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Dr. Lee L. Selwyn has been actively Involved III the telecommunications field for more
than twenty-five years, and is an internationally recognized authority on telecommunications
regulation, economics and public policy. DL Selwyn founded the firm of Economics and
Technology, Inc. in 1972, and has served as its President since that date. He received his Ph.D.
degree from the Alfred P. Sloan School of Management at the Massachusetts Institute of Tech
nology. He also holds a Master of Science degree in Industrial Management from MIT and a
Bachelor of Arts degree with honors in Economics from Queens College of the City University
of New York.

Dr. Selwyn has testified as an expert on rate design, service cost analysis, form of
regulation, and other telecommunications policy Issues in telecommunications regulatory
proceedings before some forty state commissions, the Federal Communications Commission and
the Canadian Radio-television and Telecommunications Commission, among others. He has
appeared as a witness on behalf of commercial organizations, non-profit institutions, as well as
local, state and federal government authorities responsihle for telecommunications regulation and
consumer advocacy.

He has served or is now serving as a consultant to numerous state utilities commissions
including those in Arizona, Minnesota, Kansas, Kentucky, the District of Columbia, Connecticut,
California, Delaware, Maine, Massachusetts, New Hampshire, Vermont, New Mexico, Wisconsin
and Washington State, the Office of Telecommunications Policy (Executive Office of the
President), the National Telecommunications and Information Administration, the Federal
Communications Commission, the Canadian Radio-television and Telecommunications
Commission, the United Kingdom Office of Telecommunications, and the Secretaria de
Comunicaciones y Transportes of the Republic of Mexico. He has also served as an advisor on
telecommunications regulatory matters to the International Communications Association and the
Ad Hoc Telecommunications Users Committee. as well as to a number of major corporate
telecommunications users. information services providers, paging and cellular carriers, and
specialized access services carriers.

Dr. Selwyn has presented testimony as an Invited witness before the U.S. House of Repre
sentatives Subcommittee on Telecommunications, Consumer Protection and Finance and before
the U.S. Senate Judiciary Committee, on subjects dealing with restructuring and deregulation of
portions of the telecommunications industry

In 1970, he was awarded a Post-Doctoral Research Grant in Public Utility Economics
under a program sponsored by the American Telephone and Telegraph Company, to conduct
research on the economic effects of telephone rate structures upon the computer time sharing
industry. This work was conducted at Harvard University" s Program on Technology and Society,
where he was appointed as a Research Associate. Dr. Selwyn was also a member of the faculty
at the College of Business Administration at Boston University from 1968 until 1973, where he
taught courses in economics, finance and management information systems.
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Dr. Selwyn has published numerous papers and articles in professional and trade journals
on the subject of telecommunications service regulatIon. cost methodology, rate design and
pricing policy. These have mcluded:

"Taxes, Corporate Financial Policy and Return to Investors"
National Tax Journal. Vol. XX, No 4 .. December 1967.

"Pricing Telephone Terminal Equipment Under Competition"
Public Utilities Fortnightly, December X. J977.

"Deregulation, Competition, and Regulatory Responsibility in the
Telecommunications Industry"
Presented at the 1979 Rate Symposium on Problems of Regulated Industries 
Sponsored by.' The American University, Foster Associates, Inc., Missouri
Public Service Commission, University of Missouri-Columbia, Kansas City,
MO, February II - 14. 1979.

"Sifting Out the Economic Costs of Terminal Equipment Services"
Telephone Engineer and Management, October 15, 1979.

"Usage-Sensitive Pricing" (with G F Borton)
(a three part series)
Telephonv. January 7, 28, Februarv II 1980.

"Perspectives on Usage-Sensitive Pricing'
Public Utilities Fortnightly, May?, '9X!

"Diversification. Deregulation. and lncreased Uncertainty in the Public Utility
Industries"
Comments Presented at the Thirteenth A.nnual Conference of the Institute (~r

Public Utilities. Williamsburg. VA December 14 .. 16, 1981.

"Local Telephone Pricing: Is There a Better Way'?; The Costs of LMS Exceed
its Benefits: a Report on Recent U.S. Experience."
Proceedings of a conference held at Montreal, Quebec - Sponsored by
Canadian Radio-Television and Telecommunications Commission and The
Centre for the Study of Regulated Indu'itnes, McGill Universi(v. May 2 - 4,
1984.

"Long-Run Regulation of AT&T A Key Element of A Competitive
Telecommunications Policy"
Telematics, August 1984.
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"Is Equal Access an Adequate Justification for Removing Restrictions on BOC
Diversification?"
Presented at the Institute of Public Utilities Eighteenth Annual Conference,
Williamsburg, VA - December 8 10. 1986.

"Market Power and Competition Under an Equal Access Environment"
Presented at the Sixteenth Annual Conlerence, "Impact of Deregulation and
Market Forces on Public Utilities: The Future Role (~f Regulation"
Institute ql Public Utilities, Michigan S'tate Universitv, Williamsburg, VA 
December '1 5. 1987.

"Contestable Markets: Theory vs. Fact'
Presented at the Conference on Current Issues in Telephone Regulations:
Dominance and Cost Allocation in Interexchange Markets - Center for Legal
and Regulatory Studies Department o{ Management Science and Information
Systems - Graduate School of Business, lJniversity of Texas at Austin, October
5, 1987

"The Sources and Exercise of Market Power in the Market for Interexchange
Telecommunications Services"
Presented at the Nineteenth Annual Conference "Alternatives to Traditional
Regulation: Options for Reform"- Institute qf Public Utilities. Michigan State
Universitv. Williamsburg, VA. December. 1987.

"Assessing Market Power and Competition in The Telecommunications
Industry: Toward an Empirical Foundation for Regulatory Reform"
Federal Communications L(HI,' Journal. Vo!. 40 Num, 2, April 1988.

"A Perspective on Price Caps as a Suhstitute for Traditional Revenue
Requirements Regulation"
Presented at the Twentieth Annual Conference - "New Regulatory Concepts,
Issues and Controversies" - InstitUTe oJ' Public Utilities, Michigan State
Universitv. Williamsburg, VA. Decemher 1988

"The Sustainability of Competition in LIght of New Technologies" (with D. N.
Townsend and P. D. Kravtin)
Presented at the Twentieth Annual Conference ... Institute qf Public Utilities
Michigan State University. Williamshurg. VA. December, 1988.

"Adapting Telecom Regulation to Industry Change: Promoting Development
Without Compromising Ratepayer Protection" (with S. C. Lundquist)
IEEE CommulUcations Magazme Januarv, 1989.

''The Role of Cost Based Pricing of Telecommunications Services in the Age
of Technology and Competition
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Presented at National Regulator)' ResnJrch Institute Conference, Seatle, July
20, 1990.

"A Public Good/Private Good Framework for Identifying POTS Objectives for
the Public Switched Network" (with PatricIa D. Kravtin and Paul S. Keller)
Columbus. Ohio: National Regulatorv Research Institute, September 1991.

"Telecommunications Regulation and Infrastructure Development: Alternative
Models for the PubliclPrivate PartnershIp'
Prepared for the Economic Symposium of the International Telecommunications
Union Europe Telecom '92 Conference Budapest, Hungary, October 15, 1992.

"Efficient Infrastructure Development and the Local Telephone Company's
Role in Competitive Industry Environment" Presented at the Twenty-Fourth
Annual Conference, Institute of Public Utilities, Graduate School of Business.
Michigan State University, "Shifting Boundaries between Regulation and
Competition in Telecommunications (lnd Fnergv". Williamsburg, VA, December
1992.

"Measurement of Telecommunications Productivity: Methods, Applications and
Limitations" (with Fran<;:oise M. Clottes)
Presented at Organisation for Economic Cooperation and Development,
Working Party on Telecommunication and Information Services Policies, '93
Conference "Deflning Performance Indicators for Competitive
Telecommunications Markets" Paris, France, February 8-9, 1993.

"Market Failure in "Open" Telecommunications Networks: Defining the New
"Natural Monopoly"
Presented at the Tenth Michigan Conference on Public Utility Economics,
Western Michigan University, Kalamazoo, Michigan. March 26, 1993.

"Telecommunications Investment and Economic Development: Achieving
efficiency and balance among competll1g public policy and stakeholder
interests"
Presented at the I05th Annual Convention and Regulatory Symposium,
National Association of Regulaton (!tili!)' Commissioners, New York,
November 18. 1993.

"The Potential for Competition in the Market for Local Telephone Service~"

(with David N. Townsend and Paul S Keller)
Presented at the Organization for Economic Cooperation and Development
Workshop on Telecommunication Int'rostructure Competition, December 6-7.
1993
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"Market Failure in Open Telecommunications Networks: Defining the new
natural monopoly," Utilities Polin'. Vol 4 .. No. L January 1994.

"The Enduring Local Bottleneck. Monopoly Power and the Local Exchange
Carriers," (with Susan M. Gately, et al) a report prepared by ETI and Hatfield
Associates. Inc. for AT&T, Mel and CompTe], February 1994.

"Commercially Feasible Resale of Locai Telecommunications Services: An
Essential Step in the Transition to Effective Local Competition." (Susan M.
Gately, et all a report prepared hy ETl for AT&T. July 1995.

"Efficient Public Investment in Telecommunications Infrastructure"
Land Economics. Vol 71, No.3 August 1995.

"Market Failure in Open Telecommunications Networks: Defining the new
natural monopoly," in Networks, Infrastructure. and the New Taskfor
Regulation, by Werner Sichel and Donal I Alexander. eds., University of
Michigan Press. 1996.

"The Cost or Universal Service: A Critical Assessment of the Benchmark Cost
Model." (with Susan M. Baldwin) a report prepared for the National
Cable Television Association. April 1Q96.

"The BCM Debate: A Further Discussion," (with Susan M. Baldwin,
et al) a report prepared for the National Cable Television Association,
May 1996

Dr. Selwyn has been an invited speaker at numerous seminars and conferences
on telecommunications regulation and policy, including meetings and workshops spon
sored by the National Telecommunications and Information Administration, the
National Association of Regulatory Utility Commissioners, the U.S. General Services
Administration, the Institute of Public Utilities at Michigan State University, the
National Regulatory Research Institute at Ohio State University, the Harvard University
Program on Information Resources Policy, the Columbia University Institute for Tele
Information, the International Communications Association, the Tele-Communications
Association, the Western Conference of Public Service Commissioners, at the New
England, Mid-America, Southern and Western regional PUC/PSC conferences, as well
as at numerous conferences and workshops sponsored by individual regulatory
agenCIes
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Good morning, Mr. Chairman and members of the Committee.

I'm Bob Steams, Compaq Computer Corporation's Senior Vice
President for Technology and Corporate Development .. , and its Chief
Technologist as well.

In years past, I have testified before Congress and the FCC on a
variety of communications issues of importance, and greatly appreciate
the opportunity to testify today.

Compaq is the world's largest supplier of personal
computers and the fifth largest computer company in the world, with 1995
world wide sales of $15 billion.

I might point out that's more than the combined sales of the three
largest TV networks.

We've built Compaq's market position with an emphasis on open
and voluntary technical standards and with a constellation of strategic
partnerships, such as with Microsoft, that have permitted us to create
products that meet reat consumer needs.

With that as background, here are Compaq's views on the
Electromagnetic Spectrum Management Policy Reform and Privatization
Act.

To begin, Compaq agrees with Senator Pressler that spectrum is a
valuable resource that should be made avaitable on terms flexible enough
to encourage its most innovative and efficient use,



Outmoded, inefficient uses of spectrum -- such as analog NTSC
1

television broadcasting - should be replaced as soon as feasible by uses
that will better serve the marketplace and the public interest.

Those to whom spectrum has been entrusted have an obligation to
invest in the future ... even if that means doing business in a new and
unfamiliar way.

I should mention that Compaq remains noncommittal about whethef
spectrum currently used or reserved for broadcast television should be
auctioned.

But we do believe that the day when this spectrum can be returned
to the government for re-use will be postponed by years ... if the FCC
adopts the proposed Grand Alliance standard for digital television
broadcasting.

Let's take a minute to focus on the Grand Alliance proposal.

Compaq believes this proposal is flawed,

Firs!, it is not a standard at all but an amalgam of all the different
formats that were being developed by the companies that joined forces to
form the Grand Alliance.

Second, contrary to the way it's often portrayed ... it is not a "best
of the best" proposal nor is it flexible.

Instead, it's really a grab bag of 18 different mandatedformats.

And several of these formats incorporate outmoded, inefficient, and
non-eomputer-friendly technology.

Third, if adopted by the FCC, the Grand Alliance proposal will
straightjacket the future of digital broadcasting by effectively forcing
digital TV receivers to decode all 18 formats.

And that would not be in consumers' interests.

Why?

Because consumers would be forced to buy receivers capable of
receiving all 18 formats ... including formats that may not deliver a
discernible difference to their picture quality.

1 National Television System Committee



What's more, think of the amount of processing power that will be
needed to decode all of the formats.

Having to incorporate that processing power will significantly
increase the cost of those television receivers and hybrid PC-TVs that are
about to hit the market.

Consumers will be forced to spend billions of dollars-needlessly.

In fact, prohibitively high production costs may well keep digital TV
receivers out of reach for average consumers and slow the rate at which
digital broadcasting becomes viable.

At one time, the Grand Alliance technology may have been
adequate for purely entertainment purposes.

But with the convergence of TVs and computers well under way, it
is now obsolete.

And by the time - many years from now - that the average
consumer is able to afford a set that can receive and decode all 18
formats ..• the technology witl have been surpassed by a whole new
generation.

We all know that engineers are improving the capabilities of digital
technologies relentlessly.

So Why perpetuate obsolete technology for digital television when
it's advancing so rapidly in all other industries?

It would be like forcing tomorrow's cars to use brake systems and
suspensions from the 1980s.

Let's fast forward to the year 2000.

Under the trajectory set by the Grand Alliance, we see two
undesirable consequences.

One, more than half of American viewers will continue to watch
analog TV.

Two, valuable spectrum allocated for digital broadcasting will
remain underutilized"

The year 2000 doesn't have to be this way.



Compaq sees an alternative ... a simpler, less-regulatory standard
that would greatly reduce the cost of digital television receivers.

We know Senator Pressler's bill envisions the government not
mandating a standard for digital broadcast television.

From where we sit ... that approach is vastly preferable to the
government's mandating a standard with 18differentformats.

That said ... let me underscore that Compaq and other members of
the Computer Industry Coalition on Advanced Television Service
("CICATS") oppose the FCC's adoption of the Grand Alliance standard.

If the FCC decides that it should adopt anystandard for digital
television, we propose a minimal, but liberally enhanceable, baseline
standard.

Our baseline standard would provide greater flexibility to
broadcasters and equipment manufacturers.

It would significantly lo~erconsumers' equipment costs.

It would accelerate the use of spectrum for digital broadcasting.

And more quickly free up spectrum for reuse that is now used for
analog broadcasting.

For the past several months, Compaq and other computer and
software companies have been advocating an improved digital TV
standard that combines the best elements of the Grand Alliance's
proposal.

The result is a flexible base layer format that would produce a huge
qualitative improvement over today's analog TV ... yet at a cost that's a
fraction of what's expected under the Grand Alliance proposal.

Best of all, the computer industry's proposal would provide
interoperability between computers and digital broadcasting ... and
accelerate the roll-out of affordable, interoperable products and
services.

You may be wondering why Compaq cares so much about a digital
television standard

4



The answer is that the convergence of pes and TVs is making
digital TV transmissions an important part of the National Information
Infrastructure.

At least three major manufacturers - Compaq among them - have
unveiled a new family of products that are best called "hybrid PC-TVs."

These devices will revolutionize the way Americans receive, store,
and process interactive information, and provide limitless new
opportunities for entertainment and education

This is not pie in the sky. It's ready to eat today.

PC-TVs are already on the market.

And in the near future, many of us witt see our homes transformed
into intefligent networked homes, with the PC as its nerve center.

For example, your living room PC-TV, with its advanced digital
display, might offer a 60-inch screen and handle a variety of content that
you've selected.

And a home local area network, modeled after the one at work, will
enable a central home PC to drive displays in the study, the kitchen, the
kids' rooms, and the family room

We envision your home having far more interactive and diverse
communications links to the outside world-including voice and voice
services, paging, videoconferencing, e-mail, online services, and Internet
access.

And PC-TV hybrids will enable you to pull in digital content on
demand, along with a wealth of information and services ... including
sophisticated electronic commerce and banking ... telemedicine ... and
distance learning.

If next-generation digital sets are less expensive and digital
television is more computer friendly 1 this day will be here before you
know it.

More consumers will be able to purchase digital receivers sooner,
and digital TV will become a reality faster - we believe 5 to 7 years faster
under the computer industry single-fQr!!1i:!t proposal.

Broadcasters will migrate to all-digital transmissions faster.



And spectrum can be returned for auction sooner.

If Congress wants to maximize the benefits and minimize the cost to
consumers and taxpayers ... it should join us in discouraging the FCC
from adopting the Grand Alliance's proposed digital TV standard.

Thank you very much for your time. I'm happy to answer any
questions you may have.
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Executive Summary
.

TheIe comments are directed at the Reply Comments of the J>iaital HD1V Grand Alli
ance, prepII'eC1 by R. K. Graves AIIociates and submitted to the Commisaion on 22
January 1996. They are addreaed specifically to the remma about intll'Jace and
interoperability on paps 33-45. Those remarks include a number of technologically
erroneous statements that are then used to support the contention that no harm can
come from using an interlaced transmi..ion format for ATV and that the interlaced
format offers advantages to both the public and to the concerned manufacturers.

In this brief paper. it will be shown, by technical arguments only, that the use of inter
laced transmission {annats does not improve the vertica1 resolution for a given
bandwidth and frame rate, does not require less bandwidth or channel capacity than
progessive scan for the same resolution and frame rate, and is not necessItY for per- .
mitting thd manufacture oj low-cost receivers. Thus there is no need to accept the
artifacts and problems in transcoding caused by interlace or to give up the higher spec
trum efficiency, the superior fine-detail rendition, and the belta' motion rendition pro-
vided by progressive scan. •

Based on these points, / propose that the transmission of interlaced formalS be prohi
bited in both high-dejinition and standard-definition A7V broadcasting. (Banning of
intedaced receivers is not proposed.) I further propose, on the grounds of most
delent use· of the over-tbe-air spectrum, that all ATV bro8dcuts (which would be in
proaressive format) utilize the full vertical definition that the number of scan lines
makes poIIible. Since tbia would cause interline fticker on interlIced receivers, l1W'lcet
forces will eDIUfe that such receivers incorporate vertical low-pus fil-. to prevent
fticker. If in..Uced tranamiaion is permitted, such ftlten should be reqWred. At the
very 1eut, interlIced receivers without filters mould be labelled to indicate that they
will flicker with propeaive traDsmiAion. Failure to adopt ODe or the other of these
precautions will preclude any tranlition from interlaced to progressive scan transmis
sion in the future. The inter1lced format will then become the only format, and max
imum efficiency in the use of spectrum will never be achieved.
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1. Introduction

All commercial television systems to date have incorporated a system of interlace in which the
odd lines of each TV frame are transmitted in one field and the even lines in the next. For exam
ple. the NTSC system. which sends 30 S2S-line frames every 1/30 second does so in two fields.
each of 262.5 lines in 1/BJ second. There are various ways to describe this process. One way is
to think of it as doublina the J.ae-area flicker rate. Another way is to say that the vertical resolu
tion is 'doubled. Here we would be compuina a 3O-fps S2S-line interlaced picture.with a 6O-fps
262.S line progressively scanned picture. both systems baving the SlIDe bandwidth. The hope is
that we can achieve the S25-line vertical resolution and the 6O-fps fticker rate at the same time by
using interlace.

Unfortunately. there is no free lunch. The interlaced picture shows more or less interline flicker.
depending on the vertical resolution of the video information. The cause of this kind of flicker is
the difference in brightness of vertically adjacent points that are in successive fields. In a picture
devoid of detail. there is little interline flicker. (Even in blank areu. we may see some flicker
when we look at the screen close up.) However. if there is a great deal of detail. flicker results.
even as the screen is viewed from a distance. An extreme picture is one with alternate black and
white lines, resulting in a b1lck field followed by a white field. This would flicker at 30
cycles/second, and the fticker would be visible from across the room. Of course. ordinary pictur~

are not so full of detail -- they would flicker only in detailed areas.
"

All current camera tubes and solid-state camera chips automatically reduce the vertical resolution
with the effect of getting rid of most of this fticker. so most TV enlineers have never seen what
would happen if full vertical resolution were present. Computer-generated video. particularly
alphanumerics. does not have the same limitations as ~era video, producing an unacceptable
degree of flicker. As a result, computer displays have all used progressive scan for many years.

In all ATV systems, both SD1V and HD'IV, the scaMina formats of camera, traDamission. and
display are indepeDdent. This is differeat from today's TV, where aU three formats are identical.
Conversion between proareaive (P) and interlaced (l) formats is possible. P to I is easier, since it
only requires selectiDa every other line in every other field. .I to P is somewha~ mare COIdy, since
it requires generatinJ a second set of ICID linea, the best.. results requirina mouOll-eompenaated
interpolation. If I receivers are used with P trusmiuion, me convenioo is chap, especially since
the ATV decoder requires the use of frame memories. I to P conversion would be required only
at TV stations, where the conv~r cost would be negligible compared with the cost of the equip
ment required to enable any ATV transmission at all.

Because of the independence of camera, transmission, and display formats, each can be either P or
I. The ATV system must be able to handle either P or I input material, since there is so much
archival NI'SC. Therefore. the encoder that produces the transmitted signal will surely be able to
deal with either. Note that a progressive-scan signal with the same number of scan lines and
frame rate as an interlaced signal (and therefore with twice the bandwidth) can be transmitted at
the same data rate as the I signal after MPBG compression. (The reason for this is the greater
redundancy and lesser aliasing of the P signal. as reported in a paper by Petajan of AT&T Bell
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Laboratories.) There is no data-rate penalty due to progressive transmission when coding is used.
Thus it makes a great deal of sense to use progressive transmission in all cases, and to permit both
the signal source and the display to be either P or 1 Of course, when all three are progressive,
the highest quality is achieved.

In summary, there is not a single compelling reason to use interlaced transmission formats in any
new television system, and there are many reasons why this is a bad idea.

Further details on these matters can be found in the Appendix.

2. Technologically Erroneous or Unsupported Statements in the Grand Alliance (GA) Reply Com
ments

. 2.1 The pII'IIl'aph in the GA Reply Comments startina at the end of pap 41 exemplifies the tech
noloaically faulty basis for the conclusions. Almost everything in this paragraph is incorrect.

"For example, denied the use of an interlaced format for HDlV, viewers of a sportina
event would have to watch the proaram with either of two inedequacies: (1) at a lower
frame rate, resulting in objectionable motion judder during camera pans and fast
action; or (2) at a lower spatial resolution, resulting in a loss of clarity and sharpness." _

)

The writer seems to be complrink two uncoded analoa formats, one proaressive and the other
interla~ in which the former would have twice the bandwidth of the latter unless resolution or
frame rate were reduced. Even for uncoded"signals, I believe that quincunx scanning would live
superior overall quality in the P format than in the I format, at equal bandwidth. However, in
ATV, we are talking about coded diaital systems, in which the data rate for the P and I formats
are the same. In that case, the 72Q-line P format will have at least the same resolution as the
1080-line I format, as well as freedom from all interlace artifacts. It is not neceslary to reduce
either the frame rate or the spatial resolution in order to accommodate P scan, particularly in a
coded system where proaressive sipals can be compressed to approximately twice the dearee as
interlaced signals.

"In the cue of SDTV, deIlyiDa the use of interJaced fonnats would eith« incur one of
these two penalties er would reduce the number of programs that could simultaneously
be carried over the channel.' ,

On the contrary, becauIe of the biPr COIIt.JRIIion ratio avNlabJe to P Sip')I, a 1arplr number of
p1'OII'lIDS can be simultll1eoully cmiecl than if P sipala are used fer trlnamiaion. The 360-line
P format, which, unfortunately, WII rejected by the attendees at the ATSC T3(1'6 conference of 14
March 1996, would do full justice to NTSC material. For hiah-end SDTV receivers usina a 720
line P display, this would give quality subltantially hiah« than that of NTSC and would permit
more programs to be carried at the same time in a given channel.

"Interlaced scanning enhances spatial resolution at a modest compromise in temporal
frame rate."
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Even in the uncoded analog form, interlaced scanning can enhance the spatial resolution only at
the cost of unacceptable interline fticker, as previously explained. The compromise is not with
frame rate, but with the interline flicker when it is attempted to get 525 lines vertical resolution
with interlace in NTSC. This cannot be done with a conventional NTSC camera. which reduces
vertical resolution by nearly 50% by averaging adjacent lines. In fact, the video information from
a conventional NI'SC camera is much like that from a camera that operates at 262.5 lines/frame.
60 fps, progressive scan.

•'While interlaced ICInning may not be optimum for computer text and graphics appli
cations, it has a long track record of proven value and successful use in traditional
television broadcasting and has many staunch defenders."

This is the one statement in the plfllJ'aph that is correct. Interlace is not optimum for text and
Jl'lphics. (Note that computer-generated graphics are widely used in NTSC at present, causing
interline fticker unless "antialiued," i.e.• low-pass filtered.) NTSC with its I format has been a
commercial success for more than 4 decades. One has to ask the question as to why we want to
change it now. (See below.) H it is to be changed. then we certainly ought to replace it with a sys
tem that is as efficient in its UIe of spectrum as possible. As for the "staunch defenders." most
of them were pushing for an NTSC-compatible HD1V system a few years ago and virtually none
foresaw digital transmission.

""In addition broadcasters must. be concerned with the interoperability of an ATV
transmission standard with currently available HD1V production equipment and with
the installed base of NTSC production and studio equipment, virtually all of which
employ interlaced scanning."

In promulgating broadcuting standlrda for the United States. the Commission need not cater to
the obvious desire of enthuaiutl for the NHK system to facilitate the use of existing 112S-1ine
equipment in A1V. either HDTV or SDTV. The MUSB transmission version of the 1125-1ine
NHK system was tested at ATIC and found inferior to the systems now incorporated in the Grand
Alliance fonnat. If ATV brOldcutina takes hold in the US, we can be sure that foreign com
pmies will be quick to offer appropriate equipment. As for compatibility of the..JII'OIR'IIive ATV
transmission standard with exilting NTSC studio equipment, an I-to-P converter is required, the
cost of which will be entirely negligible compared to the other costs of switching to digital
transmission.

2.2 The second paragraph on page 42 relates to support in the industry for a standlrd with more
than 1000 lines.

•'There is a substantial body of brOtldcaten and others who believe that a high
definition format must have more than 1000 lines to be successful."

While it is true that there is such a body of believers. their belief is incorrect They are speaking
about the number of lines in the picture rather than the actual vertical definition of the displayed
image. Their mistaken belief is that the definition is proportional to the number of scan lines
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without regard for whether interlace is used or not. The resolution of the NHK 112S-line inter
laced system, as shown on test patterns, was barely above 700 lines. The resolution of the GA
10000line interlaced format will be less. On the other hand, the resolution of the 72o-line progres
sive format from a good' camera will be 720 lines. H one wanted super quality on high-end
HDTV receivers, the 72Q-line signals could be presented on a 1440-line display.

An argument often made by the interlace proponents is that the TID·line progressive format does
not have high enough vertical resolution. However, the proposed lO8O-line interlaced format will
not have higher resolution; it may well have lower resolution. Even with a perfeCt ..-yet-not
invented camera, the interlaced format cannot have anywhere near 1000 lines vertical resolution
without producing totally unacceptable flicker on the interlaced display.

That the interlace proponents do not understand this point is also shown by the chaa., after the
first round of laboratory tests, from 960 lines (15 U8ed in the original ATRC system) to 1080 lines
just to get over the magic number of 1000. (Remarkably, this change also makes the 112S-line
equipment suitable for production in the GA system.) It is not clear exactly what resolution is
needed to make HDTV a success, or even whether it is the vertical resolution that holds the key to
success. In any even~ the use of interlace has nothing to do with it; interlace cannot raise the
vertical resolution.

" ...the proposed U.S.ATV standard...stresses progressive scan and square pixels."
*

It is true that most of the formats in the GA system are progressive. That does not amount to
stressing progressive scan, since the presente of any interlaced format is likely to result in the
death of all the P formats. The reason is that the first receivers will be interlaced, both to reduce
coats and because that is what the manuflCtUren mistakenly prefer. (See below.) Pull-definition
P sipals would cause unacceptable interline flicker on these first receivers, creating an intractable
incompatibility problem. In that case, without the mandatory use of vtrtical low-pili filters (a step
to which the GA Reply Comments strongly object) it is highly likely that progressive transmission
will never be used.

2.3 The first full paragraph on page 43 includes the following:

••...insistence on banning interlaced fonnats is unwarranted and self-serving."

In the foregoing, I have given ample technological justification to warrant the Mnnina of inter
laced cranamission formats. The ,cself-serving" issue is nontechnological and is discuaed below
in Section 3.

2.4 The paragraph bePnninl at the bottom of PAF 43 discus_ the desire of computer interests to
use more than 60 trames/sec. This is now common in computer displays, as it considerably
reduces eyestrain caused by extended close-up viewing of high-resolution graphics.

" ...increasing the transmission frame rate higher than 60 Hz would have to come at
the expense of either reduced spatial resolution or increased compression artifacts. "
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This is pure speculation. It may well be that a higher frame rate would reduce aliasing and
increase redundancy to a degree that would permit the maintenance of spatial resolution without
substantially worsening artifacts. The fact that P signals. with twice the analog bandwidth. can be
coded to about the same data rate as I siplls is quite sugestive. Under present conditions. it is
unlikely that this point will be properly investipted. It is true. however. that good-quality conver
sion from 60 to 72 fps requires motion-eompensated interpolation, which is not very simple.

2.5 The p8l'agnph beginning on pap 44 contains a number of nonteehnically supported statements
about interoperability that are discussed below. '

3. Nonteehnological Issues

A number of statements in the GA Reply Comments that are used to support the conclusions can
not be discussed on a purely technolOJical basis. Bven if no completely objective assessment of
these points is pOllible, they are nevertheless important. What follows, therefore, represents my
opinions bued on my know1edae and study of the TV industry rather than conclusions that I have
reached strictly on the basis of science in Section 2.

3.1 The~ paragraph on paae 33 expresses the belief that all the receivers to be manufactured
will be able to cope with all the formats in the GA system. even without any mandate by the
Commission. .

One has to wonder why so many formats are included in the proposed standard. Without the
sliahtest doubt, this will inc:reue the cOlt of.all ATV receivers. includina the cheapest ones. It is
no secret that the ..Alliance" wu impoIed on the several proponents. I speculate that none of
these reluctant partners wu willina to give up his own format, so all were included. Of course.
the GA cannot ensure that all manut'acturers, even those in the Alliance. will follow this dictum.
A manufacturer who is interated in keeping the sales price as low as possible and the profits as
hiJh IS possible is hiP1y likely to omit some formats. The first one to fall by the wayside, in
my opinion. will be the 24-fps film format (actually an excellent fannat). followed by the 72o-line
P format, particularly if little or no broadcasting is done with either. as seems likely.

3.2 The laat P8fIII'IPb 011 pap 36 objects to the required labellin. of NTSC-only receivers to the
(ICCUI'&te) effect that such receivers will not be able to deal with diaital brOldcaItl once the
definite tum-off da1le for Nl'SC hu been set. The protection of consumers by such labelling is
widely accepted, from wll'ninp about the suffocation daDpr of plaatic bags and about the health
bazIrds of cipretteI to liItiaa the nutritional ingedienta on most pacJcaaed food. As a citizen, I
find it hard to justify witbholdiDa such vital information from cooaumers. Bxperience demon
strates that industry cannot be relied upon to inform the public in such cues, since the manufac
turers who voluntlrily do so are placed at an immediate disadvantage in the market IS compared
with those who do not. Labelling requirements of this type are a protection. not only for consu
mers, but for the majority of manufacturers who want to do the right thing.
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3.3 The Motivation to Shift from NTSC to ATV

For all its defects, NTSC has been a very effective system. We are approaching 200 million
receivers in the US, and TV has become the primary form of entertainment and information
transmission. Many orpnizations have made and are continuing to mate significant profits, and
the public spends a great deal of time in front of the tube.

The original motivation to shift to ATV, as determined by the Commission, was to _t the benefit
of vastly improved picture and sound quality. Now that it appeIl'I that multiple ctandard
definition signals can be transmitted in each 6-MHz channel and that some of the NTSe taboo
clwmels can be used, the main motivation is spectrum effi<:iency. ThiI term relates to the amount
of TV service, as measured by the number of proaram choices of a given technical quality avail
able to each viewer, for a given amount of spectrum allocated to the service. Note that the
number of programs that can be accommodated is inversely proportional to the required data rate
of each.

Reprdless of the degree to which the public cares about image quality, (everyone knows that the
public cares mostly about proaram content) the CommiIaion is making a trIde-off between techni
cal quality and amount of service when it sets a stIDdIrd. It therefore behooves the Commission to
set a standard that gives the maximum technical image and sound quality for a given data rate. 1A
this reapect, progressive scan is syperior and should be selected. Interlaced transmission should
not be pennitted because it is likely to drive out progressive scan just as bad money drives out
good money under Gresham's Law.

3.4 The "Self-Serving" Issue

It is puzzling why the GA Reply Conunentl raise this is$ue in the first paraaraph on page 43
(even quoting Scripture!), since it is sure. to poerate skepticiam Imooa the reIden. (Let the pot
not call the kettle black. as foUdore wisely S\IIPIts.) It should be recopized that nearly all the
parties to the FCC proceedinp lie commercial eatablilbmellts in the buaineas of making money.
The actual inventors all have their pride It stab, whether they hope to make money or not. In
such circumstances. all p8rties can be espected to lldvoca1e Commillion .ction~ is in their own
perceived interest. UDder' our fa:m of JCMSI1IIDeIlt aDd our economic system, this is perfectly
proper. It is for the Commistioa to mike its c1eciIiODl in the public mtlftll Parties to the
proceedings are well advised to bile their proposals as much IS possible on veriftable facts.

Further on in this parqrtph, the GA states that the market will chooee pl'OII'eUive scan if it
proves to be superior. The maitet will not have that choice. As I have pointed out in Section 2,
above, the use of inter1lced tranamission, which surely would encouraae the marketing of inter
laced receivers, means that the full vertical resolution of prosreIIive formats could never be used
because it would cause unacceptable flicker on interlaced receivers that did not incorporate vertical
low-pass filters. This means that the full spectrum efficiency of a new system could never be real
ized.

Finally, the GA upbraids the computer industry because of the incompatibility of the Mac and the
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pc. This complaint comes with particularly poor grace from an industry that produced the Beta
VHS debacle that cost manufacturers, users, and the video-rental business a substantial monetary
loss and inconvenience.

A more valid complaint that miaht have been made against the computer industry, which is larger
and much more profitable thin consumer electronics, is that it was unwilling to spend the money
required to develop an ATV system that would meet its own interests as well as thOle of the
CODSumer-electronica industry and the public. The Grand Alliance members did spend the money.
It is my opinion, which I have voiced many times, that a' much bett« system coUld have been
developed if the computer industry had been willina to put its money where its mouth WIS.

Reprdless of these considerations, the decisions that the Commission must take at this time ought
to be in the public interest, independent of the alleged mofal superiority of any of the interested
parties.

4. Conclusions

In this paper, I have tried to show, on technical arOUDds only, that interlaced transmission should
not be permitted for eitbel' HDTV or SDTV. In addition. proareuive transmissions should be
required to be at full vertical resolution. If this were done, it would not be necessary to ban inter
laced receivers.

,
The fundamental reuon for my propoeal is that interlaced transmission would make any subse
quent transition to proareaive tranandsaion pointless. The hiaher vertical resolution and spectrum
efficieney inherently available with ptOJI'eIIive trlJ1lft1ission could not be used since it would
cause unacceptable interline fticker on the interlaced receiven that would certainly be sold for use
with interlaced traasmjnion. It is conceivable that interlaced receivers would not cause this trou
ble if vertical low-pass filters were mandated in such receivers, but it is unlikely that either the
manufacturers or the Commillion would accept such a requirement. ATV transmission in pro
gressive format only with full vertical resolution would ll'Sult in interlaced receivers being so
equipped without any mandate from the Commission.

5. Appendix

The appendix~ four Ih«t .... written between 1993 IIId the preleBt. The flrIt, "Bxcel
lent Television Bnat---1IId Intll'lIce" demoaI1rateI that IDIDY biablY experienced TV eqineen
have never seen the kiDd of interline flicker that OCCUI'I when the vertical definition of the video
information is very biIh. The iecoad, "A Pew More Words About 1'merIace" is a recent piece in
which 1 tried to debunk, in VfrJ simple terms, tbe mOlt preValentmi~ about interlace.
It wu prepared for the ATSC 1'3/1"6 meeq of 3/14/95. The tbird, "Some More Thoupts About
Interlace," which I prepared after the NIST meetina at Oearjetown University 10-11 May 1995,
recounts some of the happeniDp at the meeting and also attempts to educate engineers on this
subject. In addition, it recounts our experience at MrI' showing a side-by-side demonstration of
interlace vs progressive scan, in which none of the hun~ of experienced engineers who saw
the demo had ever seen anything like it. The fourth, "Interlace," written in 1993, gives a brief
but somewhat deeper account of the technical issues, in the simplest possible terms.
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Excellent Television Engineers and Interlace

A lot of excellent TV engineers work for Sony. During the project at MIT that was sponsored
by Sony some years ago, we had. a 512-line interlaced display connected to the frame store on

"-
our TV system. We usually got our pictures from a high-res laser scanner in which the adj£ent
scan lines were entirely independent. The interline flicker was spectacular - like what one sees
on a VT-IOO in the interlaced mode with computer-generated alphanumerics. It could be seen
from across the room.

** Note: One does not have to resolve the scan lines to see the interline fticker. What is ftickering
is the object that differs on a.dj~ent scan lines; said object can be quite large. For example, if
the odd lines are black and the-even lines are white (a legitimate TV picture, though rare) it
flickers at 30 Hz and one can see the fticker at any distance. In practice, with high vertical
resoultion at the source, iferlaced displays flicker in all busy image areas, and this flicker can be
seen even when one doesl""not visually resolve the scan lines. It's only in blank areas that they
don't flicker.*'" ,
What was most interesting was the reaction of the Sony people. They wanted to know what was
wrong with the monitor!

This reaction was so striking that, when we had the right equipment, we set up a side-by-side
demo of an interlaced and progressive monitor with the same still picture. It was the back of a
dollar bill, with four different kinds of vertical filtering. (There are some filters that somewhat
reduce the fticker without as much loss of vertical resoultion as normal.) We showed this to
hundreds of visitors. No one had ever seen this phenomenon before, and this includes executives
and working guys from ABC, NBC, CBS, Harris, Tektronix, PBS, Ampex, Kodak, Zenith, and
all our other sponsors.

The basic reason for this is that in normal NTSC (and PAL and SECAM), the cameras erase
the entire screen every field, and thus have a true vertical resolution only about half what one
would think. It is this reduced resolution that avoids the fticker. If the screen doesn't flicker,
then progressive scan doesn't help.

People normally think of interlace as a. way to double the large-area. flicker rate with a given
bandwidth. Another way is to use it to double the vertical resoultion as compared with a
progressive system with half the lines. This is discussed in E.F. Brown, BSTJ 46, 1, 199-232,
1967. He found that the improvement depended on luminancea.nd was only about 10% at normal
CRT luma. INTERLACE DOESN'T WORK; WE ONLY THINK IT DOES.



A Few More Words A bout Interlace

William F. Schreiber
36-545 MIT, Cambridge, Mass. 02139

Although there are many other important considerations in choosing formats for "standard" definition
digital TV transmission. in this short note, I shall deal only with interlace. There is no more troubling
issue in TV standards-setting, and apparently none in which entrenched positions are more difficult to
move. Some have dismissed the entire controversy as religious in nature. but I think this misses the
point. In TV issues. it is possible for most of those involved to be wrong at the same time: We have
only to look at what has happened in the period ofthe FCC Inquiry since 1987. Most participants were
wrong on the simulcast-vs-compatible-system issue. the digital-vs-analog issue. and on the question of
whether HDTV could be transmitted in the 6-MHz analog channel. Many of these very same people
are among those most adamant that interlace must be a part ofany new TV standard. Here are some of
the points that have been raised together with a briefdiscussion ofeach.

Interlaee doubles the vertical resolution for a given bandwidth and frame rate.
This is the most important technical issue. In fact, with interlace (I). the hoped-for factor of two
improvement in vertical resolution must be reduced by nearly S()OIG (depending on screen brightness) to
avoid totally unacceptable interline flicker. A study by Bell Laboratories in 1967 showed that. at
nonnal brightness. only a 1()OIG 1I1crease in vertical resolution could be obtained with acceptable
interline flicker. AgAinst this margiQal improvement. we must balance the many other artifacts caused
by interlace. including the disappearance, of half the scan lines with vertical motion of an integral
number of lines per frame. Progressive scan (P) has none of these artifacts.

P Ian requires more balldwidth or ehannel eapacity tban I for tbe same resolution.
This is the next most important technical issue and one that we have fought over for a long time. Even
at the uncoded analog video-signal level. right out of the camera. the same bandwidth, and therefore
the same SNR. can be had by using "quincunx" sampling, which involves sampling alternate points on
alternate lines. The progressive scan pictures thus sampled would have lower diaaonal and higher
vertical resolution. and they would be completely free of the artifacts long associated with interlace.
At the digitally coded transmission level. Petajan at AT&T Bell Labs has demonstrated that the coded
P signal. with full diagonal resolution and twice the analog bandwidth, requires the same digital data
rate as the coded I signal. Ofcourse. it is also free of all of the I artifacts.

We have to have iDterlaee 10 that we ean have cbeaper reeeiven.
If transmission is progressive scan. receivers can still be interlaced, and thelefore s1iabdy cheaper. It
is very easy to convert from P to 1 by omitting every other line in every other field. In the cue in
which (as I believe should be mandated). the P transmission has full vertical resoluti~ a vertical filter
is required to prevent interline flicker on the I receiver. The cost should be no more than that of a
comb filter. The filter could be switched in under control of a header in the transmission. Ifno such
filters are required in interlaced SDrv receivers, then P transmission withful/ vertical resolution will
not be possible because it wtll cause flicker on these receivers.
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