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‘Corporation for Public Broadcasting

If the Corporatlon for Public Broadcastrng (CPB) *is

: eventually to serve all citizens with public radio and ¥€levision,

‘technological and regulatory innovation will be requlred. Servlce to

rural America and service to specific g¥bups, within urban’areas
cannot be accomplished within the limits of ex1st1ng technology and..
ex1st1nq spectrum allocation policy. Improved service can come from

several areas. Cable, video cassettes, and 8iscs can be new spectruns

~for 'new audiences. Cable canh recreate the entire spectrum as many
times as there are cables, but now it is too expensive for complete
nation-wide coverage. Video cassettes and discs are spectrums of a

sort which can relieve problems of .scheduling and transmission' in the’

airways. Yet they, and the equipment needed with them are expensive,,
bulky, and not widely used. Communication satellites have three -
potent*al uses toward expanding the broadcasting spectrum. In order
of increasing complexity and cost,'these are the provision of: (1)
network sarvice to “television stations, (2) s1gna1s to unattended
"ministations" located in remote arejs of the ccuntry, and (3)
signals to.individual home receivers. The spectrum is the critical

element to the’ existence and expansion of public service. The cyrrent

problems of the UHF band and the*PM spectrum will be solved through
the develdopment and integration of new satellites, :an_increased

efficiency in any present spectrum usage, and a commitment to today's
statjions., (Author/DAG) . ,
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The Cerporation for Public Broadcasting is
.charged by the Corigress with effectively making
~ non-commercial edugational radio and televigion
service available to all aitizens of the Unjted . ¢
States. In carry\ipdout that mandate we have
become increasingly aware that the eventual goal
of serving all citizens witpublic radio and
television will require technoloaical and regula- ¢
tory innovation. This is especially true if we are )
- to serve the rural population of thig country A
which is difficult dr impossiblé to reach using
conventional broadcasting techniques, and which
heretofore has been deprived of the educational
&nd cultural résources commonly available in
the larger cities. We are also aware that the
programmming needs of our larger cities are not
as homogeneous as once thought, and that there  ©
exists a need to provide programming to dis-
parate, identifiable ethnic and sogial groups
within a city Both ofthese tasks, service 16 rural
America and service to specific groups within °
urban areas, capnot be accomplished within the
limits of existing technology and existirig
spectrum aI;locatior‘l policy. Let me explére . .
the frontier of broadcasting technology and what
the outloek s for providing additional servige to
the public.

.

’ 1
Creating Spectrum’ . .
nlike energy, CPB suggests that the Ri
spectrumtis a resource which can ke !
created, especially for what has become
known as television. For all foo long, the”
small segment of air waves dedicategd o
to delixgring information (television and radid) -
to the homehas been reserved for a privileted
few, the commercial and pyblic broadcasters. For
most part, their,duties have béen carried out -,
' responsibly within the economics of today's
marketplace."However, the ever increasing role

4

and leverage which television.and radio have -
onur lives has demanded more from the air . .
waves than they can deliver’Now, with the . ‘

potential of cablé and video casseftes and discs, .
new spectrums ¢an be created)riew users can
emerge, and the citizens of thj& nation will be the

@' meficiaries. ¥V . :
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Cablé

lthough coaxial cable has been with us
for over,40 years, it was not until the
1950s that its potential role in television
surfaced. Tttook another 28 veATs for
engineers to reglize that cable represents
more than a medium of retransmission. In fact,
' cable can recreate the entire relevant frequency
spectrum Thé spectrum which we have learned
to value and harbor, can be fashioned, eqcap-
sulated and reused as many timés as we wish,’by
using more and more cables. For the broadeast
industry with 1its insatiable appetite-for spectrum, .
rable. and its eventlial replacement, fiber optics,
provide a viable solution. This, selution, however,
may stfll be 10 to 20 years away. The econdrpists @
_ tefl us that such concepts as the “wired nation”
0 the “optical.nation” are prohxbmvely expen-
'sipe using today's raw materials, manufacturing
- and installation costs As the use of LSI tech-
nology and advanced microminiaturization moves- -
” into cable and optical fiber equipment, costs will
‘be reduced. The.actidi wiring-up process still
remains a formidable obstacle; as does the
enormous capital investment required foP such a.
program. As such, the implementation of these
technologies (cable and optical fiber) likely
awaits the economies of scale to be achieved .
. through a massive, possibly government
financed, national program dedicated to provid-
ing a multitude of communication services to -
the home. In other words, we must look else- -
where for additjonal spectrum for the immediate
future
' : 4 - \
Discs & Casséttes
ne such awenué is the video cgssette #hd
the video disc Although these new
. technologies have'already made some
- impact mrgl.e educatjonal and institutional
field, the mass market acceptance of
‘these products is yet to be test®d. Here again, it
is pessible to look upon these devices as creating ~
specfrum, but in a mére limited fashion. Each .
time a user employs cassettes or'discs (video or .-
audio) in effect the spectrum has been relieved of -
problems of progratn scheduling and transmis-
sion, these probléms themselves having been
. a by-product of the inadequate spectrumvail-
able in the first place. /
Each medium, cassettes (tape) and dfscs.
(records) has its own unique adyantages'and
: drawbacks Cassetteé,can record and be edited
: " by the maker, ag well as bereuseduptoa
point. On the negatiVe'side, cassettes can be ex-
]: lK\l‘(:fns1ve and are subject to natural magnetic forces
234 '{‘ P - » 4 g
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Wthh can impair their quality,-and furthermore
: afe complicated mechanical devices by virtue
of their censtruction In addition, their, very
facility of being a reccrding vehicle ka kns ralsed
¢omplitated questions of copyright which may’
take years to sort out. Discs on the other hand are
largely indestructible, kave the potential of very
low cost in farge numbers, and im certain versions
can.act as a virtual storehouge, of infoxmation,
standmg ready to provide sefected information
at the\press of a butign. The disc's drawbacks
© are the expense to make a single or limited num—
ber of ¢ copies, and the inability to make one’s own®
recordmg Also, the dlSC can be stored easily
requirirg no more rgom thah an audlo record,
whilé tapes do ke up significant space and ’
must-be stored in a proper enviropment. While
.discs can be stamped out in endrmous quantities,
tap®s do 1ot lend themselves to easy reproduc-
tion, and the ¢ost of copies does not appr,emably
reduce as more copies are made. However, both, .
technologies offer, interesting attracttons which b
mugt be measured] against a user’s needs. We  *
should not dlsmlse\elttg_er at this time, Cassettes
are already in use in many areas, and videe discs
althoughmot presertﬂy dvai lablerexcept on an
experimental basis, are exggected to reach the
mass ¢onsumer market latdr this year. The wide-
spread acceptahce of elther%r)nedium will open

-

the floodgates’.of television ‘producers and
* -artists, and take sorte pressire off the spectrum.
Howbever, telev151on s ablht\? to be the eyes of the

glon requiresa “liveness’ 'unaVallable on any v

ording device. ‘News-an pubhc affalfs, sports,
and the transmission of liveentertainment events
are still uniqpe to telev151on This coupled w1th
the &cononfics.&f. movies and otheratheatncal

events point to the use of such programs on :/
television first, and then on récorded formats seld
" to the public. PR /

-Thus, neither the advent &f cassettes nor of
tapes £an"be expected to 'materlally relieve the .
pressure for more televigion aveniues to the ..
pubhc in the immediate futur‘e But there are
other technoloqles whlch do lmpact on this arena.
Commumcahons Sa,telhtes

* s the, subcommittee is aware, d;strlbu’tlon
of programming to-public Tadi¢ and .
television stations will shortlyjbe accom-
plished by multiple-channel satellite  »
transmission rather than the qurrent
* common-carrier facilities uttlmng terr strial ‘
m1crpwave Thls function is’by no medéns the
' only way in which satellites can be used ifi

E T C«:ast service. In order of ascending com-,

B o
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plexrtY and cost! the potential uses of‘satellrtes in
-, broadcasting include: .
" 1. , Providiny network éervrce to television sta-
. tions—the function described above. £ .
T2 Provrdmg sigmals to upattended” minic .
sfations” located! in r_emofe areas of the country. |
3. Providing’ signals to‘mdwldualh me .
receivers, é’funchon known as "“direct: atelhte—to-
. home" broadcasting. ?QS
Item 1, above, isfa soon tobe acc lished L
faét, and will'allow public stations accesy toa ¢ ¢
X qre'aier diversity of program selection by virtue
LT ke multi-channel capabilities of the satellite.
.+ Item 2, above, holds the promise ©of meeting
the needs of rural v1ewers,and listeners, in a
) feasible and &conomical fashion. At present,
_ many fural argas are served by radio apd tele-
" .. vision translators, wunatfended dev1ces usually” -
located on high terrain, which réceive the signals
: of a distarit radio or television station, and .
re-broadcast the signals on a different channel
, usimey low power transmission;: ranging’from one
*watt to 100 watts:*Translators have been ‘valuable . -
in‘extending felevrslon\and radie coverage into
remote areas However, they have a sithgular and *
obvious inherent dlsad<rantage because, for -
proper operatioh, they must have a relrable )
signal from a “parent” telévision statidns In many
rural areas, signals from such “parent” sfations,
* particularly public stations, are not available’
because the closest station may be several .
hundred miles distant. Using a new generation of
shugile launched satellites (e.q., Syncom [V), and
*  -dpedating in non-common carrier-bands (e.g., 2500
MHz), Igw-cost earth terminals can deliver high-
- quallty prograrn related signals to unattended
) "mini-powered’ television stations for rebroad- x
cast in rural areas. This type of satellite is well B
-~ within today’s technology and with the flrst'Space <
Shattle flight willbecome an economic realijy.
Eventually, such service could alsc be used to >
. augment the primary networking function of the .
system bEmg constructed today, however, early _,‘
satellite channel cap%cmes are somewhét limited
due to the multi-purpose nature of the spacecraft.
. This delivery capability coupled with changes
m thé"allowable power of “mini* stations (modh
“ fied translators) could make rural overage an
. imminent reality, The present arbitrary power .
limitations of | watt-VHF and FM {ranslators east
of the Mississippi and 10 watts west of the
Mississippi, and the equa]ly outdated limitations
. on UHF transmitters should be eliminated and .
replaced with a requrrement that maximum
power be determined ?1 the basis of thg size “of

o o ruraltarea to be serffed, constrained only b)b')

ERIC . .. T
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the avoidance of obJectiox-'lable‘interference. to

The facxI,;tv prev1ously described does note |
constitute a “translator” within the commonly
acgepted definition of that term. Instead it is a
wedding of & satglljte earth terminal and certain

» companents of a conventignal translator. This

RN
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censtitutes the most feasiBle and most economical ”
means of providing service to rural areas, where
the low population’density doés not warrant the
installation of 2 conventional w1de-ar‘ea coverage
station. The principle 1s readily adaptable to both
radio and television .and Cpg studiés are cur-
rently under way investigating the technical,
economic and regulatory factors associatedd with
.implemehtatidn of this system of exiending public
broa’d’castmq service to ruralareas. ‘. v
The third item—direc satellite-to-home broad-

" casfing—is withinsthe realm of techmical

possibility todaY, and is,considered as one of
*the long term ‘sotutions to dehvermg adequate
public broadcastmg sérvice to isolated rural
areas which cannot be.economjcally served, at
present, either by cont¥enfonal broadcast stations
or by the previously described satellite earth
station translator combination. However, desplte
its demonstrated technologlcal feasibility, .
satellite-to-home broadcasting poses some .
formidable economic and spectrum utilization &
problems. The economic problem is twofold. The "
* firsf economic problem concems the cdst of
satellites whichyhave sufficient trandmitter power
to place relahvely strong signals on the earth’s
surface so that reception with & home antenna of .,
.reasonable size is possible. The second economic
problem involves the cost ©f the receiving
anterina and converter necessary to deliver the
sate[lite signal to the home television receiver. Ite
is anticipated that both problems will vield to tech-
nologlcal progress, and that with continued refine-
of satellite techndlogy, the costs “of both the
t ite and the receiving apparatus will become
more affordable. The spectrum uttlization problem
- appears more serious bécause o#ffie burgecning
use of satellifes for such commercial purposes as
data transmission and telephone communications.
It is urged that the regulators of the spectrum
recognize that, for man¥ commercial users, satel-
lite transmission of information constitutes merely

“ a more economical alternative to the uge of

terrestial radio systems and wireline communica-
tibns, and that these less spectrum-intensive
systems wi}l meet thé ne&ds of commercial users,
albeit at greater expense. By comparison, use of
terrestial radio or television systems or wireline
@ municatipns is not a feasible means of




delivering puklic broadcasting progrémming to .
areas of low gopulation density. This is;net.to say
* that camimercial \ysers should be precluded from
use of that portion™>f thg spectrum suitable for
satellite service. Rather, it is a plea that can- ., % *
" sidered forethcught b¥ given to-equitable alloca-
. tion of this portion of thé,spectrum, so that when
direct satellite-to-home trapsmission of public
broadcasting programming becomes ary economi-
cally viable prOpgsition,'gﬁe public broadcasting *
commiunity will not find fhat area of the spectrum
so saturated by othier usérs that implementation
of this public service js impossible'or unduly |
lipnited. AR e :

o

3

- Technological Advances: - - . .
ngineer§ have long secognized'that | ¢~
certain of the transmissien method® used,
by broadcasters are inherently inefficient -
to the extent'that they utilize excess
$ N
: spectrum spdce. Fortunately, the crisis-of”
spectrum shortage'has arrived accompanied by o L
1 advances it technology which hold the promise
of increasing the amount of inférmation which
can be “squeezed* jnto a given,unit of spectrum. *
As with most engineering mattérs, certain trade-
', offs exist whef spectrum conservationis
. attempted, and it appears that providing addi-
- ional programhing by™making more efficient use
"/ - of the'spectrum will exact costs irf the form of *
more gomplex; and hence more expehsive,.
] receiving systems. In assessing the desirability
» of methods of making additional programming
available, it"is important t6 recognize that the. AN
traditjonalsolu fon of allocating more spectrum
has nearly reathed the end of its utility, and is
not a viable solution for the long term, The alter-
, . nhativeis not between allocating more spectrum .
", or making more efficient use of what spectrum -
we have. Instead, the stark reality is the choice
between making more efficient use ot what .
spectrum we have, or doing withqut additional
commuhications seryiee to-a growing population
which exhibits an almost addictive dependency
on the benefits which such service confers,
. The area which appeats most in need of )
technplogical innovation té impro%e spectrum -
utjlization is broadcast'television. The tglevision
. signal as presently congtituted.is wasteful of
spectrum space hecausé much of the information

\trang.rm’,ttég is highly redundant in its technical

~
i

conte eoretical research and sdme prototype
systenis have shown that elipination of the .
redundant inforntation and utilization offtora
* circuitry in television recelvers can reduce tele; - .
‘G signal sgectrum occupancy by up to ten )

' ERIC- .
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- times. One system defre
tric Company, and deno
:kate; advantage of certa

width televisipn picture

mitting equipment now

"unmixing” the two

mission apparatﬁs. The
visioh system whic{ ha

+  currentstate of the art, t

storage circuitry, of the
computer data storage,

4

' .

1oped‘ by the ESenerai'Eléc-

minated "Sampledot”’ %
in psychophysical charac-

terfstics of the human eye;brain complex, and
- eliminates apparent “flicker” ig a narrow band- ¢,

by "{Juilding” a picture

out of a series of fandom dots, rather than using

the linear scan systém of convenfi)Onal television

systems. A Westiffghouse system called "Twoin

One" televigiqn is capable of transmitting two

. separate color prograis on a single telgvision
chafnel. In a practical Jmplementation of this ~

+  system, a single teleision station dperating on,
for example, Channel 5, would transmit two .
programs simultaneously, w&ing.the same trans- ’

requirgd for the trans =~

. .mission of a single program.The viewen

. equipped with a special receiver capabl@efjf )

grams, would select the

. «desired program by tuning his spedial receiver
to “Chansel 5SA” o"Channel 5B.” -,
. These systerps both offer savings in spectrum
occupancy and in'the capital cost of the trans-

price paid for the

resylting additional program capability is'an. %=
increase in the complexity,and cest ofthe tele-

s long been the "weak

. link” with resp&ct-to efficiency in spectrum &
Ltilization. Based 'on CPB's assesdment of the

hese qr similar spectrum *

conserving systems could be impletented for
consumer use within the naxt ten years.
.. Further along the jechnological horizon lies the
¢ - development.of the tragsmission broadcast
- television signals by digilal, father than the cur-
rent analod, means. Givere inexpensive digital
type presényly in use for ,

the need ‘to‘iransmit '

0

redundgnt information would ke eliminaed.
Information presently transmitte redundantly

A would be trartsmitted only once and stored in the

-, television receiver and
- necessary. "New" infor
* mitted only when there

3

. "still pictures” would tr
picture content, At pres

electronic’dircuitry has

would hawe occupied a

ERIC

displayed for aslongas ¢
mation would be trans-
was a changesin the |

televisioh picttire. Stated otherwise, the televisioh
system, instead of transmitting many" duplicste

ansmit only "changes” in
ent, the digital circuitry to

_accomplish this funétion is bulky and eXpensive’ |
However,sniniaturization and cost reduction in

been the rule over the-

.past decade, and engineers today utilize hand-
. held $100.00 digital computers, which 10 years
ago would have gost clase to $1,000,000 and ' -

good portion of this

© iearing room. Recently, mahy of the analog

¢
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devices in television stahons have been replaced
by more reliable and tess costly digital apparatus,
and the expansion ohdigital techniques into the
home television receiver, and the resultant ,
reduchon in spectraim occupancy requuements
seems an inevitable and highly desirable fiatural
censequence of continued research and develop-
ment in this field. The long term need for addi-
tibnal erogramming capability within the confines
of the lirhited availakle spectrum is mhmately tied
to the 1mplement§10n of digital transmission
techniques, and pregress in this ares will be
closely followed lsy CPB, other representatives of *
the public broadcasting.community, and the
television industry as a whole.

Radio, too, shares some of the spectrum .
inefficiéficy characteristics of television, hyt not
neafly to the same degtee. However improve-
menfs can and should be made, particularly in .
FM broadcasting. The FM broadcast band in the.
United States has reached the point of satyration,
in densely populated areas, angd absent technical
and regulatory changes, nqg new stations can be
estabhshed With respeetto the smal] and
crowded non-commercial portion of the FM Band, -

*CPB has adyvanced Proposals for FCCrule
changé’s that will previde’some small mimber of
‘new additionial stations. However, b realize .

-~ significantly greater numbers of non- commercral‘
FM stations, major, restructdring of FCC technical

1

standards and implementatfon of innovative
technology will be required. At present, each FM |
broadcast station occupies Yen times more spec-
trum space than its AM (standard broadcast) «.
station counterpart. By utilizing this additional
spectrum, FM sfations are able to offer better
performance with respeﬁ to a parameter known
as "signal to noise raho ‘This 1mprovement
4ranslates intc a recéived sound that is relativély
free of common’radio 1mpa1rments collechvely
grouped Bnder the heading of “noise.”” Prelimi-
nary research by CPB indicates that a.reduction in :
the amount of spectrum occupie® by each *
station may be possible with only a slight
reduction in signal tonoise ratio performance
‘Furthermore,-this slight performance detericration *
could, be compensated for by 1ncor’poratron of
available nojse reduction equipment such as that
marketed by the Dolby Company and the dBx
Company, tc name just two. The effect of the 4
reduction in spectrum occupancy would be to
“ provide ['room" for additicnal stations which
could be added by'a te(:,hnrque werefertoas,”
channeI inferfeaving”—er placing new statioris
in"the spectrum “slots” which result‘yhen the
cﬂec’rum occupancy of existing stations i is

-
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. reduced.”When research is complete, CPB pians
« 7 to petition the FCC for regulatory‘ﬁnplementahon
' ofthe’ channel interleaving”’ proposal. To date,
this plamr appears to be thé only technically and
econpmically feasib] eﬁs\ans of relieving the .
mto bleshortage of spectrum for public radio.

.

.
.

Conclusxon 4 X .
o broadcasters, public and-commercidl )
o alike, the spectrum is that trucial.element |
\ on which they are dependent for the. '
.existence and expansion of their aBility
to provide public service. Both broad-
casters and the regulators nfust keep paramount
m their planning, the cencept that spectrum |
{s a sesource. which must be utilized to the
limit of its efficieney Even with cable, optical *
‘fibers' and video discs on the.horizon, the
existing spectrum can and must he made to .-
- perform to its peak. Unless we-aré prepared to -
foreclose future expansion of service to the
. pubhlic, the force of modern technology must be
brought to bear on the critical | #lements affecting
broadcastmq and its future. The develbpment and |
integratign of new satellites, the “optical” nation, ,
.the video dise, and increased efficiency inour  °®
present usage of the spectrum, as well 3s a firm
commiitment to today's stations aré the, areas most
in need of attention. Fox the\xmmedxate future, the
_problems of the UHF band and the FM spectrum
- have reached crisis proporhons Measures must
sbe taken as outlined’hereé to adsure orderly
growth and expansiorgof these services as well
.. tasto prepare all.broadcasters for the coming **

. rewolution in communications.
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Philip A. Rubin, Director of Engineering'Research
. and Development for the Corporation for Public.
Broddcasting since 1970 whén th& office was , =
created, is responisible for teghnital research in =~ #
-satellites, cable televisfon, video cassettes and
discsy UHF andVHF broadcasting, AM, FM and
SCA radlo broadcasting, video and audio tech-
nology, and the applications of compuwersto
publjc broadcasting.

In 1985 he was selected as the first Experiin _a
Satellite Communications by the United Natidfis
and named Program Manager of the Centre for
Research and Training in Satellite Communica-
tions in India.

Mr. Rubin came to public broadcasting from the

\ Space Divisten of North American Rockwell, and
prior.to that he worked on communication satel-
. lite desw_m?or Hughes Ajreraft Company, starting
e 'with Syncom, Eatly Bird; and the garly ATS, -
+  satellites. Prior to that he worked for the ITT ;
Research Laboratories on the Relay and Courler -
. satellite programs, and put togéther theé Hrst earth
!, station licensed by the FCC for earth space.,
commumcati ) -
Hé received a B S. in Physics and Electromcs
from the University of the City of New York. Heis
. the recipient of the.first Harvey ], Aderhold .
Memorial Award-for Significant achlevement in '
. Educational Telecommunications. He is a. member
[of the Board of Governors of the Institute of -
Eleqtncal dnd Electronic Engineers’ Brqadcast,
Cable and.Consumer Electronics Society; past
chairman of thé IEEE Broadcast Group in _—
Washington; and present editor of the IEEE ~ e
O 1sactions ofi Broadcasting.
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