WP3. Develop assumptions for year and volume of production; type, Sze and
resolution of basdline recelvers (CRT and projection); and projections of IC capabilities and costs.
System-specific recaiver costs will be generated based on information provided by each proponent.



Page 7-8 ATV SYSTEM RECOMMENDATION

7.4 TECHNOLOGY CRITERIA

7.4.1 Background

The five sdlection criteriain this technology section relate to agpects other than spectrum utilization and
economic consderations. Recognizing that the selection criteriaare in generd inter-related, the purpose
in this section isto consider the aspects of these criteria that can be separated from the economic
aspects and spectrum utilization aspects.

These technology criteria represent the measures of improved performance and additiona capabilities
that comprise much of the motivation for adopting a new televison standard for the U.S. The
audio/video qudity criterion directly relates to consumer perceived qudity of sound and images. The
transmission robustness criterion measures the degree to which the system can continue to operate with
anticipated impairments, while retaining acceptable sound and picture qudity for the consumer. The
scope of features and services criterion examines the cagpability of a system to support ancillary services
and features that are currently available for NTSC transmissons, aswell as anticipated improvements
and new sarvices. The extengbility criterion addresses the capability for a system to support future
improvements such as increased picture quality, resolution or additiona services, without requiring a
complete revision of the underlying televison slandard. The interoperaility criterion consdersthe
degreeto which an ATV system can be carried on a variety of transmission media, stored in and
disolayed on a variety of terminals and meets the needs of non-broadcast industries. These particular
attributes adso relate to present and future possibilities for gpplications that share technologies in the
televison, computer and communications industries.

The five technology criteria thus focus directly on the benefits to the consumer that will accrue from
adopting an advanced televison system. Some criteriamay yield straightforward numerical results and
comparisons, while others will lead to quditative observations, and tradeoffs may need to be considered
among dl the criteria

7.4.2 Audio/Video Quality

7.4.2.1 Definition

Inherent and received qudity of the picture, as subjectively perceived by non-expert viewers,
supplemented by objective characterization and performance data, including expert viewer results.

Inherent sound quality as subjectively perceived by expert listeners, and supplemented as necessary by
objective characterization and performance data.
7.4.2.2 Method of Determination

The audio/video qudity summary contains quantitative and narrative information based on the results of
the gppropriate test center. The information includes:
Video Subjective
ATEL test results
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Video Objective
ATTC test results

Audio Subjective
Westinghouse Science & Technology Center test results

Audio Objective
ATTC test results

Audio and video qudity is primarily determined by the subjective tests. In addition, objective test results
are included that support or contradict the subjective test results, that compare the results to proponent
clams and that point out noteworthy data points.

The subjective tests are:

ATV Basic (Received) Video Qudity
ATV Basic Audio Quality
In the video qudity tests, the basic data consist of subjective test scores for the 23 video segments that

have been developed to highlight, for non-expert observers, system performance on attributes such as
datic luminance resolution.

In the audio qudity test, the basic data consist of subjective test scores for 10 audio segments selected
toillugtrate, for expert ligeners, system performance over awide range of critica programming.

The basic data, which express judgments of individua systems compared with corresponding judgments
of the reference conditions, are presented in tabular and graphica form.

In addition, al objective test data was studied to ensure support of the subjective results, and to report
anything that looks odd, interesting or is felt should be brought to the attention of the Advisory
Committee for any reason.

7.4.2.3 Target Value

The CCIR has defined HDTV in terms of current television systems. That definition, gpplied to NTSC,
leads to the following target value. The resolution should be about twice that of NTSC in both the
vertical and horizontal directions, the tempora resolution should be not less than NTSC, the color
rendition should be superior to NTSC, any artifacts should be less objectionable than are NTSC
artifacts, the aspect ratio should be 16:9, and the subjective sound quality should be comparable to
Compact Disc.

743 Transmission Robustness

7431 Definition

The ability of atransmisson system to maintain a useful received picture, sound, and datain the
presence of co-channel, adjacent-channel, taboo channel, and discrete frequency interference; and such
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impairments as noise, multipath, airplane flutter, etc., for terrestrid broadcagting; and second and third
order distortion, phase noise, etc., for cable transmission.®

7.4.3.2 Method of Determination

Transmission robustness contains quantitative and narrative information based on the results from the
aopropriate test centers. The information includes:

Video Objective Tests with Expert Observation and Commentary
ATTC and Cablelabs test results

Video Subjective Tests
ATEL test results

The robustness is determined not only by TOV and POU, but aso the character of the impairment and
adescription of failure and recovery appearance.

7.4.3.3 Target Value
Better than NTSC within the defined service area

744 Scope of Services and Features

This selection criterion addresses the need of an ATV system to support an array of services, features
and capabilities beyond those that are explicitly consdered as part of the other selection criteria

Some capabilities covered here are features of the overdl system. These include details of the picture
and sound performance near the edge of coverage, the ability to operate in different modes of
robustness versus picture qudity, and the ability to redllocate channel capacity on demand among video,
audio and ancillary services.

Other capabilities are specific features of the picture coding, sound coding or ancillary data capacity,
other than qudity or robustness. These include the support of various multi-channel sound formats,
services for viewers with specia needs, and the ability to support inexpensive receivers with NTSC-
qudity video.

Other dements of this sdection criterion cover the work done by the Implementation Subcommittee,
such as speed of implementation or other implementation features that are not cost-related and are not
consdered as part of the other selection criteria.

® The results of the Susceptibility to Interference tests described in Section 19.5 of the Objective and Transmission
Tests Procedures Plans will be taken into account as part of the coverage studies conducted by PS/WP3.
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7.4.4.1 Definition

Services and features supported by a transmisson system other than the program video and one
program audio channel.

7.4.4.2 Method of Determination

Scope of services and features were evauated based on information supplied by the proponents,
supplemented by analysis done by working parties of the Advisory Committee.

An essentid part of the evaluation takes into account whether the services and features have been
implemented in the system that was submitted for testing at the Advanced Televison Test Center.
Services and features that are merely claimed but not yet implemented will be analyzed to evauate how
easy or difficult it will be to implement them. As part of the decison process, a determination will have
to be made about how to evauate these services and features that are claimed but not implemented.
7.4.4.3 Target Value

When compared with NTSC, increased cgpability and flexibility in the ability to provide audio,
captioning, data services, etc.

7.4.5 Extensibility

745.1 Definition

The ability of atransmission system to support and incorporate extended functions and future
technology advances.

7.45.2 Method of Determination

Based upon information from PS\WPA4, declarations by the proponents and the judgment of industry
experts.

7.45.3 Target Value

A new service mugt provide long life, just as NTSC has provided along life, by supporting future
enhancements and future technology advances.

7.4.6 Interoperability Considerations

I nteroperability congderations include delivery over aternate media such as cable, satellite, VCR, and

packet networks; transcoding with NTSC, film, and other video standards; integration with computers
and interactive systems; and scaability and the use of headers/descriptors to accommodate a variety of
goplications.
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7.4.6.1 Definition

The suitability of atransmisson system for operation on avariety of media, in addition to terrestriad
broadcasting.

7.4.6.2 Method of Determination

Based upon information from PS\WP4, declarations by the proponents and the judgment of industry
experts, and results of testsfor cable televison operation.

7.4.6.3 Target Value

A new sarvice should be “friendly” to dternate ddivery media. Interoperability with Cable TV is
mandatory. Interoperability with VCRS, satdlite, computer, data communications, and
telecommunications gpplications with smple interfacing hardware is dso an objective.
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8. ANALYSIS OF SYSTEM DATA

Chapters 9 through 13 provide summaries and analyses of data acquired from four |aboratories
(Advanced Tdevison Test Center, Cable Televison Laboratories, Advanced Televison Evauation
Laboratory, and Westinghouse Research) on the five smulcast systems tested. Additiondly, they
include conclusions reached by Advisory Committee working parties on matters extending beyond what
can be measured in alaboratory or derived from laboratory data. After a brief description of the
system, subsections relate to Spectrum Utilization, Economics, Technology, and System Improvements,
primarily addressing the ten sdlection criteria discussed in Chapter 7. In this chapter, issuesthat pertain
to the analyses of dl the sysemswill be discussed.

8.1 SPECTRUM UTILIZATION

8.11 Calculation of ATV Service Area

The andysis of spectrum usage of the ATV systems employed an alotment gpproach developed by the
FCC saff and a service and interference model developed by Specidist Group 11 of PS/WPS.
Combining the two permitted the development of approximately optimum alotment/assignment plans
and comparison of service expected to be provided by each ATV system, if implemented, with service
provided by the NTSC system currently in use.!

The plan seeks, station-by-station, to match or exceed current interference-limited NTSC service area
with future companion ATV sarvice area. To the extent possible, the ATV sarvice areafor each ation
is optimized to provide for interference-free ATV sarvice to any areathat is served interference-free by
the companion NTSC dation. The andyss includes consderation of vacant noncommercid alotments
aswaell as authorized stations and pending applications? Station locations and antenna heights above
average terrain are assumed to be the same for the NTSC and ATV services. Other input parameters to
the program are the planning factors devel oped by Specidist Group 10 of PS\WP3 and factors specific
to each ATV system as determined by the test programs at the ATTC and ATEL.

Aninitid NTSC program run provided the reference for each of the ATV systems tested. The program
output includes Grade B coverage area and interference-limited service areafor each of the 1,657
authorized and applied-for televison facilitiesin the August 1, 1992 FCC data base. Interference-
limited NTSC service areas were determined on the basis of a co-channd desired-to-undesired (D/U)

! The data base for the reference NTSC analysis, and for the ATV analyses, isas of August 1, 1992. The need to
maintain comparability for thefive ATV systems studied requires that the same data base be retained throughout the
analysis process. Although data base changes occur with time, those changes are moderate.

%1n Puerto Rico, the large number of television stations assigned within the limited area of theisland precludes the
development of aplan providing 100% accommodation by the methodology employed herein. Asaresult, those
stations are not included in the analysis. The comparative analysis attempted to protect all existing noncommercial
vacant allotments; however, it did not attempt to assign them an ATV channel.
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ratio of 28 dB and firgt adjacent D/U ratios of -6 dB for interference from the lower adjacent-channd
and -12 dB for interference from the upper adjacent-channe. Taboo considerations are based on
threshold of interference (TOV) datafrom ATTC. Subjective testsat ATEL of co-channd interference
from NTSC to NTSC showed that a 28-dB co-channd ratio corresponded to a CCIR impairment
rating of 3 for NTSC stations using precise offset.® Accordingly, co-channd interference from ATV to
NTSC isbased dso on impairment grade 3. NTSC receiving antennas beyond the City Grade Contour
are assumed to have a front-to-back (F/B) ratio of 6 dB. No directivity is assumed for receiving
antennas within the City Grade Contour. NTSC service is based on median f(50,50)* signd strength.
f(50,10) propagation data are used for both NTSC and ATV interfering signals.

The outer limit of NTSC service, in the absence of interference, is consdered to be the Grade B leve.
As specified by the FCC, the median field strengths corresponding to Grade B are: 47 dBu for low
VHF, 56 dBu for high VHF, and 64 dBu for UHF.

The outer limit of ATV service in the absence of interferenceis that determined by the carrier-to-noise
ratio yieding a CCIR imparment grade of 4. For digitd systems, the f(50,90) signd strength is used for
noise and interference-limited service caculations. Figure 8- 1 provides receiver planning factors
goplicableto dl ATV systems.

8.1.2 Allotment and Assignment Constraints Used in Analysis

The PS/\WP3 andysis was conducted under two alotment scenarios (using both VHF and UHF
channdsfor ATV dations, and using only UHF channds) and two sets of interference congtraints
(consdering only co-channel interference, and both co-channd and adjacent-channd interference). In
addition, the impact of taboos was assessed by reca culating coverage and interference for each
scenario assuming the taboo performance measured in the [aboratory. PS'WP3 has determined that the
andysis should be considered in the following priority order: 1) co-channd and adjacent-channe
interference, 2) co-channd interference only, and 3) co-channd, adjacent-channd and taboo
interferences.

While the analysis that includes taboo performance maximizes consideration of interference impacts,
limitations in both test and andysis involving taboos cause the results to have more limited vaue. During
test, measurements were teken at TOV, yielding overly stringent results. Further, maximum amplitude
limitations of the laboratory test facility affected the completeness of taboo test results. Findly, the effect
of taboo interference is exaggerated in the computer anadysis since taboo performance was not used to
optimize dlotments/assgnments.

% The same subjective tests showed that a 40-dB co-channel ratio corresponded to a CCIR impairment rating of 3, and
that 28 dB corresponded to arating of approximately 2, for NTSC stations using the worst permissible offset. Neither
the FCC's TV station data base nor the data base used in these cal cul ations show which existing NTSC stations are
actually employing precise offset. Consequently, the NTSC baseline interference-limited service area calculations
may overstate the actual NTSC service areas by some unknown amount.

*f(x,y) is anotation representing field strength exceeded at x percent of locationsy percent of the time.
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Low VHF High VHF UHF
Ant enna | npedance (ohns) 75.0 75.0 75.0
Bandwi dt h (MHz) 6.0 6.0 6.0
Thermal Noi se (dBm -106. 2 -106. 2 -106. 2
Noi se Figure (dB) 10.0 10.0 10.0
Frequency (MHz) 69 194 615
Ant enna Factor (dBm dBu) | -111.7 -120.7 -130.7
Li ne Loss (dB) 1.0 2.0 4.0
Ant enna Gain (dB) 4.0 6.0 10.0
Antenna F/B Ratio (dB)” 10 12 14

* |n addition to F/B ratio, aformulais employed for the forward lobe simulating an actual
receiving antenna pattern.

Figure 8-1. Recelver planning factors applicableto all ATV systems.

The andysis that includes both co-channd and adjacent-channd interference maximizes interference
congderations short of including taboos. Adjacent-channd performance reflects both system and tuner
design congderations. Thus, to the extent that a proponent’ s tuner, as tested, was suboptimal, adjacent-
channd performance of ATV may have been negatively impacted.

The co-channd interference only andyss removes dl adjacent-channd condraints resulting in a different
assgnment table. Tuner design is not adirect congderation for this case.

Indl instances it should be noted that no reassgnment or power adjustment was attempted for the
purpose of reducing new interference into NTSC, or for the purpose of maximizing ATV service area.

8.1.3 Threshold of Visibility (TOV) Determinations

ATV thresholds of vishility are determined by the classc staircase (up-down) method which may be
most familiar as a hearing test. The result of this procedure is a sawtootht like tracing having arange of
perhaps 4 or 5 dB; the average between the peaks and troughs is taken as the threshold.

There were ingancesin the cable threshold of vishility tests for impairments on the digita systems
where no range in which to increment/decrement existed, i.e. in asingle decibd the impairment signd
went from non-existent to strong. It frequently happened that the threshold choice was between quite
strong impairment and none, in which case the strong impairment level was chosen as TOV. When a
smal range was encountered in ATTC or Cablelabs testing, the experimenters confirmed the TOV by
using alonger observation period of perhgps 2 or 3 minutes during which impairments might be noted.

8.2 ECONOMICS

8.21 Calculation of Cost to Broadcasters

Severd assumptions were made about the state of the existing broadcast facility and about the capacity
avalable for incluson of new equipment. It was assumed, for ingtance, that the Sation’s existing tower
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has sufficient capacity for ingdlation of the new ATV antennaand transmission line; a new tower isnot
required. The station’ s equipment space was assumed to have room for additional gear without the need
to add floor space, racks, power digtribution, air conditioning, or other support services. Similarly, it
was assumed that stereo audio facilities dready exidt in the station. Additiondly, the analyss was based
on the use of a compressed NTSC signa multiplexed into the same STL with the ATV sgnd, as
opposed to congtruction of atotally new and separate microwave path to the transmitter.

A cogt was developed for each item on a station block diagram for each of the proposed ATV systems.
Where possible, the likely cost of an item was sought through surveys of manufacturers likely to
produce that item. In the many cases where it was not possible to obtain expected costs of items from
manufacturers or from comparable equipment in the marketplace, broadcast system designers estimated
sdling prices based on the relative complexity of the items.

Certain generd assumptions were made about the design of the transtiond station. These included a
choice of uncompressed, HDTV-leve interconnections for the interfaces between equipment in the
system, adownconverter to NTSC for smulcast transmission, and an upconverter for programming
originated in NTSC. Provison was made for ATV-qudlity station 1Ds plus graphics for announcements
and commercid tags. The ability to record and play back programs and commerciads was incorporated
through the inclusion of a video tape recorder. Some signd routing was provided, dthough it may be
limited in scope. Monitoring was assumed to be done with professond quaity instruments.

The design of the minimal station assumed that programs that arrive in ATV form are downconverted
elsawhere to NTSC and fed to the station separately for smulcast transmission. It was assumed dso
that much programming will originate in NTSC and will require upconversion. In addition, gation IDs
and graphics for announcements and commercid tags were assumed to be upconverted from NTSC.
Thus, an upconverter was included in the system aong with an encoder to provide compression of
materid that originatesin NTSC. Because the encoder processes only signals that began as NTSC, it
was assumed that it can be asmpler device than used in the trangtiona station to compress ATV -leve
sgnas. The videotape recorder, likely to be based on a consumer VCR, would operate with fully
compressed Signds. The ATV sgnd routing was assumed to be a patch panel. Monitoring was
assumed to use computer displays rather than professond video monitors.

In the cost estimates, “ Satellite Receiver, Demodulator, Decoder” includes an optica-to-eectronic
sgna converter. “ STL Subsystem” includes NTSC compressor (20 Mbits/sec), multiplexer, STL
transmitter (QPSK), STL receiver (QPSK), demultiplexer, and ATV reformatter (error correction for
STL plus addition of FEC for broadcast transmission). “ATV Transmisson Subsystem” includes ATV
trangmitter ($300,000), pand antenna and transmission line ($300,000), ATV trangmitter monitoring,
and ATV off-ar monitoring.

8.2.2 Calculation of Cost to Consumers

Cost estimates were based on a common format to compare the technical complexity and materiad costs
of proponent system receivers. The following methods and assumptions were used as abasis for
comparison:



ATV SYSTEM RECOMMENDATION Page 8-5

Time Frame — Based on system selection in 1993 and subsequent field testing, 1998 was
assumed as the time when mass production of HDTV receivers would achieve sufficient volume
(1 million units cumuletive).

Technology — Receiver cost was estimated congistent with predictions for 1998 improvements
in key technologies such as displays, integrated circuits, and memories. For this cost study,
second generation recaiver designs were assumed which would utilize these improved
technologies.

Volume — 1% market penetration, or gpproximately 1 million HDTV receivers would be built
by 1998.

Tuners— The cost of the tuner was agreed to be $10 for standard phase noise requirements
and $13 for an improved phase noise specification needed by some proponents.

Displays— It was generdly recognized that the cost of the display would have amgjor impact
on the cost of the receiver and thet, therefore, the market study would be influenced by that cost
more than by any other. As aresult, considerable effort was expended to find accurate
estimates. A cathode-ray tube (CRT) of widescreen 34" diagond with near HDTV
performance, costing $700, and a projector of 56" diagona dimension using projection CRTs
and HDTV optical components, costing $1050, were assumed.

Deflection, Power Supply and Video Output — For 34" interlaced scan systems with scan
rates of about 32 kHz and about 20 MHz video amplifier bandwidth, a cost of $60 was
assumed. For 34" progressive scan systems with scan rates of about 47 kHz and about 30
MHz video amplifier bandwidth, a cost of $73 was assumed. For 56" projectors, $176 was
assumed for interlaced scan systems and $201 for progressive scan systems.

Memory — A cost premium of 40% over standard dynamic random access memory (DRAM)
was assumed for high speed memory used in some systems.

Digitd |Cs— The proponents provided block diagrams, gate counts, and pin counts for a
suggested chip et for their systems. The digita 1C information provided by al proponents was
entered into the FAIRCOST | program for equivaent cost estimates. This program was
developed for the IC industry and provides reasonably accurate cost predictions for ICs.

Andog Circuits— There was some concern whether the cost of the analog circuits and display
could be estimated properly. Proponents provided their own cost estimates which were
scrutinized and accepted, or modified after discussion.

Other costs, such as audio amplifiers and speakers, circuitry for NTSC processing, and cabinets, were
assumed the samefor all proposed systems.

Cost esimates were developed only for materids. Using asmple multiplier of 2.5, crude estimates for
HDTV receiver retail prices were obtained.
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8.3 TECHNOLOGY

8.3.1 Audio and Video Statistical Procedures

The subjective judgments were rated on CCIR five-point scaes. Subjects observed areferencetria
and atest trid and then rendered ajudgment rating of each. The difference in the scores between the
reference and test Sgnds was the gatistic which was andyzed for Sgnificant differences using an
experiment error rate of 5% (i.e. there is a 5% chance that the observed differenceisjust arandom
error rather than something redl).

The audio qudity subjective judgments were made using the CCIR five-point, four-interval Imparment
Scae with the terms “ Imperceptible’, “ Perceptible, but not Annoying”, Sightly Annoying”, “Annoying”
and “Very Annoying” in adiscrete fashion. The method, caled Triple Stimulus, Hidden Reference,
employs the use of an announced reference and then the test Sgnd and the reference again unannounced
or “hidden” with regard to order. High variability and incongstency among the judges serioudy impaired
the sengitivity of thistest. A specid audio task force reviewed the data and specific tapes and
recommended againgt their usein this report.

Audio impairment subjective test results showed many irregularities. The specid audio task force
reviewed the data and tapes and recommended that the only conclusion (if true) that could be drawn
from the tests was the following statement: “ There was no evidence that the audio system failed before
the accompanying video.”

The video quality subjective judgments were made using the CCIR Five-Point (five-interval) Continuous
Qudlity Scale with the terms*Excdlent”, “Good”, “Fair”, “Poor” and “Bad.” This method uses double
presentations of reference and test signalsin blind, pseudo-random orders. The responses were graded
from 0 to 100, where 0-20 corresponds to “Bad”, 20-40 to “Poor”, 40-60 to “Fair”, 60-80 to
“Good” and 80-100 to “Excdlent”. The twenty-three video selections were compared using at-test
with an individua error rate of 5%. Emphasisis placed on describing the Size of the differences between
the 1125-line reference and test Sgna using averages and ranges, rather than on satistical sgnificance,
Estimates for stills and moving selections are reported separately where appropriate.

The significance of unusua observations or “outliers’ was determined based on Tukey’s outlier-
detection rule. The interquartile range is defined as the difference between the 75th percentile (3rd
quartile) and the 25th percentile (1st quartile). A point is considered apossible outlier if it is outside the
area described by {25% - 1.5 x [interquartile range]} or { 75% + 1.5 x [interquartile range]} . A point is
consdered a definite outlier if it isoutsde { 25% - 3 x [interquartile range]} or { 75% + 3 x [interquartile
range]}. Outliers so detected were reported separately and were not included in the caculation of the
average or range.

8.3.2 Test Material Pictures

A number of different images, dill and moving, have been used in the test program. A ligt of the images,
with an indication of the application of the image, follows. In the list the prefix “S™ means il picture and
“M” means Motion Sequence. Pictures S1-S13 were scanned from film at very high resolution into a
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digitd frame store. Sequences M1-M 15 were captured by a live camera. Sequences M17-M20 were
transferred from film using the same camera, in each format, used for M1-M15. S14, M 16, and M16G
were synthetic images eectronicaly generated on a computer workstation.

ID  Sill Pictures Test Application
S1 Metd Table & Chairs

uminance resolution

S2 Vines Luminance resolution, demo image

S3 Wavy Wall Luminance rendition, demo image

A Columns Luminance dynamic range

S5 Tulips Chrominance resolution, noise impairment, demo image
S6 Sculptures Chrominance resolution, demo image

S7 Fruits & Vegetables Color gamut

S8 Toys Chrominance dynamic range

S9 Girl with Toys eripherd performance, interference, demo image
S10  Memorid Arch Depth portraya

S11  Woman with Roses Noise impairment, interference

S12  Loran Harbour Noise imparment

S13  Fower on Plate Multipath

ID  Electronicaly Generated Test Application

S14  Cheshire Cat Basic recaived quality

ID  Motion Sequences Test Application

M1  Window Basic recaived qudity, luminance resolution, low acceleration

M2  Fax Machine Basic received qudlity, dynamic luminance resolution, high
acceleration

M3  Paint Store Basic received qudity, dynamic chrominance resolution, low
acceleration

M4  Mannequins Basic recaived qudity, dynamic chrominance resolution, high
acceleration

M5  Living Room Basic recaived qudity, motion rendition - camera movement

M6 Den Basic received qudity, motion rendition - single object in-scene
movement, noise imparment, interference

M7  Pak Ride Basic received qudity, motion rendition - multiple object in-
scene movement

M8  Bubbles Basic recaived quality

M9  Audience Basic received qudity, motion rendition - multiple object in-
scene movement

M10 Woman & Room Basic recaived qudity, motion rendition - cameraand in-scene
movement combined

M1l Lamp Noise and other impairment, demo image
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M12 Times Square Multipath and microreflections

M14 Co-Channd (Texas Dude) Desired for co-channd, adjacent-channd, & taboo channd
interference, Desired/Undesired for ATV-into-ATV, demo
imege

M15 Interferor Undesired for ATV-into-NTSC and NTSC-into-ATV
interference for Enhanced NTSC, Undesired for “benchmark”
co-channd NTSC-into-ATV TOV for smulcast

ID  Eledronicaly Generated Test Application
M16 Rotating Pyramids Basic received qudity, point of unusability, multipath threshold
of vighility

M16G Rotating Pyramids Gated Undesired for NTSC-into-NTSC, NTSC-into-ATV, and
ATV-into-NTSC interference for smulcast

ID  HIm Originaion Test Application

M17 Carousd Basic recaived qudity, film transfer, 35 mmy/24 fps
M18 Bridge 24 Frames Basic received qudity, film transfer, 35 mm/24 fps
M19 Bridge 30 Frames Basic recaived qudity, film transfer, 35 mmy/30 fps
M20 Helicopter Basic received qudity, film transfer, 70 mm/60 fps
8.3.3 Inverted Picture Quality Results

The processed images for two electronicaly generated graphic sequences were judged during
subjective testing to be higher quality than the reference. For the first of those, a dtill, S14, the processed
image was judged to be better than the reference for al systems. For the second, a motion sequence,

M 16, the processed image was judged to be better than the reference for the 787 progressive systems.

In S14, interline flicker appearsin the 1125 interlace reference. The flicker is reduced in processed
interlace images, snce, in effect, those systems verticdly filter theimage. No flicker gppearsin the 787
progressive source and processed images. Additiond verticd filtering during the creation of the image
could have sgnificantly reduced the source interline flicker and possibly diminated the rating inverson.

In M 16, interline flicker appears in scrolling text in both the 1125 interlace reference and the interlace

processed images. No flicker appearsin the 787 progressve source and processed images. Since the
flicker isamoation-related artifact, additiond verticd filtering during image creation would not diminate
the flicker.

8.34 787 Camera Source Noise

The 787 camera-generated material used in tests of two of the systems exhibited visible noise in areas of
low luminance. This noise, which was coarse in gppearance, was more visible than the noise in the
corresponding 1125 reference materia, and the 1050 test materia which was derived from the 1125. In
addition, frame-by-frame examination of the 787 materid reveded horizontally coherent noise that
appeared as short, dark streaks.
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Before the cameras were used by PS/'WP6 in shooting the test sequences, the 787 cameranoise level
was measured to be about 2 dB worse than the 1125 camera. A noise level difference grester than 2
dB was observed in the source material during subjective testing, possibly as much as5 or 6 dB. Also,
differencesin black levels between the 787 materia and 1125 materia have been noted. While the
differencesin black levels were not documented during the shoot, PS'WP6 personnel recall that there
was adifference. The black leve difference, in conjunction with gamma correction, could account for
the unexpected additiond level of noisein the 787 camera materidl.

It isbelieved that the additional source noise adversdly affected the basic recelved quality test results for
al motion sequences except for M16. However, the additiona source noise, while sgnificant, does not
fully account for picture quaity performance differences obtained by the two systems tested with this
materid.

8.35 Resolution Measurements

The limiting resolutions of the ATV systems were measured using a variety of techniques. Static and
dynamic moving zone plates were photographed and viewed directly from a CRT to measure resolution.
In addition, radia resolution charts which contained printed resolution numbers were captured with the
cameras and stored on tape. Radid patterns from these charts were captured also at several speeds of
rotation. The test results exhibited inconsistencies among the various techniques. The presence of coding
artifacts and/or moire in some instances is known to have affected the consstency of the measurements.

Digita coding artifacts were visble to varying degrees in the dynamic zone plates due to the presence of
high spatid frequencies over alarge area coupled with non-linear motion (not panning). Since coding
artifacts do not necessarily result in apparent loss of resolution, their presence obscures the limiting
resolution and can result in a non-monotonicity as afunction of speed.

In the case of the radiad resolution charts, moire was visible sometimes at spatia resolutions lower than
the expected limiting resolutions of the systems.

Because of the incongstencies, and the interpretation problems caused by coding artifacts, objective
measurements of video resolution are not included in this report.

8.3.6 Random Noise Determination (C/N)

Since the outer limit of service of an ATV system, in the absence of interference from other generators
of eectromagnetic energy, is dependent on the system’ s robustness with respect to noise, noise power
input where video or audio are affected is an important metric. At ATTC, a broadband noise source,
with flat energy digtribution over the 6-MHz tdevision channd, was used. Employment of an average-
reading power meter and an RF step attenuator provided the ability to measure the amount of noise
power being injected into the system.

Random noise measurements on the ATV systems was done at the strong desired level to avoid effects
of receiver noise factor or any other eements that may have impact on the results. As agreed by the
proponents, the strong receiver input level was set at -28 dBm for the Narrow-MUSE analog system
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and -38 dBm for the four digital systems. For theandog ATV system, power leve varieswith
modulation and, unlike NTSC, no congtant sync pulse level is available. At the proponent’ s suggestion,
white level was adopted as the reference. In Narrow-MUSE, positive modulation is used, so white level
is higher than black level.

In generd, digita system average power levels are independent of picture content. The DSC-HDTV
power level, however, being dependent on the plit between 2-level and 4-levd VSB modulation,
required a particular reference Sgnd for caibration. The reference signa used was agray field. For the
remaining three digitd systems, the average power was measured during whatever scene was being
employed in the test. Desired power was held congtant at the strong level and the noise power was
increased to determine the TOV and the POU (point of unusability).

For the analog system, sufficient separation was found from TOV to POU to permit ranging, o
subjective tests were performed by ATEL. For the four digita systems, the spread from TOV to POU
was insufficient to permit ranging, so the TOV was used to determine the C/N for the limiting case.

8.3.7 Interoperability Considerations

Computers are expected to play an increasing role in video image generation and production and it is
desirable to have an HDTV format which facilitates easy digplay and manipulation of decompressed
HDTV video on the computer. Progressive scanning and square pixels are important factors for
interoperability of an HDTV system with computers— nearly dl bit-mapped computer graphics
displays have these features. Progressive scanning and square pixels are mogt criticd for red-time
applications such as display, scan-converson, frame capture, and video effects. They avoid artifacts that
are common with interlaced display and facilitate processing 2-D transformations, especialy rotations.

Converson to and from systems with different frame ratesis the most difficult type of converson
presently being done. Digital conversion between 59.94 fields per second and 50 fields per second
requires anumber of frame stores and very large processing capability. Methods that involve frame
dropping lead to jerky motion, but other techniques produce acceptable images under most conditions.
This difficult converson may be easier from a progressive source than an interlaced source.

Latency, the time delay between a video frame going into the encoder and the corresponding frame
coming out of the decoder in the back-to-back mode, can be important in interactive applications. Time
delaysinclude frame delays, required at the transmitter and receiver for coding and decoding, delay that
may be needed to facilitate frame coding in an interlaced system, and rate buffers at the transmitter and
at the receiver.

8.3.8 MPEG Description

The Moving Ficture Experts Group (MPEG), ajoint committee of the International Organization for
Standardization (ISO) and the Internationa Electrotechnical Commisson (IEC), is officidly called
ISO/IEC JTC1/SC29/WG11. The charter of the MPEG video and audio groupsis to develop
compression standards for full-motion video, associated audio and their multiplex for digitd storage
media Transmission and encryption/conditiona access techniques are not specified in the MPEG
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gstandards. The groups consst of diverse representation from among compuiter, telecommunications,
televison, and other industries worldwide. Their basic method consists of sdlecting the compression
techniques that produce the best video and audio qudity, based on mean squared error comparison of
source and coded pictures and/or subjective expert evauation of results from computer smulation.

The MPEG video and audio standards were nominally developed for 30 frames/second progressive
scan, low resolution video (352H x 240V) at 1.5 Mbits/'sec datarate, and stereo audio at a 256
kbits/sec data rate. Header/descriptors incorporated in the standards, however, dlow modification of
the nomina parameters, including changes in picture Size, resolution and agpect ratio, pixe agpect ratio,
frame rate, and compressed datarate. The MPEG standards (1S11172-1 [system], IS 11172-2 [video]
and 1S 11172-3 [audio]) were officialy adopted by 1SO in 1992. MPEG-1 video compression uses a
bi-directional motion compensated Discrete Cosine Transform, and MPEG- 1 audio compression uses
adaptive Subband Coding. Competibility between MPEG-1 encoders and decoders can depend on
scanning format and data rate capabilities of the decoder. Integrated circuits for both video and audio
operating at the nomina resolution and data rate are dready available from severa manufacturers.

Ongoing work in the MPEG committees is developing an MPEG- 2 video compression standard with
nomina parameters that include conventiond (525/625 line) and HDTV resolutions and deta rates, and
amulti-channd audio standard. The MPEG-2 video standard will make specific provisonsto efficiently
compress interlaced scan formats, using both field and frame coding, but is expected to have as many
elements as possible in common with the MPEG- 1 standard. The multi-channel audio standard is
expected to be fully backward compatible with the stereo MPEG audio standard. SO standard
development involves severd interim steps. the MPEG- 2 video committee currently has a Working
Draft, and its current schedule is to freeze a Committee Draft of the core dgorithm in March 1993,
freeze a complete Committee Draft in November 1993, produce a Draft International Standard in
March 1994 and to approve an International Standard within six months to one year later.

8.4 SYSTEM IMPROVEMENTS

Information on system improvements was derived from the report of the Technica Sub-Group of the
Specia Pand. The group met on November 18-20, 1992 to consider proposed ATV system
improvements.

The Technicd Sub-Group was congtituted to decide how system improvements should be considered.
The group agreed that each of the submitted system improvements would be placed in one of the
following four categories.

The proposed improvement is gpproved with lab testing before field testing.

The proposed improvement is approved with lab testing recommended after system sdlection,
but before field testing.

The proposed improvement is approved with performance verification at the sart of fied
tegting.
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The proposed improvement is classified as a“future” improvement since it would not be
available until after fidd teting.

The improvements that were gpproved by the Technica Sub-Group are presented in the associated
system andysis chapter, grouped according to the following categories:

1. Already Implemented
2. Implemented in Time for Field Testing

Improvements that were classified as “future’ improvements were neither approved nor disapproved
and are not listed in this report.
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9. NARROW-MUSE

9.1 SYSTEM OVERVIEW

Narrow-MUSE, proposed by NHK, the Japan Broadcasting Corporation, uses analog pulse-
amplitude-modulation tranamisson for the visud signd, and digitd transmission for sound and auxiliary
data. By pre-processing and filtering, an 1125-line interlaced format is converted to a 750-line
interlaced format, and then the converted signd is encoded into the Narrow-MUSE format using the
Multiple Sub-Nyquist Sampling Encoding method. The field rate is 60.0 Hz. Aspect rétio is 16x9. The
baseband spectrum of the stream of pul se-amplitude-modulated pulses produced by the video encoder
isdivided into two portions. The low video frequencies, to 0.75 MHz, which carry most of the video
power and aso the synchronization information, are modulated viaVSB-AM on a carrier located 200
kHz above the lower band edge. This carrier placement means that this portion of the Narron-MUSE
modulated Sgnd is attenuated by the Nyquist filter in an NTSC receiver tuned to the same channd, thus
limiting interference into NTSC sats. The high video frequencies (from 0.75 MHz up), which represent
the fine detail in the Narrow-MUSE picture, are modulated via SSB-AM, occupying a band extending
from 1.42 MHz to approximately 6 MHz above the lower band edge. A gap in the spectrum from 1.1
MHz to 1.42 MHz is designed to minimize interference to and from co-channel NTSC. The Narrow-
MUSE system has four channels of audio with 15 kHz bandwidth per channdl. A near-instantaneous
companding DPCM method is used for the audio. The audio is sampled at 32 kHz with 15 bit
precison. Audio and auxiliary information are coded into ternary symbols for digital transmisson.

9.2 SPECTRUM UTILIZATION

The Narrow-MUSE anadlysis was conducted under two alotment scenarios (using both VHF and UHF
channdsfor ATV dations, and using only UHF channels) and two sets of interference congraints
(consdering only co-channel interference, and both co-channel and adjacent-channd interference). In
addition, the impact of taboos was assessed by re-caculating coverage and interference for each case
assuming the taboo performance measured in the laboratory.

Figure 9-1 shows planning factors, specific to the Narrow-MUSE system, as derived from test results.
The numbersin the figure are desired-to-undesired ratios (D/U) in dB. The vaues for interference into
NTSC are based on CCIR Impairment Grade 3 (dightly annoying) as determined from the ATEL
subjective tests. Because the ATV sarviceis intended to be an improvement over NTSC, interference
into ATV isbased on CCIR Impairment Grade 4 (perceptible but not annoying) if the range between
the threshold of vighility (TOV) and the point of acquisition (POA) exceeds 5 dB. Otherwise, the TOV
power leve isused. Narrow-MUSE demondtrated a “ graceful degradation” and thus D/U vaues are
based on CCIR Impairment Grade 4. PSYWP3 set the maximum ERP at 37 dBk for Narrow-MUSE.
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Co-Channdl D/U (dB) Adjacent-Channel D/U (dB)
ATV-i nt o- NTSC +16. 8 Lower ATV-i nt o- NTSC -31
NTSC-i nt o- ATV +21 Upper ATV-i nt o- NTSC -12.0
ATV-i nt o- ATV +31 Lower NTSC-into- ATV +28

Upper NTSC-into- ATV -11.8

Carrier-to-Noise +38 Lower ATV-i nto- ATV -15.5

Upper ATV-i nto- ATV +16. 6

Figure 9-1. Planning factor s specific to Narrow-M USE.

9.21 ACCOMMODATION PERCENTAGE

Narrow-MUSE could provide 100% accommodation under both the VHF/UHF and UHF scenarios
only if adjacent-channel and taboo congtraints are not considered. Test results revedl that Narrow-
MUSE cannot be collocated with alower adjacent NTSC dlotment, nor with another adjacent ATV
alotment. Furthermore, the n+2 taboo for NTSC-into-ATV cannot support collocation and should be
congdered in developing an dlotment/assgnment table. Accommodation is achieved a the expense of
reducing the ATV and NTSC service areas. No attempt was made to reduce interference to NTSC
sarvice by adjusting either ATV or NTSC power.

Under the VHF/UHF scenario, taking into account both co-channe and adjacent-channel condraints,
95.5% (1,582) of the 1,657 NTSC dations could be accommodated with acompanion ATV station.
Under the UHF scenario, 94.8% (1,571) could be accommodated. Furthermore, if the n+2 taboo
congraint is consdered and the impact of the remaining taboos are taken into account, the
accommodation is reduced to 77.2% (1,279) in the VHF/UHF scenario and 73.7% (1,221) in the
UHF scenario.

9.2.2 SERVICE AREA

Figure 9-2 depicts the interference-limited service area of each ATV dation, during the trangition

period, rdative to the interference-limited service area of its companion NTSC dtation under the
VHFUHF scenario, taking into account both co-channd and adjacent-channd congraints. In this
graph, the 1,657 current NTSC stations are placed in order of decreasing ATV to NTSC service area
ratio. Examination of the graph revedsthat 0.9% (14) of the 1,582 accommodated ATV dations under
this scenario would have an ATV sarvice area at least 20% larger than their companion NTSC service
areaand 17.8% (281) would have an ATV service area a least 80% of their companion NTSC service
area. Thetotd ATV interference-limited service areafor the 1,582 dationsis 19.2 million square
kilometers.

Figure 9-3 shows the interference atistics for the VHF/UHF scenario. During the trandgtion period,
8.6% of ATV sationswould receive no interference. Thiswould rise to 16.4% after the trangtion
period ends. Also during the trangition period, 61.6% of the ATV daionswould receive interferencein
more than 35% of their noise-limited coverage area. Thiswould fal to 49.5% after the trangtion period
ends. Thetota interference area created within the ATV noise-limited coverage area during the
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trangition period is 13.71 million square kilometers. This would decrease to 11.30 million square
kilometers after the trangition period ends. Of the existing NTSC dtations, 74.4% would not receive any
new interference because of the ATV service, while 0.5% would receive new interference in more than
35% of their Grade B area. Thetota new interference into NTSC created under this plan is 0.80 million
sguare kilometers.

When the adjacent-channd condraints of Figure 9-1 are not included in the VHF/UHF scenario, the
dlotment/assgnment table is different. In that case, 3.3% (55) of the ATV dationswould have an ATV
service area at least 20% larger than their companion NTSC service area and 41% (680) would have
an ATV sarvice area at least 80% of their companion NTSC service area. During the transition period,
19.1% of ATV dationswould receive no interference. This would rise to 23.5% after the trangtion
period ends. Also during the trangition period, 27.9% of the ATV dations would receive interference in
more than 35% of their noise-limited coverage area. Thiswould fall to 27.1% after the transition period
ends. Of the existing NTSC dations, 81.1% would not receive any new interference because of the
ATV sarvice, while 0.7% would receive new interference in more than 35% of their Grade B area.

Figure 9-4 depicts the interference-limited service area of each ATV gation, during the trangition
period, relative to the interference-limited service area of its companion NTSC station under the UHF
scenario, taking into account both co-channe and adjacent-channd congraints. In this graph, as before,
the 1,657 current NTSC stations are placed in order of decreasing ATV to NTSC service areardtio.
Examination of the graph reveasthat 0.8% (12) of the 1,571 accommodated ATV dations under this
scenario would have an ATV service area at least 20% larger than their companion NTSC service area
and 16.0% (251) would have an ATV service area a least 80% of their companion NTSC service
area. Thetotd ATV interference-limited service areafor the 1,571 dationsis 18.8 million square
kilometers.

Figure 9-5 shows the interference atistics for the UHF scenario. During the transition period, 7.8% of
ATV dations would receive no interference. Thiswould rise to 14.2% after the trangition period ends.
Also during the trangition period, 64.0% of the ATV gations would receive interference in more than
35% of their noise-limited coverage area. Thiswould fal to 52.7% after the trangition period ends. The
total interference area crested within the ATV noise-limited coverage area during the trangtion period is
13.80 million square kilometers. Thiswould decrease to 11.54 million square kilometers after the
trangtion period ends. Of the existing NTSC stations, 77.7% would not receive any new interference
because of the ATV sarvice, while 0.2% would receive new interference in more than 35% of their
Grade B coverage area. The total new interference created under this plan is 0.77 million square
kilometers.
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Service Area Ratio - ATV to NTSC (%)
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Figure 9-2. Narron-M USE VHF/UHF Scenario — I nterference-limited service
area of each ATV dation relativeto the interference-limited service area of its
companion NTSC gation (co-channe and adjacent-channel constraints).

Interference Area ATV Stationswith Interference NTSC Stationswith
Compared to Added Interference
CoverageArea During Transition After Transition Dueto ATV

No Interference 8.6 % 16.4 % 74.4 %
0- 5% 2.9 % 4.2 % 10.9 %
5- 10 % 3.4 % 4.0 % 6.6 %
10 - 15 % 3.1 % 4.0 % 3.6 %
15 - 20 % 4.0 % 3.9 % 1.9 %
20 - 25 % 4.1 % 4.9 % 1.1 %
25 - 30 % 5.6 % 6.2 % 0.8 %
30 - 35 % 6.7 % 6.9 % 0.2 %
> 35 % 61.6 % 49.5 % 0.5 %

Figure 9-3. NarroM USE VHF/UHF Scenario — Interference characteristics
(co-channe and adjacent-channel constraints).
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Service Area Ratio - ATV to NTSC (%)
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Figure 9-4. Narron-M USE UHF Scenario — Interference-limited service area
of each ATV dtation relativeto the interference-limited service area of its
companion NTSC gation (co-channel and adjacent-channel constraints).

Interference Area ATV Stationswith Interference NTSC Stationswith

Compared to Added Interference
Coverage Area During Transition After Transition Dueto ATV
No Interference 7.8 % 14.2 % 77.7 %
0- 5% 2.8 % 3.3 % 7.9 %
5- 10 % 2.7 % 3.8 % 5.4 %
10 - 15 % 2.8 % 4.2 % 3.8 %
15 - 20 % 4.0 % 4.8 % 2.2 %
20 - 25 % 4.9 % 5.1 % 1.4 %
25 - 30 % 5.3 % 6.0 % 0.9 %
30 - 35 % 5.7 % 5.9 % 0.4 %
> 35 % 64.0 % 52.7 % 0.2 %

Figure 9-5. Narron-M USE UHF Scenario — Interference characteristics
(co-channd and adjacent-channd constraints).
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When the adjacent- channd congraints of Figure 9-1 are not included in the UHF scenario, the
dlotment/assgnment table is different. In that case, 3.4% (56) of the ATV dationswould havean ATV
service area at least 20% larger than their companion NTSC service areaand 41% (673) would have
an ATV sarvice area at least 80% of their companion NTSC service area. During the transition period,
19.3% of ATV dationswould receive no interference. Thiswould rise to 29.7% after the trangtion
period ends. Also during the transition period, 27.5% of the ATV dations would receive interference in
more than 35% of their noise-limited coverage area. Thiswould fall to 21.6% after the trangition period
ends. Of the existing NTSC gations, 71.2% would not receive any new interference because of the
ATV sarvice, while 0.2% would receive new interference in more than 35% of their Grade B area.

The frequency distribution of ATV dation effective radiasted power levels needed to achieve ATV
noise-limited coverage comparable to NTSC Grade B coverage was caculated. The maximum effective
radiated power level was limited to 37 dBk (5,000 kW). The results are shown in Figure 9-6.

Number of TV Stations
Effective Radiated Power Leve VHF/UHF Scenario UHF Scenario
(dBk) (kW) Low VHF High VHF UHF UHF
Less than 5 Less than 3.2 2 2
5 - 10 3.2 - 10.0 2 5 5
10 - 15 10.0 - 31.6 2 1 35 35
15 - 20 31.6 - 100 1 7 29 30
20 - 25 100 - 316 3 49 48
25 - 30 316 - 1,000 108 108
30 - 35 1,000 - 3,160 1 324 330
35 - 40 3,160 - 10, 000 1,013 1,013
> 40 > 10, 000
TOTAL 5 12 1, 565 1,571

Figure 9-6. Narrow-MUSE power leve distribution.

9.3 ECONOMICS

9.3.1 Cost to Broadcasters

The estimated equipment cost for a Narrow-MUSE trangtiond stetion is shown in Figure 9-7. Thetotal
cost of the trangitiond station was estimated to be $1,710,700. The tota cost of aminimal station was
estimated to be $1,114,300. A genera description of the methods used to develop the cost datais
contained in Section 8.2.1.

9.3.2 Cost to Alternative Media

Information on this topic was not provided.
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Subsystem Cost (thousands)
Satellite Receiver, Demodul ator, Decoder $ 13.5
Character Generator, Still Store, Two 28" Monitors 200.0
Routing Switcher (10 x 10), Master Control 125.0
2 ATV VTRsand Monitors 170.0
NTSC Upconverter, including Line Doubler 19.0
ATV-to-NTSC Downconverter 15.0
34" Monitor, Seven 17" Monitors, Eight Decoders 110.0
ATV Encoder 200.0
STL Subsystem 92.5
ATV Modulator, NTSC Exciter 25.0
ATV Transmission Subsystem 740.7
TOTAL COST $1,710.7

Figure 9-7. Equipment cost for a Narrow-M USE transitional station.

9.3.3 Cost to Consumers

The estimated materia cost data for a Narron-MUSE receiver are shown in Figure 9-8. A generd
description of the methods used to develop the cost dataiis contained in Section 8.2.2.

Using a2.5 multiplier, the resulting estimated retail price for a Narron-MUSE receiver is $2,620 for a
34" direct view receiver and $3,910 for a56” projector receiver.

34” Widescreen 56" Widescreen
Subsystem Direct View Receiver CRT TypeProjector
Signal Processing Components $ 168 $ 168
Audio Amplifiers, Speakers 30 30
Scan System, Power Supply, Video Amps 60 176
Display 700 1, 050
Cabinet 90 140
TOTAL MATERIAL COST $1, 048 $1, 564

Figure 9-8. Material cost data for a Narrow-M USE receiver.

9.4 TECHNOLOGY

9.4.1 Audio/Video Quality

In video subjective tests of Narrow-MUSE, the system performed differently across segments of test
materia. For 8 of the 9 ills, Narrow-MUSE was judged, on average, to be about 0.5 grade lower in
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quality than the 1125-line studio reference. The remaining ill, eectronicaly generated, was judged to
be better in quality than the reference.* For the 14 motion sequences, Narrow-MUSE was judged to be
about 1 grade lower in qudity than the reference. These quality judgments gppear mainly to reflect the
datic and dynamic resolution limits of Narrow-MUSE as confirmed by the objective measurements.

The judgments, however, may aso reflect, to some extent, other system characterigtics and
implementation deficiencies, which resulted in visble artifacts in the Narron- MUSE images.

No problems were noted for Narrow-MUSE in tests of temporal transient response and response to
scene cuts. When subjected to noise a source, however, the system introduced a loss in resolution that
was progressive with the leve of noise introduced. Further, some problems, which may be sgnificant in
light of current distribution practice, were noted when material was subjected to two concatenated
Narrow-MUSE encode/decode processes.

There was no evidence that the audio system failed before the accompanying video.

94.11 Video Quality

Subjective judgments of imeage quality by non-experts are summarized in Figure 9-9. Scores are the
differences between judgments of the reference and judgments of Narrow-MUSE for 9 dillsand 14
motion sequences? For 8 of the 9 stills, Narrow-MUSE was judged, on average, to be 0.5 grade (i.e.,
about 10 points on the 100 point scal€e) lower in quaity than the 1125-line sudio reference; for the
remaining still (S14), the system was judged to be 1.2 grades higher in quality than the reference (this
may reflect reduced vishility of interlacing artifacts in the Narrow-Muse rendering of this picture). For
motion sequences, Narrow-MUSE was judged, on average, to be 1 quaity grade (i.e., about 19
points) lower in qudity than the reference.

Narrow-MUSE performed differently for different ssgments of test materid. For Htills, differences
ranged from -0.3 to -0.8 grade (not including S14); for moving sequences, differences ranged from -0.6
to -1.5. The variability among viewers differed somewhat across materias, but was within acceptable
limits. Analysis of differencesin judgment between the reference system and Narron-MUSE as a
function of image content indicates that viewers' judgments were influenced primarily by limitations of
the Narrow-MUSE system in gatic and dynamic luminance/chrominance resolution.

The conclusion that subjective results primarily reflect resolution limitsis supported by objective
measurements of static and dynamic resolution. The systemn showed a decrease in dynamic luminance
resolution that is progressive over the range of velocities sudied. The conclusion is further supported by

! See Section 8.3.3.

*Note: There were errorsin rendering 8 of the stillsfor testing Narrow-Muse which affected the clarity and color tint
of the pictures. Thisisfully documented by aletter to NHK from ATTC found on page 111-43 of the Narrow-MUSE
report. While experts agree that these errors do not invalidate the results shown in Figure 9-9, caution should be
exercised if future tests areimplemented involving comparisons of the Narrow-MUSE images with the images from
the other tested systems.
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expert commentaries, which note aloss in resolution for atic materid and a greater lossin resolution
for dynamic material.®
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Figure 9-9. Aver age differ ences between quality judgmentsfor the 1125-line
studio quality reference and for Narrow-M USE.

While the data suggest that Narrow-MUSE was judged to be lower in qudity than the reference system
primarily because of its resolution limits, it islikely that qudity judgments for Narrow-MUSE were dso
influenced by the following system artifacts: reduced fiddity in hue and saturation, ringing, and the
introduction of “halos” particularly in dynamic materid. Further, it is reasonable to assume that
judgments of the system were influenced by visible artifacts caused by implementation deficiencies.

Expert observers sometimes noted that a“leading ghost” was visible, evenin “unimpaired” pictures.
Leading ghosts were not visible in the tapes used for subjective qudity tests.

When subjected to noisy source materia, Narrow-MUSE introduced luminance and color noise as well
asareduction in resolution that was progressive with the level of noise introduced. No motion artifacts,
however, were observed.

During measurements of transmitted signal spectrum, it was noted that, when a particular video test
pattern was transmitted, the Narrow-MUSE receiver could not reliably acquire synchronization lock.

When subjected to scene cuts, Narrow-MUSE introduced no artifacts that were visblein normd
viewing. Fed-by-field inspection, however, showed that information prior to a cut was retained for 1

% See Section 8.3.5.
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fidd and that 4-5 fields were required after a cut to achieve full satic resolution for the new scene.
Examinations of luminance transent response yielded smilar results

Some system artifacts became pronounced when materia was subjected to two encode/decode passes
through the system. During the first pass, Narrow-MUSE introduced a reduction in resolution, adight
loss of fiddlity in hue and saturation, and some ringing, moire, and ghosting. These artifacts were most
pronounced in dynamic materid and were increasingly evident following the second pass.

9.4.1.2 Audio Quality
There was no evidence that the audio system failed before the accompanying video.*

Objective tests were performed for dynamic range, total harmonic distortion (THD), THD+noise
(THD+N), intermoduletion distortion (IMD), dynamic intermodul ation distortion (DIM), frequency
response, and overload vs. frequency. The dynamic range for the Narrow-MUSE system was found to
be 86 dB. The THD was generaly under 0.1%, rising to 0.8% for the high level 20 Hz test in channd 1.
Channd 2 showed 16% THD under the same condition. For high level signals, THD+N was 0.05% in
the mid band, rising to nearly 1% at 20 Hz and 10 kHz. Channel 2 showed aberrant behavior for low
frequencies, smilar to that shown in the THD test. IMD was under 0.03% in channel 1, and under 0.1%
in channel 2. Frequency response was very flat from 20 Hz to nearly 15 kHz. The system overload
point was uniform from 50 Hz to 5 kHz, dropped 8 dB at 20 Hz, and 3 dB at 8 kHz. No overload data
are avallable at 15 kHz since the system response did not extend that far.

In the test of co-channd ATV-into-NTSC, Narrow-MUSE caused no interference into BTSC audio,
and degraded NTSC VBI dataonly at the highest level of the ATV undesired sgnd. With Narrow-
MUSE as an upper adjacent-channd, the amount of interference in the three NTSC receivers varied
from no interference in one receiver, gradua imparment with increasing interference in the second
recaiver, to congtant interference in the third receiver.

94.2 Transmission Robustness

When exposed to impairments such as random channel noise, multipath or co-channd interference,
Narrow-MUSE exhibited gradua or graceful degradation characterigtics, smilar to NTSC. It
performed amilarly reative to NTSC for impulsive noise. With the exception of two of the Six adjacent-
channd interference tests, Narrow-MUSE equalled or exceeded the interference susceptibility (more
robust) of NTSC (see Figure 9-1). Narrow-MUSE has better performance for co-channd interference
into NTSC than NTSC-into-NTSC. Mogt of the impairment artifacts were Smilar to what is generaly
observed with NTSC.

Narrow-MUSE showed weaknesses: it had a dow channd acquisition time, the adaptive equalizer had
along convergence time, and it occasondly introduced a resdud leading ghost when no impairment

% See Section 8.3.1.
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was added. It was dightly more susceptible than NTSC to discrete frequency interference into the
adjacent-channels.

9421 Noise Performance

The performance of Narrow-MUSE when subjected to random channel noise (based on a6 MHz
noise bandwidth) is shown in Figure 9-10. The system exhibits a graceful degradation: impairment rating
varies from “imperceptible€’ to “very annoying” over arange of 31 dB. A mean subjective rating of 4.0
(perceptible, but not annoying) is obtained at a carrier-to-noise ratio (C/N) of 38 dB, and arating of
3.0 (dightly annoying) is obtained with a C/N of 31.8 dB.> Random noise appeared as snow, asin
NTSC. Channel noise did not cause motion artifacts.

-~ Mean
(D .
= Imperceptible 5 50 ) W.W.Roses [S11]
©  Perceptidle, but g o Lamp [M11]
E not Annoying O
o0
i o ¢ Den[M8]
® Slightly Annoying 3 i
g
= . o
> Annoying 2 (O
<
= R
Very Annoying 1 <
60 50 40 30 20 10 0 -10

CARRIER-TO-NOISE RATIO (in dB)

Figure 9-10. The performance of Narrow-M USE when subjected to random
noise.

9.4.2.2 Static Multipath

Ghosts on Narrow-MUSE have a smilar gppearance as ghosts on NTSC. The adaptive equaizer had a
convergence time of the order of 20 seconds. A residud leading ghost was present during this test, even
when no impairment was added, due to the particular implementation of the equalizer. The TOV for
ghosts of +0.08 psec and +0.32 psec were at a D/U around 30 dB (3.3%). The TOV for aghost of
-0.08 psec could not be measured due to the presence of the resdua ghost. The TOV for the +2.56

® Caution must be exercised in comparing C/N between analog and digital systems, as definition of carrier levelsis not
consistent. Measurement of power level is consistent, however, among digital systems. (See Section 8.3.6.)
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psec ghost could not be found because of the presence of the leading ghost and periodicity in the test
picture. Ghost levels for the points of unusability were sgnificantly higher than for the points of
acquistion, reflecting a strong hysteress.

9423 Flutter

The TOV for arplaneflutter of 2 Hz and 5 Hzwere at D/U levels of 40.6 dB (0.93%) and 43.6 dB
(0.66%) respectively. These results are substantialy lower than for static multipath due presumably to
the long convergence time of the equdizer.

9.4.24 Impulse Noise
Impulse noise performance appears to be equivalent to NTSC.

9.4.25 Discrete Frequency Interference

D/U ratios a the TOV for discrete frequency interference were 24 + 2 dB in the first upper and lower
adjacent-channds, and ranged from 55 dB to 38 dB in-band.

0426 Cable Transmission

The subjective tests show that cable transmission per se has no adverse effect on Narrow-MUSE
performance; however, the poor adjacent-channd interference performance of the tested receiver isa
magjor concern for cable system adjacent-channe operation. The system performed much better than
NTSC with composite triple best interference. Phase noise and resdual FM performance was poor
compared to NTSC.

94.2.7 Co-Channel Interference into ATV

The Narrow-MUSE spectrum has a notch at frequencies around the NTSC visud carrier, which
provides for a better co-channd performance than NTSC-into-NTSC.

The system exhibits a graceful degradation with co-channe interference: impairment ratings vary from
“imperceptible’ to “very annoying” over arange of 16 dB for NTSC-into-ATV interference (Figure 9-
11) and over arange of 17 dB for ATV-into-ATV interference (Figure 9-12). Expert observers
described co-channd interference into Narrow-MUSE as alattice or herringbone pattern. System+
specific tests have shown that channel frequency offset has no effect on the co-channel performance of
Narrow-MUSE.

9428 Co-Channel Interference into NTSC

For co-channd interference into NTSC, impairment ratings vary from “imperceptible’ to “very
annoying” over arange of 15 dB. See Figure 9-13.
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9.4.2.9 Adjacent-Channel Interference

When compared with NTSC interference into NTSC, Narrow-MUSE exhibited poor performancein
lower adjacent-channel interference from NTSC and in upper adjacent-channd interference from ATV.
Of the six adjacent-channd interference tests, the four tests of interferenceinto ATV exhibit impairment
ratings that vary from “imperceptible’ to “very annoying” over arange of 7 to 25 dB. The two tests of
interference into NTSC exhibit arange of 12 and 13 dB.
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Figure 9-11. The performance of Narrow-MUSE when subjected to NTSC co-
channel interference for weak signal condition (-58 dBm).
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Figure 9-12. The performance of Narrow-MUSE when subjected to ATV co-
channel interference for weak signal condition (-58 dBm).
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Figure 9-13. Impairment to NT SC when subjected to Narrow-M USE co-channd
interference for weak signal condition (-55 dBm).
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9.4.2.10 Taboo Interference

Of the seven taboos tested (n+2, n+4, n-7, n-8, n+14, and n+15), the Narrow-MUSE system is
sengtive only to n+2. Under strong desired signal conditions for n+2, the ATV signa must be stronger
than the undesred NTSC signal for no detectable interference. A similar Situation exists under moderate
desired sgnd conditions for n+2. In the n-2 Situation for the moderate desired ATV signd case, the
undesired NTSC sgnal may be no more than 3 dB greater than the ATV signd for no detectable
interference. When the ATV sgnd isweek, the undesired NTSC signa two channdls above or below
the ATV channel may be no more than 11 to 12 dB greeter than the ATV signd for no detectable
interference.

The taboo performance of Narrow-MUSE, based only on TOV deta, is given in Figure 9-14. Note that
the more negative the D/U ratio, the better the performance. The figure provides data reflecting primarily
taboo rgection characteristics of the particular tuner supplied for testing.

9.4.2.11 Channel Acquisition
Narrow-MUSE had a channd acquisition time which varied between 5 and 20 seconds, depending on
channel conditions.

9.4.3 Scope of Services and Features

94.3.1 Data

Narrow-MUSE provides 128 kbits/sec of ancillary data. The interface for the data channel is RS-422.
All data services are tranamitted using the ancillary data channdl.

ATV-into-NTSC NTSC-into-ATV ATV-into-ATV
CHANNEL Strong Weak Strong Weak Strong Weak
n+2 -8 -32 +2 -10 -1 -15
n-2 <-10* -32 +1 -12 -14 -25
n+4 <-10* -27 -19 -31 -18 -33
n+7 * % * % * % * % * % * %
n-7 <-10* | <-40* | <-23* | <-43* [ <-23* | <-43*
n+8 * % * % * % * % * % * %
n-8 <-10* | <-40* | <-23* | <-43* [ <-23* | <-43*
n+14 <-10* | <-40* | <-23* | <-43* [ <-23* | <-43*
n+15 <-10* | <-28* | <-23* | <-43* [ <-23* | <-43*

* Determination of TOV level was beyond the limits of ATTC' s RF test bed range.
Consequently, the system performance was better than the indicated resuilt.

** Test not performed.

Figure 9-14. Taboo threshold of vishbility for Narrow-MUSE (D/U in dB).
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9.4.3.2 Encryption

The system submitted for testing did not include encryption. The proponent suggests a combination of
line rotation and line permutation for signal security for which decoder chips are dready devel oped.

9.4.3.3 Addressing
The addressing information is transmitted through the ancillary data channd.

9.43.4 VCR Capability

The proponent claims that a digitized Narrow-MUSE sgnd with an 80-Mbits/sec datarate or a
DPCM-encoded Narrow-MUSE sgnd with a40-Mbits/sec data rate can be digitally recorded on a
1/2 inch cassette VCR.

The proponent clamsthat the qudity of arapid search picture will be comparable to that of a4-head
VHS machine. Only sync blocks whose ID signd's are detected correctly are used for fast forward and
reverse. Sync blocks whose ID signas are not detected correctly are replaced with interpol ated
information. These functions can be achieved based on the four-field sequence of the Narron-MUSE
agorithm. Editing functions can be implemented by adjusting the subsampling phases between the
materias to be edited using the subsampling phase information which is transmitted as a part of the
control signa. Specid effects are not done with the Narrow-MUSE sgnd.

944 Extensibility

9441 To No Visible Artifacts

MUSE-T, ahigher member of the MUSE family clamed to provide a picture with no visble artifacts,
has a bandwidth of 16.2 MHz and employs only intrafield subsampling. A digitized MUSE-T can be
further compressed usng DPCM. The main part of a Narrow-MUSE receiver can be shared for
MUSE-T decoding when MUSE-T is tranamitted through aternate media such as DBS.

9.4.4.2 To Studio Quality Data Rate

It is possible to extend Narrow-MUSE to 240M by tranamitting the difference between the localy
decoded Narrow-MUSE and 240M sgna's through an additiona channel as augmentation information.
The bandwidth of the sudio-quaity sgnd is 60 MHz (30 MHz for luminance sgnd and 15 MHz for
each color-difference sgnd).

9.4.4.3 To Higher Resolution

The proponent suggeststhat it is possible to extend Narron-MUSE to VHDTV and UHDTV by
transmitting the difference between the locally decoded Narrow-MUSE and VHDTV/UHDTYV through
an additiond channd as an augmentation Sgndl.
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9.44.4 Provision for Future Compression Enhancement

The proponent claims that the dynamic resolution can be improved by increasing the number of motion
vectors. The additiona motion vectors can be transmitted through the data channd & the expense of
datafor other purposes.

9.45 Interoperability Considerations

945.1 With Cable Television
Information on the performance of Narrow-MUSE over cable can be found in Section 9.4.2.6.

9.45.2 With Digital Technology

While the tranamitted signd isanaog, al of the Sgnal processing in the encoder, modulator,
demodulator, and decoder is performed in the digital domain. A digitd interface port is provided in the
receiver for the digitized transmitted Sgnd.

9.45.3 Headers/Descriptors

The proponent states that headers/descriptors could be assigned into the ancillary data channel of
Narrow-MUSE.

9454 With NTSC

There are two conversion methods from Narrow-MUSE to NTSC — from the 750-linetranamission
format and from the 1125-line digplay format. The converson from the transmisson format requires
only vertical interpolation because Narron-MUSE employs an analog transmission technique. The
conversion from 1125/60 also would require horizonta interpolation. In both conversons, field-rate
conversion from 60.00 Hz to 59.94 Hz is required. The proponent claims that a motion-adaptive field-
rate converter isavailable and is used for the daily smulcast operation in Jgpan. A frame skip must take
place every 33 seconds, because of the 1001/1000 frame conversion. The hardware attempts to
perform this cut on a motionless picture or on a scene change. The proponent also clamsthat a
converter from MUSE-E to home display is sold on the market, and that the same technique can be
applied to Narrown-MUSE.

9.45.5 With Film

This system does not have a film mode within its encoding agorithm. Since the field rate of this system is
60 Hz, the tempora converson from film to HDTV is accurate. Use of 24 fpsfilm il requires 3:2 pull-
down. A motion-compensated continuous-film-trandfer telecine is dready available for this system.

9.45.6 With Computers

Progressive scanning and square pixels, not included in the Narron-MUSE system tested, are important
factorsfor interoperability of an HDTV system with computers. The shape of the displayed Narrow-
MUSE pixd format of 1440 (H) x 1035 (V) is 1.0.78. The proponent clamsthat the field rate of 60.00
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Hz is a better sdlection than 59.94 Hz for interoperability with computers that have integer field rates
such as 72 Hz.

9457 With Satellites

This system can be tranamitted through a satdllite using FM with an RF channel bandwidth of
gpproximately 15 MHz. FM transmission of MUSE-E through a satellite is a proven technology. The
proponent claims that Narrow-MUSE aso can be transmitted through a satellite using digital
transmission. The Narrow-MUSE signa can be encoded by DPCM to a data rate of approximately 40
Mbits/sec which includes error correction of 8%. Satellite links typicaly use more error correction than
this, eg., 14% to 50%. The RF channel bandwidth with QPSK is agpproximately 24 MHz. Digita
transmission of MUSE-E in conjunction with DPCM is aso a proven technology.

9.45.8 With Packet Networks
Pecketizing is not practica because this sysem employs analog transmisson.

9.4.5.9 With Interactive Systems
According to the proponent, the total delay for Narrow-MUSE through an encoder and a decoder is6
fields (gpproximatdly 100 msec), 3 fidlds for each. Acquisition timeis reported in Section 9.4.2.11.

9.45.10 Format Conversion

9.45.10.1 With 1125/60

No vertica or tempora format conversion is required because this system uses 1125/60 format. The
decoded Narrow-MUSE sgnd can be converted to the Common Image Format (1920 x 1080)
through averticd and horizontal sample rate converson. These are 24:23 verticaly and 4:3 horizontaly
(based on the displayed format).

9.4.5.10.2 With 1250/50

Thisdifficult converson is easer than for sysems using 59.94 Hz fid d/frame rates because its fidd rate
isexactly 60.00 Hz. The verticd interpolation ratio from 1125 to 1250 is 9:10.

9.45103  With MPEG®

Narrow-MUSE does not have interoperability with MPEG.

9.45.10.4 With Still Image

The Narrow-MUSE transmission format does not have competibility with JPEG, Photo CD, or CD-1.
An 1125/60 till image disk system based on the JPEG agorithm has been developed and

® See Section 8.3.8 for adiscussion of MPEG, the MPEG-1 standard, and the MPEG-2 devel opment effort.
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demonsgtrated. The system uses multiple disks, with video, audio, and control data recorded on separate
disks.

9.45.11 Scalability

This sysem uses a multiple sub-sampling technique with afour-field sequence. Therefore, the spatia
resolution of the reconstructed picture can be controlled by selecting fields to be used for the
interpolation. When dl four fieds are used, afull-quality picture is obtained. When one of every four
fiddsis used, a picture with reduced resolution can be obtained by interpolation. Also, a picture with
reduced Sze can be obtained by using only a sdlected field. The proponent clams that the MUSE family
is based on the concept of scaability. The MUSE family consists of MUSE-T, MUSE-E (full-band
MUSE), Narrow-MUSE, and NTSC MUSE-4, dl based on the same coding agorithm. All these
systems have been demonstrated.

For display on acompuiter, pictures reduced by 1/2" can be made with only intrafield information. Other
ratios require more processing. Since this systemn uses a multiple sub-sampling technique with afour-
field sequence, the tempord resolution of the reconstructed picture can be controlled by sdecting fields
to be used for the interpolation. When dl four fields are used, full tempora resolution, 1/60 sec, is
obtained. To reduce the amount of data, the field repetition rate can be reduced for pictures with less
tempord resolution. The multiple sub-sampling technique makes possible two types of receivers
differing in complexity. A smple recaiver can be built that handles only intrafield interpolation, while the
full-capability recelver handles both intrafield and interfield interpolation.

The low-frequency component below 2 MHz of the Narron-MUSE signd does not contain the diasing
component caused by frame offset sub-sampling. Therefore, a picture whose quality is equivadent to
NTSC can be reproduced by usng only this low-frequency component. Picture-in-picture, picture-out-
of-picture, and multiple programs can be accommodated using only the intrafield informetion from the
Narrow-MUSE sgnd. A frame store in the recelver can be used for this purpose.

9.5 SYSTEM IMPROVEMENTS
951 Already Implemented
9511 Modified PLL/AGC Circuit

The PLL/AGC circuit in the Narrow-MUSE receiver has been modified to improve lower adjacent-
channel NTSC-into-ATV interference and upper adjacent-channd ATV-into-ATV interference. The
input Sgnd to the PLL and AGC circuits, which was origindly connected to the output of the IF filter,
has been connected to the output of the band- passfilter that is cascaded with the IF filter and used for
sync separdtion. In addition, the width of the sampling pulse in the AGC circuit has been modified to
maximize the gperture effect.
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9.5.12 Corrected ROM'’s for Digital Roll-Off Filter

Thewrong set of ROM’s, which was ingtalled in the tested receiver accidentally, has been replaced with
the correct set of ROM’s. The purpose of this modification was to improve upper adjacent-channd
ATV-into-ATV interference.

9.5.1.3 Modified Ghost Canceling Algorithm and Added Channel Memories

The ghost cancdling agorithm has been modified to reduce the resdud ghost and the convergence time.
Parameters, such as the threshold values that decide whether the ghost canceling operation is activated
and evaluate the status of convergence, have been modified. Also the integration loop for the received
training signad has been modified to improve the SN ratio. These modifications are software changes.

Channel memories have been added to reduce convergence time. The vaues of the tap coefficients are
stored after convergence.
95.14 Modified Clock Timing and Control Pulse Timing

The purpose of these modifications was to eiminate artifacts that were observed on the screen but had
nothing to do with the compression dgorithm. These artifacts conssted of white sparkles and a black
and white area a the |eft Sde of the screen.

9.5.15 Adjusted RF/IF Amplifiers and Frequency Converter Circuit

To improve taboo performance, the RF/IF amplifiers and the frequency converter have been adjusted
to improve linegarity.

9.5.1.6 Fixed ALC Circuit

To reduce channel acquigtion time, the reset value of the up-down counter in the ALC circuit, which
was accidentaly set to its maximum vaue, has been st to the center vaue.

9.5.1.7 ATSC T3/186 Functionality

Audio/data channels, with 1.184 Mbits/'sec packetized transmisson cgpability, were ingaled in the
Narrow-MUSE hardware delivered to ATTC. The 1.184 Mbits/sec data are forward error protected.
The proponent believes the data capacity is large enough to support the various services described in
ATSC T3/186.

The proponent does not have a specific proposd for the five-channd audio a this moment and is
waiting for the results of the CCIR or ISO-MPEG work. The proponent also is ready to accept afive-
channel audio system standardized by other appropriate standardization bodies. Therefore, the five-
channd audio capability will not be incorporated in the Narron-MUSE hardware before fidd testing.

9.5.2 Implemented in Time for Field Testing

No improvements were proposed for this category.
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10. DIGICIPHER

10.1 SYSTEM OVERVIEW

DigiCipher, proposad by the American Televison Alliance (Generd Instrument Corporation and the
Massachusetts Indtitute of Technology) isadigita smulcast system that requires asingle 6 MHz
televison transmission channdl. The DigiCipher video sourceis an analog RGB signd with 1050 lines,
2:1interlaced, a59.94 Hz field rate, and an aspect ratio of 16:9. The video sampling frequency is 53.65
MHz. Theimage in asingle frame congsts of 960 lines of 1408 pixels. Chrominance information is
subsampled horizontdly by afactor of 4, and verticadly by afactor of 2 by discarding every second
field. The system uses motion compensated predictive coding with a Discrete Cosine Transform (DCT)
and Huffman coding. The video encoder uses four independent coders, each working on one-fourth of
the image (full height and one-fourth width). The system features adaptive fiel d/frame coding and
progressive PCM refresh with the one-fourth width pands moving continuoudy to the left. Two
transmission modes are supported: 32 QAM, the primary transmisson mode, and 16 QAM, both with
asymbol rate of 4.88 M-symbols per second. The 32 QAM primary mode has a video data rate of
17.47 Mbitsysec and atotal transmission rate of 24.39 Mbits/sec. Concatenated trellis coding, Reed-
Solomon block coding, and adaptive equalization are used to protect againgt channd errors. The
DigiCipher system provides 4 digita audio channels using Dolby Laboratories AC-2 compression
system. The audio is sampled a 48 kHz with 16-hit precision. The compressed audio rate is 252
kbits/sec per pair of channels. The system aso provides 126 kbits/sec of data capacity and 126
kbits/sec for control such as subscriber addressing.

10.2 SPECTRUM UTILIZATION

The DigiCipher andysis was conducted under two alotment scenarios (using both VHF and UHF
channdsfor ATV dations, and using only UHF channels) and two sets of interference congraints
(condgdering only co-channel interference, and both co-channd and adjacent-channd interference). In
addition, the impact of taboos was assessed by re-caculating coverage and interference for each case
assuming the taboo performance measured in the laboratory.

Figure 10-1 shows planning factors, specific to the DigiCipher system, as derived from test results. The
numbers in the figure are desired-to-undesired ratios (D/U) in dB. The vaues for interference into
NTSC are based on CCIR Impairment Grade 3 (dightly annoying) as determined from the ATEL
subjective tests. Because the ATV sarvice isintended to be an improvement over NTSC, interference
into ATV isbased on CCIR Impairment Grade 4 (perceptible but not annoying) if the range between
the threshold of vighility (TOV) and the point of acquisition (POA) exceeds 5 dB. Otherwise, the TOV
power level is used. DigiCipher demongtrated a“ dliff effect” and thus D/U vaues are based on TOV
data. Also, the data show that DigiCipher can support collocation on both the upper and lower
adjacent-channels.
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Co-Channdl D/U (dB) Adjacent-Channel D/U (dB)
ATV-i nt o- NTSC +35 Lower ATV-i nt o- NTSC -13.5
NTSC-i nt o- ATV +7.6 Upper ATV-i nt o- NTSC -21
ATV-i nt o- ATV +16. 4 Lower NTSC-i nto- ATV -30

Upper NTSC-into- ATV -24

Carrier-to-Noise +16. 0 Lower ATV-i nto- ATV -23

Upper ATV-i nto- ATV -23

Figure 10-1. Planning factor s specific to DigiCipher.

10.2.1 Accommodation Percentage

DigiCipher could provide a 100% accommodation of al NTSC assgnments for co-channd only, and
co-channd and adjacent-channel congtraints, under both the VHF/UHF and UHF scenarios. The
accommodation is achieved at the expense of reducing the ATV and NTSC service areas. No attempt
was made to reduce interference to NTSC service by adjusting either ATV or NTSC power.

10.2.2 Service Area

Figure 10-2 depicts the interference-limited service area of each ATV dation, during the trangtion
period, relaive to the interference-limited service area of its companion NTSC gtation under the
VHF/UHF scenario, taking into account both co-channd and adjacent-channe condraints. In this
graph, the 1,657 current NTSC dtations are placed in order of decreasing ATV to NTSC service area
ratio. Examination of the graph reveds that 8.1% (135) of the ATV gations under this scenario would
have an ATV sarvice area at least 20% larger than their companion NTSC service area and 94%
(1,559) would have an ATV service area a least 80% of their companion NTSC service area. The
tota ATV interference-limited service areafor dl 1,657 Sationsis 38.4 million square kilometers.

Figure 10-3 shows the interference statistics for the VHF/UHF scenario. During the transition period,
42.4% of ATV gations would receive no interference. This would rise to 60.2% after the transition
period ends. Also during the trangtion period, 4.2% of the ATV dations would receive interferencein
more than 35% of their noise-limited coverage area. Thiswould fal to 1.8% after the trangtion period
ends. Thetota interference area created within the ATV noise-limited coverage area during the
trangtion period is 3.80 million square kilometers. This would decrease to 1.96 million square
kilometers after the trangition period ends. Of the existing NTSC dtations, 60.1% would not receive any
new interference because of the ATV sarvice, while 2.1% would receive new interference in more than
35% of their Grade B area. Thetotd new interference into NTSC created under this plan is 1.41 million
sguare kilometers.

When taboos are included in the interference ca culaions for the VHF/UHF scenario, the number of
ATV gationswith no interference during the trangtion period is 34.0%; the number of ATV daions
with interference in more than 35% of their noise-limited coverage areais 4.8%. The number of NTSC
dtations receiving no new interference is 54.4%; the number of NTSC dations with interference in more
than 35% of their Grade B areais 2.3%.
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When the adjacent-channd congraints of Figure 10-1 are not included in the VHF/UHF scenario, the
alotment/assgnment table is different. In that case, 15.6% (259) of the ATV dations would have an
ATV sarvice area a least 20% larger than their companion NTSC service area and 98% (1,629) would
have an ATV sarvice area at least 80% of their companion NTSC sarvice area. During the trangition
period, 71.9% of ATV dationswould receive no interference. Thiswould rise to 85.5% &fter the
trangtion period ends. Also during the trangition period, 1.1% of the ATV dations would receive
interference in more than 35% of their noise-limited coverage area. Thiswould fal to 0.5% after the
trangition period ends. Of the existing NTSC dtations, 64.2% would not receive any new interference
because of the ATV sarvice, while 2.0% would receive new interference in more than 35% of their
Grade B area.

Figure 10-4 depicts the interference-limited service area of each ATV dation, during the trangition
period, relative to the interference-limited service area of its companion NTSC station under the UHF
scenario, taking into account both co-channe and adjacent-channd congraints. In this graph, as before,
the 1,657 current NTSC stations are placed in order of decreasing ATV to NTSC service areardtio.
Examination of the graph reved s that 8.5% (141) of the ATV dations under this scenario would have
an ATV service area at least 20% larger than their companion NTSC service area and 92% (1,528)
would have an ATV sarvice area at least 80% of their companion NTSC service area. Thetotd ATV
interference-limited service areafor dl 1,657 sationsis 38.5 million square kilometers.

Figure 10-5 shows the interference gatistics for the UHF scenario. During the trangition period, 45.7%
of ATV dationswould receive no interference. Thiswould rise to 60.3% after the trangtion period
ends. Also during the trangition period, 4.6% of the ATV dations would receive interference in more
than 35% of their noise-limited coverage area. Thiswould fal to 3.0% after the trandtion period ends.
The totd interference area created within the ATV noise-limited coverage area during the trangition
period is 3.71 million square kilometers. This would decrease to 2.13 million square kilometers after the
trangition period ends. Of the existing NTSC stations, 62.9% would not receive any new interference
because of the ATV sarvice, while 7.6% would receive new interference in more than 35% of ther
Grade B coverage area. The total new interference crested under this plan is 2.12 million square
kilometers.

When taboos are included in the interference ca culations for the UHF scenario, the number of ATV
dations with no interference during the trangition period is 36.7%; the number of ATV dationswith
interference in more than 35% of their noise-limited coverage area is 6.1%. The number of NTSC
gations receiving no new interference is 58.5%; the number of NTSC gtations with interference in more
than 35% of their Grade B areais 7.6%.
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Figure 10-2. DigiCipher VHF/UHF Scenario — Interference-limited service
area of each ATV station relativeto theinterference-limited service area of its
companion NTSC station (co-channe and adjacent-channe constraints).

Interference Area ATV Stationswith Interference NTSC Stationswith

Compared to Added Interference
Coverage Area During Transition After Transition Dueto ATV
No Interference 42. 4 % 60.2 % 60.1 %
0- 5% 17.0 % 17.7 % 15.9 %
5 - 10 % 12.1 % 9.0 % 8.5 %
10 - 15 % 10.0 % 5.8 % 5.5 %
15 - 20 % 6.5 % 2.7 % 4.0 %
20 - 25 % 3.7 % 1.4 % 1.8 %
25 - 30 % 2.2 % 0.5 % 1.4 %
30 - 35 % 1.9 % 0.8 % 0.7 %
> 35 % 4.2 % 1.8 % 2.1 %

Figure 10-3. DigiCipher VHF/UHF Scenario — Interference characteristics
(co-channe and adjacent-channel constraints).
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Figure 10-4. DigiCipher UHF Scenario — Interference-limited service area of
each ATV station relative to theinterference-limited service area of its
companion NTSC station (co-channe and adjacent-channe constraints).

Interference Area ATV Stationswith Interference NTSC Stationswith

Compared to Added Interference
CoverageArea During Transition After Transition Dueto ATV
No I nterference 45. 7 % 60.3 % 62.9 %
0- 5% 13.5 % 14.5 % 8.4 %
5- 10 % 10.0 % 8.0 % 6.3 %
10 - 15 % 7.8 % 6.3 % 3.9 %
15 - 20 % 6.8 % 3.7 % 3.3 %
20 - 25 % 5.2 % 1.5 % 3.0 %
25 - 30 % 3.1 % 1.4 % 2.5 %
30 - 35 % 3.2 % 1.4 % 2.0 %
> 35 % 4.6 % 3.0 % 7.6 %

Figure 10-5. DigiCipher UHF Scenario — Interference characteristics
(co-channe and adjacent-channel constraints).
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When the adjacent-channd congraints of Figure 10-1 are not included in the UHF scenario, the
dlotment/assgnment table is different. In that case, 12.7% (210) of the ATV gations would have an
ATV sarvice area a least 20% larger than their companion NTSC service area and 96% (1,587) would
have an ATV sarvice area at least 80% of their companion NTSC sarvice area. During the trangition
period, 59.2% of ATV dations would receive no interference. Thiswould rise to 75.3% after the
trangition period ends. Also during the trangition period, 2.2% of the ATV dations would receive
interference in more than 35% of their noise-limited coverage area. Thiswould fal to 1.9% after the
trangition period ends. Of the existing NTSC dtations, 64.8% would not receive any new interference
because of the ATV sarvice, while 7.1% would receive new interference in more than 35% of their
Grade B area.

The frequency digtribution of ATV sation average effective radiated power levels needed to achieve
ATV noise-limited coverage comparable to NTSC Grade B coverage was caculated. The maximum
average effective radiated power level was 38.23 dBk (6,650 kW). The results are shown in Figure 10-
6.

Number of TV Stations
Aver age Effective Radiated Power Leve VHF/UHF Scenario UHF Scenario
(dBk) (kW) LowVHF | High VHF UHF UHF
Less than 5 Less than 3.2 12 24 100 100
5 - 10 3.2 - 10.0 3 8 47 48
10 - 15 10.0 - 31.6 2 11 129 138
15 - 20 31.6 - 100 4 251 258
20 - 25 100 - 316 288 302
25 - 30 316 - 1,000 240 254
30 - 35 1,000 - 3,160 317 327
35 - 40 3,160 - 10,000 221 230
> 40 > 10, 000
TOTAL 17 47 1,593 1, 657

Figure 10-6. DigiCipher power leve distribution.

Certain anadyses a so were performed for the 16 QAM Alternate Mode. In generd, the ATV service
areais dightly grester and interference is less for both ATV and NTSC. The results are shown in the
PS'WP3 find report.

10.3 ECONOMICS

10.3.1 Cost to Broadcasters

The estimated equipment cost for a DigiCipher trangtiona dtation is shown in Figure 10-7. Thetotal
cost of the trangitiona station was estimated to be $1,700,500. The total cost of aminimal station was
estimated to be $1,104,100. A genera description of the methods used to develop the cost datais
contained in Section 8.2.1.
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Subsystem Cost (thousands)
Satellite Receiver, Demodulator, Decoder $ 13.5
Character Generator, Still Store, Two 28” Monitors 200.0
Routing Switcher (10 x 10), Master Control 125.0
2 ATV VTRsand Monitors 170.0
NTSC Upconverter, including Line Doubler 19.0
ATV-to-NTSC Downconverter 15.0
34" Monitor, Seven 17" Monitors, Eight Decoders 110.0
ATV Encoder 200.0
STL Subsystem 92.5
ATV Modulator, ATV Exciter 30.0
ATV Transmission Subsystem 725.5
TOTAL COST $1, 700.5

Figure 10-7. Equipment cost for a DigiCipher transtional station.

10.3.2 Cost to Alternative Media

Information on this topic was not provided.

10.3.3 Costto Consumers

The estimated materid cost datafor a DigiCipher recaeiver are shown in Figure 10-8. A generd
description of the methods used to develop the cost datais contained in Section 8.2.2.

Using a2.5 multiplier, the resulting estimated retail price for a DigiCipher receiver is $2,445 for a 34"
direct view receiver and $3,735 for a56” projector receiver.

34" Widescreen 56" Widescreen
Subsystem Direct View Receiver CRT TypeProjector
Signal Processing Components $ 98 $ 98
Audio Amplifiers, Speakers 30 30
Scan System, Power Supply, Video Amps 60 176
Display 700 1, 050
Cabinet 90 140
TOTAL MATERIAL COST $ 978 $1, 494

Figure 10-8. Material cost data for a DigiCipher receiver.
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10.4 TECHNOLOGY

10.4.1 Audio/Video Quality

In video subjective tests of DigiCipher, the system performed consstently across segments of test
materia with no difference between ill and moving materias. For 8 of the 9 tills and 14 motion
sequences, DigiCipher was judged, on average, to be about 0.3 grade lower in quality than the
1125-line studio reference. The remaining Hill, eectronically generated, was judged to be better in
quality than the reference.*

No significant problems were noted when the system was subjected to noisy source materia, scene
cuts, two encode/decode operations, or a sudden stop in motion. Slight deficiencies were noted when
the system was tested for video coder or motion-compensation overload. Some wesknessesin
resolution and dynamic range were noted in the blue channdl.

Certain tests dso were performed for the 16 QAM Alternate Mode. The 16 QAM mode exhibited a
greater reduction in quality than the 32 QAM mode for most segments of test materiad, an observation
confirmed by expert commentary.

There was no evidence that the audio system failed before the accompanying video.

104.1.1 Video Quality

Subjective judgments of image qudity by non-experts are summarized in Figure 10-9. Scores are the
differences between judgments of the reference and judgments of DigiCipher for 9 fillsand 14 motion
sequences. For 8 of the 9 ills, DigiCipher was judged, on average, to be 0.3 grade (i.e., about 6
points on the 100-point scale) lower in quality than the 1125-line studio reference; for the remaining il
(S14), the system was judged to be 0.6 grade higher in quaity than the reference (this may reflect
reduced vishility of interlacing artifacts in the DigiCipher rendering of this picture). For motion
sequences, DigiCipher aso was judged, on average, to be 0.3 grade (i.e., about 6 points) lower in
quality than the reference.

DigiCipher performed consstently across al segments of test materid. Differences ranged from -0.1 to
-0.6 grade (not counting S14). The variability among viewers was consstent across materias and within
accepted limits. Expert commentary, supported by reports from the non-expert viewers, attributed the
amdl| differences between DigiCipher and the reference primarily to quantization noise (visblein flat
areas, aswell as at edges and in areas of high detail) and to reduced resolution (especidly in colored
areas). It is expected, however, that “busy-ness’ in areas of high detall (i.e., time-varying noise
correlated with image content) and artifacts of periodic PCM updating also may have contributed, but
to alesser extent.

! See Section 8.3.3.



ATV SYSTEM RECOMMENDATION Page 10-9

Consgtent performance for stills and motion sequences is supported by objective tests of static and
dynamic resolution. For luminance resolution, tests show retention of Setic-leve resolution at dl but the
highest rate of movement. For chrominance resolution, the results were smilar; however, lower
horizontal and diagonal resolution were noted for the blue channd .

When subjected to noisy source materia, DigiCipher introduced an increase in visble noise a the
output and, for critical sequences, adight increasein “busy-ness’.
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Figure 10-9. Aver age differ ences between quality judgmentsfor the 1125-line
studio quality reference and for DigiCipher.

When subjected to scene cuts and viewed in red time, DigiCipher introduced no artifacts that were
vigblein fla fields or in maotion sequences, but did introduce artifacts thet were visble in highly detailed
dills. Examination of freeze frames showed “build up” in resolution following cuts to highly detailed tills
with resolution restored dmost fully by the second frame and restored fully by the third frame (1/10
second).

Slight system artifacts became visible when materia was subjected to two encode/decode passes
through the system. During thefirgt pass, DigiCipher introduced a barely perceptible loss in resolution
and increase in quantization noise. During the second pass, these artifacts increased dightly and abarely
perceptible loss in color was introduced.

2 See Section 8.3.5.
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The DigiCipher system exhibited good chrominance dynamic range in the red and green channdls, but
performance was not as good in the blue channel.

When tested for video-coder overload, DigiCipher exhibited no significant failures, but did introduce
some quantization noise as well as some “blockiness” and “mottling.” When tested for
motion-compensation overload with velocities of up to 0.44 picture height per second (the limit of the
test software), the system introduced dight quantization noise and occasiona “blockiness’; further, the
character of the quantization noise changed with velocity of movement, first becoming patterned (i.e.,
coherent), and then stationary. No artifacts were noted in response to a sudden stop in movement.

The difference in unimpaired video quaity between 16 QAM and 32 QAM was evident to both expert
and non-expert obsarvers, the performance difference in motion sequences was clearly evident. In video
subjective tests of image qudity by non-experts, 16 QAM DigiCipher was judged, on average, to be
about 0.7 grade lower in qudity for stillsand 0.9 grade lower in quality for motion sequences than the
reference.® For the challenging video sequences documented in this report, the experts were dmost
aways able to recognize whether the viewed image was from reference, 32 QAM, or 16 QAM
materid. The qudity of the 32 QAM imageswas, in generd, close to, but distinguishable from, the
reference material. Except for the least challenging video sequences, quantization noise was aways
apparent for 16 QAM coding. Expert commentary noted increased “ busy-ness’ and more frequent
“blockiness’ in response to noise in the video source, dower (i.e, 5 frames) recovery of resolution
following a scene cut to ahighly detailed ill, and more visible artifacts in tests of video-coder and
motion-compensation overload.

10.4.1.2 Audio Quality
There was no evidence that the audio system failed before the accompanying video.*

Objective tests were preformed for dynamic range, total harmonic distortion (THD), THD+noise
(THD+N), intermoduletion distortion (IMD), dynamic intermodul ation distortion (DIM), frequency
response, and overload vs. frequency. The dynamic range for the DigiCipher system was found to be
81 dB. With one exception, THD remained below 0.1% for both channels over atested frequency
range of 20 Hz to 8 kHz. The exception was a 4 kHz on channd 2, with input of 0.1232 voltsrms,
where the THD roseto 0.121%. For high level sgnals, THD+N was 0.1% or less for frequencies
above 300 Hz, and less than 0.2% for lower frequenciesto 20 Hz. IMD was less than 0.02% in both
channds. Frequency response was extremely flat over the entire range from 20 Hz to 20 kHz for both
channds. Frequency response remained within 0.1 dB to approximately 10 kHZ and was
approximately 0.3 at 20 kHz.

% For the electronically generated still (S14), 16 QAM DigiCipher was judged better than the reference. The average
difference reported here does not include this value.

% See Section 8.3.1.
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Under weak sgnd conditions, a levels of ATV-into-NTSC adjacent-channe interference which would
cause “dightly annoying” video degradation, BTSC audio distortion begins to become significant. In the
test of co-channd ATV-into-NTSC, DigiCipher caused no significant degradation of NTSC VBI data.

10.4.2 Transmission Robustness

Generdly, DigiCipher performed as predicted by the proponent. Its performance equalled or exceeded
that of NTSC in dmogt dl imparment conditions. Typicdly, the system exhibited gpparent immunity to a
variety of tranamisson imparments over awide range of impairment levels. Beyond that range, the
system exhibited a sharp degradation characteristic. All transmission impairments into DigiCipher had
smilar manifestations in the observed video and were quite different from their effects on NTSC.
Transmission impairments and interference, when strong enough, produced display errors which caused
randomly spaced rectangular patches of images to freeze, or to display erroneous informetion, for a
short time. Recovery from loss of signa was through aright to left wipe pattern in each of four vertical
panels.

DigiCipher interference into NTSC had the characteristic of white noise and produced a graceful
degradation. Cable transmission caused no adverse effect on DigiCipher performance.

104.2.1 Noise Performance

When DigiCipher was subjected to random channdl noise (based on a 6 MHz noise bandwidth), the
carier-to-noise ratio® (C/N) at the TOV was measured and is shown in Figure 10-1. The sysemhad a
sharp degradation — the range between TOV and the point of unusability (POU) was 0.5 dB. The
carrier-to-noiseratio at the TOV was measured for the 16 QAM Alternate Mode dso and found to be
12 dB.

10.4.2.2 Static Multipath

The system performed well at levels that would be highly objectionable in NTSC. The TOV for echoes
of -0.08 nsec, +0.08 nsec, +0.32 nrsec, and +2.56 nsec occurred at D/U ratios of 6.7 dB (i.e., echo
amplitude of 46%), 9.5 dB (33%), 8.9 dB (35%), and 3.6 dB (66%) respectively.

10.4.2.3 Flutter

The TOV for arplane flutter of 2 Hz and 5 Hz were & D/U levels of 14.5 dB (18.8%) and 10.4 dB
(30%) respectively.

® Caution must be exercised in comparing C/N between analog and digital systems, as definition of carrier levelsis not
consistent. Measurement of power level is consistent, however, among digital systems. (See section 8.3.6.)
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10.4.2.4 Impulse Noise

Impulse noise performance was judged to be better than NTSC by approximately 10 dB for TOV. The
range between TOV and POU was about 4 dB.

In the gated noise test a afixed 10 Hz repetition rate, TOV was reached when the pulse width was
increased to 5 nsec. When the pulse width was decreased to 4 meec, TOV was reached when the pulse
repetition rate was increased to 1.7 kHz.

10.4.2.5 Discrete Frequency Interference

The D/U ratio a the TOV for discrete frequency interference was -27 (+0.5) dB in the first adjacent
channels, and between +7.5 dB and +11.6 dB in-band.

10.4.2.6 Cable Transmission

The subjective tests showed that cable transmission per se had no adverse effect on DigiCipher
performance.

Among the cable- specific tests conducted, the system performed better than NTSC when subjected to
hum (TOV > 15%); composte triple beat, or CTB, (TOV @ -31 dBc); and composite second order,
or CSO, (TOV @ -16 dBc). Its performance was poorer than NTSC when subjected to phase noise
(TOV @ -82 dBc), resdud FM (TOV @ 5.7 kHz), and locd oscillator ingtability (+40 kHz, - 60
kHz).

The threshold vaues for the ancillary data channel (as measured on the second audio channd pair a
251 kbits/sec) were congstent with the values found in other tests for Gaussian noise, CTB, hum
modulation, and phase noise.

10.4.2.7 Co-Channel Interference into ATV

DigiCipher was much more robust than NTSC to co-channel interference from either NTSC or ATV.
Results are summarized in Figure 10- 1. The system performance exhibited a sharp degradation when
co-channel interference was increased beyond TOV. The range from TOV to POU was less than 2 dB
for NTSC-into-ATV co-channd interference, and approximately 0.5 dB for ATV-into-ATV co-
channd interference.

10.4.2.8 Co-Channel Interference into NTSC

For co-channd interference into NTSC, impairment ratings varied gradudly from “imperceptible’ to
“very annoying” over arange of 24 dB at wesk desred Sgnd leve. (See Figure 10-10). The D/U for a
mean impai rment rating of 3 was about 35 dB. The interference appeared as random noise, except for a
narrow horizontal band where the noise pattern appeared to be fixed.
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Figure 10-10. Impairment to NT SC when subjected to DigiCipher co-channe
interference for weak signal condition (-55 dBm).

10.4.2.9 Adjacent-Channel Interference

The D/U ratio a the TOV for adjacent-channd interference into DigiCipher isgivenin Figure 10-1. The
D/U ratio for amean raing of 3 (dightly annoying) for adjacent-channd interference into NTSC is given
adsoin Fgure 10-1. Note that the more negative the D/U ratio, the better the performance. In practice,
it is expected that the DigiCipher sgnd would be transmitted with an average power 10-15 dB lower
than NTSC peak power. Under this assumption, the data indicate that DigiCipher supports collocation.

The system exhibited a sharp degradation when subjected to adjacent-channd interference from NTSC
and ATV. Therange from TOV to POU was about 1 dB.

ATV-into-NTSC impairment ratings varied from “imperceptible’ to “very annoying” over arange of 13
dB for the upper adjacent-channel and 28 dB for the lower adjacent-channd. Ratings varied from 4

(perceptible but not annoying) to 2 (annoying) over arange of 5 dB for the upper adjacent-channel and
11 dB for the lower adjacent-channd.

10.4.2.10 Taboo Interference

The taboo performance of DigiCipher, based on TOV, isgiven in Figure 10-11. Note that the more
negetive the D/U ratio, the better the performance.

In practice, it is expected that the DigiCipher sgnd would be transmitted with an average power 10-15
dB lower than NTSC peak power. Under this assumption, the data show that DigiCipher could support
collocation on the basis of taboo channel interference requirements.
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ATV-into-NTSC NTSC-into-ATV ATV-into-ATV
CHANNEL Strong Weak Strong Weak Strong Weak
n+2 < -1* -30 -29 -34 -29 - 36
n-2 < +4* -25 -34 -45 -30 -38
n+4 < -4* -27 <-33* -58 <-33* -57
n+7 < +2% -39 <-33* <-58* <-33* -59
n-7 < +2* -35 <-33* -58 * -57
n+8 < +2* <- 38* <-33* <-58* <-33* <-63*
n-8 < -2 -34 <-33* -58 * -58
n+l14 < -2* -27 <-33* <- 58* <-33* <-63*
n+15 -2 -17 <-33* <-58* <-33* <-63*

* Determination of TOV level was beyond the limits of ATTC' s RF test bed range.
Consequently, the system performance was better than the indicated result.

** Test not performed.

Figure 10-11. Taboo threshold of vishbility for DigiCipher (D/U in dB).

10.4.2.11 Channel Acquisition

Under avariety of impairment conditions above TOV, the DigiCipher system fully acquired the sgna
and displayed a recognizable picture within one second.

10.4.2.12 Failure and Recovery Appearance

Transmisson impairments, when strong enough, produced visible effects which were independent of the
type of impairment. Each visible effect lasted for a maximum of 1/3 second. Transmission errors
appeared as incorrect and/or frozen patches. Patch Sze ranged from smdl blocks, through clusters of
blocks, to aslarge asa* panel” which was 1/4 screen wide by afull screen height. Error recovery
showed aright-to-left wiping of the error, during which the patch was updated with correct video. For
multiple errors, the refresh gppeared as four equally spaced vertica wipes.

During aloss of 9gnd, or when the Sgna was overwhdmed with imparments, the whole screen image
froze, sometimes with errors displayed. Recovery from aloss of Sgnd was through a right-to-left wipe
infour digtinct vertica pands. The wipe trangtion was about 1/3 second or less.

10.4.2.13 Peak-to-Average Power Ratio

The peak-to-average power ratio for the 32 QAM mode was less than 4.8 dB 99% of thetime, and
lessthan 6 dB 99.9% of thetime. For 16 QAM, these ratios were 4.6 dB and 5.7 dB respectively.
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10.4.2.14 Multiple Impairments

The performance of DigiCipher when smultaneoudy subjected to multiple imparments, is shown in
Figure 10-12 for two cases:

(1) The POA® for NTSC co-channd interference versus random noise, and

(2) The TOV for composite triple beat versus random noise.
Asymptotes are shown reflecting the measured single impairment performance. The operating region lies
above and to theright of the respective curves.

10.4.3 Scope of Services and Features

10.4.3.1 Data

A 126 kbits/sec channd is provided for ancillary data. A separate 126 kbits/'sec channdl is assigned for
conditiona access use. Four data channels at 9600 bits/'sec were implemented in the tested system to
illustrate asynchronous data transmisson.

10.4.3.2 Encryption

Encryption was not implemented in the tested system. However, the proponent clamsto have
developed a security system.

® For the DigiCipher system, the POA and TOV differ by lessthan 1 dB.
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Figure 10-12. Multipleimpairmentsinto DigiCipher. (L eft) POA for NTSC
co-channd interference and random noise. (Right) TOV for compositetriple
beat and random noise.

10.4.3.3 Addressing
A 126 khitg/'sec channdl is assigned for conditional access use (subscriber addressing).

10.4.34 VCR Capability

A consumer-grade VCR has been publicly exhibited by Gl and Toshiba. It records adigital sgnd at the
18.2 Mbitg/sec data rate of DigiCipher. It uses two-hour metallized-tape cassettes smilar in format to
8-mm NTSC cassdttes. The proponent reports running simulations showing that afull set of trick mode
features can be supported. In the trick mode smulations, the DigiCipher VCR uses PCM refresh data
from each fidd and attempts to use DPCM data also. Switching between compressed video images
should be done at frame sync, preferably with the new scene at black, or at a scene change when the
image is being processed in the PCM mode. Switching within aframe may be done at the macroblock
level with some redtrictions. Otherwise, editing during frames requires decompresson and
recompression with asmal loss in quaity due to concatenation. However, it is anticipated that most
editing will be done prior to compression.

10.4.4 Extensibility

104.4.1 To No Visible Artifacts

The proponent reports smulating compression at 30 Mbits/sec with favorable results, and believes that
the agorithm can be extended to 40-45 Mbits/'sec which would congtitute a distribution level of quality
suitable for network feedsto locdl affiliates. The proponent is investigating an gpproach that would alow




ATV SYSTEM RECOMMENDATION Page 10-17

the tranamission-leve sgnd to beincluded in the digribution-level Sgna as akernd. This would permit
pass-through of the transmission-leve sgnd at the locd affiliate leve by stripping away the digtribution
leve augmentation.

10.4.4.2 To Studio Quality Data Rate

The proponent speculates that studio qudity intraframe compression can be achieved at a bit rate in the
100-200 Mbits/sec range. Thisformat has not been developed yet.

10.4.4.3 To Higher Resolution

The proponent believes that DigiCipher technology is extensible and suggests aresolution increase by a
factor of about four.

10.4.4.4 Provision for Future Compression Enhancement

The proponent suggests that, as decreasing digital processing costs enable increasing complexity at the
encoder, improvements can be made without changing receivers or the transmitted bit rate. These
improvements are in forward analys's, perceptua andys's, motion compensation, coefficient
quantization, and specid effects editing.

10.4.5 Interoperability Considerations

10.45.1 With Cable Television
Information on the performance of DigiCipher over with cable can be found in Section 10.4.2.6.

10.4.5.2 With Digital Technology
Because this sysem is dl-digitd, the advantages of al-digitd systems apply.

10.4.5.3 Headers/Descriptors

The proponent discussed the use of the ancillary data space for tranamitting the program name,
remaining times, and program rating. In the system tested, there is a 7-byte header at the beginning of
each data frame; three bytes are available. There is a one-byte header a the beginning of each video
frame; one bit is available. Thereisafully defined two-byte header at the beginning of each macroblock.

10.45.4 With NTSC

The proponent selected the field rate of 59.94 Hz for compatibility with NTSC. The number of active
video lines was salected to be double the number of active NTSC lines. Down-conversgon involves
interpolation between HDTV pixelsin aline and between HDTV lines.

10.4.5.5 With Film

The tested system accepts 24 fps film, converted using 3:2 pull-down to 59.94 Hz video, 2:1 interlaced.
The DigiCipher encoder recognizes the redundancy in each five-fidld sequence as having originated in
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24 fpsfilm and converts the 59.94 fields/sec video back to 23.98 frames/sec. Theimageis processed
and transmitted as 23.98 frames/sec progressive. It is converted back to 59.94 fields/sec interlace in the
decoder using 3:2 pull-down. Future receivers could dternatively use 3:1 frame repest to display
progressive at 72 Hz. Film at 30 fps, delivered to the encoder as 59.94 fields/sec video, can be
processed and transmitted as 29.97 frames/sec progressive. The benefit is more efficient coding, and
thus higher qudlity.

10.4.5.6 With Computers

Progressive scanning and sguare pixels, not included in the DigiCipher system tested, are important
factors for interoperability of an HDTV system with computers. The system has pixels that are 21%
wider than high. The tested system was built to select between field processing and frame processing for
each superblock, depending on its motion, in order to provide optimum motion handling. However,
computer interoperability would be enhanced if the encoder were forced to do frame processing on al
superblocks. With this feature, coding and transmission would be in progressive form. The proponent
has proposed adding this feature as an option at the encoder.

10.4.5.7 With Satellites

Satdlite tranamission of the DigiCipher HDTV sgnd has been demondtrated usng QPSK in a24-MHz
bandwidth achieving araw datarate of 39 Mbits/'sec. Instead of the trellis coding used in the terrestria
system, convolutiona coding with a Viterbi decoder was used. The coding wasrate -1/2; the datarate
after Viterbi decoding was 19.51 Mbits/sec. Reed- Solomon coding was used aso with the information
rate being 18.2 Mbitysec, identicd to the terrestrid signdl. A 5.5 dB C/N threshold was achieved, an
improvement over the 8+ dB threshold typicaly achieved in NTSC satdlite transmission. The proponent
recommends using rate -3/4 coding to yield a 50% increase in the information rate. This would support
ahigher-level compressed HDTV sgnd, or an NTSC signd sharing the channd with the HDTV signd.
In a 36-MHz transponder, two transmission-qudity HDTV sgnds, or dternatively one digtribution
quality 40-45 Mbits/sec signd, can be transmitted.

10.4.5.8 With Packet Networks

In the system tested, the datais packaged into fixed-length data lines, 1160 bits long. Data space was
reserved in each data line which could have been used as a header. For lost data lines, the decoder will
use error concealment which is dready implemented to handle transmission errors.

10.4.5.9 With Interactive Systems

According to the proponent, the latency of DigiCipher is 83 msec. Acquisition timeisreported in
Section 10.4.2.11.
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10.4.5.10 Format Conversion

10.4.5.10.1  With 1125/60

Up-converting to the Common Image Format (1920 x 1080) requires 8:9 vertica interpolation and
11:15 horizontd interpolation. SMIPTE 240M uses 1035 active lines and would require 14:15 vertical
interpolation. Colorimetry used by DigiCipher is the same as SMPTE 240M.

10.4.5.10.2  With 1250/50

This difficult converson is not smplified by the fact that both the source system and the target system
areinterlaced 2:1.

10.4.5.10.3  With MPEG’

The DigiCipher decoder would require modification to decode MPEG-1. The proponent clams that
there would be a modest increase in complexity because DigiCipher shares many commondties with
MPEG-1. MPEG-1 decoders will not decode DigiCipher.

10.4.5.10.4  With Still Image

The proponent has identified Hill-frame as a useful cagpability, and believes that forward compatibility
with JPEG, Photo CD and CD-I isfeasible. The proponent claims that receivers can be built to decode
JPEG, Photo CD, and CD-1 if the marketplace supports such products. The frame-coding option
offered by the proponent enhances compatibility with till images.

10.4.5.11 Scalability

Though the receive and display clocks are currently linked, the proponent proposes to operate them
independently in the future. The receiver could then receive non-real-time video at dower rates.
According to the proponent, picture-in-picture and picture-out- of- picture are possible with DigiCipher
as receiver design options.

DigiCipher processes theimage in four parald pands. Each panel processor is comparableto a
DigiCipher NTSC processor and thus is able to process a DigiCipher NTSC signd. Thereisadso a
compatible bus that can support both NTSC and HDTV signas. The proponent clams that the
compatibility extendsto VCRs and satdllite and cable receivers.

" See Section 8.3.8 for adiscussion of MPEG, the MPEG-1 standard, and the MPEG-2 devel opment effort.



Page 10-20 ATV SYSTEM RECOMMENDATION

105 SYSTEM IMPROVEMENTS
10.5.1 Already Implemented
105.1.1 Error Concealment

The purpose of thisimprovement was to reduce the vishility of uncorrected transmisson errors and to
reduce the vishility of the refresh at the end of error concealment. During error concealment, tainted
macroblock update datais not used; prior frame datais carried over instead. Interpanel communication
has been added. With the improvement, norma panel right-to-left motion is maintained by importing
data from the adjacent panel. The change impacts only the decoder.

10.5.1.2 Encoder IF SAW Filter

Toreduce ATV lower adjacent-channd interference into NTSC, the encoder IF SAW filter has been
replaced. The new filter reduces the out- of-band response dong the lower sKirt.

10.5.1.3 Tuner IF Filters

To improve adjacent-channe regjection and close-in taboo performance, the receiver 1200 MHz and
43.5 MHz IF filters have been modified to tighten the passband.

10.5.1.4 Peak-to-Average Ratio

An adjustable clipping amplifier has been added in the encoder just ahead of the IF SAW filter. The
SAW filter suppresses out-of-band spurious signas which might be generated by the clipping operation.
Sncethesgnd stayswithin afew dB of its average the vast mgority of time, the improvement adlows a
reduction in peak-to-average ratio with an offsetting fractiona reduction in C/N threshold performance
and some possible reduction in interference performance when the ATV signd isthe interferor. For field
testing, clipping will be st a the ATTC measured maximum pesk value, 7 dB.

10.5.2 Implemented in Time for Field Testing

105.2.1 Packetized Transmission

In order to support ATSC T3/186 flexibility requirements, packetizing will be implemented at the
transport layer. The packet length will be 155 bytes, identical to the current data line Structure. The
change involves organizing packets by deatatype, rather than the current data multiplexing within aline,
and incluson of a header at the beginning of each packet. The modification affects both encoder and
decoder.

105.2.2 Multichannel Sound

The purpose of thisimprovement isto implement ATSC T3/186 audio features, including composite-
coded multichannd surround sound. The system will incorporate two Dolby Laboratories AC-3
encoders on the transmit side and one AC- 3 decoder in the receiver. The AC-3 sysemisflexible with
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numerous modes of operation, including 5.1 channel composite-coded surround sound, or two
independently coded AC-2A channels.
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11. DIGITAL SPECTRUM COMPATIBLE HDTV

111 SYSTEM OVERVIEW

DSC-HDTV, proposed by Zenithand AT& T, isadigital Smulcast system that requiresasingle 6 MHz
televison transmission channd.! The video source is an anadlog RGB signd with aternate 787/788 lines,
progressively scanned, a 59.94 Hz frame rate, and an aspect ratio of 16:9. The display format is 720
lines by 1280 pixels per line. The video sampling frequency is 75.3 MHz. Chrominance signas are
decimated by afactor of two both horizontally and vertically. Nine-bit precison isemployed for all
luminance and chrominance samples. The video compression includes perceptua coding, vector
quantization, and adaptive fractiona lesk. Motion is estimated by hierarchica block matching with 1/2
pixel accuracy. A displaced frame difference (DFD) is computed and transformed with a Discrete
Cosine Transform (DCT). Block sizes for motion compensation, varying from 32H x 16V to 8 x 8, are
adapted spatialy to places in the image providing the most benefit. Time division multiplexing between
4-level and 2-level VSB transmission is employed to provide improved error performance and
extended coverage. The amount of time a each level depends on the complexity of the image being
processed, with more complex images requiring more 4-level data. To provide a messure of “ graceful
degradation,” certain critical data are dways transmitted in the more rugged 2-level mode. In addition to
the Standard Mode, the DSC-HDTYV system also offers a Robust Mode, which increases the ratio of
2-leve to 4-leve datathat istransmitted. The varigble length codes are packed into dices (64H x 48V)
with a header providing identification of the first dice boundary in each segment to alow restart of the
variable length decoding. Tranamisson is by vestigid sideband modulation with apilot carrier 0.31 MHz
above the lower edge of the 6 MHz channdl. Video data rate ranges from 8.45 to 16.92 Mbits/'sec and
the total transmission rate ranges from 11.14 to 21.0 Mbits/sec. The system employs a post-comb-filter
in the recaiver which automatically switches in to minimize the effects of NTSC co-channd interference.
The DSC-HDTV system provides four digita audio channdls using Dolby Laboratories AC-2
compression system. The audio is sampled at 47 kHz, the horizontal scan rate, with 16 bit precision.
The compressed audio rate is 252 kbits/sec per pair of channds. One pair is transmitted as 2-level data
and the other as 4-leve data. The system aso provides 413 kbits/sec of data capacity in two separate
ancillary data channels.

11.2 SPECTRUM UTILIZATION

The DSC-HDTV anayss was conducted under two alotment scenarios (using both VHF and UHF
channdsfor ATV dations, and usng only UHF channels) and two sets of interference congraints

! Anincorrectly programmed integrated circuit chip in the DSC-HDTV system encoder was discovered during testing.
The Advisory Committee decided to rerun certain tests after the proponent adjusted the system to conform with its
certified specifications. Subsequently, SS/WP2 agreed that the data from the retest, not from the corresponding
original test, should be used by the Advisory Committee for analysis and evaluation of the proponent’ s system.
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(condgdering only co-channel interference, and both co-channd and adjacent-channd interference). In
addition, the impact of taboos was assessed by re-caculating coverage and interference for each case
assuming the taboo performance measured in the laboratory.

Figure 11-1 shows planning factors, specific to the DSC-HDTV system, as derived from test results.
The numbersin the figure are desired-to-undesired ratios (D/U) in dB. The vaues for interference into
NTSC are based on CCIR Imparment Grade 3 (dightly annoying) as determined from the ATEL
subjective tests. Because the ATV sarviceisintended to be an improvement over NTSC, interference
into ATV isbased on CCIR Impairment Grade 4 (perceptible but not annoying) if the range between
the threshold of vighility (TOV) and the point of acquisition (POA) exceeds 5 dB. Otherwise, the TOV
power level isused. DSC-HDTV demondtrated a “cliff effect” except for the case of co-channd
NTSC-into-ATV; D/U values are based on TOV data.? Also, the data show that DSC-HDTV can
support collocation on both the upper and lower adjacent-channds.

Co-Channel D/U (dB) Adjacent-Channel D/U (dB)
ATV-i nt o- NTSC +35 Lower ATV-into-NTSC -17.2
NTSC-i nt o- ATV +3.5 Upper ATV-i nt o- NTSC -7.5
ATV-i nt o- ATV +18. 2 Lower NTSC-i nto- ATV -43

Upper NTSC-into- ATV -42

Carrier-to-Noise +16. 0 Lower ATV-into- ATV -35

Upper ATV-into- ATV - 36

Figure 11-1. Planning factor s specific to DSC-HDTV.

11.2.1 Accommodation Percentage

DSC-HDTV could provide a 100% accommodation of al NTSC assignments for co-channe only, and
co-channd and adjacent-channel congtraints, under both the VHF/UHF and UHF scenarios. The
accommodation is achieved a the expense of reducing the ATV and NTSC service areas. No attempt
was made to reduce interference to NTSC service by adjusting either ATV or NTSC power.

11.2.2 Service Area

Figure 11- 2 depicts the interference-limited service area of each ATV ation, during the trangtion
period, rdative to the interference-limited service area of its companion NTSC station under the
VHF/UHF scenario, taking into account both co-channel and adjacent-channe condraints. In this
graph, the 1,657 current NTSC stations are placed in order of decreasing ATV to NTSC service area

% The range between TOV and POU for Co-Channel NTSC-into-ATV was 7 dB. Theweak level ATEL impairment tape
showed unexpectedly large amounts of impairments starting at TOV. This result was anomalous. Because it was not
possible to derive an agreeable CCIR Impairment Grade 4 rating, the weak level TOV was used for spectrum utilization
analyses.
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ratio. Examination of the graph reved s that 13.2% (218) of the ATV dations under this scenario would
have an ATV sarvice area at least 20% larger than their companion NTSC service area and 98%
(1,624) would have an ATV sarvice area at least 80% of their companion NTSC service area. The
totd ATV interference-limited service areafor al 1,657 stations is 40.5 million square kilometers.

Figure 11- 3 shows the interference statistics for the VHF/UHF scenario. During the trangition period,
59.9% of ATV sations would receive no interference. Thiswould riseto 71.7% after the trangtion
period ends. Also during the trangition period, 1.3% of the ATV gations would receive interferencein
more than 35% of their noise-limited coverage area. Thiswould fal to 1.1% after the trangtion period
ends. Thetota interference area created within the ATV noise-limited coverage area during the
trangtion period is 1.73 million square kilometers. Thiswould decrease to 1.12 million square
kilometers after the trangition period ends. Of the existing NTSC dations, 58.2% would not receive any
new interference because of the ATV service, while 2.4% would receive new interference in more than
35% of their Grade B area. The total new interference into NTSC created under this plan is 1.51 million
square kilometers.

When taboos are included in the interference calculations for the VHFUHF scenario, the number of
ATV dationswith no interference during the trangition period is 56.5%; the number of ATV gations
with interference in more than 35% of their noise-limited coverage areais 1.4%. The number of NTSC
gations receiving no new interference is 53.3%; the number of NTSC stations with interference in more
than 35% of their Grade B areais 2.4%.

When the adjacent-channel congraints of Figure 11-1 are not included in the VHF/UHF scenario, the
dlotment/assignment table is different. In that case, 16.1% (267) of the ATV dations would have an
ATV sarvice area a least 20% larger than their companion NTSC service area and 98% (1,630) would
have an ATV sarvice area at least 80% of their companion NTSC service area. During the trangition
period, 72.3% of ATV dations would recaeive no interference. Thiswould rise to 80.4% after the
trangtion period ends. Also during the trangition period, 1.0% of the ATV dations would receive
interference in more than 35% of their noise-limited coverage area. Thiswould fal to 0.8% after the
trangition period ends. Of the existing NTSC stations, 64.5% would not receive any new interference
because of the ATV sarvice, while 2.0% would receive new interference in more than 35% of their
Grade B area.

Figure 11-4 depicts the interference-limited service area of each ATV dation, during the trangtion
period, relaive to the interference-limited service area of its companion NTSC gation under the UHF
scenario, taking into account both co-channel and adjacent-channd congraints. In this graph, as before,
the 1,657 current NTSC stations are placed in order ofdecreasing ATV to NTSC sarvice areardtio.
Examination of the graph revealsthat 11.9% (198) of the ATV sations under this scenario would have
an ATV service area at least 20% larger than their companion NTSC service area and 95% (1,577)
would have an ATV service area at least 80% of their companion NTSC sarvice area. Thetotd ATV
interference-limited service areafor dl 1,657 gationsis 39.8 million square kilometers.
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Figure11-2. DSC-HDTV VHF/UHF Scenario — Interference-limited service
area of each ATV dation relativeto the interference-limited service area of its
companion NTSC gation (co-channel and adjacent-channel constraints).

Interference Area ATV Stationswith Interference NTSC Stationswith
Compared to Added Interference
Coverage Area During Transition After Transition Dueto ATV

No Interference 59.9 % 7.7 % 58.2 %
0- 5% 20.8 % 16.5 % 16.3 %
5- 10 % 9.2 % 5.9 % 8.9 %
10 - 15 % 4.6 % 2.5 % 5.4 %
15 - 20 % 1.6 % 0.8 % 4.6 %
20 - 25 % 1.3 % 0.6 % 1.7 %
25 - 30 % 0.7 % 0.4 % 1.6 %
30 - 35 % 0.6 % 0.5 % 0.8 %
> 35 % 1.3 % 1.1 % 2.4 %

Figure11-3. DSC-HDTV VHF/UHF Scenario — I nterference characteristics
(co-channé and adjacent-channel constraints).
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Figure11-4. DSC-HDTV UHF Scenario — Interference-limited service area of
each ATV sation relative to theinterference-limited service area of its
companion NTSC gation (co-channel and adjacent-channel constraints).

Interference Area ATV Stationswith Interference NTSC Stationswith

Compared to Added Interference
Coverage Area During Transition After Transition Dueto ATV
No Interference 54.3 % 64.8 % 61.1 %
0- 5% 15.2 % 14.5 % 9.4 %
5- 10 % 11.3 % 7.4 % 5.9 %
10 - 15 % 6.8 % 4.1 % 3.9 %
15 - 20 % 4.0 % 2.4 % 3.8 %
20 - 25 % 2.7 % 1.9 % 3.3 %
25 - 30 % 1.5 % 1.0 % 2.4 %
30 - 35 % 1.1 % 1.0 % 2.2 %
> 35 % 3.0 % 2.9 % 8.0 %

Figure11-5. DSC-HDTV UHF Scenario — I nterference characteristics
(co-channel and adjacent-channel constraints).
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Figure 11-5 shows the interference satistics for the UHF scenario. During the trangition period, 54.3%
of ATV dationswould receive no interference. Thiswould rise to 64.8% after the trangtion period
ends. Also during the trangition period, 3.0% of the ATV sations would receive interference in more
than 35% of their noise-limited coverage area. Thiswould fal to 2.9% after the trandtion period ends.
The totd interference area created within the ATV noise-limited coverage area during the trangtion
period is 2.46 million square kilometers. This would decrease to 1.78 million square kilometers after the
trangition period ends. Of the existing NTSC stations, 61.1% would not receive any new interference
because of the ATV sarvice, while 8.0% would receive new interference in more than 35% of their
Grade B coverage area. The total new interference crested under this plan is 2.26 million square
kilometers.

When taboos are included in the interference cal culations for the UHF scenario, the number of ATV
gationswith no interference during the trangtion period is 52.1%; the number of ATV dationswith
interference in more than 35% of their noise-limited coverage areais 3.1%. The number of NTSC
gations receiving no new interference is 57.2%; the number of NTSC stations with interference in more
than 35% of their Grade B areais 8.0%.

When the adjacent-channel congraints of Figure 11-1 are not included in the UHF scenario, the
dlotment/assignment table is different. In that case, 14.0% (232) of the ATV gations would have an
ATV sarvice area a least 20% larger than their companion NTSC service area and 96% (1,584) would
have an ATV sarvice area at least 80% of their companion NTSC service area. During the trangition
period, 59.8% of ATV dations would recaeive no interference. Thiswould rise to 70.7% after the
trangition period ends. Also during the trangition period, 2.8% of the ATV dations would receive
interference in more than 35% of their noise-limited coverage area. Thiswould remain at 2.8% after the
trangtion period ends. Of the existing NTSC gations, 64.9% would not receive any new interference
because of the ATV sarvice, while 7.0% would receive new interference in more than 35% of their
Grade B area.

The frequency distribution of ATV dation average effective radiated power levels needed to achieve
ATV noise-limited coverage comparable to NTSC Grade B coverage was cdculated. The maximum
average effective radiated power level was 38.25 dBk (6,680 kW). The results are shown in Figure 11-
6.

Spectrum utilization analyses were not performed for the DSC-HDTV Robust Mode. The proponent
clamsthat this mode offers improved transmission robustness (see Section 11.4.2.1).

11.3 ECONOMICS

11.31 Cost to Broadcasters

The estimated equipment cost for aDSC-HDTV trangtionda sation is shown in Figure 11-7. The total
cost of the trangitional station was estimated to be $1,759,500. The total cost of aminimal station was
estimated to be $1,139,100. A genera description of the methods used to develop the cost datais
contained in Section 8.2.1.
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Number of TV Stations
Average Effective Radiated Power Leve VHF/UHF Scenario UHF Scenario
(dBKk) (kW) Low VHF High VHF UHF UHF
Less than 5 Less than 3.2 12 24 100 100
5 - 10 3.2 - 10.0 3 8 47 48
10 - 15 10.0 - 31.6 2 11 127 136
15 - 20 31.6 - 100 4 253 260
20 - 25 100 - 316 287 301
25 - 30 316 - 1,000 241 255
30 - 35 1,000 - 3,160 316 326
35 - 40 3,160 - 10, 000 222 231
> 40 > 10, 000
TOTAL 17 47 1,593 1, 657

Figure 11-6. DSC-HDTV power leve distribution.

Subsystem Cost (thousands)
Satellite Receiver, Demodul ator, Decoder $ 13.5
Character Generator, Still Store, Two 28" Monitors 200.0
Routing Switcher (10 x 10), Master Control 125.0
2 ATV VTRsand Monitors 170.0
NTSC Upconverter, including Line Tripler 24.0
ATV-to-NTSC Downconverter 20.0
34" Monitor, Seven 17" Monitors, Eight Decoders 119.0
ATV Encoder 240.0
STL Subsystem 92.5
ATV Modulator, ATV Exciter 30.0
ATV Transmission Subsystem 725.5
TOTAL COST $1,759.5

Figure 11-7. Equipment cost for a DSC-HDTV transtional station.

11.3.2 Cost to Alternative Media

Information on this topic was not provided.

11.3.3 Cost to Consumers

The estimated material cost datafor aDSC-HDTV receiver are shown in Figure 11-8. A generd
description of the methods used to develop the cost datais contained in Section 8.2.2.

Using a2.5 multiplier, the resulting estimated retail price for aDSC-HDTYV receiver is $2,523 for a 34”
direct view receiver and $3,843 for a56” projector receiver.
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34" Widescreen 56" Widescreen
Subsystem Direct View Receiver CRT TypeProjector
Signal Processing Components $ 116 $ 116
Audio Amplifiers, Speakers 30 30
Scan System, Power Supply, Video Amps 73 201
Display 700 1, 050
Cabinet 90 140
TOTAL MATERIAL COST $1, 009 $1, 537

Figure 11-8. Material cost datafor a DSC-HDTV receiver.

114 TECHNOLOGY

11.4.1 Audio/Video Quality

In video subjective tests of DSC-HDTV, the system performed differently across segments of test
materid. For 8 of the 9 tills, DSC-HDTV was judged, on average, to be about 0.5 grade lower in
qudity than the 1125-line studio reference. For 13 of the 14 motion sequences, DSC-HDTV was
judged to be about 1.2 grades lower in quality than the reference. The remaining still and the remaining
motion sequence, both electronically generated, were judged to be better in quality than the reference.®

Problems were noted when the system was subjected to noisy source materia, scene cuts, and two
encode/decode operations. No significant problems were reported when the system was subjected to a
sudden stop in motion or tested for video-coder or motion-compensation overload.

Certain tests dso were carried out for the Robust Mode. When judged by non-experts, the Robust
Mode exhibited a greater reduction in quaity than the Standard Mode for a number of segments of test
material. Expert observers dways could tell the difference between Standard Mode and Robust Mode.

There was no evidence that the audio system failed before the accompanying video.

11411 Video Quality

Subjective judgments of image qudity by non-experts are summarized in Figure 11-9. Scores are the
differences between judgments of the reference and judgments of DSC-HDTYV for 9 dillsand 14
motion sequences. For 8 of the 9 dtills, DSC-HDTV was judged, on average, to be 0.5 grade (i.e,
about 9 points on the 100-point scale) lower in qudity than the 1125-line studio reference; for the
remaining dill (S14), the system was judged to be 0.7 grade higher in qudity than the reference (this
may reflect the absence of interlacing artifactsin the 787/788 source and in the DSC-HDTV rendering
of this picture). For 13 of the 14 motion sequences, DSC-HDTYV was judged, on average, to be 1.2

% See Section 8.3.3.
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grades (i.e., about 24 points) lower in quality than the reference’; for the remaining sequence (M16), the
system was judged to be 0.7 grade higher in qudity than the reference (this probably reflects the
absence of interlacing artifacts in the 787/788 source and in the DSC-HDTYV rendering of this picture).

' [+2 Grades] 40

pd

L

[i4

L

[T

'&J [+1 Grade] 20

= . =

= .

» 0

2 -

w u [ B B

o ]

5 [-1 Grade] -20 - - - . aa

% u ]

Ll [ |

> ]

5 ]

[-2 Grades] -40 — : :
22888 gg22gss888522328¢
= W b~ OO NOO®O O A IO R OGODOONO© OO N 0 © O
STILLS MOTION SEQUENCES

Figure 11-9. Aver age differ ences between quality judgmentsfor the 1125-line
studio quality reference and for DSC-HDTV.

DSC-HDTV peformed differently for different segments of test materid. For ills, differences ranged
from +0.2 to - 1.2 grades (not including S14); for moving sequences, differences ranged from -0.8 to -
1.8 (not including M 16). The variability among viewers differed somewhat across materids, but was
within acceptable limits. Expert commentary, supported by reports from non-expert viewers, attributed
differences between DSC-HDTV and the reference for gtills to constant “busy-ness’ in detailed areas
and to reduced chrominance resolution. Expert commentary, again supported by reports from non-
expert viewers, attributed differences between DSC-HDTV and the reference for motion sequences to
occasiond “blockiness’ in the flat areas of sequences that € sewhere contained significant amounts of
moving detall, to visble noise that “pulsed” at alow tempora frequency, to reduced resolution, and to
exaggeration of source noise, which became coarser and “blocky” after processing.

Objective tests of gatic and dynamic resolution showed dight losses in horizontd, vertical, and diagond
luminance resolution & high rates of movement.”

* The 787/788 progressively scanned camera material used in testing DSC-HDTV exhibited horizontally coherent
noise and increased random noise as compared with the cameras used for 1125-line referenceimages. See Section
834.
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When subjected to noisy source materid, the system introduced an increase in noise a the output
(which tended to be more coarse than at the source aswell as blocky). In addition, the system
introduced blur, “blockiness,” and shimmer. At the highest level of source noise tested, pictures from
the system were judged unusable by expert observers.

When subjected to scene cuts and viewed in red time, the system introduced “blockiness’ that was
particularly vigble following a cut from a complex image to a gill. Examination of freeze frames showed
that it took about 6 frames (1/10 second) for the “blockiness’ to subside. The artifacts were most
vigble following acut to aill, but dso were visble following a cut to a motion sequence.

Artifacts gppeared when material was subjected to two encode/decode passes through the system.
During the firgt pass, the system introduced high levels of noise. During the second pass, the noise was
increased, sharpness was reduced, and “blockiness’ was introduced.

The DSC-HDTV system exhibited good chrominance dynamic range in red, green, and blue channels.

When tested for video-coder overload, DSC-HDTV exhibited no sgnificant failures. When tested for
motion-compensation overload with velocities of up to 1.0 picture height per second, the system
exhibited no artifacts. No artifacts were noted in response to a sudden stop in movement.

In examining video quality for an extended service area, where only the 2-level component would be
receivable, expert observers concluded that image qudity for typica materia would be tolerable only
for short periods.

Subjective judgments of the image quaity of Robust Mode DSC-HDTV dso were made by nor+
experts. The system again performed differently across segments of test materid; on average, stills were
judged to be about 0.8 grade lower in quality than the reference, while motion sequences were judged
to be about 1.4 grades lower in quality than the reference®. In generd, picture quality differences
between Standard and Robust M odes were more evident for gtills than for motion sequences. For most
dills, the difference in unimpaired video qudity between Robust Mode and Standard M ode was evident
to non-expert observers. Furthermore, for al materias, expert observers could distinguish easily among
source, Standard Mode, and Robust Mode (expert commentary judged the Robust Mode not to
produce HDTV-qudity images). Expert commentary attributes the lower performance of the Robust
Mode DSC-HDTYV system to asignificant loss in resolution. For the Robust Mode, experts also noted
increased susceptibility to source noise for some pictures, increased “blockiness’ following a scene cut,
and increased vishility of “blockiness’ in tests of video-coder overload.

® See Section 8.3.5.

® For the electronically generated still (S14) and motion sequence (M 16), Robust Mode DSC-HDTV was judged
equivalent to thereference. The average differences reported here do not include these values.
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11.41.2 Audio Quality
There was no evidence that the audio system failed before the accompanying video.”

Objective tests were performed for dynamic range, total harmonic distortion (THD), THD+noise
(THD+N), intermodul&tion distortion (IMD), dynamic intermodul ation distortion (DIM), frequency
response, and overload vs. frequency. The dynamic range for the DSC-HDTV system was found to be
88 dB. THD wastypicaly lessthan 0.1%. For high level signals, THD+N was 0.1% or lessfor
frequencies above 500 Hz, and less than 0.2% for lower frequenciesto 20 Hz. IMD was approximately
0.02% for both channels. Frequency response was extremely flat from 20 Hz to 20 kHz.

For co-channd interference of ATV-into-NTSC, at both moderate and weak signd level, when the
video impairment was “dightly annoying” the BTSC audio began to degrade. For upper adjacent-
channe interference of ATV-into-NTSC, one receiver dways showed interference, one never did, and
the third showed that audio began to degrade when the video qudity was “dightly annoying.” In the test
of ATV co-channd interferenceinto NTSC, DSC-HDTYV caused no significant degradation of NTSC
VBI data.

11.4.2 Transmission Robustness

In most regards, DSC-HDTYV performed as predicted by the proponent. Its performance equalled or
exceeded that of NTSC in dmost dl imparment conditions. Typicdly, the sysem exhibited immunity to
avariety of tranamisson imparments over awide range of impairment levels. Transmisson imparments
and interference, when strong enough, produced large shimmering areas of noisy video, visble blocks of
various Szes, and patches of erroneous data. In most instances, the intensity and hue of damaged
portions of the image were similar to the correct video around them; only very rarely were there blocks
of strongly contrasting color or luminance. In the extended service area where just the 2-1eve
component would be receivable, expert observers concluded that the 2-level datawould have utility
only for short, temporary, and infrequent sgna fading. There was no evidence that the audio system
failed before the accompanying video.?

DSC-HDTV interference into NTSC had the characteristic of white noise and produced a graceful
degradation. Cable transmission caused no adverse effect on DSC-HDTV performance.

11.4.2.1 Noise Performance

When DSC-HDTV was subjected to random channed noise (based on a 6 MHz noise bandwidth), the
carrier-to-noise ratio® (C/N) at the TOV was measured and is shown in Figure 11-1. Thiswas also the

7 See Section 8.3.1.

8 A special audio task force detected no audio impairments within the range of available data where impairments to
video varied from “imperceptible’ to “very annoying.”

% Caution must be exercised in comparing C/N between analog and digital systems, asdefinition of carrier levelsis not
consistent. Measurement of power level is consistent, however, among digital systems. (See section 8.3.6.)
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noise threshold of the 4-level data. The system had a sharp degradation — the range between TOV and
the point of unusability (POU) was 1.25 dB. The 2-level noise threshold was measured to be at a C/N
of 11 dB. The Robust Mode noise thresholds, both 4-level and 2-level, were measured to be 0.5 dB
lower than for the Standard M ode.

For video materid used in testing, most images other than tills required significant amounts of 4-leve
data. In the extended service areawhere just the 2-level component would be receivable, expert
observers concluded that the 2-level datawould have utility only for short, temporary, and infrequent
dgnd fading.

11.4.2.2 Static Multipath

The system performed well at levels that would be highly objectionable in NTSC. The TOV for echoes
of +0.08 psec, +0.32 psec and +2.56 psec occurred at D/U ratios of 3.3 dB (i.e., echo amplitude of
68%), 4.6 dB (59%), and 5.5 dB (53%), respectively. For an echo of -0.08 psec, no imparment was
observed up to the D/U limit of O dB.

11.4.2.3 Flutter

The TOV for arplane flutter of 2 Hz and 5 Hz were at D/U levels of 12.6 dB (23%) and 17.0 dB
(14%) respectively.

11.4.2.4 Impulse Noise

Impulse noise performance was judged to be better than NTSC by approximately 27 dB for TOV. The
range between TOV and POU was about 6 dB.

In the gated noise test a afixed 10 Hz repetition rate, TOV was reached when the pulse width was
increased to 21 psec. Pulse width at POU was greater by approximately afactor of 10. When the pulse
width was decreased to 18 usec, TOV was reached when the pul se repetition rate was increased to
280 Hz.

11.4.25 Discrete Frequency Interference

The D/U ratio a the TOV for discrete frequency interference was -45 (£3) dB in the first adjacent
channels, and between -7.3 dB and +14.0 dB in-band.

11.4.2.6 Cable Transmission

The subjective tests showed that cable transmission per se had no adverse effect on DSC-HDTV
performance.

Among the cable-specific tests conducted the system performed better than NTSC when subjected to
hum (TOV @ 11%y); composite triple beat, or CTB, (TOV @ -11 dBc); composite second order, or
CSO, (TOV @ -20 dBc); and local oscillator ingtability (>+100 kHz, <-100 kHz). Its performance
was poorer than NTSC when subjected to phase noise (TOV @ -82 dBc) and residua FM (TOV @
+1.2 kHz).
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The threshold vaues for the ancillary data channd were consistent with the values found in other tests
for Gaussan noise, CTB, hum modulation, and phase noise for 4-level data. For 2-level dataCTB
performance was 1 dB worse than 4-level. For Gaussian noise, hum, and phase noise, 2-level data
performance was at least 6 dB better than 4-levd.

11.4.2.7 Co-Channel Interference into ATV

DSC-HDTV was much more robust than NTSC to co-channd interference from ether NTSC or ATV.

ATV-into-ATV results are summarized in Figure 11-1. The system performance exhibited a sharp
degradation when ATV co-channd interference was increased beyond TOV. The range from TOV to
POU was about 2 dB.

NTSC-into-ATV results are shown in Figure 11-10. Impairment ratings varied from “imperceptible’ to
“very annoying” over arange of about 6 dB for the two motion sequences. For the ill, however, the
rating remained uniformly close to “imperceptible’ over the test range.
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Figure 11-10. The performance of DSC-HDTV when subjected to NTSC co-
channel interference for weak signal condition (-68 dBm).

11.4.2.8 Co-Channel Interference into NTSC

For co-channd interference into NTSC, impairment ratings varied gradudly from “imperceptible’ to
“very annoying” over arange of 22 dB at weak desired sgna level. (See Figure 11-11). The D/U for a
mean impairment rating of 3 was about 35 dB. The interference gppeared as random noise in the NTSC
picture, plus anarrow vertica bar.
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Figure 11-11. Impairment to NT SC when subjected to DSC-HDTV co-channel
interference for weak signal condition (-55 dBm).

11.4.2.9 Adjacent-Channel Interference

The D/U ratio a the TOV for adjacent-channd interferenceinto ATV isgivenin Figure 11-1. The D/U
ratio for amean impairment rating of 3 for adjacent-channd interferenceinto NTSC isgiven dsoin
Figure 11-1. Note that the more negative the D/U ratio, the better the performance. In practice, it is
expected that the DSC-HDTV signd would be transmitted with an average power at least 10 dB lower
than NTSC pesak power. Under this assumption, the data indicate that DSC-HDTYV supports
collocation.

The system exhibited a sharp degradation when subjected to adjacent-channd interference from NTSC
and ATV. Therange from TOV to POU was between 1 and 3 dB.

ATV-into-NTSC mean imparment ratings varied from “imperceptible’ to “very annoying” over arange
of 14 dB for upper adjacent-channel and 18 dB for lower adjacent-channe. Mean impairment ratings

varied from “perceptible, but not annoying” to “annoying” over arange of 6 dB for the upper
adjacent-channel and 5 dB for the lower adjacent-channd.

11.4.2.10 Taboo Interference

The taboo performance of DSC-HDTV, based on TOV, isgiven in Figure 11-12. Note that the more
negative the D/U ratio, the better the performance.

In practice, it is expected that the DSC-HDTV sgnd would be transmitted with an average power at
least 10 dB lower than NTSC peak power. Under this assumption, the data show that DSC-HDTV
could support collocation on the basis of taboo channel interference requirements.
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ATV-into-NTSC NT SC-into-ATV ATV-into-ATV
CHANNEL Strong Weak Strong Weak Strong Weak
n+2 < -1* -28 <-33* | <-58* [ <-32* -56
n- 2 < -3* -24 <-33* | <-58* [ <-32* -59
n+4 < - 4% -25 <-33* | <-58* [ <-32* -55
n+7 < -3* -34 <-33* | <-58* | <-33* [ <-63*
n-7 < -3* -35 <-33* | <-58* | <-33* [ <-63*
n+8 < -3* - 36 <-33* | <-58* | <-33* [ <-62*
n-8 < -b5* -34 <-33* <- 58* <-33* <-63*
n+14 < -1* - 26 <-33* | <-58* | <-33* [ <-63*
n+15 < -2% -17 <-33* | <-58* | <-33* [ <-63*

* Determination of TOV level was beyond the limits of ATTC's RF test bed range.
Consequently, the system performance was better than the indicated result.

Figure 11-12. Taboo threshold of visbility for DSC-HDTV (D/U in dB).

11.4.2.11 Channel Acquisition

Under avariety of heavy imparment conditions, the DSC-HDTV system fully acquired the sgnd and
displayed arecognizable picture within 3 seconds. Under a variety of moderate impairment conditions, a
recognizable picture was displayed within 1 second.

11.4.2.12 Failure and Recovery Appearance

In generd, dl tranamisson impairments had smilar manifestations in the observed video. When
trangmisson path impairments or interfering signas were strong enough to be visble in the desired
picture, they caused large “shimmering” areas of noisy video, visble blocks of various Szes, and
patches of erroneous data. In most instances, the intensity and hue of the damaged portions of the image
were Smilar to the correct video around them; only very rardly were there blocks of strongly contrasting
color or luminance. Depending on the leve of the impairment and complexity of the desired image, the
effects of the impairment perssted for about 2-5 seconds after the impairment was removed. Higher
levels of impairment created more frequent and larger affected regions. Complex images were more
proneto vighble effects of a given imparment levd than were smpler images.

During aloss of sgnd, or when the Sgna was overwhemed with imparments, the image “dissolved”
into blocky artifacts or barely recognizable video and then froze. Upon reacquisition, the blocks
“dissolved” into agood image in aperiod of 2-5 seconds.

11.4.2.13 Peak-to-Average Power Ratio

The peak-to-average power ratio was less than 6.3 dB 99% of the time, and lessthan 7.6 dB 99.9% of
thetime.
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11.4.2.14 Multiple Impairments

The performance of DSC-HDTV, when smultaneoudy subjected to multiple impairments, is shown in
Figure 11-13 for two cases:

(@) The TOV and POA for NTSC co-channd interference versus random noise, and
2 The TOV for composite triple beat versus random noise.

Asymptotes are shown reflecting the measured single impairment performance. The operating region lies
above and to theright of the respective curves.
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Figure 11-13. Multiple impair mentsinto DSC-HDTV. (L &ft) POA and TOV for
NTSC co-channd interference ver susrandom noise. (Right) TOV for
compositetriple beat versusrandom noise.

11.4.3 Scope of Services and Features

11431 Data

Two separate channels were provided for ancillary datain the system tested. The totd capacity of 413
kbits/sec was divided into one channd of 30 kbits/sec sent as 2-level data and another of 383 kbits/sec
sent as 4-leve data.

11.43.2 Encryption

The system tested did not have encryption implemented. The proponent expects to develop encryption
with industry participation.
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11.4.3.3 Addressing
The addressing information is transmitted through the ancillary data channdl.

11.4.3.4 VCR Capability

The proponent clamsthat the current S-VHS mechanism is sufficient for the 21.5 Mbits/sec DSC-
HDTV data, and that such %2 inch cassette equipment exigtsin prototype form. According to the
proponent, the system knows wheat fraction of the origind image is contained in the displaced frame
difference (DFD). A usable picture is obtained without motion compensation by amplifying the DFD by
afactor proportiona to the inverse of the leak factor. This can be used for VCR forward or reverse
scan modes when only asmall portion of each compressed frame is acquired. In addition, the segment
headers are needed to identify the dice numbers from the acquired data. The picture would appear
“blocky” with some diceslogt, but suitable for rapid searching. Still frameissmpleif the VCR had been
playing. If random access to a particular frame on the tape is required, the decoding of severa frames
leading up to it is needed to achieve full qudity. Splicing is optimd if each splice Sarts with a scene
change. Otherwise, the decoder can be sgnded to initiate alegk factor inversion for fast sartup at the
beginning of each splice or insert. Cropping is possible by manipulation or replacement of compressed
dices. Image processng for specid effectsis best performed in the pixel domain after decoding. Square
pixes and progressive scanning smplify the implementation of specid effects.

1144 Extensibility

11.4.4.1 To No Visible Artifacts

The proponent suggests arate of 41 Mbits/sec for no visble artifacts regardiess of detaill and motion,
and clamsthat this can be accomplished with a smal change to the compressed video interface.

11.4.4.2 To Studio Quality Data Rate

Claims are made that the compression techniques used for the broadcast of DSC-HDTV are eesily
smplified to produce a 200 Mbits'sec signd for usein the studio. Thissigna uses only intraframe
processing, and thusis suitable for dl editing and specid effects processing. The claim is made that the
quality is suitable for multiple decoding/encoding as required. This bit rate is suitable for serid data
interfaces and dso for video tape recording on D-1 VTRs.

11.4.4.3 To Higher Resolution

If it is desirablein the future to maintain higher pixel numbersin the production studio, the higher-
resolution signa could be compressed into the 200 Mbitsy/'sec studio signd plus a high-frequency
resdua sgnd. The standard DSC-HDTV system would code the studio sgna frames, and asmple
augmentation encoder would code the resdua signd. Thefina output of editing or specia effects could
gtill be recorded using the 200 Mbits/sec portion of the compressed signdl.
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11.4.4.4 Provision for Future Compression Enhancement

The proponent suggests that the compresson agorithm permits improvements in the selection of vector
quantization patterns from the codebook, motion estimation, perceptud error threshold computation,
buffer control, leak adaptation, and transmission prioritization. These improvements can be made
without changing receivers or the tranamitted deta rate.

11.45 Interoperability Considerations

11.45.1 With Cable Television
Information on the performance of DSC-HDTYV over cable can be found in Section 11.4.2.6.

11.45.2 With Digital Technology
Sincethissygem is dl-digitd, the advantages of dl-digitd sysems gpply.

11.45.3 Headers/Descriptors

The tested system did not have explicit headers and descriptors. However, ancillary data space was
provided for a number of purposesincluding headers/descriptors.

11.45.4 With NTSC

Asthe DSC-HDTV line-rate is directly related to NTSC, transcoding to NTSC is straightforward.
Conversion to and from NTSC has been demonstrated using red-time hardware. Up-conversion from
NTSC requireslinetripling, horizonta line-rate conversion and interpolation.

11.45.5 With Film

The encoder buffer control automatically detects the presence of 24 fps or 30 fps scene materid from
film sources. When afilm source is detected, an dternate buffer control dgorithm will be used which
takes advantage of repested frames in the source and minimizes variaions in distortion between
repeated frames. If film is detected, al video segments will undergo 2-1evel tranamisson for maximum
coverage area and minimum video data rate. The dternate buffer control for film mode was not
completed in time for tegting.

11.45.6 With Computers

Progressive scanning and square pixes, both of which are used in this system, are important factors for
interoperability of an HDTV system with computers. The frame rate used in DSC-HDTV i1s59.94 Hz.

11.45.7 With Satellites

The maximum totd datarate for DSC-HDTYV is 21.5 Mbits/sec. As satellite data communication
channels use a congtant bit rate, the variable bit rate used by DSC-HDTYV for terrestrid transmisson
makes it necessary for the bit stream to be reformatted for satellite transmission. The reformatted bit
stream must contain the data needed to permit recongtruction of the variable-rate bit stream for separate
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2-leve and 4-levd terrestrid modulation. The proponent has suggested trangmitting two programs per
channel using TDM or SCPC in a 36-Mhz transponder, and has considered both two programs/channel
and one program/chamnel DBS scenarios.

11.45.8 With Packet Networks

The DSC-HDTV symboals are organized in aform of packet sructure using fixed-length data segments.
Segment headers include pointers to dices (64H x 48V), so that packet lossresultsin loss of, a mogt, a
few dices prior to error conceal ment. The segments make up data frames of duration 1/59.94 sec. In
order to carry DSC-HDTV on an ATM network, the data in data frames would be encapsulated in the
ATM cdl sructure. While the number of bitsin a data frame varies because of the 2-leve tranamission,
arcuit-switched networks use constant bit rate. The proponent suggests repesting 2-level ssgments for
added robustness to fill out the data stream for a constant- bit-rate channel. For a packet network,
packets can be used as needed to carry the actud varying bit rate. When cell loss is detected, the
decoder will perform error concedment by replacing missing segments with default data or with pixel
data from a previous frame.

11.45.9 With Interactive Systems

The proponent claims that the delay through the encoder and decoder for the DSC-HDTV system s
about 14 frames (224 msec). The proponent claims that an enhancement to the current system alows
the latency to be determined by the encoder for interactive applications that require lower latency.
Acquisition timeisreported in Section 11.4.2.11.

11.4.5.10 Format Conversion

11.45.10.1  With 1125/60

Up-converting to the Common Image Format (1920 x 1080) requires 2:3 interpolation horizontally and
verticdly. SMIPTE 240M uses 1035 active lines and would require 16:23 verticd interpolation.
Colorimetry is the same as SVIPTE 240M.

11.45.10.2 With 1250/50

This difficult converson is somewhat eesier with a progressive system such as DSC-HDTV than with an
interlaced system.

11.4.5.10.3  With MPEG"™

Although the DSC-HDTYV decoder shares many commonalties with MPEG-1 decoders, the DSC-
HDTV decoder would require modification to decode MPEG-1. MPEG-1 decoders will not decode
DSC-HDTV.

10 See Section 8.3.8 for adiscussion of MPEG, the MPEG-1 standard, and the MPEG-2 devel opment effort.
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11.4.5.10.4  With Still Image

The proponent suggests that conversions with JPEG, Photo CD and CD-1 are possible with
graightforward spatid filtering after decompression without the flicker that might be introduced by an
interlaced display. In smple cases, line and sample doubling or sub-sampling may suffice.

11.45.11 Scalability

It is possible to process the 2-level data only and display the images corresponding to that portion of the
video information. Decoding only 2-level datawill result in a substantialy reduced-quaity image for
scenes that are difficult to encode (requiring large amounts of 4-level data). In such acase, the loss of
the 4-levd data affects both the tempora and spatial resolution. Where tempora scaling is needed, the
process is smplified by the progressive scan used in DSC-HDTYV. The proponent has suggested using
the motion vectors available at the decoder to perform motion-compensated frame interpolation. The
proponent suggests that picture-in-picture be done by windowing on dice (64H x 48V) boundaries.

115 SYSTEM IMPROVEMENTS
1151 Already Implemented

1151.1 Vertical Noise Coring in Video Source

The purpose of thisimprovement was to increase overdl coder efficiency and improve picture quaity by
reducing the number of bits wasted on coding noise. Vertical source-noise coring has been added to the
exiging horizontal source-noise coring.

11.5.1.2 Improved Quantizer Vector Selection Codebook

To reduce twinkle in il pictures and visble artifactsin noisy or complex pictures, entries have been
added to tables contained in the encoder and decoder. There were no hardware changes.

11.5.1.3 Modified Quantizers, Perceptual Weights, Scale Factors, and Variable
Length Codes

To reduce artifacts in saturated color regions, in complex or noisy pictures, and for iso-luminance
patterns, entriesin avariety of tables in the encoder and decoder have been modified. There were no
hardware changes.

11514 Improved Leak Calculation

The purpose of thisimprovement was to remove tempora breathing, reduce buffer oscillations, and
improve overal coding efficiency. The method of fixing “limit cyces’ associated with lesk has been
replaced.
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11.5.1.5 Improved Error Concealment via Unity Leak

The purpose of thisimprovement was to conced errorsin ill pictures and, where accurate motion
vectors are available, in motion pictures. In the presence of heavy errors, unity leak is used to replace
blocks with errors. Only the decoder was affected.

11.5.1.6 Modified Buffer Control, Increased Decoder Efficiency and Controlled
Audio/Video Delay

To provide faster scene changes and a better distribution of 2-level and 4-level segments, parameter
changes have been made in the encoder. To contral the relative delay between the audio and video
display, modifications have been made in the encoder and decoder.

11.5.1.7 Reduction of Pilot Level
To improve upper-adjacent ATV-into-NTSC interference and to lower transmitted sgna power, the
pilot leve for both 2-level and 4-leve data has been reduced by 3 dB.

11.5.1.8 Changes in Offset Frequency and Dispersion

To diminate a color sripe observed in ATV-into-NTSC co-channd interference tests, the tranamitter
carrier frequency has been offset an additiona 30 Hz.

To lower the peak-to-average power ratio by 1.5 dB, a change has been made in the dispersion.

11519 Correction of Slice Error Problem

The purpose of thisimprovement was to correct a hardware problem in the decoder that caused a
timing fault in the compressed video data deformatter, giving occasiond undetected errorsin agiven
dice (64H x 48V pixd block).

11.5.1.10 Filtering of Input to Motion Estimator

The purpose of thisimprovement was to overcome a*“haf-pd” flashing block problem that occurred
when an accumulator overflow condition caused erroneous motion vectors to be computed for severa
32H x 16V blocksin a scene.

11.5.1.11 Adaptive Two-Dimensional Source Filtering

To improve picture quality, especidly for complex pictures, adight spatia two-dimensond frequency
roll-off is performed in the input to the encoder based on an estimate of picture complexity. Only the
encoder was affected.

11.5.1.12 Optimization of Decimation Filter for Coarse Motion Estimation

To reduce “swarming” artifacts in high frequency regions, eg., high frequency zone plates, the
decimation filter has been relaxed providing better coarse motion estimators. Only the encoder was
involved.
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11.5.1.13 Optimized Selection of Segments for 2-Level Transmission

The purpose of thisimprovement was to provide better picture qudity when only 2-level data can be
received. Parameters have been adjusted to change the selection of segments sent as 2-level data. Only
the encoder was involved.

11.5.1.14 Two DSC-HDTV Programs in One 6 MHz Cable Channel

The purpose of thisimprovement was to provide two DSC-HDTV programs on a sngle cable channd.
A 16-VSB transmission format is used to achieve a 43 Mbits/sec datarate.

11.5.2 Implemented in Time for Field Testing

115.2.1 Spatially Adaptive Leak

To improve the coding of pictures that contain partial scene changes, extreme amounts of uncovered
background, or very high amplitude source noise, changes will be made to the encoder and decoder to
permit the encoder to vary the leak vaue on a block-by-block bass.

11.5.2.2 Faster Adaptive Equalizer that Adapts on Data

To be fagter and have better tracking of time-varying multipath sgnds in the recelver, the adaptive
equaizer will adapt on data

11.5.2.3 ATSC T3/186 Audio and Flexible Assignment of Audio, Video, Ancillary and
Conditional Access/Encryption Data

To fulfill the audio requirements of T3/186, a 5.1- channd sound system will be implemented using the
Dolby AC-3 system, and two additiona independent audio channds will be implemented using the
Dolby AC-2A system. This choice may be revisited if another audio sub-system becomes available
before testing begins.

To dlow flexible dlocation of data, heeders will be included. Flexible dlocation capability will be
implemented to the extent that the interfaces to the various services to be carried are adequatdly

specified.
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12. ADVANCED DIGITAL HDTV

121 SYSTEM OVERVIEW

AD-HDTV, proposed by the Advanced Televison Research Consortium (ATRC) isadigital smulcast
system that requires asingle 6 MHz television transmission channd.* The ATRC incdludes: David Sarnoff
Research Center, North American Philips, Thomson Consumer Electronics, NBC, and Compression
Labs, Incorporated. The AD-HDTV video sourceis an andog RGB sgna with 1050 lines, 2:1
interlaced, a59.94 Hz fidld rate, and an agpect ratio of 16:9. A matrix converts the RGB color Sgnds
to Y-Cr-Cb components, conforming to the SMIPTE 240M representation and colorimetry
gpecification. The luminance video sampling frequency is 56.64 MHz. The source and display format is
interlaced with 960 lines by 1500 pixels per line. To creete the interna progressive scan format used by
the system’ s frame based coding, the interlaced source is transcoded into a 960 line by 1248 pixels per
line, progressively scanned, 29.97 frames per second format. After format conversion, the two color-
difference Sgndls are decimated by a factor of two both horizontally and verticdly, resulting in a
sampling dengity one fourth that of the luminance sgnd. The video compression uses an adaptation of
the MPEG-1 (Moving Picture Experts Group) standard.? The system uses two separate transmission
channds, each with 32 QAM modulation, totaling 24 Mbits/sec. The high priority (HP) channd carries
4.8 Mbits'sec of data and is of higher power than the standard priority (SP) channd with 19.2
Mbits/sec of data. The purpose of the two-channd gpproach isto provide ameasure of “ graceful
degradation” and to reduce co-channel interference from and into NTSC. The audio channds are
compressed using a proprietary standard called MUSICAM that is related to layers 1 and 2 of the 3-
layer MPEG audio standard. The audio is sampled at 48 kHz with 16 bit precison. Audio in the tested
system supported two stereo pairs of 256 kbits/sec each; they were tranamitted in the HP channd. An
additiona 256 kbits/'sec was provided for data.

12.2 SPECTRUM UTILIZATION

The AD-HDTV anaysis was conducted under two alotment scenarios (using both VHF and UHF
channdsfor ATV dations, and using only UHF channels) and two sets of interference congraints
(consdering only co-channel interference, and both co-channd and adjacent-channd interference). In
addition, the impact of taboos was assessed by re-caculating coverage and interference for each case
assuming the taboo performance measured in the laboratory.

! The ATRC was unable to deliver its AD-HDTV system to the test laboratories at the beginning of the scheduled
test slot. Theresulting delay slightly truncated testing performed on the system. In addition, an incorrectly included
filter inthe AD-HDTV tuner wasdiscovered during testing. The Advisory Committee decided to rerun certain tests
after the proponent replaced the incorrect filter. Subsequently, SS/WP2 agreed that the datafrom the retest, not from
the corresponding original test, should be used by the Advisory Committee for analysis and evaluation of the
proponent’ s system.

% See Section 8.3.8 for adiscussion of MPEG, the MPEG-1 standard, and the MPEG-2 devel opment effort.
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Figure 12-1 shows planning factors, specific to the AD-HDTV system, as derived from test results
The numbersin the figure are desired-to-undesired ratios (D/U) in dB. The vaues for interference into
NTSC are based on CCIR Impairment Grade 3 (dightly annoying) as determined from the ATEL
subjective tests.* Because the ATV serviceis intended to be an improvement over NTSC, interference
into ATV isbased on CCIR Impairment Grade 4 (perceptible but not annoying) if the range between
TOV and POA exceeds 5 dB. Otherwise, the TOV power leve isused. AD-HDTV demondtrated a
“cliff effect” and thus D/U values are based on TOV data. Also, the data show that AD-HDTV can
support collocation on both the upper and lower adjacent-channels.

Co-Channel D/U (dB) Adjacent-Channel D/U (dB)
ATV-i nt o- NTSC +34 Lower ATV-into-NTSC -16.0
NTSC-i nt o- ATV +0. 50 Upper ATV-i nt o- NTSC -8.9
ATV-i nt o- ATV +19. 1 Lower NTSC-into- ATV - 38

Upper NTSC-into- ATV - 36

Carrier-to-Noise +18. 4 Lower ATV-into- ATV -33

Upper ATV-into- ATV -16.8

Figure 12-1. Planning factor s specificto AD-HDTV.

12.2.1 Accommodation Percentage

AD-HDTV could provide a 100% accommodation of all NTSC assgnments for co-channd only, and
co-channd and adjacent-channel congtraints, under both the VHF/UHF and UHF scenarios. The
accommodation is achieved a the expense of reducing the ATV and NTSC service areas. No attempt
was made to reduce interference to NTSC service by adjusting either ATV or NTSC power.

12.2.2 Service Area

Figure 12- 2 depicts the interference-limited service area of each ATV daion, during the trangtion
period, rdlative to the interference-limited service area of its companion NTSC station under the
VHF/UHF scenario, taking into account both co-channd and adjacent-channe condraints. In this

% As determined by SS/WP2, spot check data are not included in Figure 12-1; however, spot check data, marginally
different from the original data, were used in spectrum utilization analyses. The spot check data used by PS/WP3
werefor Co-Channel NTSC-into-ATV (0.82 dB), Co-Channel ATV-into-ATV (18.4 dB), and Carrier-to-Noise (18.1 dB).
Spot check datawere used also for the effect of taboo interference. Use of the original datawould have affected all
the spectrum utilization results. For example, use of spot check datais believed to affect co-channel interference
results by slightly improving ATV-into-NTSC and ATV-into-ATV, and to alesser degree, worsening NTSC-into-
ATV.

* For spectrum utilization analysis, a correction factor was applied to weak signal level TOV datato estimate a CCIR
Impairment Grade 3 for Adjacent-Channel Upper ATV-into-NTSC because subjective assessment was not performed
at weak signal level.
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graph, the 1,657 current NTSC stations are placed in order of decreasing ATV to NTSC service area
ratio. Examination of the graph revedsthat 10.3% (170) of the ATV dations under this scenario would
havean ATV sarvice area at least 20% larger than their companion NTSC service area and 95%
(1,579) would have an ATV service area a least 80% of their companion NTSC service area. The
tota ATV interference-limited service areafor dl 1,657 stations is 39.2 million square kilometers.

Figure 12- 3 shows the interference statistics for the VHF/UHF scenario. During the transition period,
46.5% of ATV dations would receive no interference. Thiswould rise to 55.2% after the trangition
period ends. Also during the trangtion period 3.4% of the ATV dations would receive interference in
more than 35% of their noise-limited coverage area. Thiswould fal to 3.2% after the trangtion period
ends. Thetota interference area created within the ATV noise-limited coverage area during the
trangtion period is 2.94 million square kilometers. Thiswould decrease to 2.45 million square
kilometers after the trangition period ends. Of the existing NTSC dtations, 55.7% would not receive any
new interference because of the ATV service, while 2.8% would receive new interference in more than
35% of their Grade B area. Thetota new interference into NTSC created under this planis 1.77 million
sguare kilometers.

When taboos are included in the interference ca culaions for the VHF/UHF scenario, the number of
ATV dationswith no interference during the trangition period is 43.2%; the number of ATV gations
with interference in more than 35% of their noise-limited coverage areais 3.4%. The number of NTSC
gations receiving no new interference is 50.0%; the number of NTSC gations with interference in more
than 35% of their Grade B areais 3.1%.

When the adjacent-channd congraints of Figure 12-1 are not included in the VHF/UHF scenario, the
alotment/assgnment table is different. In that case, 17.5% (290) of the ATV dations would have an
ATV sarvice area a least 20% larger than their companion NTSC service area and 99% (1,633) would
have an ATV sarvice area at least 80% of their companion NTSC sarvice area. During the trangition
period, 76.0% of ATV dations would receive no interference. Thiswould rise to 80.1% after the
trangition period ends. Also during the transition period, 0.9% of the ATV dations would receive
interference in more than 35% of their noise-limited coverage area. Thiswould remain at 0.9% after the
trangition period ends. Of the existing NTSC dtations, 62.6% would not receive any new interference
because of the ATV sarvice, while 2.3% would receive new interference in more than 35% of their
Grade B area.

Figure 12-4 depicts the interference-limited service area of each ATV dation, during the trangition
period, relative to the interference-limited service area of its companion NTSC station under the UHF
scenario, taking into account both co-channe and adjacent-channd congraints. In this graph, as before,
the 1,657 current NTSC stations are placed in order of decreasing ATV to NTSC service areardtio.
Examination of the graph revedsthat 10.7% (178) of the ATV dations under this scenario would have
an ATV sarvice area at least 20% larger than their companion NTSC service area and 92% (1,531)
would have an ATV sarvice area at least 80% of their companion NTSC service area. Thetotd ATV
interference-limited service areafor dl 1,657 gationsis 37.8 million square kilometers.
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Figure12-2. AD-HDTV VHF/UHF Scenario — Interference-limited service
area of each ATV dation relativeto the interference-limited service area of its
companion NTSC gation (co-channel and adjacent-channel constraints).

Interference Area ATV Stationswith Interference NTSC Stationswith

Compared to Added Interference
Coverage Area During Transition After Transition Dueto ATV
No Interference 46.5 % 55.2 % 55.7 %
0- 5% 20.5 % 18.5 % 15.9 %
5- 10 % 13.5 % 10.0 % 9.0 %
10 - 15 % 7.6 % 6.3 % 6.5 %
15 - 20 % 3.9 % 2.8 % 4.0 %
20 - 25 % 2.3 % 1.9 % 3.0 %
25 - 30 % 1.6 % 1.4 % 1.5 %
30 - 35 % 0.7 % 0.6 % 1.6 %
> 35 % 3.4 % 3.2 % 2.8 %

Figure12-3. AD-HDTV VHF/UHF Scenario — Interference characteristics
(co-channé and adjacent-channel constraints).
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Figure 12-4. AD-HDTV UHF Scenario — I nterference-limited service area of
each ATV sation relative to the interference-limited service area of its
companion NTSC station (co-channe and adjacent-channe constraints).

Interference Area ATV Stationswith Interference NTSC Stationswith

Compared to Added Interference
Coverage Area During Transition After Transition Dueto ATV
No Interference 46.8 % 52.7 % 59.7 %
0- 5% 17.0 % 16.5 % 9.4 %
5- 10 % 10.4 % 8.9 % 6.0 %
10 - 15 % 7.6 % 5.8 % 4.1 %
15 - 20 % 5.0 % 4.5 % 2.9 %
20 - 25 % 3.4 % 2.6 % 3.0 %
25 - 30 % 2.5 % 2.1 % 2.8 %
30 - 35 % 1.9 % 1.8 % 2.4 %
> 35 % 5.3 % 5.2 % 9.7 %

Figure 12-5. AD-HDTV UHF Scenario — Interference characteristics
(co-channe and adjacent-channel constraints).
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Figure 12-5 shows the interference gatistics for the UHF scenario. During the trangition period, 46.8%
of ATV dationswould receive no interference. Thiswould rise to 52.7% after the trangtion period
ends. Also during the trangition period, 5.3% of the ATV sations would receive interference in more
than 35% of their noise-limited coverage area. Thiswould fal to 5.2% after the trandtion period ends.
The totd interference area created within the ATV noise-limited coverage area during the trangtion
period is 3.43 million square kilometers. This would decrease to 3.00 million square kilometers after the
trangition period ends. Of the existing NTSC stations, 59.7% would not receive any new interference
because of the ATV sarvice, while 9.7% would receive new interference in more than 35% of their
Grade B coverage area. Thetotal new interference crested under this plan is 2.53 million square
kilometers.

When taboos are included in the interference ca culations for the UHF scenario, the number of ATV
dations with no interference during the trangtion period is 43.8%; the number of ATV dationswith
interference in more than 35% of their noise-limited coverage area is 5.3%. The number of NTSC
gations receiving no new interference is 54.0%; the number of NTSC stations with interference in more
than 35% of their Grade B areais 10.2%.

When the adjacent-channel congraints of Figure 12-1 are not included in the UHF scenario, the
dlotment/assgnment table is different. In that case, 15.2% (252) of the ATV dations would have an
ATV sarvice area a least 20% larger than their companion NTSC service area and 96% (1,587) would
have an ATV sarvice area at least 80% of their companion NTSC service area. During the trangition
period, 63.3% of ATV dations would recaeive no interference. Thiswould rise to 70.1% after the
trangition period ends. Also during the trangition period, 2.9% of the ATV dations would receive
interference in more than 35% of their noise-limited coverage area. Thiswould remain at 2.9% after the
trangition period ends. Of the existing NTSC stations, 63.9% would not receive any new interference
because of the ATV sarvice, while 8.6% would receive new interference in more than 35% of their
Grade B area.

The frequency distribution of ATV dation average effective radiated power levels needed to achieve
ATV noise-limited coverage comparable to NTSC Grade B coverage was cdculated. The maximum
average effective radiated power level was 40.42 dBk (11,000 kW). The results are shown in Figure
12-6.

12.3 ECONOMICS

12.3.1 Cost to Broadcasters

The estimated equipment cost for an AD-HDTV trandtiond dtation is shown in Figure 12-7. The total
cost of the trangitional station was estimated to be $1,785,500. The total cost of aminimal station was
estimated to be $1,169,100. A genera description of the methods used to develop the cost datais
contained in Section 8.2.1.
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12.3.2 Cost to Alternative Media
Information on this topic was not provided.
Number of TV Stations
Aver age Effective Radiated Power Leve VHF/UHF Scenario UHF Scenario
(dBK) (kW) LowVHF | High VHF UHF UHF
Less than 5 Less than 3.2 10 20 89 89
5- 10 3.2 - 10.0 3 12 44 44
10 - 15 10.0 - 31.6 4 10 55 60
15 - 20 31.6 - 100 5 227 237
20 - 25 100 - 316 289 296
25 - 30 316 - 1,000 315 335
30 - 35 1,000 - 3,160 298 308
35 - 40 3,160 - 10,000 268 280
> 40 > 10, 000 8 8
TOTAL 17 47 1,593 1, 657

Figure 12-6. AD-HDTV power leve distribution.

Subsystem Cost (thousands)
Satellite Receiver, Demodul ator, Decoder $ 13.5
Character Generator, Still Store, Two 28” Monitors 200.0
Routing Switcher (10 x 10), Master Control 125.0
2 ATV VTRsand Monitors 170.0
NTSC Upconverter, including Line Doubler 19.0
ATV-to-NTSC Downconverter 15.0
34" Monitor, Seven 17" Monitors, Eight Decoders 110.0
ATV Encoder 280.0
STL Subsystem 92.5
ATV Modulator, ATV Exciter 35.0
ATV Transmission Subsystem 725.5
TOTAL COST $1,785.5

Figure 12-7. Equipment cost for an AD-HDTYV trangtional station.

12.3.3

Costto Consumers

The estimated materiad cost datafor an AD-HDTYV receiver are shown in Figure 12-8. A generd
description of the methods used to develop the cost datais contained in Section 8.2.2.

Using a2.5 multiplier, the resulting estimated retail price for aAD-HDTYV receiver is $2,515 for a 34”
direct view receiver and $3,805 for a56” projector receiver.
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34" Widescreen 56" Widescreen
Subsystem Direct View Receiver CRT TypeProjector
Signal Processing Components $ 127 $ 127
Audio Amplifiers, Speakers 30 30
Scan System, Power Supply, Video Amps 63 176
Display 700 1, 050
Cabinet 90 140
TOTAL MATERIAL COST $1, 006 $1, 522

Figure 12-8. Material cost datafor an AD-HDTYV receiver.

12.4 TECHNOLOGY

12.4.1 Audio/Video Quality

In video subjective tests of AD-HDTV, the system performed consstently across segments of test
materia with no difference between till and moving materias. For 8 of the 9 tills and 14 motion
sequences, AD-HDTV was judged, on average, to be about 0.3 grade lower in quality than the
1125-line studio reference. The remaining Hill, eectronically generated, was judged to be better in
quality than the reference.

Problems were noted when the system was tested for video-coder and motion-compensation overload.
No sgnificant problems were reported when the system was subjected to scene cuts, noisy source
materid, and to a sudden stop in motion.

During system-specific tests, expert observers noted that the audio remained useful, but not unimpaired,
over the range between the SP and HP thresholds. There was no evidence that the audio system failed
before the accompanying video.

124.1.1 Video Quality

Subjective judgments of image quality by non-experts are summarized in Figure 12-9. Scores are the
differences between judgments of the reference and judgments of AD-HDTV for 9 dtillsand 14 motion
sequences. For 8 of the 9 tills, AD-HDTV was judged, on average, to be 0.3 grade (i.e., about 6
points on the 100-point scal€e) lower in quality than the 1125-line sudio reference; for the remaining il
(S14), the system was judged to be 0.9 grade higher in quaity than the reference (this may reflect
reduced vishility of interlacing artifactsin the AD-HDTYV rendering of this picture). For motion
sequences, AD-HDTV dso wasjudged, on average, to be 0.3 grade (i.e., dout 6 points) lower in
quality than the reference.

® See Section 8.3.3.



ATV SYSTEM RECOMMENDATION Page 12-9

AD-HDTV peformed condggtently across al segments of test materid. Differences ranged from -0.1 to
-0.7 grade (not counting S14). The variability among viewers was consstent across materias and within
accepted limits. Expert commentary, supported by reports from the non-expert viewers, attributed the
amall differences between AD-HDTV and the reference primarily to quantization noise (experts judged
thisto be at alevel low enough not to be objectionable to nornexperts.) Expert observers noted an
additiond artifact for rapidly moving images, which sometimes showed jerky motion, severe blockiness,
and contouring; sometimes the images would appear to break up.

[+2 Grades] 40

[+1 Grade] 20

[-1 Grade] -20

DIFFERENCE [ SYSTEM - REFERENCE ]

[-2 Grades] -40

w w o wuw
o O O O O
Hh OO N 0 ©
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STILLS MOTION SEQUENCES

Figure 12-9. Aver age differences between quality judgmentsfor the 1125-line
studio quality reference and for AD-HDTV.

The results of objective tests of static and dynamic resolution show dight lossesin verticd luminance
resolution at high rates of movement.

When subjected to noisy source materid, adding noise to the source smply made the image noiSer,
except at the highest levels of noise where the picture exhibited a freeze frame effect, or highly visble
blocks and jerky mation.

In generd, scene cuts were rendered very well, including deliberate test sequences designed to stress
the 9-frame MPEG- 1 group- of-picture data structure used in AD-HDTV. When viewed in red time,
some expert observers saw very dight noise immediately following some of the cuts. When observing
dill frames, AD-HDTYV introduced only dight, locdized artifacts and they were gone after afew frames.

® See Section 8.3.5.
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When tested for video-coder overload, the image broke up severdly into blockiness. When viewed as
gl frames one of the images perssted for 7 frames. When tested for motion-compensation overload at
veocities of 0.4 picture height per second and greater, the system introduced quanti zation noise and
blockiness. At avelocity of 0.8 picture height per second (a speed dow enough for eye tracking), the
image was severdly impaired by a“dirty window” of blocky noise. No artifacts were noted in response
to a sudden stop in movemen.

Slight system artifacts became visible when materia was subjected to two encode/decode passes
through the system. After the second pass, added noise did not cause pictures to be degraded
substantialy. The appearance of amomentary black pand at the top, after a scene cut from gray, was
consstent and quite disagreesble.

The AD-HDTV system exhibited good chrominance dynamic range in red, green, and blue channels.

In examining video qudlity for gradua degradation, usng sequences with very smple imagesto highly
complex ones, expert observers saw very few images other than ills that could be rendered in “usable”’
form by HP data alone. The observers believed that, for most reasonably active images, the form of
gradua degradation embodied in this system produced recognizable pictures having utility only for short,
temporary, and infrequent sgna fading.

12.4.1.2 Audio Quality

During system-specific tests, expert observers noted that the audio remained useful, but not unimpaired,
over the range between the SP and HP noise impairment thresholds. There was no evidence that the
audio system failed before the accompanying video.”

Objective tests for dynamic range, tota harmonic digtortion (THD), THD + noise (THD+N),
intermodulation digtortion (IMD), dynamic intermodultion distortion (DIM), frequency response, and
overload versus frequency were not performed.

For co-channd interference of ATV-into-NTSC, at both moderate and weak signd levels, there was
no degradation in THD + N over the range of interference tested. For upper adjacent-channd
interference of ATV-into-NTSC, at moderate sgnd level, two receivers showed that BTSC audio
began to degrade when the video qudity was “unimpaired” while athird receiver showed that audio
began to degrade when video quality was between “perceptible, but not annoying” and “ dightly
annoying.” Inthetest of co-channd ATV-into-NTSC, AD-HDTV caused no significant degradation of
NTSC VBI data.

12.4.2 Transmission Robustness

In most regards, AD-HDTYV performed as predicted by the proponent. Its performance equalled or
exceeded that of NTSC in dmogt dl impairment conditions. Typicaly the system exhibited immunity to

7 See Section 8.3.1.
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avaiety of transmisson imparments over awide range of imparment levels. Beyond that range, the
system exhibited a sharp degradation in performance when exposed to dl impairments. At even higher
levels of noise impairments, the system produced recognizable pictures and usable, but not unimpaired,
audio over an additiond range. This characteristic has utility only for short, temporary, and infrequent
sgnd fading. In generd, dl transmission impairments had smilar manifestations in the observed video,
which were quite different than the effect they produce on NTSC. Transmisson impairments and
interference, when strong enough, produced display errors and caused jerkiness and randomly spaced
rectangular paiches of images ether to freeze or to digplay erroneous information for a short duration.

AD-HDTV interference into NTSC had the characteristic of white noise, and produced a graceful
degradation. Cable transmission had no adverse effect on AD-HDTV performance.

12421 Noise Performance

When AD-HDTV was subjected to random channel noise (based on a 6 MHz noise bandwidth), the
carier-to-noise ratio® (C/N) at the TOV was measured and is shown in Figure 12-1. This was the noise
threshold leve for the SP data. The system had a sharp degradation: the range between the TOV and
the Point of Unusability (POU) was 0.75 dB.

Expert observers concluded that the form of gradual degradation embodied in this system has utility only
for short, temporary, and infrequent channe fading. The system continued to produce recognizable
pictures and usable, but not unimpaired, audio with HP data alone over arange extending about 5 dB
beyond TOV.

12.4.2.2 Static Multipath

The system performed well at levels which would be highly objectionablein NTSC. The TOV for
echoes of +0.08 psec, +0.32 psec and +2.56 psec were at D/U ratios of 2.1 dB (i.e., echo amplitude
of 79%), 0.1 dB (98%), and 4.9 dB (57%), respectively. For an echo of -0.08 psec, no impairment
was observed up to the D/U limit of O dB.

12.4.2.3 Flutter

The TOV for arplane flutter of 2 Hz and 5 Hz were a D/U levels of 16.1 dB (16%) and 17.6 dB
(13%) respectively.

12.4.2.4 Impulse Noise

Impulse noise performance was judged to be better than NTSC by approximately 10.5 dB for TOV.
The range between TOV and POU was about 4 dB.

& Caution must be exercised in comparing C/N between analog and digital systems, as definition of carrier levelsis not
consistent. Measurement of power level is consistent, however, among digital systems. (See Section 8.3.6.)
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In the gated noise test a afixed 10 Hz repetition rate, TOV was reached when the pulse width was
increased to 17 psec. Pulse width at POU was greater by approximately a factor of 3. When the pulse
width was decreased to 13 psec, TOV was reached when the pul se repetition rate was increased to 20
Hz.

12.4.2.5 Discrete Frequency Interference

The D/U ratio a the TOV for discrete frequency interference was-42 (+12, -3) dB in the first adjacent
channds, and +20 dB in-band, except at one test frequency in the notch between SP and HP signals
where 0 dB was measured.

12.4.2.6 Cable Transmission

The subjective tests show that cable transmission per se has no adverse effect on AD-HDTV
performance.

Among the cable- pecific tests conducted, the system performed better than NTSC when subjected to
hum (TOV @ 11%); composite triple beat, or CTB, (TOV @ -16 dBc); and composite second order,
or CSO, (TOV @ -26 dBc). Its performance was poorer than NTSC when subjected to phase noise
(TOV @ -84 dBc), residua FM (TOV @ -0.6 kHz), and locd oscillator ingtability (TOV @ +0.45
kHz, -0.55 kHz).

The threshold vaues for the ancillary data channel were consstent with the values found in other tests
for Gaussan noise, CTB, and hum modulation, and 1 dB worse for phase noise.

12.4.2.7 Co-Channel Interference into ATV
AD-HDTV was much more robust than NTSC to co-channd interference from either NTSC or ATV.

Results are summarized in Figure 12- 1. The system performance exhibited a sharp degradation when
ATV co-channd interference was increased beyond TOV. The range from TOV to POA waslessthan
1.6 dB for NTSC-into-ATV co-channd interference, and about 1 dB for ATV-into-ATV co-channd
interference.

In subjective tests, NTSC-into-ATV imparment ratings varied from * perceptible, but not annoying” to
“very annoying” over arange of 2.6 dB.

12.4.2.8 Co-Channel Interference into NTSC

For co-channd interference into NTSC, impairment ratings varied gradudly from “imperceptible’ to
“very annoying” over arange of 27 dB at wesk desred Sgnd levd. (See Figure 12-10.) The D/U for a
mean impairment rating of 3 is about 34 dB. The interference agppeared as random noisein the NTSC
picture.
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12.4.2.9 Adjacent-Channel Interference

The D/U ratio at the TOV for adjacent-channe interferenceinto ATV isgiven in Figure 12-1. The D/U
ratio for amean impairment rating of 3 for adjacent-channd interference into NTSC isgivendsoin
Figure 12-1. Note that the more negative the D/U ratio, the better the parformance. In practice, itis
expected that the AD-HDTV signd would be transmitted with an average power at least 10 dB lower
than NTSC peak power. Under this assumption, the data indicate that AD-HDTV supports collocation.

-~ Mean
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E not Annoying S
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Figure 12-10. Impairment to NT SC when subjected to AD-HDTV co-channé
interference for weak signal condition (-55 dBm).

The system exhibited a sharp degradation when subjected to adjacent- channd interference from NTSC
and ATV. The range from TOV to POU was about 1 dB.

ATV-into-NTSC impairment retings varied from “imperceptible’ to “very annoying” over arange of
about 16 dB. Mean impairment ratings varied from “perceptible, but not annoying” to “annoying” over
arange of 5 dB for the upper adjacent-channel and 9 dB for the lower adjacent-channd.

12.4.2.10 Taboo Interference

The taboo performance of AD-HDTV, based on TOV isgiven in Figure 12-11. Note that the more
negative the D/U ratio, the better the performance.

In practice, it is expected that the AD-HDTV sgna would be transmitted with an average power at
least 10 dB lower than NTSC peak power. Under this assumption, the data show that AD-HDTV can
support collocation on the basis of taboo channd interference requirements.




Page 12-14 ATV SYSTEM RECOMMENDATION

12.4.2.11 Channel Acquisition

Under avariety of channd conditions, the AD-HDTV system fully acquired the sgnd and displayed a
recognizable picture within 2.5 to 5.8 seconds. Due to AD-HDTV hardware implementation limitations,
channel change testing was modified by interrupting the carrier; therefore, the measured times do not
include tuner synthesizer frequency changes.

ATV-into-NTSC NTSC-into-ATV ATV-into-ATV
CHANNEL Strong Weak Strong Weak Strong Weak
n+2 < +1* -25 -32 -51 - 30 -50
n- 2 < 0* -23 -32 -51 -29 -49
n+4 < -2* -23 <- 33* <-58* [ <-33* -63
n+7 < -2% -32 <-33* | <-58* | <-33* [ <-63*
n-7 < -1* -31 <-33* | <-58* | <-31* [ <-61*
n+8 < 0O* -37 <-33* <-58* <-33* <-63*
n-8 < -1* -28 <-33* | <-58* | <-32* [ <-62*
n+14 < +1* _25 * % * % * % * %
n+15 < -1* -15 <-30* | <-58* [ <-29* [ <-59*

* Determination of TOV level was beyond the limits of ATTC' s RF test bed range.
Consequently, the system has a better performance than the indicated result.

** Test not performed.

Figure 12-11. Taboo threshold of visbility for AD-HDTV (D/U in dB).

12.4.2.12 Failure and Recovery Appearance

In generd, dl transmission impairments had smilar manifestations in the observed video. When
transmission path impairments were strong enough to be visible in the observed picture, they caused
blockiness and jerky motion. The visible blocks tended to cluster around moving aress, but there were
often other, more scattered, blocks of impairments. There was occasiona spatia displacement of
blocks of the image. When impairments were strong enough that images were consiructed solely from
HP data, i.e., beyond POU, the generd nature of the impairments remained the same — they became
worse and led to sgnificant image freezing and occasona complete loss of large areas of theimage.

In dl cases the picture disturbances had well defined straight boundaries, and in most cases matched the
shapes and sizes of system blocks (e.g. 8x8, 16x16, or 16x208 pixels); and did not change appearance
while present. System recovery from picture disturbances was rapid (much less than one second).

12.4.2.13 Peak-to-Average Power Ratio

The peak-to-average power ratio was less than 6 dB 99% of the time, and less than 6.7 dB 99.9% of
thetime.
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12.4.2.14 Multiple Impairments

The performance of AD-HDTV, when smultaneoudy subjected to multiple impairments, is shown in
Figure 12-12 for two cases:.

(@) The POA for NTSC co-channd interference versus random noise, and
2 The TOV for composite triple beat versus random noise.

Asymptotes are shown reflecting the measured single impairment performance. The operating region lies
above and to theright of the respective curves.
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Figure 12-12. Multipleimpairmentsinto AD-HDTYV. (Left) POA for NTSC co-
channd interference and random noise. (Right) TOV for compostetriple beat
and random noise.

12.4.3 Scope of Services and Features

12.4.3.1 Data

Because of AD-HDTV’s asynchronous data multiplexing, there is no hard partitioning of ancillary data.
Unassigned service types provide for the deivery of many types of ancillary data. For example, AD-
HDTV has provision for carrying text and graphics overlay data that can be sent as a separate service
type and superimposed on the display at the receiver. For testing, an adlocation of 256 kbits/'sec was
made for ancillary data, and those data were set aside as SP data. A standard communiceations interface
port for these ancillary data was provided.
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12.4.3.2 Encryption

The tested system did not include encryption. The proponent clams that the packet structure has been
designed to accommodate encryption and expects to detail the encryption method with industry
participation.

12.4.3.3 Addressing

The system provides opportunities for flexible high-data-rate burst-mode delivery of ancillary data. Asa
limit, the entire channel capacity, 18.5 Mbits/sec, could be dedicated to addressing receivers with
decryption keys. Conditiona access data can be treated as a specia service type and packaged into its
own trangport cdls, or included within the video and audio data.

12.4.3.4 VCR Capability

Although hardware development of VCRs has been reported, hardware has yet to be demonstrated.
AD-HDTYV has periodicdly occurring frames that are entirely spatidly coded. Thisis said to provide the
ability to recongtruct pictures in fast-forward and reverse scanning modes from digital storage media.
Splices and inserts could be made on GOP boundaries. Limited picture cropping can be handled in
compressed form if it aligns with macroblock boundaries.

12.4.4 Extensibility

12441 To No Visible Artifacts

The proponent points out that AD-HDTV at 17.7 Mbits/sec is dready an extension of the basdine
MPEG-1 parameters which encode low-resolution video at 1.5 Mbits/'sec and believes that it can be
extended to virtualy any deatarate.

12.4.4.2 To Studio Quality Data Rate

AD-HDTV was designed with the anticipation of severd levels of related compression. The proponent
suggests that a studio standard could be set at 216 Mbits/sec (the data rate of existing studio D-1
recorders) using the same MPEG-1 syntax as AD-HDTV.

12.4.4.3 To Higher Resolution

The proponent clamsthat AD-HDTYV potentidly supports the delivery of other video and image
formats over gppropriate bandwidth channels to specid receivers with increased memory. The MPEG-
1 core dlows resolution up to 4095 x 4095. The proponent has discussed the possibility of introducing
ultra- high- definition televison by sending augmentation data packets assigned to a unique service type
that will be disregarded by older receivers but processed by new receivers.

12444 Provision for Future Compression Enhancement

The proponent suggests improved calculation of motion vectors and improvementsin bit alocation and
prioritization as likely means for picture qudity improvement without changing receivers or the datarate.
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12.4.5 Interoperability Considerations

12.45.1 With Cable Television
Informetion on the performance of AD-HDTV over cable can be found in Section 12.4.2.6.

12.45.2 With Digital Technology
Sincethis sygemisdl-digita, the advantages of adl-digitd systems gpply.

12.45.3 Headers/Descriptors

The AD-HDTV system includes headers and descriptors as defined in the MPEG- 1 syntax. In addition,
after synchronization, the data link layer identifies the service type. Within the adaptation level, the
adaptation header contains information governing the packing of variable-length code words for video,
and information used in recovery after channd changes or errors. The video sarvice levd includes the
actua encoded video informetion.

All data sent by the AD-HDTV system are grouped into fixed-length cdls that contain dataof asingle
particular type. The cdls are 148 bytes long including synchronization, service header, adaptation level
header, 120-byte information payload, and forward-error-correction (FEC).

The adaptation layer pointers and dice identification information provide re-entry points within the
codec video data making it possible to begin decoding at a known point after an error event or channel
change that requires arestart for some or dl of the video decoding.

12.45.4 With NTSC

The proponent selected the field rate of 59.94 Hz for compatibility with NTSC. The number of active
video lines was sdalected to be double the number of active NTSC lines. Down-converson involves
interpolation between HDTV pixelsin aline and between HDTV lines.

12.45.5 With Film

The proponent clams that AD-HDTV will support an “dectronic film” format that iminates the
redundant field to achieve more efficient coding and thus higher qudity. Because film has alower
tempora rate, AD-HDTV scans progressively at 24 frames per second with the same format used with
video sources. However, in film productions where computer graphics are used extensively, square
pixels may be more desirable in the image representation. The proponent claimsthat AD-HDTV will
aso provide a progressively scanned 1440 x 810 square pixel format to accommodate film. Most
receivers will perform 3:2 pull-down to convert to their 59.94 Hz field rate, but higher-cost receivers
could use 3:1 frame repest to display at 72 Hz.

12.4.5.6 With Computers

Encoding and transmisson in AD-HDTYV are done in progressive form with aframe rate of 29.97 Hz,
favoring interoperability with computers, dthough testing of this system has been done with interlaced
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sources and displays requiring format conversons. Pixels are 18.5% wider than high. The proponent
has suggested that the system will eventudly use progressive sources and displays, and that square
pixels can be provided by reduction of the number of active lines to 810.

12.45.7 With Satellites

For satellite operation, the proponent has suggested removing the 0.9-rate trellis code used with SS-
QAM, reducing the net datarate 21.6 Mbits/sec. The proponent does not anticipate the need for any
additiond error correction for satdlite transmission, athough convolutiona coding is normaly used. The
proponent stated that three AD-HDTV programs may be carried in atransponder. However, it is
unlikely that more than two will be carried in atypica 36-MHz transponder. The proponent also stated
that it is possbleto cary AD-HDTV and NTSC signals on the same transponder.

12.45.8 With Packet Networks

The data link packet format is based on a*“cdll relay” asynchronous time-divison multiplexing concept
smilar to the asynchronous transfer mode (ATM) standard that was designed for the broadband
integrated services digita network (B-1SDN). The packet header contains information such as priority
indicator, service ID and cell sequence number. This provides service-independent transport services
such as priority support, service multiplexing, and cdl-error detection and correction. For the received
bit stream, the transport decoder performs Reed- Solomon decoding and a cyclic redundancy check
(CRC) for error detection. Cellsreceived in error after correction are discarded by the demultiplexer.
Packet headers include pointers to dices (208H x 16V), so that packet loss resultsin loss of, a mogt, a
few dices prior to error concealment.

12.45.9 With Interactive Systems

According to the proponent, the encoder requires 4 frames of latency. An additiona frame is needed for
interlaced-to-progressve converson. Similar delays are present at the receiver and the total latency is
333 msec. The proponent clams that for interactive gpplications where latency is a concern, an encoder
can provide an MPEG-1 bit stream using only forward motion compensation to reduce the coding part
of the latency. Acquidtion time is reported in Section 12.4.2.11.

12.4.5.10 Format Conversion

12.45.10.1  With 1125/60

Up-converting to the Common Image Format (1920 x 1080) requires 8:9 vertical interpolation and 3:4
horizontal interpolation.’ SMPTE 240M uses 1035 active lines and would require 14:15 vertical
interpolation. Colorimetry used by AD-HDTYV isintended to be consstent with SMPTE 240M.

®The 3:4 ratio is based on 1440 pixels per line as proposed by the proponent. The system tested used 1500 pixels per
line.
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12.45.10.2  With 1250/50

This difficult converson isnot smplified by the fact that both the source system and the target system
areinterlaced 2:1.

12.45.10.3  With MPEG

AD-HDTV’suse of MPEG-1 video and audio compression provides the possibility of interoperability
with MPEG computer multimedia applications directly in the compressed bit stream format. The
underlying video compression agorithm adheres to the MPEG- 1 standard in that parameters dlowable
within the MPEG- 1 definition are used dthough they are not the MPEG-1 default parameters. Prior to
entering the prioritization and transport processors, the compressed video conforms to the MPEG-1
specification. An MPEG-1 bit stream can be obtained from the output of the compression encoder at
the interface to the priority processor. Because the tested system used an internd fixed-length
representation for MPEG-1 code words at the interface between its compression and prioritization
stages, a standard MPEG-1 bit stream was not available as an output. In generd, commercialy
available MPEG- 1 decoders are not fast enough to decode the AD-HDTV sgnd.

12.45.10.4  With Still Image

AD-HDTV’s compression, based on the DCT, is generaly competible with JPEG. The CD-I format is
directly competible with AD-HDTV because CD-1 uses the MPEG-1 compression syntax. Photo CD
decoding would be possible with straightforward spatid filtering after decompression.

12.45.11 Scalability

The picture produced by AD-HDTV’sHP sgnd doneis a subgtantialy reduced-qudity imege. The
decoded artifacts observed in an HP-only recongtruction will depend on the exact priority processng
agorithm. Typicd priority processor operation results in lower spatid and tempord resolution. The
proponent claims that for low cost picture-in-picture and picture-out-of- picture, only the HP signa
needs to be processed.

For multiple programsin asingle channd, AD-HDTV’ s prioritized data transport layer provides for
asynchronous delivery of multiple service types. Multiple video streams can be assigned individua

service types.

10 See Section 8.3.8 for adiscussion of MPEG, the MPEG-1 standard, and the MPEG-2 devel opment effort.
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12,5 SYSTEM IMPROVEMENTS
1251 Already Implemented
125.1.1 Receiver Carrier Recovery Pull-In Range

The purpose of thisimprovement was to increase the frequency pull-in range of the receiver. The firg-
order carrier recovery circuit has been upgraded to second-order carrier recovery.

125.1.2 Improved Data Prioritization

The purpose of this improvement was to correct difficulties that were noticed during testing.

Occasiond difficulties were experienced with the motion compensation hardware which did not perform
with full accuracy in the left third of the picture. The motion compensation hardware has been repaired.

The “squelching” circuit that manages the trangition between full use of both HP and SP data and the
use of only HP data during severely impaired transmission conditions was not working optimdly. This
circuit has been modified to improve the picture qudity that is obtained around the threshold of the SP
carier.

The tested system selected high spatia resolution (but low tempora resolution) codewords for
transmission of the HP carrier, ardatively smple gpproach. Improvements to the prioritization approach
have been devel oped.

12.5.1.3 Tuner Adjustments

To improve upper adjacent-channe rgection, internd tuner adjustments have been made.

125.1.4 Receiver Adaptive Equalizer Range
The range of the adaptive equalizer has been increased from +4 psec to +8 pisec.

125.2 Implemented in Time for Field Testing

125.2.1 Trellis Coding

Thetrelis coding will be modified in order to improve random noise performance, ATV-into-ATV co-
channd performance, and performance in the presence of other noise, interference and impairments.
Since full implementation of trellis coding hardware was not complete in time for ATTC testing, the
tested system used asimpler set partition code. The hardware will be modified to provide the trellis
code described in the certification document.

125.2.2 Tuner SAW Filter

The purpose of thisimprovement isto improve both lower and upper adjacent-channd reection. A new
SAW filter will be designed for the tuner.
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12.5.2.3 Adjustment of HP/SP Power Ratio

The purpose of thisimprovement isto allow the HP/SP power ratio to be increased or decreased at a
given broadcast station based on the precise terrain and the co-channd and interference environment
involved. Theratio will be made variable; two separate automatic gain control (AGC) circuits will be
provided in the receiver.

12.5.2.4 Receiver Adaptive Equalizer Range
The range of the adaptive equdizer will be increased further to +16 psec.

12.5.25 QAM for Cable

The purpose of thisimprovement isto alow the choice of tranamitting QAM or SS-QAM over cable.
For broadcast-originated programming, the SS-QAM dgnd may be transmitted directly over cable. As
an dternative, or for satdllite-based distribution of programming, the Sgnal can be remodulated as a
QAM dgnal. The AD-HDTYV receaiver will be modified to receive either sgnd form.

125.2.6 Multi-Channel Audio

The purpose of thisimprovement isto comply with the ATSC T3/186 recommendations for multi-
channd audio. The ISO-MPEG audio committeeisin the process of defining afive channd composite
coding extensgon to MUSICAM, the audio system currently used by AD-HDTV. The MPEG five
channd audio system will be incorporated into AD-HDTV. In the event this hardware is not available at
the time of fidd testing, AD-HDTV will incorporate an dternate multi- channd audio system.
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13. CHANNEL COMPATIBLE DIGICIPHER

13.1 SYSTEM OVERVIEW

CCDC, proposed by the American Televison Alliance (Massachusetts Indtitute of Technology and
Generd Instrument Corporation) isadigital Smulcast system that requiresasingle 6 MHz televison
transmission channdl. The video sourceis an andlog RGB sgnd with aternate 787/788 lines,
progressively scanned, a 59.94 Hz frame rate, and an aspect ratio of 16:9. A matrix converts the RGB
color sgnasto YUV dgnds. The display format is 720 lines by 1280 pixels per line. The video
sampling frequency is 75.52 MHz. Chrominance signas are decimated by a factor of two both
horizontally and verticaly, resulting in a sampling densgity of one fourth thet of the luminance sgnd. Eight-
bit precison is employed for al luminance and chrominance samples. The video compression uses an
adaptive form of motion-compensated predictive coding in which prediction differences are spatidly
transformed using a Discrete Cosine Transform (DCT). A sdected subset of the resultant transform
coefficients is entropy coded to represent the image that will be reconstructed at the recaiver.
Information related to the compressed video is entropy coded for transmission, including motion vectors
and parameters related to decisions on intra-frame and inter-frame coding. The video encoder uses four
processors, each working on one-fourth of the image (full height and one-fourth width panels), with
intraframe refresh moving continuoudy from right to left. Two transmission modes are supported: 32
QAM, the primary transmission mode, and 16 QAM, both with a symbal rate of 5.29 M-symbols per
second. The 32 QAM primary mode has avideo data rate of 18.88 Mbits/sec and atotal transmission
rate of 26.43 Mbits/sec. Concatenated trellis coding, Reed- Solomon block coding, and adaptive
equalization are used to protect againgt channd errors. The CCDC system provided six independent
digitd audio channels using the MIT Audio Coder system for compression. The audio is sampled at 48
kHz. The compressed audio rate is 252 khits/'sec per pair of channels. In addition, a combined auxiliary
and control data capacity of 252 kbits/sec is provided

13.2 SPECTRUM UTILIZATION

The CCDC andysis was conducted under two alotment scenarios (using both VHF and UHF channels
for ATV gations, and using only UHF channels) and two sets of interference congraints (consdering
only co-channd interference, and both co-channd and adjacent-channd interference). In addition, the
impact of taboos was assessed by re-calculating coverage and interference for each case assuming the
taboo performance measured in the laboratory.

Figure 13-1 shows planning factors, specific to the CCDC system, as derived from test results. The
numbers in the figure are desired-to- undesired ratios (D/U) in dB. The vaues for interference into
NTSC are based on CCIR Impairment Grade 3 (dightly annoying) as determined from the ATEL
subjective tests. Because the ATV sarvice is intended to be an improvement over NTSC, interference
into ATV isbased on CCIR Impairment Grade 4 (perceptible but not annoying) if the range between
the threshold of vighility (TOV) and the point of acquisition (POA) exceeds 5 dB. Otherwise, the TOV
power level isused. CCDC demonstrated a“ cliff effect” and thus D/U values are based on TOV data.
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Also, the data show that CCDC can support collocation on both the upper and lower adjacent-
channds.

Co-Channel D/U (dB) Adjacent-Channel D/U (dB)
ATV-i nt o- NTSC +36 Lower ATV-into-NTSC -17.8
NTSC-i nt o- ATV +8. 1 Upper ATV-i nt o- NTSC -17.0
ATV-i nt o- ATV +16. 6 Lower NTSC-i nto- ATV -37

Upper NTSC-into- ATV -37

Carrier-to-Noise +15.4 Lower ATV-i nto- ATV -32

Upper ATV-into- ATV -32

Figure 13-1. Planning factor s specific to CCDC.

13.2.1 Accommodation Percentage

CCDC could provide a 100% accommaodation of al NTSC assgnments for co-channe only, and co-
channel and adjacent-channd condtraints, under both the VHFUHF and UHF scenarios. The
accommodation is achieved at the expense of reducing the ATV and NTSC service areas. No attempt
was made to reduce interference to NTSC service by adjusting either ATV or NTSC power.

13.2.2 Service Area

Figure 13- 2 depicts the interference-limited service area of each ATV dation, during the trangtion
period, relaive to the interference-limited service area of its companion NTSC station under the
VHF/UHF scenario, taking into account both co-channd and adjacent-channe condraints. In this
graph, the 1,657 current NTSC stations are placed in order of decreasing ATV to NTSC service area
ratio. Examination of the graph reveds that 10.9% (180) of the ATV dations under this scenario would
have an ATV sarvice area at least 20% larger than their companion NTSC service area and 98%
(1,616) would have an ATV service area a least 80% of their companion NTSC service area. The
tota ATV interference-limited service areafor dl 1,657 gationsis 39.9 million square kilometers.

Figure 13-3 shows the interference statistics for the VHF/UHF scenario. During the trangition period,
54.1% of ATV dationswould receive no interference. Thiswould rise to 72.3% after the trandtion
period ends. Also during the trangition period, 1.8% of the ATV gations would receive interferencein
more than 35% of their noise-limited coverage area. Thiswould fal to 0.8% after the trangtion period
ends. Thetota interference area crested within the ATV noise-limited coverage area during the
trangtion period is 2.32 million square kilometers. Thiswould decrease to 1.11 million square
kilometers after the trangition period ends. Of the existing NTSC dations, 59.4% would not receive any
new interference because of the ATV service, while 2.3% would receive new interference in more than
35% of their Grade B area. Thetotal new interference into NTSC created under this plan is 1.54 million
square kilometers.

When taboos are included in the interference cdculations for the VHFUHF scenario, the number of
ATV dationswith no interference during the trangtion period is 51.2%; the number of ATV gations
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with interference in more than 35% of their noise-limited coverage areais 1.8%. The number of NTSC
gations receiving no new interference is 54.9%; the number of NTSC stations with interference in more
than 35% of their Grade B areaiis 2.5%.

When the adjacent-channel congtraints of Figure 13-1 are not included in the VHF/UHF scenario, the
dlotment/assgnment table is different. In that case, 15.0% (248) of the ATV dations would have an
ATV sarvice area a least 20% larger than their companion NTSC service area and 98% (1,626) would
have an ATV sarvice area at least 80% of their companion NTSC service area. During the trangition
period, 70.0% of ATV dtations would recaeive no interference. Thiswould rise to 84.6% after the
trangition period ends. Also during the trangition period, 1.2% of the ATV dations would receive
interference in more than 35% of their noise-limited coverage area. Thiswould fal to 0.5% after the
trangition period ends. Of the existing NTSC stations, 62.6% would not receive any new interference
because of the ATV sarvice, while 2.2% would receive new interference in more than 35% of their
Grade B area.

Figure 13-4 depicts the interference-limited service area of each ATV dation, during the trangtion
period, relaive to the interference-limited service area of its companion NTSC dation under the UHF
scenario, taking into account both co-channd and adjacent-channd congraints. In this graph, as before,
the 1,657 current NTSC stations are placed in order of decreasing ATV to NTSC service areardtio.
Examination of the graph revealsthat 10.0% (165) of the ATV stations under this scenario would have
an ATV service area at least 20% larger than their companion NTSC service area and 94% (1,563)
would have an ATV service area at least 80% of their companion NTSC service area. Thetotd ATV
interference-limited service areafor dl 1,657 stationsis 39.3 million square kilometers.

Figure 13-5 shows the interference gatistics for the UHF scenario. During the trangtion period, 51.3%
of ATV dationswould receive no interference. Thiswould rise to 66.1% after the trangtion period
ends. Also during the trangition period, 3.0% of the ATV gationswould receive interference in more
than 35% of their noise-limited coverage area. Thiswould fal to 2.1% after the trangtion period ends.
Thetota interference area crested within the ATV noise-limited coverage area during the trangition
period is 2.97 million square kilometers. This would decrease to 1.60 million square kilometers after the
trangition period ends. Of the existing NTSC dtations, 62.3% would not receive any new interference
because of the ATV sarvice, while 8.7% would receive new interference in more than 35% of their
Grade B coverage area. The total new interference created under this plan is 2.29 million square
kilometers.

When taboos are included in the interference cdculations for the UHF scenario, the number of ATV
gations with no interference during the trangition period is 48.9%; the number of ATV dationswith
interference in more than 35% of their noise-limited coverage area is 3.2%. The number of NTSC
gations receiving no new interference is 58.7%; the number of NTSC dations with interference in more
than 35% of their Grade B areais 8.7%.
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Service Area Ratio - ATV to NTSC (%)
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Figure 13-2. CCDC VHF/UHF Scenario — Interference-limited service area of
each ATV sation relative to the interference-limited service area of its
companion NTSC station (co-channe and adjacent-channe constraints).

Interference Area ATV Stationswith Interference NTSC Stationswith

Compared to Added Interference
Coverage Area During Transition After Transition Dueto ATV
No Interference 54.1 % 72.3 % 59.4 %
0- 5% 19.6 % 16.0 % 15.7 %
5- 10 % 11.3 % 6.0 % 8.0 %
10 - 15 % 5.3 % 2.2 % 5.6 %
15 - 20 % 3.7 % 1.3 % 3.5 %
20 - 25 % 2.0 % 0.5 % 2.8 %
25 - 30 % 1.2 % 0.4 % 1.5 %
30 - 35 % 1.0 % 0.4 % 1.2 %
> 35 % 1.8 % 0.8 % 2.3 %

Figure 13-3. CCDC VHF/UHF Scenario — Interference characteristics
(co-channe and adjacent-channel constraints).
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Service Area Ratio - ATV to NTSC (%)
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Figure 13-4. CCDC UHF Scenario — Interference-limited service area of each
ATV gation relativeto the interference-limited service area of its companion
NTSC station (co-channd and adjacent-channel constraints).

Interference Area ATV Stationswith Interference NTSC Stationswith

Compared to Added Interference
Coverage Area During Transition After Transition Dueto ATV
No I nterference 51.3 % 66.1 % 62.3 %
0- 5% 13.5 % 14.5 % 8.8 %
5- 10 % 10.3 % 7.2 % 5.4 %
10 - 15 % 7.7 % 4.3 % 4.5 %
15 - 20 % 5.9 % 2.5 % 2.9 %
20 - 25 % 3.8 % 1.0 % 2.5 %
25 - 30 % 2.5 % 1.4 % 2.8 %
30 - 35 % 2.1 % 0.8 % 2.1 %
> 35 % 3.0 % 2.1 % 8.7 %

Figure 13-5. CCDC UHF Scenario — Interference characteristics (co-channel
and adjacent-channel constraints).
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When the adjacent-channd congraints of Figure 13-1 are not included in the UHF scenario, the
alotment/assgnment table is different. In that case, 12.3% (203) of the ATV gdations would have an
ATV sarvice area a least 20% larger than their companion NTSC service areaand 95% (1,579) would
have an ATV sarvice area a least 80% of their companion NTSC sarvice area. During the trangition
period, 57.5% of ATV dationswould receive no interference. Thiswould rise to 74.7% after the
trangition period ends. Also during the trangition period, 2.8% of the ATV dations would receive
interference in more than 35% of their noise-limited coverage area. Thiswould fal to 2.0% after the
trangition period ends. Of the existing NTSC dtations, 64.1% would not receive any new interference
because of the ATV service, while 8.3% would receive new interference in more than 35% of ther
Grade B area.

The frequency digtribution of ATV sation average effective radiated power levels needed to achieve
ATV noise-limited coverage comparable to NTSC Grade B coverage was caculated. The maximum
average effective radiated power level was 37.66 dBk (5,830 kW). The results are shown in Figure 13-
6.

Certain andyses aso were performed for the 16 QAM Alternate Mode. In generd, the ATV service
areais dightly greater and interferenceisless for both ATV and NTSC. The resuts are shown in the
PS'WP3 final report.

Number of TV Stations
Aver age Effective Radiated Power Leve VHF/UHF Scenario UHF Scenario
(dBk) (kW) Low VHF High VHF UHF UHF
Less than 5 Less than 3.2 12 26 106 106
5 - 10 3.2 - 10.0 5 6 46 47
10 - 15 10.0 - 31.6 11 132 141
15 - 20 31.6 - 100 4 269 277
20 - 25 100 - 316 291 306
25 - 30 316 - 1,000 221 233
30 - 35 1,000 - 3,160 378 390
35 - 40 3,160 - 10, 000 150 157
> 40 > 10, 000
TOTAL 17 47 1,593 1, 657

Figure 13-6. CCDC power level distribution.

13.3 ECONOMICS

13.3.1 Cost to Broadcasters

The estimated equipment cost for a CCDC trangtiona station is shown in Figure 13-7. Thetotal cost of
the trangitiond station was estimated to be $1,739,500. The total cost of aminimal station was
estimated to be $1,124,100. A genera description of the methods used to develop the cost datais
contained in Section 8.2.1.
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Subsystem Cost (thousands)
Satellite Receiver, Demodulator, Decoder $ 13.5
Character Generator, Still Store, Two 28” Monitors 200.0
Routing Switcher (10 x 10), Master Control 125.0
2 ATV VTRsand Monitors 170.0
NTSC Upconverter, including Line Tripler 24.0
ATV-to-NTSC Downconverter 20.0
34" Monitor, Seven 17" Monitors, Eight Decoders 119.0
ATV Encoder 220.0
STL Subsystem 92.5
ATV Modulator, ATV Exciter 30.0
ATV Transmission Subsystem 725.5
TOTAL COST $1,739.5

Figure 13-7. Equipment cost for a CCDC trandtional station.

13.3.2 Cost to Alternative Media

Information on this topic was not provided.

13.3.3 Costto Consumers

The estimated materid cost datafor a CCDC recelver are shown in Figure 13-8. A genera description
of the methods used to develop the cost datais contained in Section 8.2.2.

Using a2.5 multiplier, the resulting estimated retail price for a CCDC receiver is $2,543 for a 34" direct
view receiver and $3,863 for a56” projector receiver.

34" Widescreen 56" Widescreen
Subsystem Direct View Receiver CRT TypeProjector
Signal Processing Components $ 124 $ 124
Audio Amplifiers and Speakers 30 30
Scan System, Power Supply, and Video Amps 73 201
Display 700 1, 050
Cabinet 90 140
TOTAL MATERIAL COST $1, 017 $1, 545

Figure 13-8. Material cost data for a CCDC receiver.
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13.4 TECHNOLOGY

134.1 Audio/Video Quality

In video subjective tests of CCDC, the system performed differently across segments of test materid.
For 8 of the 9 dtills, CCDC was judged, on average, to be about 0.5 grade lower in qudity than the
1125-line studio reference. For 13 of the 14 motion sequences, CCDC was judged to be about 1.3
grades lower in qudlity than the reference. The remaining sill and the remaining motion sequence, both
electronically generated, were judged to be better in quality than the reference’

Problems were noted when the system was subjected to noisy source materia. Some problems were
noted when the system was tested for motion-compensation overload at high rates of motion. No
sgnificant problems were reported when the system was subjected to a sudden stop in motion, to scene
cuts, or to two encode/decode operations or when the system was tested for video-coder overload.

Certain tests dso were carried out for the 16 QAM Alternate Mode. When judged by non-experts, the
16 QAM mode exhibited a greater reduction in quaity than the 32 QAM mode for some moving
sequences. Expert observers found little difference between 32 QAM and 16 QAM modes.

During system-specific tests, expert observers noted that the audio remained useful, but not unimpaired,
beyond the video POU. There was no evidence that the audio system failed before the accompanying
video.

134.1.1 Video Quality

Subjective judgments of image qudity by non-experts are summarized in Figure 13-9. Scores are the
differences between judgments of the reference and judgments of CCDC for 9 stills and 14 motion
sequences. For 8 of the 9 dills, CCDC was judged, on average, to be 0.5 grade (i.e., about 11 points
on the 100-point scale) lower in quality than the 1125-line studio reference; for the remaining sill (S14),
the system was judged to be 1.4 grades higher in quality than the reference (this may reflect the absence
of interlacing artifacts in the 787/788 source and in the CCDC rendering of this picture). For 13 of the
14 motion sequences, CCDC was judged, on average, to be 1.3 grades (i.e., about 26 points) lower in
quality than the reference;? for the remaining sequence (M 16), the system was judged to be 0.9 grade
higher in qudity than the reference (this probably reflects the absence of interlacing artifactsin the
787/788 source and in the CCDC rendering of this picture).

CCDC performed differently for different ssgments of test materid. For Hills, differences ranged from
+0.| to -1.2 grades (not including S14); for moving sequences, differences ranged from -0.7 to -2.0 (not
including M 16). The variability among viewers was high and differed somewhat across materias, but

! See Section 8.3.3.

*The 787/788 progressively scanned camera material used in testing CCDC exhibited horizontally coherent noise and
increased random noise as compared with the cameras used for the 1125-line reference images. See Section 8.3.4.
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was within acceptable limits. For gtills, expert commentary, supported by reports from non-expert
viewers, atributed differences between CCDC and the reference to quantization noise, which was
particularly visblein saturated reds and which gppeared as “busy-ness’ that pulsed at about 3 Hz, and
to noise and raggedness on high-contrast edges. For motion sequences, expert commentary, again
supported by reports from non-expert viewers, attributed differences between CCDC and the reference
to the same effects observed in Hills, and to exaggeration of source noise and increased quantization
noise for the most rapid motion. Expert observers felt that the exaggeration of source noisewas a
serious artifact. Expert observers noted blockiness only in the most rapid motion.
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Figure 13-9. Aver age differ ences between quality judgmentsfor the 1125-line
sudio quality reference and for CCDC.

Comparison of objective tests of static and dynamic resolution showed dight lossesin horizontd,
vertical, and diagona luminance resolution at high rates of movement.?

When subjected to noisy source materia, the system introduced an increase in noise at the output
(which tended to be sgnificantly more visble than a source). In addition, as the level of source noise
was increased, the system introduced progressively more visible “blockiness™ and the four “panels’
used by the system became more visble,

When subjected to scene cuts and viewed in red time, the system performed well, with transient effects
vigble only on cutsto ahighly detalled till and, then, lasting only about 1/3 second. Examination of
freeze frames showed that it took about 1/10 second for “blockiness’ to subside.

% See Section 8.3.5.
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Artifacts gppeared when material was subjected to two encode/decode passes through the system.
During the first pass, the system introduced dight levels of noisein most pictures. During the second
pass, the noise was increased. In addition, “blockiness’ was introduced in the highly saturated areasin
one picture.

The CCDC system exhibited good chrominance dynamic range in red, green, and blue channdls.

When tested for video-coder overload, CCDC exhibited no significant failures, introducing dight
increases in noise and “blockiness.” When tested for motion-compensation overload at a velocity of 0.8
picture height per second, the system introduced coarse quantization and, for vertical motion, some
blockiness. At 0.6 picture height per second, coarse quantization was visible only for vertica motion.
No artifacts were noted in response to a sudden stop in movement.

In system specific tests designed to stress the compression dgorithm, images exhibited coarse
quantizetion, panel wiping, and busy-ness.

Subjective judgments of the image qudity of the 16 QAM Alternate Mode aso were made by non-
experts. The system again performed differently across segments of test materid; on average, stills were
judged to be about 0.7 grade lower in quality than the reference, while motion sequences were judged
to be about 1.6 grades lower in quality than the reference.” In generd, picture quality differences
between the 16 QAM and 32 QAM modes were smdl and confined to motion sequences. In these
cases, the difference in unimpaired video quaity was evident to non-expert observers. Expert observers
noted that the 16 QAM and 32 QAM modes were smilar in image quaity. Expert commentary
attributes the dightly lower performance of the 16 QAM mode to increased noise and “raggedness’ at
high-contrast edges, increased quantization noise and “busy-ness,” occasiona “blockiness,” and
occasond vighility of the four “pands’ used by the system. Experts dso noted alonger duration for
trangents following a scene cut and increased vishility of “blockiness’ in tests of video-coder overload.

13.4.1.2 Audio Quality

During system-specific tests, expert observers noted that the audio remained useful, but not unimpaired,
beyond the video POU. There was no evidence that the audio system failed before the accompanying
video.®

Objective tests were performed for dynamic range, total harmonic distortion (THD), THD + noise
(THD+N), intermodulation distortion (IMD), dynamic intermodulation distortion (DIM), frequency
response, and overload vs. frequency. The dynamic range was 94 dB. THD was |ess than 0.04%. For
high level sgnds, THD + N was less than 0.02% for frequencies from 20 Hz to 20 kHz. IMD was less

* For the electronically generated still (S14), 16 QAM CCDC was judged better than the reference. The average
difference reported here does not include this value.

® See Section 8.3.1.
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than 0.01% for both channels. Frequency response was extremdly flat, within 0.05 dB, over the entire
range from 20 Hz to 20 kHz for both channdls.

For co-channd interference of ATV-into-NTSC at moderate signd level, when video was at
“annoying,” BTSC audio began to degrade. For co-channel at week signd level, one receiver indicated
interference before the video began to fail. For the remaining two receivers, audio began to degrade
when the video was rated “very annoying.” For upper adjacent-channe interference of ATV-into-
NTSC a moderate signa levd, the audio began to degrade for one receiver when the video was rated
between “imperceptible’ and “perceptible, but not annoying”; for a second receiver, the audio began to
degrade when the video was rated between “annoying” and “very annoying”; the third recelver never
showed any audio degradation. For upper adjacent-channd interference at wesk sgnd leve, audio
began to degrade when the video was rated between “annoying” and “very annoying.”

Inthetest of ATV co-channd interference into NTSC, CCDC caused no sgnificant degradation of
NTSC VBI data.

13.4.2 Transmission Robustness

Generdly, CCDC performed as predicted by the proponent. Its performance equalled or exceeded that
of NTSC in dmogt dl impairment conditions. Typicaly the sysem exhibited immunity to avariety of
transmission impai rments over awide range of impairment levels. Beyond that range, the system
exhibited a sharp degradation characteristic when exposed to dl impairments. In generd, al

transmisson imparments had smilar manifestations in the observed video, which were quite different
than the effect they produce on NTSC. Transmisson impairments and interference when strong enough,
produced display errors which caused randomly spaced rectangular patches of the image to freeze or to
display erroneous information, for a short duration.

CCDC interference into NTSC had the characteristic of white noise, and produced a graceful
degradation. Cable transmission had no adverse effect in CCDC performance.

13421 Noise Performance

When CCDC was subjected to random channel noise (based on a6 MHz noise bandwidth), the
carier-to-noise ratio® (C/N) at the TOV was measured and is shown in Figure 13-1. The carrier-to-
noiseratio at the TOV was measured for the 16 QAM Alternate Mode aso and found to be 11.5 dB.
The system had a sharp degradation: the range between the TOV and the point of unusability (POU)
was 0.5 dB for both 32 QAM and 16 QAM.

® Caution must be exercised in comparing C/N between analog and digital systems, as definition of carrier levelsis not
consistent. Measurement of power level is consistent, however, among digital systems. (See Section 8.3.6.)



Page 13-12 ATV SYSTEM RECOMMENDATION

13.4.2.2 Static Multipath

The system performed well at levels which would be highly objectionablein NTSC. The TOV for
echoes of - 0.08 psec, +0.08 psec, +0.32 psec and +2.56 psec were at D/U ratios of 8.7 dB (i.e.,
echo amplitude of 37%), 12.2 dB (25%), 8.9 dB (36%), and 10.2 dB (30.9%) respectively.

13.4.2.3 Flutter

The TOV for arplane flutter of 2 Hz and 5 Hz were at D/U levels of 9.4 dB (34%) and 11.4 dB (27%)
repectively.

13.4.2.4 Impulse Noise

Impulse noise performance was judged to be better than NTSC by approximately 8 dB for TOV. The
range between TOV and POU was about 3 dB.

In the gated noise test a afixed 10 Hz repetition rate, TOV was reached when the pulse width was
increased to 5 psec. Pulse width at POU was greater by approximately afactor of 3. When the pulse
width was decreased to 3 usec, TOV was reached when the pulse repetition rate was increased to 400
Hz.

13.4.25 Discrete Frequency Interference

The D/U ratio at the TOV for discrete frequency interference was -40 (+11,-6) dB in the first adjacent
channels, and +7 (+1) dB in-band.

13.4.2.6 Cable Transmission

The subjective tests showed that cable transmission per se had no adverse effect on CCDC
performance.

Among the cable- specific tests conducted, the system performed better than NTSC when subjected to
hum (TOV > 15%); composite triple beat, or CTB, (TOV @ -33 dBc); and composite second order,
or CSO, (TOV @ -13 dBc). Its performance was poorer than NTSC when subjected to phase noise
(TOV @ -83 dBc), resdua FM (TOV @ +5.8 kHz), and locd oscillator ingtability (TOV @ +35
kHz, -60 kHz).

The threshold vaues measured for the third audio channg were cond stent with the values found in other
tests for Gaussan noise, CTB, hum modulation, and phase noise.

13.4.2.7 Co-Channel Interference into ATV

CCDC was much more robust than NTSC to co-channdl interference from either NTSC or ATV.
Results are summarized in Figure 13- 1. The system performance exhibited a sharp degradation when
co-channel interference was increased beyond TOV. The range from TOV to POA was less than 1.6
dB for NTSC-into-ATV co-channd interference, and less than 0.2 dB for ATV-into-ATV co-channd
interference.
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13.4.2.8 Co-Channel Interference into NTSC

For co-channd interference into NTSC, impairment ratings varied gradudly from “imperceptible’ to
“very annoying” over arange of 26 dB at weak desired sgnal level. (See Figure 13-10). The D/U for a
mean impairment rating of 3 was about 36 dB. The interference gppeared as random noise in the NTSC
picture.

13.4.2.9 Adjacent-Channel Interference

The D/U ratio at the TOV for adjacent-channd interference into ATV isgivenin Figure 13-1. The D/U
ratio for amean imparment rating of 3 for adjacent-channe interferenceinto NTSC isgiven dsoin
Figure 13-1. Note that the more negative the D/U ratio, the better the performance. In practice, it is
expected that the CCDC signal would be transmitted with an average power at least 10 dB lower than
NTSC peak power. Under this assumption, the dataindicate that CCDC supports collocation.

-~ Mean
2 Imperceptible 5 o W.W.Roses [S11]
= B8..
r Perceptible, but 4 A 0 G.W.Toys [S9]
. =
E not Annoying S
|_|§J o A Co-Channel [M14]
o  Slightly Annoying 3 .
< B
o )
= ; 0
> Annoying 2 B
Z .
wi
= Very Annoying 1 2
60 50 40 30 20 10 0 -10

DESIRED-TO-UNDESIRED RATIO (in dB)

Figure 13-10. Impairment to NT SC when subjected to CCDC co-channel
interference for weak signal condition (-55 dBm).

The system exhibited a sharp degradation when subjected to adjacent-channd interference from NTSC
and ATV. Therange from TOV to POU was about 1 dB.

ATV-into-NTSC impairment ratings varied from “imperceptible’ to “very annoying” over arange of
about 15 to 19 dB. Mean impairment ratings varied from “perceptible but not annoying” to “annoying”
over arange of 6 dB for the upper adjacent-channd and 6 dB for the lower adjacent-channdl.
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13.4.2.10 Taboo Interference

The taboo performance of CCDC, based on TOV, isgiven in Figure 13-11. Note that the more
negative the D/U ratio, the better the performance.

In practice, it is expected that the CCDC signa would be transmitted with an average power &t least 10
dB lower than NTSC peak power. Under this assumption, the data show that CCDC can support
collocation on the basis of taboo channel interference requirements.

13.4.2.11 Channel Acquisition

Under avariety of heavy impairment conditions, the CCDC system fully acquired the sgnd and
displayed arecognizable picture within 3.7 seconds. Under a variety of moderate impairment
conditions, a recognizable picture was displayed within 1 second.

ATV-into-NTSC NTSC-into-ATV ATV-into-ATV

CHANNEL Strong Weak Strong Weak Strong Weak
n+2 < 0* -30 -33 -56 <-33* -56
n-2 < -3* -23 <-33* -58 -32 -57
n+4 < -6* -27 <-33* | <-58* | <-33* -59
n+7 < -6* -34 <-33* | <-58* | <-33* - 60
n-7 < -5* -35 <-33* <-58* <- 33* -58

n+8 < -3* | <-43* | <-33* [ <-58* [ <-33* [<-63*
n-8 < -5* -30 <-33* | <-58* | <-33* -59

n+14 < -4* -27 <- 33* <-58* <-33* <-63*

n+15 < -4* -18 <-33* | <-58* | <-32* [ <-62*

* Determination of TOV level was beyond the limits of ATTC’ s RF test bed range.
Consequently, the system has a better performance than the indicated result.

Figure 13-11. Taboo threshold of visbility for CCDC (D/U in dB).

13.4.2.12 Failure and Recovery Appearance

In generd, dl tranamisson impairments had smilar manifestations in the observed video. When
transmission path impairments were strong enough to be visible in the observed picture, they caused
randomly spaced superblocks (16 x 16 pixes) or macroblocks (320H x 16V pixels) to lose their video
and to be displayed as areas of fixed luminance or chrominance unrdated to the video. At higher levels
of impairments, the damaged areas became more preva ent, sometimes becoming organized into rows
of superblocks and columns of up to amacroblock wide and up to ¥ picture height, and eventualy
overwhdmed the image. Sometimes the impaired video formed four distinct, equa-szed panels whose
boundaries moved right to left. In addition, impairments aso caused picture disturbances which seemed
related to movement which gppeared as shimmering aress, clusters of small grey blocks, or areas of
high, and hue-shifted, chroma. Errors generdly lasted less than 2 second, but could persst upto 1 1/3
seconds.
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At the video POU, audio remained usable but not unimpaired.

13.4.2.13 Peak-to-Average Power Ratio

The peak-to-average power ratio for the 32 QAM mode was less than 5.2 dB 99% of thetime, and
lessthan 6.2 dB 99.9% of the time. For 16 QAM, these ratios were 5.0 dB and 6.3 dB respectively.
13.4.2.14 Multiple Impairments

The performance of CCDC, when smultaneoudy subjected to multiple imparments, is shown in Figure
13-12 for two cases:

@ The POA for NTSC co-channd interference versus random noise, and
2 The TOV for composite triple beat versus random noise.

Asymptotes are shown reflecting the measured single imparment performance. The operating region lies
above and to theright of the respective curves.
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Figure 13-12. Multiple impairmentsinto CCDC. (L eft) POA for NTSC co-
channdl interference and random noise. (Right) TOV for compositetriple beat
and random noise.

13.4.3 Scope of Services and Features

13.4.3.1 Data

Ancillary and control data have been allocated 252 kbits/sec. In the tested system, the only accessto
the ancillary data channd was via four asynchronous 9600- bits/'sec RS-232 interfaces. Teletext and
cgptioning are sent in the ancillary data channd!.
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13.4.3.2 Encryption
Encryption has not yet been implemented.

13.4.3.3 Addressing

Thefirg byte in each dataline is reserved for control information, described as including decryption
keys and subscriber data. There are 525 data lines per frame and 59.94 frames per second. Thus, there
are about 252 kbits/sec of capacity for thiskind of data.

13.4.3.4 VCR Capability

The proponent reports no hardware development of VCRs specific to CCDC, but refers to the
DigiCipher/Toshiba VCR that has been demongtrated by ATVA. The CCDC data stream, about 20
Mbitg/sec, is within the capability of current technology for consumer use. It is clamed that arapid
search mode can be implemented by reconstructing images from blocks coded with no tempora
predictor. This gives at least three digplayable frames for every 60. Additiond intra- coded blocks may
be used a0 as they occur. The resultant picture would have full resolution, but may include artifacts.
The reverse playback cannot be done with full qudity because predicted frames cannot be generated.
Splice and insart could be handled by forcing the receiver to re-acquire. Crop and overlay would
require that the data stream be decompressed first. Square pixels and progressive scanning smplify the
implementation of specid effects such as zooming and panning.

13.4.4 Extensibility

13.4.4.1 To No Visible Artifacts

Based on smulation tests, the proponent believes that the compression dgorithm will produce no visble
atifacts at adatarate of 50 Mbity/sec, regardless of the difficulty of the camera-generated source
materid.

13.4.4.2 To Studio Quality Data Rate

According to the proponent, the intraframe encoding mode for the whole frame can be used for a
production standard. Here, every frame is encoded without motion prediction. The proponent clams
that, using the intraframe compression method included in this system, production-qudlity video with a
resolution of 1280 x 720 can be stored with 3 Mbits/frame. At 60 frames per second, the bit rate is 180
Mbits/sec, an acceptable rate for studio use. The proponent claims that the frame can be decoded and
re-encoded many times with little degradation.

13.4.4.3 To Higher Resolution

Currently the system is designed to display 1280 x 720 image sequences, but larger sizes can be
specified as part of the frame header.
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13.4.4.4 Provision for Future Compression Enhancement

The proponent claims that the compresson agorithm can be improved by performing better motion
estimation and including better perceptud criteriaat the tranamitter. These involve no changes at the
receiver.

13.4.5 Interoperability Considerations

1345.1 With Cable Television
Information on the performance of CCDC over cable can be found in Section 13.4.2.6.

13.45.2 With Digital Technology
Sncethis sysemis dl-digitd, the advantages of dl-digital syslems gpply.

13.4.5.3 Headers/Descriptors

A frame header identifies the video source materia, the frame rate, resolution, aspect ratio, and other
system data.

13454 With NTSC

Asthe CCDC sygem line-rate is directly related to NTSC, transcoding to NTSC is straightforward.
Up-converson from NTSC requires line tripling, horizonta line-rate conversion and interpolation.

13.4.5.5 With Film

Film is digolayed with the 3:2 pull-down process for 24 fps film and with smple frame repetition for 30
fpsfilm. The proponent claims to have actud frame rates of 59.94, 29.97, and 23.98 frames/second.
The encoder automatically detects the presence of 24 fps or 30 fps scene materia from film sources.
When afilm source is detected, an dternate buffer control agorithm is used which takes advantage of
repested frames in the source. With the scanning method used in CCDC, only two out of each five TV
frames need to be transmitted for 24 fps film, and only one of each two for 30 fpsfilm.

13.4.5.6 With Computers

Progressive scanning and square pixels, both used in this system, are important factors for
interoperability of an HDTV system with computers. The frame rate used in CCDC is59.94 Hz.

13.45.7 With Satellites

The proponent suggests that 8-PSK modulation would permit two CCDC signds per 36 MHz
transponder. However, normal transmission by satellite is QPSK (4-phase). Nevertheless, using the
19.9-Mhitg/'sec information rate of CCDC, Reed-Solomon coding, and rate 7/8 convolutional coding,
two channels can probably be transmitted in a 36-MHz transponder.
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13.45.8 With Packet Networks

CCDC datais organized into 525 data lines per frame. These data lines could be used as packets if
augmented with packet assembly information. Error concealment, aready implemented, would ensure
some resistance to packet loss. Each line of video data contains a pointer to the next macroblock
(320H x 16V), s0 the largest amount of variable-length data that can be lost by a bit error islimited to
one macroblock.

13.4.5.9 With Interactive Systems

The proponent reports avideo delay of 5 or 6 frames, corresponding to 83 to 100 msec. The exact
time is said to depend on how the frame buffer is used, with the video/film sdection afactor. Acquisition
timeisreported in Section 13.4.2.11.

13.4.5.10 Format Conversion

13.45.10.1  With 1125/60

Up-converting to the Common Image Format (1920 x 1080) requires 2:3 interpolation horizontally and
verticaly. SMPTE 240M uses 1035 active lines and would require 16:23 vertica interpolation.
Colorimetry isthe same as SMPTE 240M.

13.4.5.10.2  With 1250/50

This difficult converson is somewhat easer with a progressive system such as CCDC than with an
interlaced system.

13.4.5.10.3  With MPEG’

Thereis no direct compatibility in terms of bit stream. The CCDC decoder would require modification
to decode MPEG- 1. The proponent claims that there would be a modest increase in complexity
because CCDC shares many commonalties with MPEG-1. MPEG-1 decoders will not decode CCDC.
13.4.5.10.4  With Still Image

The capture of gill images from video is favored by progressve scan.

13.4.5.11 Scalability

Although scalahility by picture interpolation can be implemented in any proposed system, it issmplified
by the progressive scanning in this system. Ficture-in-picture and picture- out- of-picture are handled by
gandard methods in the receiver.

" See Section 8.3.8 for adiscussion of MPEG, the MPEG-1 standard, and the MPEG-2 devel opment effort.
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13.5 SYSTEM IMPROVEMENTS
135.1 Already Implemented
135.1.1 Improvement in Table Entries

To improve video qudity, the quantization tables and codeword assignment tables have been modified.
The table entries may be adjusted further after video materia generated by the 720-line progressive
scan camerais avallable. Thisimprovement involved no structurd change in hardware.

135.1.2 Peak-to-Average Ratio Reduction

The peak-to-average ratio can be reduced by clipping the IF output of the encoder at variable levels
before it is passed through the SAW filter. Thisimprovement involves a clipping amplifier in the encoder
before the SAW filter and has aready been implemented.

13.5.1.3 Adaptive Window Size to Eliminate Audio Pre-Echo Effect

A dight pre-echo effect may occur for audio materid that has very rapid tempord transents. The
purpose of thisimprovement was to iminate the pre-echo effect by varying the window size depending
on the tempord characterigtics of the audio. Thisimprovement involved no hardware change.

135.1.4 Use of Reserved Bits to Improve Audio

Some capacity has been reserved in each frame for possible future use. In order to enhance the
system’ s future extensibility, these reserved bits can be used to encode the dynamic bit dlocation
explicitly. Thisimprovement involved no hardware change.

13.5.1.5 ATSC T3/186 Functionality

The proponent believes that the 6-channd independent audio system, as previoudy tested, isfully
responsive to the audio requirements of the T3/186 document. The proponent aso stated that the
CCDC system hasthe available bit capacity to add the Dolby AC-3 audio system.

13.5.2 Implemented in Time for Field Testing

135.2.1 Packetized Transmission

The purpose of thisimprovement is to enhance flexibility, interoperability, and extensbility. The current
data multiplexing within aline will be replaced with packets organized by data type with a header at the
beginning of the packets.
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14. COMPARISONS AND RECOMMENDATIONS
14.1 SPECTRUM UTILIZATION COMPARISONS
14.1.1 Introduction

The Specid Pand considered two spectrum utilization selection criteriac accommodation percentage and
service area. “ Accommodation percentage’ specifies the fraction of existing NTSC television stations
that could be assigned an ATV channd. “ Service ared’ refersto the interference-limited coverage area
of new ATV dations. PSWP3 examined factors influencing these criteriafor each of the ATV
proponent systems. The methodology employed by PS'WP3 is described in Chapter 8. A summary of
some of itsanalysisis provided in Chapters 9-13. This section presents the findings of the Specid Panel
regarding the systems performance with respect to these two criteria and offers suggestions for further
Advisory Committee work.

14.1.2 Accommodation Percentage

With the exception of one system — Narrow-MUSE — PS/'WP3 was able to create
alotment/assignment schemes which accommodate 100% of existing NTSC broadcast Sations.
Narrow-MUSE alotment/assgnment plans accommodated 77.2% or 73.7% under the VHF/UHF and
UHF only channd availability options, respectively. Tradeoffs exist in the process of dlotting ATV
channds. While attempts were made to match the ATV coverage with that of companion NTSC
gations, the provison of ATV dlotments was accomplished by reducing ATV coverage areas for some
gations and introducing some new interference to the coverage areas of aportion of the set of existing
NTSC dations. The severity of the consequences of these tradeoffs are considered in the next section in
which systems are grouped based on service area and interference performance,

14.1.3 Service Area

PS'WP3 andyzed the service area and interference performance of al five systems under two different
ATV channel availability conditions (UHF and VHF/UHF). For both of these conditions, coverage and
interference performance was assessed by examining three different interference conditions: co-channe
only; co-channd and adjacent-channel; and co-channd, adjacent-channd and taboo channd. The
Specid Panel concluded that system performance groupings should be conducted using the co-channd
and adjacent-channe interference condition, as emphasized by PS/WP3. Furthermore, inasmuch as the
dl-digita systemswere certified with a primary transmisson mode, the Specia Panedl only considered
gpectrum anayses using primary transmisson mode data.

System performance groupings have been made based on three factors: ATV sarvice area during the
trangtion from NTSC to ATV, ATV sarvice area dfter the trangtion period ends, and ATV-into-NTSC
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interference during the trangition period. These groupings are based on the work of PS'WP3 as
summarized in Figure 14-1." Figure 14-2 depicts the interference-limited service area of each ATV
gation, during the trangtion period, relative to the interference-limited service area of its companion
NTSC gtation under the VHF/UHF Scenario and under the UHF Scenario, taking into account both
co-channd and adjacent-channd congraints. The system-specific planning factors which were used as
inputs in the PSYWP3 andlyss are shown in Figure 14-3.

Examination of the ATV coverage during and after the trangition revedled that the performance of the
DSC-HDTV and CCDC systems was dightly better than the DigiCipher and AD-HDTV systems. The
performance of the Narrow-MUSE system in this category was significantly worse than the four all-
digitd sysems.

With regard to ATV interference into NTSC, the performance of the DigiCipher, DSC-HDTV and
CCDC systems was dightly better than the AD-HDTV system.

The Specid Pand dso recognized that the degree of interference from ATV-into-NTSC, asreflected in
the test results and the PS/\WP3 report, is an area of significant concern in certain markets.? The
practical extent of thisinterferenceis not known, however. The Specia Pand noted that the PS/WP3
computer alotment/assgnment mode was designed for the purpose of comparing competing ATV
systems, not for generating optimum alotment tables. As indicated above, because in its
alotment/assgnment plans PSWP3 attempted to maximize ATV coverage area, the result produced
some new NTSC interference areas. Thus, a plan which reduced ATV coverage by some small degree
from the exigting plan could minimize or diminate new NTSC interference.

It also should be noted that the PS/WP3 report did not take into account interference into BTSC audio
service. Future analysis should include this relevant test data.

Accordingly, the Specid Pand bdlieved that the Advisory Committee should direct that the issue of
ATV-into-NTSC interference be addressed in the remaining stages of the system selection process.
This further study could include the gathering of additiona datathrough laboratory tests of system
improvements, field tests and/or specid post-recommendation tests, and the use of refined
alotment/assgnment techniques.

! The Special Panel noted that, for the purposes of the performance groupings discussed below, decisional
significance has not been accorded to small differencesin the numbers presented in Figure 14-3.

%Inthisregard, the Special Panel observed that the PS/WP3 analysis suggests that less ATV-into-NTSC interference
would be created under the VHF/UHF ATV channel availability condition.
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StationsWith ATV Service Area Equal Toor Greater Than NTSC (%)
N-MUSE | DigiCipher | DSC-HDTV | AD-HDTV | CCDC
VHF/UHF Co- & Adjacent-Channel 7.1 71.9 87.4 77.4 83.2
UHF Co- & Adjacent-Channel 5.9 70. 2 80. 3 73.3 76.7
ATV StationsWith No ATV or NTSC Interference (%)
N-MUSE DigiCipher DSC-HDTV | AD-HDTV CCDC
VHF/UHF Co- & Adjacent-Channel 8.6 42. 4 59.9 46.5 54.1
UHF Co- & Adjacent-Channel 7.8 45. 7 54.3 46. 8 51.5
ATV Stations With 35% of Coverage AreaHaving ATV or NTSC Interference (%)
N-MUSE DigiCipher DSC-HDTV | AD-HDTV CCDC
VHF/UHF Co- & Adjacent-Channel 61.6 4.2 1.3 3.4 1.8
UHF Co- & Adjacent-Channel 64.0 4.6 3.0 5.3 3.0
ATV StationsWith No ATV Interference (%)
N-MUSE DigiCipher DSC-HDTV | AD-HDTV CCDC
VHF/UHF Co- & Adjacent-Channel 16. 4 60. 2 71.7 55.2 72.3
UHF Co- & Adjacent-Channel 14. 2 60. 3 64.8 52.7 66. 1
ATV Stations With 35% of Coverage AreaHaving ATV Interference (%)
N-MUSE DigiCipher DSC-HDTV | AD-HDTV CCDC
VHF/UHF Co- & Adjacent-Channel 49.5 1.8 1.1 3.2 0.8
UHF Co- & Adjacent-Channel 52.7 3.0 2.9 5.2 2.1
NTSC StationsWith NOATV Interference (%)
N-MUSE DigiCipher DSC-HDTV | AD-HDTV CCDC
VHF/UHF Co- & Adjacent-Channel 74. 4 60. 1 58.2 55.7 59. 4
UHF Co- & Adjacent-Channel 77.7 62.9 61.1 59.7 62.3
NTSC Stations With 35% of Coverage Area Having ATV Interference (%)
N-MUSE DigiCipher DSC-HDTV | AD-HDTV CCDC
VHF/UHF Co- & Adjacent-Channel 0.5 2.1 2.4 2.8 2.3
UHF Co- & Adjacent-Channel 0.2 7.8 8.0 9.7 8.7
New NTSC Interference (million squar e kilometers)
N-MUSE DigiCipher DSC-HDTV | AD-HDTV CCDC
VHF/UHF Co- & Adjacent-Channel 0.78 1.41 1.51 1.77 1.54
UHF Co- & Adjacent-Channel 0.77 2.12 2.26 2.51 2.29

Figure14-1. ATV servicearea, ATV interference, and NTSC interference

calculated in the PSYWP3 analysis.



Page 14-4

ATV SYSTEM RECOMMENDATION

Service Area Ratio - ATV to NTSC (%)

Service Area Ratio - ATV to NTSC (%)

VHF/UHF Scenario - Service Area of ATV Station Related to Service Area of Its NTSC Companion
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Figure 14-2. I nterference-limited service area of each ATV dation relativeto
theinterference-limited service area of its companion NT SC station (co-
channe and adjacent-channel constraints).
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CARRIER-TO-NOISE N-MUSE DigiCipher DSC-HDTV | AD-HDTV CCDC

+38 +16.0 +16. 0 +18. 4 +15. 4

CO-CHANNEL N-MUSE DigiCipher DSC-HDTV | AD-HDTV CCDC
ATV-i nt o- NTSC +16. 8 +35 +35 +34 +36

NTSC-i nt o- ATV +21 +7.6 +3.5 +0. 50 +8.1

ATV-i nt o- ATV +31 +16. 4 +18. 2 +19.1 +16. 6

ADJACENT-CHANNEL N-MUSE DigiCipher DSC-HDTV | AD-HDTV CCDC

Lower ATV-into- NTSC -31 -13.5 -17.2 -16.0 -17.8

Upper ATV-int o- NTSC -12.0 -21 -7.5 -8.9 -17.0
Lower NTSGC i nto- ATV +28 -30 -43 -38 -37
Upper NTSC-i nt o- ATV -11.8 -24 -42 - 36 - 37
Lower ATV-into- ATV -15.5 -23 -35 -33 -32
Upper ATV-i nto- ATV +16. 6 -23 - 36 -16.8 -32

14.1.4

Figure 14-3. System-specific planning factors (D/U in dB).

Spectrum Utilization Findings

Based on its analys's of pectrum utilization characteristics of the five proponent ATV systems, the

Spedidl
1

Pand arived at the following findings and conclusions:

The andlys's conducted by the Advisory Committee clearly demongtrates that a substantial
difference exigts in spectrum utilization performance between Narrow-MUSE and the four al-
digital systems. The differences among the four digita systems generdly are far less pronounced,
however. Based on thisandysis, it would agppear that Narron-MUSE will not proveto bea
suitable terrestrial broadcasting ATV system for the United States.

The Specid Panel noted that many system proponents have proposed improvements to their
systemsin the area of spectrum utilization. The Special Panel found that the system
improvements, primarily those identified by its Technica Subgroup as reedy for implementation
in time for teting, may lead to improvements in spectrum utilization and should be subjected to
testing as soon as possible.

The Specid Pand found that the degree of interference from ATV into NTSC, asreflected in
the test results and the PS/'WP3 report, is recognized as an area of concern in certain markets.
The Specid Pand found that theissue of ATV-into-NTSC interference, including interference
to BTSC audio, should be addressed in the remaining stages of the system sdlection process,
including the examination of refined alotment/assignment techniques, the study of possble
beneficid effects of system improvements, and the consideration of any mitigations which might
be achieved by trangtiona implementation policies.
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14.2 ECONOMICS COMPARISONS

14.2.1 Cost to Consumers and Broadcasters

Based on the work of PS'WP5 and SS/WP3, areview of the costs to consumers and broadcasters
was conducted for each system. The work of the working parties was found to be acceptable and
helpful. There were some nomind cogt differences among the systemsin both the estimated costs to
consumers and broadcasters, as noted in previous chapters. However, these differences in cogts are of
aminor magnitude and thus judged to be indistinguishable for practica purposes.

14.2.2 Economics Findings

No significant cogt differences among the five proponent systems, either in costs to consumers or to
broadcasters, are evident. Thus, based on cost done, there is no basis to discriminate among systems.
However, the additional benefits offered to broadcasters and others by the digital systems were noted
assgnificant.

14.3 TECHNOLOGY COMPARISONS

14.3.1 Introduction

The Specia Pand examined” five sdlection criteria (of the overal ten) under the heading Technology:
Qudlity, Transmission, Scope of Services and Festures, Extensibility, and Interoperability
Consderations. These particular criteriaare dl closdy bound up in the specific technologies employed
inthe various ATV system designs. This section sets forth the Specid Pand’s analysis and conclusions
regarding these technicdl criteria

Of the five sdlection criteria, the first two — quadity and transmission, were based on actua system
testing. The other three were primarily the subject of detailed analyses of the systems as certified.

The Specid Pand concluded that four excdlent digitd HDTV systems were developed as the result of
this process. Digitd ATV trangmisson is completely viable for over-the-air broadcasting and for
transmisson by the aternative media of cable and satellite. The overdl picture qudity of two systems
came remarkably close to the qudity of the high-definition studio reference.

However, the extensive measured data and subjective assessments of the systems neverthelessrevealed
the magnitude of the chalenges associated with achievement of high overdl picture and sound qudlity,

% Tofacilitate discussion and to aid in the identification of proponent advantages for each attribute, the Special Panel
developed a comparison matrix. This matrix served as an important tool to facilitate discussion and identification of
proponent advantages for each attribute. Specifically, the matrix employed line item checks for those systems
exhibiting a distinct advantage for any particular attribute based on the Special Panel’ s examination and
consideration of test data and analysis of the proposed systems. The systems were considered asthey were at the
time of testing; however, the Special Panel noted that many system proponents have proposed improvementsto their
systems.
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while also ensuring adequate coverage, transmission robustness, and acceptably low interferencein a
smulcagt environment — al within the bounds of a reasonable average effective radiated power.

The Specid Pand’s examination further reveded that there are likely to be pragmatic tradeoffs required
between the fundamental ATV requirements (under the criteria quaity and transmission) and the
sometimes conflicting but desirable capabilities described in the criteria of scope of services and
features, extengbility and interoperability.

This report summarizes the comparative results determined by the Specia Pand for each of the five
technologica criteria. The pand aso agreed on key findings for each of these selection criteria These
findings recognize the degree of conflict among many listed attributes. The Specid Pand emphasized the
importance of these findings as guiddines to those system proponents who seek to revise and improve
their sysem design.

14.3.2 Audio/Video Quality

14.3.2.1 Video Quality

Theimage qudity achieved by the syslems under ided conditions, and under other circumstances
relevant to the qudity of the received image, was determined in a number of tests involving judgments by
experts and by non-experts.

Transmisson of ATV inthe 6-MHz channd inevitably requires compression of the video data. This
process introduces picture-rdaed impairments in that smal number of images and image-sequences
which stress the compression scheme used. The designer therefore must optimize the scheme to handle
the range of materid likely to be transmitted, while ensuring that, under worst-case conditions, the
impairments introduced are minimally objectionable.

In Basic Recaived Qudlity, DigiCipher and AD-HDTYV were judged, on average, only about 0.3 CCIR
grades lower in qudity than the 1125-line studio reference for most segments of test materid; the other
systems exhibited lower performance (see Figure 14-4). However, dl systems exhibited vishble
weaknesses in one or more tests designed to address other matters relating to qudity (e.g., noisy source
material, multiple encode/decode operations, etc.).

For 4ill materid, the ATV sysems did not differ sgnificantly overdl. For live video and for film,
however, the DigiCipher and AD-HDTV systems exhibited sgnificantly better performance than the
other systems. For a graphic sequence that stressed vertical and tempora performance, the DSC-
HDTV and CCDC systems performed best.

For materid with source noise the DigiCipher and AD-HDTV systems performed significantly better
than the other systems. For scene cuts, the AD-HDTV system performed best. For materid subjected
to concatenated encode/decode operations, the DigiCipher system performed best. For materia
designed to stress the source-coding dgorithms of the four dl-digital systems, the DigiCipher and
CCDC systems performed best. And, finaly, examinations of qudity achieved under extended coverage
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conditions, made only for Narrow-MUSE, DSC-HDTV, and AD-HDTV, reveded a clear superiority
for the Narrow-MUSE system.

~— % N-MUSE  -——--—- DigiCipher - Ao DSC-HDTV ----0--- AD-HDTV ~ ----O-ns CCDC

[+2 Grades] 40

[+1 Grade] 20

[-1 Grade] -20

DIFFERENCE [ SYSTEM - REFERENCE ]
(=}

[-2 Grades] -40

STILLS MOTION SEQUENCES

Figure 14-4. Aver age differences between quality judgmentsfor the 1125-line
studio quality reference and for each of the proposed ATV systems.

Overdl, these results show a clear advantage for the DigiCipher and AD-HDTV sysgemsin terms of
video qudity. However, they dso point to the necessity for improvement, even in the two leading
systems.

In interpreting the results, three mitigating factors should be considered. Firg, the video and film materid
used in tests of the progressively scanned ATV systems (i.e., DSC-HDTV and CCDC) exhibited high
levels of random noise, as well as horizontally coherent noise (see Section 8.3.4). Although this may
have affected adversdy the performance of these two systems, it is not possible to quantify the extent to
which their performance would have been affected. Second, it islikely that dl systems suffered from
deficiencies in the prototype hardware brought to test. And, findly, Sncethetime of tes, dl system
proponents claim to have made improvements in image qudity.

14.3.2.2 Audio Quality

The sengtivity of the audio subjective test results was impaired by many irregularities including high
variability and incongstency among the judges. A special SS'WP2 audio Task Force reviewed the data
and the corresponding audio test tapes, and recommended against the use of the datain this report. The
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Task Force observed, however, that even though in some instances audio POU was not determined
under conditions with transmission impairment, there was no evidence that audio failed before the
accompanying video in any system.

Traditiona audio objective tests were conducted for frequency response, dynamic range, THD,
THD+N and IMD. AD-HDTV objective audio tests were not performed due to that system’s late
arriva for testing. In the objective tests, that of the CCDC audio system yielded measurement data
which were sgnificantly better than that of Narrow-MUSE, DigiCipher, or DSC-HDTV. Caution is
advised in the interpretation of objective measurements of these compressed digital audio systems
because sophisticated perceptua audio coding techniques can cause them to be quite mideading.*

System improvements for DigiCipher and DSC-HDTYV include the implementation of ATSC document
T3/186 audio features including 5.1 channel sound, incorporating two Dolby Laboratories AC-3
encoders for DigiCipher and an AC-3 encoder for DSC-HDTV. DigiCipher will incorporate asingle
AC-3 decoder while DSC-HDTV will incorporate both an AC-3 decoder and a 2-channd AC-2A
decoder. System improvements for AD-HDTYV include the implementation of T3/186 audio festures
including 5 channel sound. If the MUSICAM based 5-channd system is defined in time for
implementation before further testing, AD-HDTYV will incorporate it. If not, another unspecified
multichannd system will be utilized. Dua mode composite and independent coding will be implemented
in DigiCipher; DSC-HDTV will have both composite and independent channel coding, while
independent coding of six channds has been implemented in CCDC.

14.3.3 Audio/Video Quality Findings

14.3.3.1 Video Quality Findings

1. TheDigiCipher and AD-HDTV systems showed an overdl advantage over other systems.
However, dl systems exhibited weaknesses in tests designed to assess the quality of the
recelved image.

2. Sincethetime of tedt, dl systems have declared refinements that may have implications for
image quality. Theimpact of these refinements, which may be sgnificant for the selection of an
ATV gandard, cannot be established without further aboratory testing. These improvements
must be fully implemented before such tests.

3. Inadvance of any further testing, system proponents should atempt to improve Basic Quality
and to minimize the occurrence of visble imparments. Aswell, proponents should give due
consderation to performance on other matters relating to the quaity of received image (e.g.,
source noise, concatenated processing, diverse program material, and momentary signd fades).

* Perceptual coding techniques take advantage of specific psychoacoustic properties and deliberately seek to create
material that matches the source subjectively rather than objectively.
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Exigting test plans and test materias should be reviewed and, if necessary, enhanced to ensure
consderation of these issues.

4.  Excdlent image qudity isfundamentd to successin providing HDTV programming within the
ATV dgnd. The ahility to achieve this, without jeopardizing the vigbility (e.g., coverage) of
ATV and NTSC broadcast service, should be given the most serious attention.

5. Itisto be expected that, as technologies mature, techniques for image compression will
improve. It is essentid that the system ultimately sedlected dlow for compatible enhancementsin
image coding and for efficient re-deployment of any capacity thereby made free.

6. The systems tested were based on two different image scanning approaches: interlaced and
progressive scanning. The choice of an approach is acomplex trade-off of factors at capture,
processing, and display. These factorsinclude: efficiency at capture (e.g., camera sengtivity),
datic and dynamic resolution, accuracy of motion estimation in processing, inter-fidd/inter-line
atifacts at digplay, etc. Information concerning optimum trade-offs at various agesin the
televison chain, given practical considerations such as data rate and cod, is needed urgently.

14.3.3.2 Audio Quality Findings

1.  Audio subjective tests of the new multichannd audio systems should be conducted, preferably in
compliance with recent CCIR subjective test recommendations.

2. Thededrability of composite versus independent channd coding should be examined.
3. Complete audio systems should be implemented in hardware before further testing is conducted

on any system.
1434 Transmission Robustness
14.3.4.1 Noise Performance

The carrier-to-noiseratio (C/N) a the TOV for thisimparment islisted below for each of the digita
sysems.

DigiCipher 16.0 dB
DSC-HDTV 16.0 dB
AD-HDTV 18.4 dB
CCDC 15.4 dB

For analog Narrow-MUSE, a subjective impairment rating of 4.0 (perceptible, but not annoying) was
obtained at C/N = 38 dB.

The Specia Panel concluded that the digita systems have a Sgnificant advantage over the andog system
for this attribute. Among the digitd systems, a2-3 dB difference in threshold performance is significant.
Therefore, the threshold C/N performance of DigiCipher, DSC-HDTV, and CCDC is sgnificantly
superior to that of the other systems.
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14.3.4.2 Static Multipath

Ability to tolerate discrete, static echoes was measured a severd delay times, ranging from -0.08
microseconds (i.e., a*“pre-echo”) to adday of +2.56 microseconds. The combination of echo-
cancding hardware and inherent system immunity showed an advantage of about 20 dB to the digita
systems. Among the digital systems, AD-HDTV was judged significantly superior for this attribute.

14.3.4.3 Flutter

Hutter istime-varying multipath. DigiCipher and CCDC exhibited significantly superior tolerance of this
imparment.

14.3.4.4 Impulse Noise

The test compares proponent system performance to that of NTSC. All digita systems performed
better than NTSC and Narrow-MUSE performed the same as NTSC. DSC-HDTV was sgnificantly
better than the other systems.

14.3.4.5 Discrete Frequency Interference

CCDC performed best for in-band discrete frequency rejection for the frequencies tested because its
worst case (most vulnerable) frequencies tolerated significantly more undesired sgna then the other
systems at their most vulnerable frequencies.

DSC-HDTV performed best for out of band discrete frequency reection for the same reason.

14.3.4.6 Cable Transmission

14.3.4.6.1 Composite Second Order

Composite second order (CSO) impairment arises from the distortion characteristics of active e ements
in a cable television sysem. System performance in the presence of CSO impairment is afunction of the
gpectra characterigtics of the modulation scheme and the receiver front end design.

The DigiCipher and CCDC systems each exhibited resistance to composite second order
intermodul ation digtortion that was significantly greseter than that of the other systems.

14.3.4.6.2 Composite Triple Beat

Composite triple beat (CTB) impairment aso arises from the distortion characterigtics of active dements
in acable tdevison sysem. Along with random noisg, it is one of the primary limiting characterigticsin
cable system transmission performance. System performance in the presence of CTB impairment isa
function of the spectra characteristics of the modulation scheme and the receiver front end design.

The DSC-HDTV and AD-HDTV sysems reveded sgnificantly grester immunity to composite triple
beat products than did the remaining systems. The system design measures taken to protect the signals
from co-channd interference are d o effective in providing immunity to compogte triple best.
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14.3.4.6.3 Phase Noise

Phase noiseis afunction of the stability of oscillators used in the transmission chain to generate or
trandate the frequency of the tranamitted sgnd. All of the digitd systems exhibited substantialy greeter
immunity from phase noise than did the Narron-MUSE system.

14.3.4.6.4 Residual FM

Residud frequency modulation is another form of deviation in oscillators used in frequency converson
equipment. The DigiCipher and CCDC systems tolerated considerably greater resdua frequency
modulation than did the remaining systems.

14.3.4.6.5 Local Oscillator Pull-In Range

Variationsin received frequencies are of concern to both broadcasters and cable operators. A
consumer receiver must be able to identify and acquire Sgnas that are offset from the nomind frequency
assgnment.

The DigiCipher, DSC-HDTV, and CCDC systems demondtrated a substantially wider local oscillator
pull-in range than the other systems. The DSC-HDTV system range exceeded +/- 100 kHz, the
maximum vaue prescribed in the formal test procedure.

System performance in the presence of phase noise, resdua FM and received sgnds that are offsetin
frequency, islargely afunction of tuner design and implementation and therefore may be expected to
improve with a second iteration of prototype equipment delivered for testing.

14.3.4.6.6 Channel Change

Current televison viewers are accustomed to rapid channel change capability, and an ATV service must
emulate this feature closdly if consumer frudiration isto be avoided. Channel change timeisafunction of
two processes. carrier acquisition and bit stream synchronization; and bit stream decompression through
recognizable picture display and presentation of audio.

The DigiCipher, DSC-HDTV, and CCDC systems completed a channel change in approximately one
second, versus substantialy longer times recorded for Narrow-MUSE and for AD-HDTV.

14.3.4.7 Co-Channel Interference into ATV

DigiCipher and CCDC were most robust to co-channd interference from ATV. AD-HDTV was best
at rgjecting co-channd interference from NTSC. (See Figure 14-3.)

14.3.4.8 Co-Channel Interference into NTSC

Narrow-MUSE performed significantly better than the digita sysemsfor ATV-into-NTSC co-channd
interference. All digital systems required about the same sgnd level to cause co-channd interference
into NTSC. (See Figure 14-3.)
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14.3.4.9 Adjacent-Channel Interference

Narrow-MUSE performed sgnificantly better than the digitd systems on lower adjacent-channd ATV-
into-NTSC interference by causing the least interference.

Among the digital sysems, DSC-HDTV performed best in rgjecting ATV-into-ATV and NTSC-into-
ATV adjacent-channel interference. DigiCipher and CCDC caused the least upper adjacent-channe
ATV-into-NTSC interference. DSC-HDTV, AD-HDTV and CCDC caused the least lower adjacent-
channd ATV-into-NTSC interference. (See Figure 14-3.)

14.3.4.10 Taboo Interference

Narrow-MUSE performed sgnificantly better than the digitd sysemsfor ATV taboo interference into
NTSC. Among the digital systems, DSC-HDTV had the best dl-around ability to reject taboo
interference on the nine channels tested; however, the performance of dl digital sysemswas close.

14.3.4.11 Channel Acquisition

The test measured the time required to acquire the signa and display a recognizable picture under a
variety of impairment conditions; sgnd conditions were dways above TOV. The performance of
DigiCipher, DSC-HDTV, and CCDC was judged superior to the other systems. The three cited
systems were able to deliver arecognizable image within about one second under conditions of
moderate impai rment.

14.3.4.12 Failure and Recovery Appearance:

Thetest smulated Sgna fading in fringe areas for digitd systems. Signd strength was reduced below
threshold level and then increased above threshold; the resulting image behavior was observed. In
generd, dl sysems“froze’ the image asthe sgnd fell below threshold. Typicaly, the image became
“blocky” and dissolved into other characteritic artifacts. Recovery was most rapid for AD-HDTV
(much less than one second). DigiCipher recovered with characteristic panel wiping, lasting about 1/3
second. CCDC recovery generaly consumed about 1/2 second but could last longer than one second.
DSC-HDTV required the longest recovery period, generdly 2-5 seconds. The speed and subjective
appearance of AD-HDTV’ s recovery were judged significantly superior to the other systems.

14.3.4.13 Power

14.3.4.13.1  Peak-to-Average Power Ratio
The ratios of peak-to-average power for the digita modulation schemes are listed below:

DigiCipher DSC-HDTV  AD-HDTV CCDC
99% of time 4.8 dB 6.3dB <6 dB <5.2dB
99.9% of time <6 dB 7.6dB <6.7 dB <6.2dB

The peak-to-average power ratios of DigiCipher and CCDC were judged significantly superior anong
the digital systems.
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14.3.4.13.2 Average ERP

The maximum average ERP for each digitd system required to achieve ATV noise limited coverage
comparable to NTSC Grade B coverage is listed below:

DigiCipher 38.23 dBK
DSC-HDTV 38.25 dBk
AD-HDTV 40.42 dBk
ccDC 37.66 dBk

It isnoted that AD-HDTV required sgnificantly more average ERP than the other systems.

14.3.4.14 Multiple Impairments

The broadcast portion of this test determined POA (which needed only to be a*“recognizable’ image,
not a“watchable’ one) under different conditions of random noise and co-channe impairments. The
test results show that DSC-HDTYV could acquire signa under the worst combination of these
imparments, with AD-HDTV very closein performance. DigiCipher and CCDC required a Sgnificantly
more favorable combination of conditions for sgna acquisition.

The cable portion of this test measured TOV under different combinations of random noise and
composite triple beat. The test results show that DigiCipher, DSC-HDTV, and AD-HDTV exhibited
better performance than CCDC. All digit ATV systems, however, are expected to operate with
adequate margins to noise and CTB on existing cable systems designed for carriage of NTSC signals
for thenomind ATV power levelstested.

14.3.4.15 Threshold Characteristics

Narrow-MUSE, as expected from its anadlog signd format, exhibited gradua degradation of image
quality with decreasing C/N. All of the digitd systems had sharp thresholds, with image quaity
degrading from TOV to POU over lessthan a2 dB change in C/N. Based on certification documents,
this performance was expected for DigiCipher and CCDC. The claimed gradua thresholds of DSC-
HDTV and AD-HDTV werejudged to have utility only for short, temporary, and infrequent sgna
fading. The actuad vaues of TOV for each system are contained el sawhere in the report.

Audio threshold performance was also characterized. For dl of the digitd systems, there was no
evidence that audio failed before the accompanying video.

14.3.5 Transmission Robustness Findings

1.  Avaiety of different modulation and signd formats was evauated. In generd, the andysis
conducted by the Advisory Committee clearly indicates that an al-digital approach isimportant
in satisfying the selection criteria. Of the four digital transmisson systems tested, the Specid
Pand was unable to recommend a single system.

2. Among the digitd systems, both sharp and claimed gradua thresholds were tested. No video
performance advantages were found in the forms of gradua signa degradation tested.
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10.

11.

14.3.6

It is desirable to maintain audio service during momentary disruptions in the picture.

The four digita systems tested provided adequate levels of operating margin with respect to
composite second and third order impairments.

Specid attention will need to be paid to the find design of tunersin ATV receiversto achieve
immunity to typica levels of phase noise and residud frequency modulation. Although the digitd
systems performed better, as a class, than the Narrow-MUSE system, none performed
adequately for typica levels of these impairmentsin conventiona cable equipment.

Careful tuner design is required to assure the acquisition of signasthat are offset from their
nomina assigned frequencies. As tested, three of the digital systems achieved acceptable
performance.

Whilethree of the digitd ATV systems tested exhibited channel change performance close to
that required, none demonstrated optimal performance. Current television viewers expect
channel change to be completed nearly ingantaneoudy. Minimizing consumer dissatisfaction
with ATV service will require smilar performance, certainly well below one second.

While the subjective quality tests of cable distribution indicated no degradation, the transmission
conditions smulated were not representative of awide range of red-world cabletdevison
plant. Only the fidld testswill provide final data regarding cable transmission performance.

DigiCipher’ s ahility to rgject an undesired adjacent or second adjacent signd was sgnificantly
worse than the other systems. The proponent has identified an improvement in the system’s IF
filter which should be verified.

Taboo and adjacent-channd performance are dependent on tuner and |F selectivity. Important
design information can be obtained from the systems' blackbox tuner/IF characteristics. The
proponents should submit both the tuner characterigtics of the test hardware and their
suggestions for minimum tuner performance.

Improvements to the transmission system suggested by the digital proponentsinclude better
error correction and conceal ment, improved receiver RF filters, and techniques to reduce
transmitter peak power. Each of these improvement categories addresses specific shortcomings
cited in the test reaults.

Scope of Services and Features

Scope of Services and Features considered the need of an ATV system to support features and
capabilities beyond those explicit in other selection criteria. The following were consdered as abasis of
differentiating among the proponent systems initial use of ancillary data, audio, data, text, captioning,
encryption, addressing, low cost receiver, and VCR capability.

All systems provided for data transmission. With respect to data, the AD-HDTV system was judged
better than the others because it used a packetized data structure with headers and descriptors that has
been determined, in generd, to be important to providing system flexibility. With respect to addressing,
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the AD-HDTV system was considered better than the other digital systems dueto its ability to reassgn
its entire 18.5 Mbits/s to addressing keys.

Low cost receiver and VCR capability did not expose substantive differences among the five systems.

The remaining five features did not show sgnificant differences among the four digita systems, but
overdl the digitd systems ranked better than the Narron-MUSE system (though the difference was
amdl).

14.3.7 Extensibility

Extenghbility consdered the ability of atransamisson system to incorporate extended functions and future
technology advances. The following were consdered as abasis of differentiating among the proponent
gystems, extensbility to: no vishle artifacts, sudio-qudity data rate, higher resolution, VHDTV,
UHDTYV, and provision for future compression enhancements.

It was concluded that the use of a packetized data structure with universal headers and descriptors
provides important flexibility in meeting this selection criteria. For example, if ahigher datarate channdl
is used to distribute programming to television stations, additiona packets (with appropriate headers
and descriptors) could provide higher quality images for post- production processing.

Overdl, the digitd systems ranked better than the Narrow-MUSE system; however, there were no
sgnificant differences among the digitd systems.

14.3.8 Interoperability Considerations

I nteroperability consdered ddivery over dternative media (cable, satellite, packet networks),
transcoding (with NTSC, film, and format conversion to other video standards), integration with
computers and digital technology, interactive systems, the use of headers/descriptors, and scalability.

Progressive scan and square pixels are important for computer and other image applications. For
interoperability with computers, DSC-HDTV and CCDC ranked better than the other systems.

Only AD-HDTV had itsfind proposd for a packetized data structure and headers and descriptors fully
implemented at the time the system was tested by ATTC, and it received the highest rating on these
characterigics. All digital system proponents now recognize the importance of a packetized deta
structure combined with headers and descriptors as a critical enabling concept for ATV flexibility. As
cited in the comparative analys's, examples are SMPTE Header/Descriptor, flexible channel
regllocation, compatibility with telecommunications and computer networks.

With respect to format conversion, Narrow- Muse does not require conversion to 1125/60, and AD-
HDTV’suse of MPEG-1 provides the possibility of interoperability with MPEG gpplications.

The four digital systems were judged better than Narrow-Muse for interoperability with digita
technology, NTSC, film, till images, and interactive systems. Note that latency and acquisition time are
important for interactive systems, but have not been completely determined.

All five systems were judged suitably interoperable with satellite and cable,
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14.3.9 Findings for Scope of Services and Features, Extensibility, and
Interoperability Considerations

In congderation of the comparative andyss and the PS/\WP4 conclusions in Section 4.4, the following
recommendations are offered.

1. Theandydsconducted by the Advisory Committee clearly indicates that an dl-digital approach
isimportant in satisfying these selection criteria

2. All four digita proponents have implemented, or now commit to implement, both aflexible
packetized data transport structure and universal headers/descriptors. Their design and
implementation need to be verified consstent with relevant industry standards and practices and
with respect to the ATV sdlection criteria

3. DSC-HDTV and CCDC are progressive a 60 Hz and square pixd in format. AD-HDTV
provides progressve-scan transmisson a 30 Hz and claims a potential migration path to square
pixels. DigiCipher dams a possible option for progressive scan transmisson at 30 Hz. A
transmission format based on progressive scan and square pixe is beneficid to cregting synergy
between terrestrid ATV and nationa public information initiatives, services, and applications.
The ATV desgn, implementation, and migration paths need to be fully documented by the
proponents and andyzed for suitability in addressing these needs.

4.  None of the systems achieved the desirable degree of scdahility at the transmission data stream
that would permit trade-offs in “ bandwidth on demand” network environments.

14.4 RECOMMENDATIONS

The Specid Pand recognized that enormous progress has been made in the development of ATV
systemsfor the United States.

While all the proponents produced advanced televison systems, the Specid Panel noted that there were
major advantages in the performance of digital HDTV systemsin the United States environment and
recommended that no further consideration be given to analog-based systems.> The proponents of all
four digitl HDTV sysems— DigiCipher, DSC-HDTV, AD-HDTV, and CCDC — have provided
practicd digitd HDTV systems that lead the world in this technology. Because dl four systems would
benefit sgnificantly from further development, the Specid Pand did not recommend any one of the four
excdlent systems for adoption as a United States terrestrid ATV transmission standard at that time.
Rather, the Special Pand recommended that these four findist proponents be authorized to implement
their improvements as submitted to the Advisory Committee and approved by the Specia Pand’s
Technica Subgroup.

® However, the Special Panel wished to express appreciation to NHK for its numerous contributions to the Advisory
Committee and the overall effort to establish an ATV standard in the United States.
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The Specid Pand further recommended that the approved system improvements be ready for testing
not later than March 15, 1993, and that these improvements be |aboratory and field tested as
expeditioudy as possble. The results of the supplementa tests, dong with the aready planned field
tests, would provide the necessary additiona data needed to sdlect asingle digital system for
recommendation as a United States terrestrial ATV transmission standard.



ATV SYSTEM RECOMMENDATION Page 15-1

15. FUTURE WORK

151 DEVELOPMENT OF STANDARDS

The Advisory Committee recognizes that detailed technical specifications and disclosures need to be
developed and digributed in atimely manner to the affected indugtries following the sdection of a
winning ATV system. The Advisory Committee <o redlized early on in the process that the
documentation effort is not within the purview of the Advisory Committee itsalf. Asearly as April 1989,
SS'WP4 agreed that the working party would not document a standard in the manner of SMIPTE or
EIA, but rather its role was to recommend a standard documented by others. The Fifth Interim Report
of the Advisory Committee stated that development of a completely specified technica standard would
be best handled by organizations other than the Advisory Committee, whose principa goa was “to
counsd the FCC and proffer arecommendation on the best available ATV system.”* The Fifth Interim
Report expressed confidence that the appropriate organization would volunteer to conduct this
assgnment.

On June 5, 1992, the Advanced Televison Systems Committee (ATSC) filed information with the FCC
to outline proposed industry actions to fully document the slected ATV system. ATSC reviewed the
areas where documentation of ATV standards is required when the FCC sdlects the United States
terrestrial ATV transmission system. Some areas require joint cooperation among awide variety of
industries while other areas can best be accomplished by individua standard-setting organizations.
Following a recommendeation on an ATV system by the Advisory Committee, ATSC sad it would
immediately begin to document standards for that system. This information will be needed by the FCC
in adopting an ATV standard.

In addition to documenting the standard for the FCC, ATSC has suggested which portions of the ATV
broadcasting system standard should be incorporated into the FCC Rules and which portions should be
voluntary and documented by other organizations such as EIA, IEEE, NAB, NCTA and SMPTE. The
FCC’'s Memorandum Opinion and Order/Third Report and Order/Third Further Notice of Proposed
Rule Making encouraged the ATSC and its member groups to begin the documentation process as
soon as they have sufficient data. It is expected that this plan will be aggressvely pursued by the
televison industry to speed the implementation of ATV service to the public.

15.2 FIELD TESTING

Prior to convening of the Advisory Committee to sdlect a system to recommend to the FCC, only
laboratory results, both objective and subjective, were avalable. Fidd testing of the selected system will
follow.

! Fifth Interim Report of the Advisory Committee on Advanced Television Service, March 24, 1992, page 21.
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A test plan was devel oped by the Field Testing Task Force of Systems Subcommittee Working Party
Two. Adminigtrative support for the project has been assumed by the Public Broadcasting Service
(PBS). With the hiring of a Test Manager in late summer, 1992, detailed planning and budget
preparation were begun. An Executive Committee including the manager and representatives from PBS,
the Association for Maximum Service Televison (MSTV), and Cablel_abs provides guidance of the
effort, and oversight is provided by the Fidld Test Technical Oversight Committee?

The estimated cost of the fidd testing for terrestrid transmission, excluding the substantia contributions
of equipment, building and tower, is $1,200,000. That sum is being provided by the proponents, with
the selected system proponent assuming the mgjor share. A building and tower, tranamitters, antennas,
transmission line, test equipment, field truck, and atrandator to be used for interference teting have dl
been loaned by suppliers of such equipment. A manager and two additiona technicians have been hired
for ingtallation and operation of the system. In addition to representatives of the system under test, there
will be three observers, including one from the FCC. MSTV will provide analys's of the data collected.

Thetranamitter Steis near Charlotte, North Carolina. In addition to the availability of abuilding and
tower for the fidld testing, the location iswell suited for the observations to be made. Both VHF
(Channel 6) and UHF (Channd 53) channels were determined to be usable at that location without the
likelihood of serious interference to existing television facilities. A variety of terrain conditions are
present, ranging from quite leve, through rolling to reasonably rugged. In addition, both rurdl and urban
environments can be examined. Since transmission through cable systems is to be studied, as well as
terredtrid transmission, the availability of avariety of cable sysemsisaso arequirement. A review of
the systems in the Charlotte area was undertaken by Cablel_abs. The conclusion of the review was that
cable systems gppropriate for the testing program were available and willing to cooperate.

A comparison will be made of NTSC and ATV reception, both video and audio, at approximately 200
locations. Both objective measurements and subjective eval uations will be made of the performance of
the selected system in aterrestrid transmission environment. In addition, Cablelabs will make objective
and subjective evaluations at gpproximately 50 cable drops spread through a number of systems.

Theterregtrid transmission observations will be made dong sdected radias providing avariety of
terrain features, and in grid patterns to provide ameasure of the consstency of service in both large and
smal communities. As recommended by the FCC, some smdler clusters of siteswill be used dso. In
addition, partly by taking advantage of the closest Channel 6 NTSC station, and by use of atrandator,
NTSC/ATV and ATV/ATV interference will be observed.

At the conclusion of the accumulation and analysis of data, a report will be prepared.

2 The Field Test Technical Oversight Committee is chaired by Richard E. Wiley. The Vice Chair is Joel Chaseman.
Other members are Wendell Bailey, Alex Best, Jules Cohen, Birney D. Dayton, Irwin Dorros, Alex D. Felker, Joseph
Flaherty, Jack Fuhrer, George Hanover, James C. McKinney, Renville H. McMann Jr., Howard Miller, Robert Niles,
Michael Rau, Henry Rivera, Andy Setos, Peter Smith, Craig Tanner, and Warren Williamson I11. Ex officio members
are FCC representatives, proponent representatives, Mark Richer and Edmund Williams.
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GLOSSARY

Note: the wordsin this glossary are defined only for the purposes of this report.

Accommodation Per centage: Accommodation percentage is defined as the number of existing NTSC
stations expressed as a percentage of the total number of NTSC stations that can each be assigned one
additional smulcast ATV channd (independent of the resulting service areq).

Adjacent-Channe Interference: Adjacent-channd interference is the interference from asignd in the
first channel on ether Sde of the one desired.

Allocation: An dlocation is the specification of afrequency band for use by a particular service.

Allotment: An dlotment is the designation of a particular channd, or group of channels, to a
community.

Assignment: An assgnment is the designation of a channd to be used by a particular licensee.

ATEL : Advanced Tdevison Evaluation Laboratory isatesting facility for subjective evauations of high
definition video in Ottawa, Canada, which is sponsored by a consortium which includes the Department
of Communication, Communication Research Centre, Tektronix Canada, Canadian Broadcasting
Corporation, Leitch Video International, Rogers Engineering, Telesat Canada and Advanced
Broadcasting Systems of Canada.

ATM : Asynchronous Transfer Mode is an emerging standard for advanced packet networks that was
developed for high-speed data communications.

ATTC: Advanced Televison Test Center isthe facility in Alexandria, Virginia, which was designed to
objectively measure high definition televison aswell asto collect expert viewer observations and
commentary. ATTC isa private, non-profit organization sponsored by broadcasting companies and
industry organizationsincluding Cepitd CitiesABC Inc., CBSInc., NBC Inc., PBS, Association of
Independent Televison Stations (INTV), Association for Maximum Service Tdevison (MSTV),
Electronic Industries Association (EIA) and Nationad Association of Broadcasters (NAB).

ATV: Advanced Tdevison.

B-I SDN: Broadband Integrated Services Digitd Network is a future high-speed fiber optic network
intended to ddliver switched audio, video and data

Blockiness: Blockinessis an artifact of digital compression where blocks used to code the picture are
vighle

Busy-ness: Busy-nessis an artifact of digita compression, defined as locdized time varying noise
correlated with image content. For example, the picture may ssem to be moving in highly-detailed still
aress, such asleaves on atree, tile roofs, or flowers.

Cablel abs: Cable Televison Laboratories, Inc. (Cablelabs) isthe cable television industry’ s research
and development organization. Cablelabs headquarters are in Boulder, Colorado, with an ATV testing
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officein Alexandria, Virginia Cablelabs, a not-for-profit organization, is governed by aBoard of
Directors and a Technical Advisory Committee. Cablelabs member companies represent
approximately 85% of al U.S. cable subscribers and 60% of Canadian cable subscribers.

CCIR: Thelnternationd Radio Consultative Committee is the permanent organ of the Internationa
Tdecommunication Union (ITU) responsible “to study technica and operating questions relating
specificdly to radiocommunications without limit of frequency range, and to issue Recommendations on
them with aview to standardizing tdecommunications on aworld-wide basis...” The ITU organization
will change during 1993. The CCIR functions, for the most part, will fall within the new
Radiocommunications Bureau (RCB).

CCIR Impairment Scale: Although there are severd internationdly-accepted impairment scales, the
one used in thisreport is afive-point, four-interva scale with discrete ratings. The ratings are
“imperceptible’, “ perceptible, but not annoying”, “dightly annoying”, “annoying” and “very annoying”;
the numerical values, respectively, are 5, 4, 3, 2, and 1. Note that the CCIR impairment scale is not tied
to the CCIR quality scale: no mapping isimplied from an impairment grade to aqudlity grade.

CCIR Quality Scale: Although there are severd internationally-accepted quality scaes, the one used
in this report is afive-point, five-interva quality scale with continuous ratings in five categories: excdlent,
good, fair, poor, bad. ATEL scored the ratings from 0 to 100 (where 0 isworst) so that 20 points
represents one interval, or grade. Note that the CCIR quality scaleis not tied to the CCIR impairment
scade no mapping isimplied from an impairment grade to a quality grade.

Cliff Effect: CIliff effect refersto abrupt failure of asystem over afew dB or less of increasing
imparmen.

C/N (also CNR): Carrier-to-Noiseratio.

C/N Threshold: The C/N a TOV for random noise.

Co-Channel Interference: Co-channd interference is the interference from asignd on the same
channd.

Coding: Coding isaway to represent information, such as a picture or sound, eectricaly with a series
of discrete (i.e., digital) codes. The gods are to represent information either efficiently (compression) or
robustly (transmission and error correction).

Collocation: Collocation, as used in this report, is the employment of transmitter Sites by two or more
gations within aradius of ten kilometers.

Coverage Area: Coverage areais the areawithin an NTSC gtation’s Grade B contour without regard
to interference from other television stations which may be present. For an ATV dation, coverage area
is the area contained within the station’ s noise-limited contour without regard to interference which may
be present.

CRC: Cydic Redundancy Check is a standard error-detection code used to detect bit errorsin ablock
of data.
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CSO: Composite Second Order interference results from the generation of beats between pairs of
sggnds. Processing Sgnds through amplifiers, and other active devices having nortlinear characterigtics,
introduces intermodul ation digtortions in clusters of beets with an offset of +1.25 MHz relative to the
video-carrier frequency. CSO products dominate in Sngle-ended amplifiers.

CTB: Composite Triple Beat interference results from the generation of begts between multiple sgnas.
Processing sgnals through amplifiers, and other active devices having non-linear characteritics,
introduces intermodulation digtortions in clusters of beats normally located around the NTSC visud
carrier.

dB: “dB” isthe abbreviation for “decibel,” alogarithmic ratio. When used to specify power ratios, the
arithmetic ratios are converted to dB by the formula: 10 log,,P1/P2. When used to specify voltage
ratios, the arithmetic ratios are converted to dB by the formula: 20 logyoV1/V 2.

dBc: “dBc” isaunit of power leve in decibds with reference to the power levd of the carrier.

dBm: “dBm” isaunit of power level in decibds with reference to a power of one milliwatt. When
preceded by a minus sign, dBm represents decibels below one milliwatt.

DCT: Discrete Cosine Transform is the method used in dl the digital systemsto spatialy compressthe
video signa. DCT separates the sgnd into a DC component and higher spatid frequency components.
The DCT is used in conjunction with motion compensation to further compress the informeation which
changes from frame to frame.

Decimation: Decimation isthe process of discarding information, commonly used to refer to reducing
the number of video pixels or audio samples.

Digital System: In thisreport adigita system refersto a video compression and transmission system
which includes motion compensation, DCT and the transmission of only digitd data

D/U: Desired-to-undesired signd ratio expressed in dB. D/U is used in thisreport to indicate aleve of
imparment.

Entropy Coding: Entropy coding is a Satistically-based technique which assigns shorter bit-length
codes to the most common vaues, and longer codes to the least common, as a function of the
probabilities of their occurrence.

Error Rate (also called Alpha): The error rateisthe leve of error one iswilling to accept in deciding
that a difference between two gatigticsis real, when in fact the difference is due to chance. The sandard
rate is 5% or one chancein 20.

Field: In an interlaced- scanning format, aframe conssts of afidd of even scan lines and afield of odd
scan lines captured or displayed at different times. (See Frame,)

Frame: A frame is one complete image in a sequence of images. In video, the frame captures and
digplaysdl pixels and lines of an image. In a progressive-scanning format, there is no decompogtion into
fidds. In an interlaced- scanning format, the frame consists of odd and even line fields, captured or
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disolayed at different times, which in combination contain al pixels and lines of an image. The frame rate
of aprogressive scan format is twice that of an interlace scan format.

Grade B: Grade B isan FCC definition of the generdly considered outer limit of NTSC coverage.

GOP: Group of Picturesis the set of picturesin MPEG-1 compression between the intra-frames (1-
frames), which are spatialy encoded with no motion compensation.

|EC: Internetiona Electrotechnical Commission.

Interlaced Scanning: Interlace refers to avideo format where spatialy adjacent lines are not
consecutively captured or displayed. (See Fidd and Frame))

| SO: Internationa Organizetion for Standardization.

JPEG: Joint Photographic Experts Group is an 1SO group which has established a compression
standard for digita representation of il pictures.

Latency: Latency isthe delay between input and output of a system; the largest components are buffer
and frame delays.

M -symbol: A symbol isthe smdlest tempora unit of RF transmisson information. M-symbol, or
Mega-symbal, is one million symbols.

Minimum Detectable Difference: The smdles difference between two satistics which would be
datigticaly sgnificant. This quantity depends on the standard deviation, the error rate and the sample
gze (number of measurements).

Moire: This undesired pattern results from the interaction between a desired, regular image pattern and
other regular patterns or structures.

M otion Compensation: Motion compensation removes the frame-to-frame redundancy by predicting
the picture content of one frame based on proceeding (and/or following) frames.

Motion Compensation Overload: A falure mode of motion compensated systems where the motion
edimator range is exceeded, which was tested using a till image panned a increasing horizontd, vertica
and diagonal speeds.

Mottling: Mottling isalocalized visud artifact characterized by spots or blotches.

MPEG: Moving Pictures Experts Group is an |SO group which establishes standards for digita video.

Outlier: Outliers are data points that are far away from the rest of the data. In evauating test results, a
data point would be considered an outlier if it were separated from the rest of the data by a distance
caculated from the 75th and the 25th percentiles.

Packet: A packet is afixed-length sdf-contained block of data that includes dl relevant header
information to alow switching, routing and data recovery.
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Pixel: “Pixd” isan abbreviation for “picture dement,” a spatid light intensity sample with adiscrete
vaue on arectilinear grid. A color pixd isatriplet of vaues representing either red, green, and blue
intengity, or luminance and two color-difference intengity vaues.

POA: Point of Acquistion is the maximum impairment level (or the D/U in dB) at or below POU at
which a system can acquire asignd and display a recognizable image within five seconds, starting from a
no-signal, no impairment condition. For al tests, POA was determined by expert observers.

POU: Paint of Unusability isthe impairment level (or the D/U in dB) where the picture was judged to be
extremely annoying such that atypica viewer would not continue to watch an average program. For dl
tests, POU was determined by expert observers.

Progressive Scanning: Progressive scanning is a video format where spatialy adjacent lines are
consecutively captured or displayed. (See Frame.)

QAM : Quadrature Amplitude M odulation is a standard technique for digita communications that uses
both amplitude and phase modulation (two carriers in quadrature).

Quantization Noise: Thisartifact of digita systems produces an gpparent loss of resolution, and/or
increased noise, typicaly noticeable in flat areas, on edges, and in areas of high detall.

Reed-Solomon Coding: Reed-Solomon coding is a standard error-correction code used to correct bit
errorsin ablock of data

Service Area: Service arealis the resulting area when coverage areais reduced by interference.

Standard Deviation: The sandard deviation is a Satistic which describes the variability or spread of a
group of numbers. It issmilar to root mean square (RMS) error.

Statistically Significant Difference: A difference not likely due to chanceislabded “datigticaly
sggnificant.” See error rate.

TOV: Threshold of Vighility isthe impairment leve (or D/U in dB) beyond which a source of
imparment or interference may introduce visble deficienciesin more sengtive program materia. For all
tests, TOV was determined by expert observers.

Trellis Coding: Trelis coding isacombined digital modulation and coding scheme that can improve bit
error probability for agiven C/N ratio by transmitting redundant data that depends on data transmitted
a an earlier time,

Video Coder Overload: Video coder overload istested using rapid scene cuts, at most only afew
frames gpart, to sress digital compresson systems by presenting them with avideo sgnd that contains
little or no tempord redundancy (frame-to-frame correlation). Buffer overload refersto the same
condition.

V SB: Vedigid sideband modulation is a technique where amplitude modulation is goplied to asingle
carrier and a portion of one of the resulting redundant sdebands (e.g., lower sideband) is diminated for
more efficient trangmission.
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