
support the proposal is the hope that Europe will accept 60 Hz, rather than enthusiasm for the NHK sys

tem, as such. Presumably, this is also the rationale for its adoption by the State Department as the offi

cial position of the US.

This fall, the ccrn, the intergovernmental group that sets TV standards, considered such a proposal.

Its advantages are clear. Equipment manufacturers, mainly Japanese, would be encouraged to market

equipment, and its cost (and perhaps its price) would be lower because of standardization. TV and film

producers would save money and gain convenience by going to all-video production methods.

Disadvantages to the proposed adoption are not easy to dismiss. All programs produced in NHK for

mat must be converted for broadcast use, since there is no possibility at all that either the NTSC or

PAL systems will be abandoned for regular broadcast use in the foreseeable future. Since the NHK sys

tem is 60 Hz, conversion to NTSC would be quite simple. A converter might cost $25-50K. Conversion

to the 50-Hz PAL system would be a little more complicated than present-day PAL-NTSC conversion.

Converters are expected to cost $200-250K and even then it is not assured that the quality of the conver

sion would be acceptable to meticulous European broadcasters. (In fairness, it should be noted that the

motion artifacts associated with present-day 60-50 Hz converters are much less obvious than those

always present in 24 fps films.) It is hard to see why they should go through this extra exp-ense with no

corresponding benefit.

Even accepting the quality of the conversion and ignoring the extra cost, the formal adoption of the

NHK system would carry with it other and more far-reaching problems. If it were to be used for produc

tion only, the objections would not be overwhelming. It is production use as a foot in the door to broad

cast use that most alarms the opponents, since it is in this application that the deficiencies are most crit

ical. While Western proponents generally say that they have no intention of advocating NHK HDTV for

any other purpose, this is not entirely true of the Japanese. For example, Kotaro Wakui, deputy

director-general of NHK's network engineering branch, is quoted in TV Digest as stating that home video

standards should be the same as production standards, and that a home video recorder is under develop

ment for the 1125-line system.

The NHK system is entirely analog, and the trend in professional TV equipment in recent years has

been toward digital processing. It takes no advantage of modem signal processing ideas discussed above

nor of advances in semiconductor technology that make such processing feasible. As a result, its system

design is no more advanced than that of the 32-year old NTSC system. Its efficiency is about the same.

What was barely tolerable for the ~MHz NTSC channel, however, is intolerable for the NHK 20- to 30-
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MHz channel. This wide bandwidth precludes the use of the system in existing TV channels and makes

the associated equipment very expensive. It makes digitization especially costly, particularly the digital

video tape recorder and digital special effects equipment, which many expect to figure prominently in

future systems. The NHK system is certainly no better than NTSC with respect to motion rendition

and flicker, and perhaps even worse, because the field of view is wider. Viewers generally do report less

interline flicker with the NHK system than with NTSC, but this can only be true because the line struc

ture is incompletely resolved or because of insufficient vertical resolution in the camera. In either case, it

indicates even less efficient use of the channel capacity than NTSC.

IT the NHK system is adopted now, the first effect is likely to be substantial capital investment by

film/video producers in Japanese HDTV equipment. (It is doubtful that TV-only producers and broad

casters will buy much equipment, since they could not put it to profitable use.) The existence of this

equipment and the associated investment will present a significant obstacle to the adoption of a more

sophisticated system in the future. I believe that this will foreclose any opportunity for the US television

industry to gain a meaningful share of the HDTV market. Admittedly, there is no guarantee that they

will get much of the market in any case; but with a better system, on the scene several years from now,

partly developed in the US, at least they will have a chance.

Of course, some may say that the Japanese deserve to dominate HDTV, since they alone were willing

to make the investment to develop it to the present point. However, this situation is quite unlike that 0

Japanese cars, which American buyers prefer in devastating proportion because they perceive them to be

superior to ours. The objections to the NHK system are not merely chauvinistic. Even in Japan, there is

substantial support for compatible improvements in the NTSC system, rather than the use of the much

wider bandwidth NHK system. A committee headed by the Ministry of Posts and Telecommunications,

already working in this direction, is quoted in Electronics as pointing out that the HDTV signal cannot

be broadcast in any terrestrial channel, and that sets smaller than 30" (too large for Japanese homes), do

not need 1125 lines resolution.

The deficiencies pointed out above in its system design are real. The potential for much better sys

tems is not imaginary. The need to adopt the NHK system at this time is not overwhelming, and the

likely results of its adoption, in my opinion, are serious and against the national interest.

The Future of Television

...dany upheavals may be in store for TV besides higher quality. The film theater may metamorphose
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into a TV theater fed by a wideband link. Cable and the video cassette recorder have already made

great changes in the means by which programs are produced and distributed. There is a real question as

to how programs will be sent to homes in the future, and how they will be paid for. Fiberoptic cables or

satellite transmission may be used to carry the signals direct to homes. Many proposals have been made

for additional services, such as videotex and various interactive informational, transactional, and educa

tional systems that would utilize television, video storage, and computer equipment now in use or that

might be installed in the future. There appears to be a role in all this for a greatly improved television

system so that at least some of these services could support productions of essentially perfect technical

quality.

Weare in the midst of a period of extraordinary creativity in every aspect of television system design.

Research results indicate that a very attractive system can probably be developed that will require little,

if any, increase in bandwidth. The worry expressed by some, that the absence of a quick agreement on a

production standard will lead to a proliferation of proposals for new systems, is not at all a cause for con

cern. It rather demonstrates that knowledge is being acquired at a rapid rate. Adoption of any HDTV

system at the present time, for any purpose, is therefore premature. It is likely to discourage investment

in TV research and stretch out by many years the time it will take to achieve a truly superior system.

Glossary

ATSC. The Advanced Television Systems Committee. A US industrial group that has

been developing voluntary standards for high-definition systems.

CCIR. International Consultative Commission on Radio. An intergovernmental

standards-setting organization.

DBS. A system of transmitting TV programs directly to homes via satellites.

DVE. Digital Video Effects. A TV special effects systems that, in current systems,

requires first digitizing the signal, then performing the desired process, and fmally

returning the signal to analog form.

EBU. The European Broadcasters' Union. The members are broadcasting authorities,

mainly governmental. The EBU is in favor of MAC, but is considering the NHK system
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as a production standard. It is very concerned about conversion from 60 to 50 Hz.

HDTV. High-defInition television. 1000 lines or more.

MAC. Multiplexed analog components. A color TV transmission system in which three

separate signals, usually luminance and two chrominance signals, are time-multiplexed

for transmission.

NHK. The Japan Broadcasting Corporation. The main broadcaster in Japan with

extensive research laboratories. NHK led the development of the 1125-line HDTV sys

tem.

NTSC. National Television System Committee. An American industry group that pr~

posed monochrome TV standards in 1941 and color standards in 1953. Standard setting

in the US is the prerogative of the Federal Communications Commission, which histori

cally has preferred to adopt industry-initiated schemes. In colloquial usage, "NTSC"

refers to the current US color TV transmission standards. NTSC is also used in Japan,

Latin America, and some other places.

PAL. Phase alternation by line. The European color television system, using 625 lines,

25 frames, 50 fIelds. Used in most 50 Hz countries.

SECAM. The French color television system, also used in Eastern Europe. Uses a dif

ferent method of modulating color information onto the color subcarrier.

SMPTE. Society of Motion Picture and Television Engineers. The principal American

professional organization for the motion picture and TV industries. Has foreign

members and branches. Studies proposals and sets standards for new TV systems.

UHF. Ultra high frequency. The spectral band that includes channels 14-69. All

receivers sold in the US are required by law to include UHF capability.

VHF. Very high frequency. The spectral band that includes channels 2-13.
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BOX ON THE SCANNING PRINCIPLE (Use a diagram or two here.)

The intensity (technically, irradiance) in the focal plane of the TV camera is a function

of the space dimensions, x and 11, as well as the time, t. I shall call this the video func

tion. The TV system produces a version of this function on the surface of the picture

tube or other display device. In order to do that, a video signal must be derived from

the video function for transmission to the receiver. If we visualize the video function in

a three-dimensional X,1I,t space, this becomes a problem in sampling theory well under

stood by modern-day scientists. However, even without the aid of systems analysis, the

idea of sampling by scanning was conceived no later than 1847 by Bain, and perhaps

much earlier. In fact, a commercial facsimile system using the scanning principle was in

service between Paris and Lyon around 1850.

Because of its relationship to the 3-d world, the video function has unique and impor

tant statistical properties. In mathematical terms, at each point in x,1I,t space, the video

function must be highly correlated. This is so because the function represents the projec

tion, on a surface, of a collection of three-dimensional objects that are moving continu

ously in time. Thus the image of each point on the surfaces of these objects must'trace

a continuous path in x,y,t space, from the time it appears from behind some other object

or from beyond the picture boundary, until it disappears from view. The direction of

highest correlation is thus the direction of motion, and the intensity along this path,

except for noise and perhaps for the effect of shadows, must be slowly and continuously

changing. (In artificial intelligence circles, this phenomenon is called optical flow.) If

the direction of motion is known, then many points along each flow line can be calcu

lated from a relatively sparse sampling, thus permitting very accurate interpolation of

intermediate frames.

BOX ON COLOR

Newton discovered that the sensation of color depends on the spectral distribution of

light, Le., on the amount of energy at each visible wavelength. However, colors can be

matched, or reproduced, by a suitable additive mixture of only three primary lights, the

best set being narrow-band red, green, and blue. A color TV tube mixes colors in this

way. Paint or dye mixtures, as used in color film and printing, are more complicated
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because the physical situation is quite different. Such mixtures are called subtractive.

The best set of dye primaries comprises cyan (blue-green), magenta, and yellow, the

complementary colors to the primaries used for additive mixtures.

When color standards were fIrst adopted in the US in 1951, a very simple fIeld

sequential system promoted by CBS was chosen. Equal-resolution red, green, and blue

images were transmitted in succession by means of rotating color wheels in front of cam

era and receiver. To fIt this signal into the &-MHz channel, the resolution and frame

rate were reduced. The system was incompatible with the then-existing monochrome

system, and lasted only two years.

In the NTSC system, the RGB components are transformed, by a change of coordi

nate system in color space, into luminance and two Cartesian chrominance components.

At the transmitter, the latter are modulated onto a subcarrier near the top of the lumi

nance band. The resulting composite signal is sent to the receiver where it is separated

(demodulated) into components, several design measures having been taken in an effort

to make it possible to perform the demodulation accurately. The amplitude of the sub

carrier depends on the amount of color in the picture and is zero for neutral colors.

Furthermore, the phase of this subcarrier is chosen so that it cancels out on successive

frames. The subcarrier frequency is chosen so that the spectral lines used for color are

interleaved with those used for luminance. These measures reduce, but do not eliminate,

the interference between the chrominance and luminance signals. Some modern

receivers use so-called N comb fllters" to improve the separation, but only very expensive

three-dimensional flltering at both transmitter and receiver would eliminate

luminance/chrominance interference completely. These are the considerations that led

to the development of the MAC systems.
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Summary of Oral and Written Testimony
before the Markey Committee, October 8, 1981

William F. Schreiber
Professor of Electrical Engineering

Director, Advanced Television Research Program
Massachusetts Institute of Technology

(The opinions herein are those of the author only)

Advanced Televi,ion Su,te"..

This testimony discusses the various ways in which the benefits of advanced television tech
nology can be brought to the public, both from a public policy point of view and from the stand
point of technology. The effects on the TV distribution system and on domestic industry are also
considered. The principal points made are as follows:

1. The Japanese have developed a high-defInition TV system called "NHK" that has about twice
the vertical and horizontal resolution and a wider picture than the "NTSC" system used in the
US. It requires the equivalent of 5 normal TV channels, but is not seriously proposed as a
transmission standard.

2. The governments of Japan and the US, alone among major countries, have proposed the adop
tion of the NHK system as a production and program interchange standard by the international
community.

3. Europeans have refused to adopt this standard, and have embarked on the large and well
funded Eureka project to develop their own system.

4. A bandwidth-compressed version of NHK, called "Muse," of somewhat lower quality, has been
demonstrated for transmission. It takes 1 1/2 to 2 channels and is noncompatible with existing
receivers.

5. Use of the NHK or Muse systems poses serious hazards for the US TV distribution system.
There are also many technological objections. Their adoption would probably exclude American
manufacturers from both the professional equipment and TV receiver markets.

6. Many superior alternatives exist or have been proposed: 1- or 2-channel compatible systems
with improved quality on special receivers, noncompatible systems in one channel, and flexible
systems that can continue to be improved over time. It is agreed among American interests that
service to existing receivers must be continued.

7. There is no urgency to adopt any system at the present time, especially when so much progress
is being made in developing systems that are more efficient than NHK and Muse, and more suited
to American requirements.

4.7.1



Oral Testimony before the Markey Committee, October 8, 1987

William F. Schreiber
Professor of Electrical Engineering

Massachusetts Institute of Technology

(SpeaJr.ing lor himsellonly)

My name is William F. Schreiber. For 40 years, my main professional interest has been
imaging systems. For 28 years, I have been a faculty member at MIT, where I am professor of
electrical engineering. For the past 4 years, I have been Director of MIT's Advanced Televi
sion Research Program, the only TV research and development program jointly sponsored
within the American TV industry. Our basic mission is to fmd out how to make better televi
sion systems. Since it is impossible to summarize in 5 minutes what we have learned in 4
years, I shall have to make a series of unqualified statements. I have submitted additional
material and shall be glad to provide the committee any further information it desires. The
opinions I shall express are mine only.

We are talking today about money - and jobs. Although the direct social value of TV
depends on programming, it is a large industry with important economic effects. High def"mi
tion is the next milestone. The technological choices we make will have a profound impact on
all companies delivering TV to consumers. These choices will also determine whether the bil
lions of dollars of professional and consumer equipment will surely come from abroad or ffl4y
come, in part, from US manufacturers. The US consumer electronics market is about'$24 bil
lion, with 85% in foreign hands. The governments of the United States and Japan, alone
among major nations, favor the adoption of the Japanese-developed "NHK" system. There are
many technological objections to this system; its adoption will assure that virtually no HDTV
equipment will be American. If "Muse," the compressed ve-rsion of NHK, is used for cassettes
or for transmission, the broadcast and cable industries may be seriously and adversely affected.

There are many possible paths to HDTV. All of them muat continue to serve the 120 mil
lion or so receivers in the hands of the public. Terrestrial broadcasters favor a receiver
compatible HDTV system using no more channels than today's standard "NTSC" system.
Cable companies are not so restricted, but would still prefer to use no more than one channel
for any new system.

At present, we do not know how to provide true HDTV imagery within a single channel
in a manner fully compatible with today's receivers. HDTV thus requires the use of extra
channels, at least for an interim period during which NTSC service is maintained. The NHK
system, for example, requires five standard channels. By making certain compromises, this has
been compressed to one and one-half or two channels in the Muse system. Thus this method,
including existing service, would require 2 1/2 or 3 channels.

Other proposals call for combining one NTSC channel with an "augmentation" channel,
producing high-defmition images on special receivers that use both channels. Such systems can
surely be made to work. However, they tie up the extra channels permanently, in the same
way as Muse.
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Our work at MIT,as well as that done elsewhere, leads me to believe that there are other
scenarios that are feasible, both technologically and commercially. For example, by making
some tradeoffs with respect to image reproduction on NTSC receivers, it would be possible to
provide, within one channel, substantially enhanced viewing on special receivers, even if not
quite up to "true" HDTV. I also believe that it is po68ible to achieve true HDTV within a sin
gle independent channel. Such a system could be used by cable companies, such as Home Box
Office.

An important part of these two proposals is the concept of the "open-architecture, smart"
receiver, capable of being improved in an evolutionary manner as our knowledge of the image
transmission process improves, and as improved components become available. Ready interfac
ing with computers, VCR's, video games, and the forthcoming electronic still cameras and
recorders would provide mutual support for other industries. Manufacturing plug-in hardware
or software modules for millioIUI of such receivers is an ideal business for the many ingenious
smalHeale electronics companies that have done 80 well in the personal computer market. The
prospect of providing the receivers themselves might well spark a resurgence of interest in con
sumer electronics by large American companies.

It is clear that there are many alternative ways to make the benefits of advanced televi
sion systems available to the public, without at the same time causin.g serious damage to the
existing TV industry. There is no pressing need to chooee any system, for any purpose, at this
time.

E15-387 MIT, Cambridge, Mass. 02139, 617-253-2579

Glossary

HDTV. High-definition television. About twice the resolution of NTSC horizontally and
vertically, and a wider aspect ratio.

NTSC. National Television System Committee. The present US television system.

pel, pixel. Picture element - the unit of resolution in an electronic image.

NHK. Japan Broadcasting System

Muse. The compressed version of the NHK HDTV system. Requires 1.5 to 2 standard
channels.
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Written Exterusion of Oral Testimony
before the Markey Committee, October 8, 1987

William F. Schreiber
Professor of Electrical Engineering

Director, Advanced Television Research Program
MUlachusetts Institute of Technology

(The opinions herein are thoee of the author only)

We are now witnessing, within the American television indutry, a curious phenomenon. A
substantial number of TV professionals, primarily through SMPTE and ATSC, are working dili
gently to iron out all the detaiJa so that the NHK system will become the worldwide de jure (or
de faeto) standard for TV production and program interchange. Althoqh MUM, the
bandwidth-reduced version of NHK that has been propceed for tranJrmi-ion, is officially not on
the agenda of these bodies, NHK and Muse are couills, in my opinion. The adoption of the
former makes the use of the latter inevitable. H NBK is adopted, then, in all probability, the
Muse system will become the worldwide high-defmition distribution standard.

The members of these committees are oetensibly working on specific detaiJa, such UI signal
descriptions, sampling frequencies, "square pixels," colorimetry etc. Much of the work is of excel
lent quality and would be relevant to any HDTV system. However, the principal effect of these
efforts is to help propagate a particular system that the world community, through its authorized
agency, the CCIR, refUHd to accept in 1986, and whoee adoption would be detrimental to the
interests of many of the participants and their employers.

Engineers' and scientists' identification with their work is very common; in fact, it is usually
a necessary ingredient for success, and accounts for the enormous amount of time and energy we
are willing to spend to get something to work right in spite of obstacles. Thus we often tend to
loee sight of the overall objective. People who have spent their entire professional lives making
beautiful pictures want them for their own sake. The spectacular images we have seen from the
NHK system inspired many of us to work very hard to get them into every living room. The
Japanese deserve a lot of credit for their foresightedness and, particularly, their willingness to
spend a considerable amount of money, beginning in 1970, to show that better television pictures
can be ours if we want them.

It behooves us to remember, however, that the quest for high defInition and the resulting
controversy about which system, it any, should be adopted, is an a.spect of a vigorous commercial
competition. In this competition, we have already lost most of our consumer electronics industry
and a larae pan of the professional TV equipment market. H Muse is established in this country
via VCR's, it poees a significant threat to both the broadca.st and cable TV industries. II Muse or
the wide-band NBK system is adopted for either terrestrial broadca.sting or satellite tr&nJmission,
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a complete realipment of thOle services will ensue, with unknown consequences. H NHK is
adopted u a production standard, it will be hard to avoid any of these developments.

While many Americana seem oblivious to this situation, Europeans are not. Europe hu
begun, through its well funded EureluJ project, to work toward alternative solutions more in
accord with its own vision of the future. Amona other things, this eliminates the poaibility of a
worldwide program interchange standard, one of the reuona given by many otherwise uncommit
ted professionals to support the NHK system. It is time for the US to look to its own interests.

Oppoeition to the NHK system need not, and should not, be bued primarily on short-term
market considerations. HDTV, properly conceived and introduced, presents the poaibility of
becoming a large new industry, bringina satisfaction to the public and profits to DlOIt of the
present players. We should all welcome it. What is needed is a sound lona-term solution - a way
of introducing advanced television systemll that will permit orderly growth and in which existing
providers of equipment and services will have a chance to participate succeafully. A poorly con
ceived system will grow only slowly, reduciq the benefit. to all concerned. ThiI is equally impor
tant for the Japanese, who, in all likelihood, will eventually supply a larIe part of the hardware
for any new system.

HHK and Mrue (U NeVI Syne"..: The Corred ChoiceV

The desirable features of a new system are not hard to describe. The syltem m_ be
thought out well enough to lut 30 or 40 years, taking advantap of improvementl in tecJmolOlY
now on hand and that are likely to occur in the near future. It certainly must not be out of date
when fIrSt put into service. It must use minimum bandwidth for whatever imaee quality is
obtained. This is necessary for economical recordability and because spectrum cODlervation is
important for all users and not just TV. Minimum bandwidth alao facilit&tel digitization, which
is needed to take advantage of the many processes that are better carried out numerically.
Finally, since any new system must exist side by side with film, NTSC, PAL, and SECAM for
many years, eaay defect-free tranacodability is required.

The NHK production system and the Muse distribution system do not meet any of these
requirements. For all the remarkable PfOlre88 made in cameru, displays, and recorders, the sys
tem concepts are fatally out of date. NHK is simply a scaled-up version of the existing analog
systems, with all their shortcominp except compoeite video. It takes no advantage of the enor
mous progress in cheap and powerful int8lfated circuits. Worst of all, it makes inefficient use of
excessive bandwidth. As a result, it is very expensive for the broadcaster, and presents nearly
insuperable problema in tranamission. While it could be used as a studio standard, it hu no spe
dal advantapl for this purpose over any other poIIible high-defmition system, except that it is
available. Its use of interlace is probably a diaadvantaee.

Muse is more advanced. It does use some newer concepts in signal processinc and is much
less bandwidth-greedy. (Nearly half of the bandwidth savings come from reduced spatial resolu
tion and an equal amount comes from some blurriq of moving objects; many in the industry do
not regard it u high defmition at all.) It inherently requires a sophisticated receiver, but so
would a1moet any other acceptable system. However, u it is bued on the NHK system, it shares
many of its system concepts. In addition, the use of subeampling for bandwidth compression
makes the signal highly vulnerable to common analos channel distortions such u multipath. If
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we could clean up our analoc broadcutinl and cable channels to make them good enough for
Muse, we would get much higher quality on NTSC, aa seen on home receiven, without any
changes at all in system design.

Receivcr.Compotible Sy,tem.
Terrestrial broadcaaten, who see a major threat to their audience share from HDTV

delivered to the home via high-defmition VCR'. and special receiven that can also display NTSC,
hope for the development of a one-channel receivcr.comptJti61e system. In such a system, the
tr&lWDitted signal would be modified in such a way that exiaiiq receiven would display pictures
no wone than at present and special receiven would .how "hi&h-dermition" im.ape. This is
intended to permit the broadcutera to continue to serve their present viewera u they move into
improved systems, and to compete with HD cueettee.

ReIealch to improve NTSC within the ~MBs channel, UIU&1ly called EDTV (extended
defmition TV), hu been carried out in a number of plac_, such .. HitKhi and Matnshita. Pro
paeaJa and demonstratioD8 have been made by othel'l, includiq Faroucija and Jredale in the US,
and .ipif"lCant work haa been done in Europe. NBC hu jun aDDOWlCed a syRem developed at
the David Sarnoff Research Laboratories, the former laboratory of RCA.!

Our own MIT laboratory has such a system under consideration. Many of theM scheme.~t
in worthwhile quality improvements, even if not up to the level represented by the widebanci
NHK system.

It i, perfectly clear that the pruent audience mu.t continue to be ,ervcd via NTSC trarumi,
,io", to ui,tin, receive" for man, ,ear. to com,. That being the cue, extra channeIB must be
used if "true" high-defmition broadcutinl is to be introduced. One way to do tm. is to use an
NTSC channel, for compatibility, toptller with an augmentation signal occupyiq an additional
channel, or perhapl only one-half a channel, that would be combined in special receiven with the
NTSC transmission, to display high-dermition images. S~h systems have been propoeed by
Glenn and by North American Philips and certainly could be developed. A second way to accom
plish this is to use a completely independent high-defmition transmission in the second channel, in
which case the same or different programs could be transmitted through the NTSC and the high
definition channels, at the option of the broadcaater. The most prominent contender for such ser
vice is Muse, which itself will require at leut one and one-half, and in all likelihood, two channels.
Even with this extra bandwidth, Muse suffera at preMnt from the multipath problem mentioned
above. The experimental Muse transmiuions earlier this year in Washington conf"umed this diffi
culty.

None of th.. three J)C*ible routee to the TV system of the future hu clear sailing. The
one-channel receiver-compatible method may well be the moet prKtical interim solution. How
ever, it probably will not have good enough performance to serve u the very high quality system
that we would all like ultimately to see. The two-channel compatible scheme, while it can Khieve
adequate quality, at leut doubles the bandwidth cOl1lUJDption forever. The noncompatible
applOKh hu even higher bandwidth consumption and is potentially very disruptive of eDIting

In. NBC/Sanotl systeIII ". demou&naed for tbe tim limI .. die IIDTV S)'IDIlOIilllll ia QUa"a daiI.... n. picRnI .... ver)'

rood ud tile demoucnao. e'Yotecl a peU deal 01 ill....
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services.

Clulnnel-Compoti61a S"g,,,..

After havina studied this problem at MIT for the put four years u director of the Advanced
Television Research Program, I believe that there is mother approach that is much more attrac
tive in the lona run.

An important goal is obtainina maximum quality within the allowable spectrum. This will
be greatly facilitated by eventually abandoninc NTSC. With existina receivers serviced by one of
the propoeed backward-eompatible EDTV scheme8, by one of the 2-ehannel l)'Itema, or by com
pletely lleparate t~ioD8, it would then be feuible to deeip. a totally new system that does
not have to be be decodable by NTSC receivers. Such a system could take advantap of much of
the truly signitlcant knowledge about image tranemi-ion that we have pined in the 3S years
since the birth of NTSC. Of at I... equal significance, it could a1Io utilize cheap and powerful
signal-proc_iq and memory chipe of the kind developed for computen.

Without the receiver-eompatibility requirement, I am convinced that it _ J)C*ible to develop
a system with imap quality comparable to, and eventually much superior to, that of Muse,
without the multipath problem, and fittina within a siqle &-MBs channel. (Of coune, ...
better quality could be obtained with 2 or 3 channel8; the goal is to do "HDTV" in one chumel, if
~ible.) Such eMnnel-eompcatibilit" is highly deeirable u it avoid. the who'" realiplMftt «
channel aaaignmentl, a practical and regulatory niJhtmare.

From the market standpoint, 10m. approach hu a great deal of flexibility. Whea the same
programa are transmitted via NTSC and on the one-c:bannel HDTV syItem, we bave, Junctional
equivalence to other two-ehannel compatible systema, such as that of PhUipe. Whea different
propama are transmitted, we have functional equivalence to NTSC pllll MUM, but with I_
bandwidth. If the market so decree8, such a tw~tier service could be maintained permuently.
On the other hand, if the market overwhelmingly prefers high definition for all procramminl,
NTSC can be slowly phued out, u contemplated in the recent FCC Notice of Inquiry. The pub
lic would then have an all-HD system very economical of spectrum space and without any reallo
cation of channels.

The technological reasonablen.. of the channel-compatible approach is clear by comparison
with NTSC. After all, the latter, remarkable as it was at the time, was conceived with two
important constraints. One. that it UIed the signal transmission ideas of the day, and had to be
compatible with the monochrome syRem selected in 1941. Another is that it had to be deeicned
around a very aimpt.-minded receiver, which wu the best that could economically be achieved in
1953. Simply by avoidina the inefficiencies due to veetilial-lideband tranamiMion, the separate
sound carrier, and the retrace intervals, efficiency (picture elements per second per unit
bandwidth) can be increased by about 65~. By uaiq a progreaaivHCan display, an improvement
in vertical resolution of about 40~ can be obtained. In a syatem that does not have to adhere to
pre-exiatiq scanning standards and that useI a sophilticated receiver, further improvement is
poaible by auigning channel capacity appropriately to the various sienal components, 81 done, to
some extent, in the Philipe system. With the right kind of receiver architecture, even further
improvement is poaible in an evolutionary manner after the system is in place.
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We shall shortly embark on a project to demonatrate whether l-channel HDTV can be made
to work. If IUCc...ruI, it is the intention of MIT and the sponsors to offer this system to any and
all users with at most nominal royalties.

The Open-Architecture 5mort Receiver

The design of an entirely new system at the present time can take advantage of television
receiver capabilities made ~ible by the enormoUl progreu in integrated circuit. of the put two
decades. For about the same price u the rlrlt color receivers, a hiahlY flexible unit could be
designed, not only capable of squeezing maximum quality from whatever signal is transmitted, .
but one that could adapt itself, under the control of a small amount of digital information
transmitted along with the picture signal, to the signal format. The latter, in turn, could be
adapted to the characteristics of the particulv program material. For example, fut-moving
sporta scenes could be shot at high frame rates for optimum motion rendition, while slowly mov
ing imaaes that emphasize fine detail could be rendered at lower frame!'&tel. In both Cue8, the
display, u distinct from the transmission, would operate at both hi&h reBOlution and high frame
rate, for flicker-free reproduction without visible line structure.

A programmable receiver of this nature could, at little additional c_, receive sian. in a
variety of formats, including, of course, NTSC. (Some multistandard receivers are already avail
able in Europe.) This means that, u our knowledle incre..., improvement. could be inUocluced
at the transmitter without makinl receivers obeolete.

Another valuable feature of a truly modem receiver is that it could be orpniHd in much the
same way u a personal computer. This means that it would be ~ible to plUl in hardware and
software modules designed and produced by third parties for enhanciq and/or adding capabili
ties. Easy interfacing to computers, cable, VCR's, video games, vanoUl propceed interactive ser
vices, and, perhape most important of all, electronic still photographic equipment, could readily be
provided.

Conelwion

From all this, it is obvioUl that we are in the midst of a true renaissance in visual communi
cationa systems. With the knowledge now available and with the hardware we now know how to
build, there are many alternative ways to provide the American people with a vutly improved
television system. This can be done without placinl at risk the elaborate existiq structure for
deliverinl programs to the public. The hope for a worldwide standard based on the NHK system
has been dashed by the European deciaion to follow a separate path.

The original NHK system wu devised more than ten years ago, and it is now widely con
sidered to be impractical and wasteful u a broadcast standard. Muse modifies the original system
and does improve its efficiency, but with what we know today, we can do much better than either
of these systems in terms of ima&e quality for a liven channel capacity.

From a technical standpoint, I can see no reason to accept these standards when there are
substantially better alternatives available. From an economic standpoint, there ia no reuon to
accept inferior standards that effectively exclude American industry from participation in future
TV manufacturing. I therefore suaest that the adoption of the NHK production system or the
Muse transm.ission system at this time as any kind of standard, de jure or de facto, is apinst the
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public interest.

El~387 MIT
Cambridp, M... 02139
617-253-2579

The opinions expressed in thi8 note are thoee of the author and not of MIT or the members of the
Center for Advanced Television Studies.

Gloaary

SMPTE. Society of Motion Pict'uN and Television Engineers

ATSC. Advanced T.e1eviaionSyatemCommittee
NHK. Japan Broadcasting Comp&nY:~ Colloqui&lly U8ed to mean the 1125-1ine HDTV system

developed by NHK..
Pixel, pel. Picture element: The sln&lleet unit of resolution on the screen.
HDTV. Hich-defmition,television

ccm. The internatiolll1.~Y.~b.J.tse,ta TYan4 ~~~misBionstandardl.
VCR. Video cuaette. recorders used by COI1lUIDeJ"l.

MUM. The bandwidth:~uC:e~rversTOi1orthe·N1It(·BD1'V system

Multipath. A transmission defect in which two or more signals, with different delay, airive at a
receiving antenna. Causes "ghosta."

NTSC. National Television System Committee. Colloquially used to mean the present US color
television system.

PAL. The color TV system used in Western Europe and mOlt ~Hz countries.

SECAM. The color TV system used in France and Eastern Europe

EDTV. Enhanced defmition television system. Refers to systems better than NTSC but not as
good as NHK.

6-MIb. The bandwidth of a standard TV channel.

Transcode. To convert a TV signal from one standard to another.
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